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Abstract— a comparative information on Environmental 

impacts of various electrical power generation schemes is 

helpful in evaluation of energy options. Over the last few 

decades various researchers and environmentalists have 

quantified these impacts for a wide range of energy sources.   

The results can provide useful insights and help to promote 

further studies of impacts for many more technologies, sites 

and regions. In this paper we have discussed the proper fuel 

cycle approach, where impacts from the point of fuel 

acquisition to waste disposal have been estimated. In 

addition, we have stated some internalization schemes to 

check and control the environmental impacts of fuel cycle 

involved in different electrical generating stations. 
 

Keywords—Biomass power plant, fuel chain, Externalities,  

fossil fuel power plant, Hydropower plant, Internalization, 

Nuclear power plants, Regulation schemes, Solar power plant, 

transmission lines, Wind power plants. 

I. INTRODUCTION 

ITH the growing world‘s population, the energy demand 

is increasing exponentially which needs to be met with 

the present conventional and non-conventional energy 

sources. It is necessary to use these resources in a way that is 

efficient, less harmful to environment and that reflects 

societies‘ other priorities. 

Evaluations of renewable and conventional energy options 

should be made on the basis of comparable conditions and 

assumptions. In that regard, this paper provides general 

information, and the benefit of previous experience, to 

governments, utilities and other organizations that need to 

undertake comparative assessments of the environmental 

impacts of electricity generation options. 

To achieve this objective, this paper provides: 

a) Steps that can be taken to identify and estimate health 

and environmental impacts associated with electricity 

generation options. 

b) Comparison of various technology options on the basis 

of their environmental impacts 

c) Provide information on how environmental risk data 

(where quantitative data are available) can be 

considered along with other environmental 

information that sometimes is not quantifiable in 

purely scientific terms. 

However, it is not the intention of the paper to present 

detailed guidelines on strict scientific risk assessment (i.e. the  

product of probability and consequence).  

II. IMPACTS AND IMPACT ASSESSMENT: BASIC CONCEPTS 

In addition to various benefits of electrical energy, there are a 

number of disadvantages of the generation plants involved  

 

because of their detrimental effects on the environment. Some 

of these effects are visible and some are not, but they are 

equally hazardous for humans, materials, flora and fauna. It is 

increasingly being realized that the choice of the type of 

power plant to build and operate must involve an assessment 

of its impact on the environment. The effect of a power plant 

on the environment varies from one type of plant to another 

and from region to region. 

 

A. Fuel Chains 

While implementing a power plant technology in a region, the 

full consequences of the installation, operation and disposal of 

the plant must be taken into account. This means that not only 

the effects of operation, but also the impacts that occur before 

and after the electricity generation should be analyzed. For 

example, for a coal fired power plant the full fuel chain, from 

the extraction of coal from the mine to the disposal of the ash 

and final decommissioning of the power plant, should be 

taken into account in an assessment of the impacts of the 

plant. 

The phrase ―should be taken into account‖ in the previous 

paragraph means that analysts should consider every part of 

the fuel chain that may lead to significant impacts. 

 
Fig 1 Illustration of Fuel chain concept [1] 

B. Emissions And Other Burdens On The Environment 

One of the major contributions of power generation to the 

environmental degradation is their emissions. These emissions 

can be in the form of solid, liquid, gaseous and radioactive 

emissions.  

A few examples of emissions have been listed below[2-12]: 

a) Fossil fuelled plant 

1) Gaseous: sulphur dioxide, oxides of nitrogen, 

hydrocarbons, carbon monoxide and carbon dioxide.  

2) Liquid: wastewater.  

3) Solid: particulates emitted from the chimney stack, 

which remain suspended in the air and are transported like a 

W 
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gas, and solids collected as ash from the plant.  

4) Secondary: in addition to the direct emissions, there 

are secondary components produced in the atmosphere from 

chemical reactions between the emissions and other 

substances in the atmosphere. These secondary pollutants 

include ozone formed from the oxides of nitrogen and volatile 

organic compounds (VOCs), sulphate particles formed from 

sulphur dioxide, and acid rain formed from sulphur dioxide 

and oxides of nitrogen.  

5) Other: other burdens include aesthetic aspects such as 

the visual ‗intrusion ‗of the plant itself, noise, smoke and heat 

rejection from the cooling circuit. 

b) Nuclear Power plant 

1) Gaseous: radioactive off-gases.  

2) Liquid: radioactive water effluent.  

3) Solid: radioactive spent fuel elements, and chemicals 

from allied plants such as demineralizers.  

4) Other: aesthetic aspects and heat rejection 

The emissions mentioned above are normal emissions 

which occur during plant operation 

In addition to these ‗normal‘ releases there are potential 

releases and other environmental consequences as a result of 

accidents. 

C. Impacts  

Emissions from the generating stations affect the 

environment. For e.g., raised level of sulphates inhaled in 

combination with certain other emissions can increase the 

probability of premature death. 

Since an impact is influenced by the concentration of an 

emission, the method by which emissions are dispersed in the 

environment is important. Thus, for emissions into air the 

height at which the release occurs, the turbulence of the 

atmosphere, the distance to the receptor (i.e. the human 

population, animal and plant species, ecosystems or materials 

that are affected), the topography between the emitter (i.e. the 

source of the emission) and the receptor, and meteorological 

factors are all important 

Impacts can be divided into those affecting human health, 

animal health, flora and materials. Estimates of impacts due to 

an emission are usually based on a dose–response 

relationship. 

D. Indicators 

In order to facilitate the comparison of environmental 

effects of different energy options, there is a need for 

consistent, quantitative indicators of environmental impacts. 

Primary indicators of health and environmental impacts are 

estimates of the specific effects themselves, such as increased 

rates of respiratory illness and damage to trees. Other 

indicators are often informative surrogates for these effects, 

particularly when they are difficult to estimate directly. The 

magnitude of pollutant emissions (and of other types of 

burdens) is one type of indirect indicator (e.g. tonnes of 

sulphur dioxide emitted). 

Categorization of Indirect indicators can be done according 

to the geographical impacts: 

 Global effects due to  

• Change in concentration of greenhouse gases;  

• Long lived radioactive substances. 

 Regional, local and site specific effects from  

• SO2, NO x and particulates;  

• Heavy metals; • Radioactive gases;  

•Liquid and solid wastes containing toxic or 

radioactive material. 

 
Fig 2 Percentage of cumulative damage expected with distance from  

Source of emissions [13]. 

 

Figure 2 [13] illustrates that dispersion occurs over long 

distances and that the concentration of pollutant decreases as 

the distance from the source increases. The functional 

relationship is a smooth curve. 

III. POSSIBLE IMPACTS OF DIFFERENT FUEL CHAINS  

 

The environmental impacts of different fuel cycles involved 

in different types of generating stations are listed below: 

(1) Fossil fuelled power plants 

(a) Coal fired power plants 

i. Loss of land for open pit mining, or mining damage in 

underground mine areas,  including damage to urban 

infrastructure; 

ii. Pollution of water due to liquid effluents from mines; 

iii. Pollution of water due to solid and liquid wastes from the 

power plant; 

iv. Loss of forests, crops and animals due to absorption of 

pollutants from coal combustion released during power plant 

operation; 

v. Global warming due to CO2 released during plant 

operation, material production and plant construction. 

 

(b) Oil fired power plants 

i. Pollution of water due to liquid effluents from oil 

transportation and accidents; 

ii. Pollution of water due to solid and liquid wastes from the 

power plant; 

iii. Loss of forests, crops and animals due to absorption of 

pollutants from oil combustion released during power plant 

operation. 

iv. Global warming due to CO2 released during plant 

operation, material production and plant construction. 

(c) Natural gas fired power plants 

i. Loss of forests, crops and animals due to absorption of 

pollutants from gas combustion released during power plant 

operation; 

ii. Global warming due to CO2 released during plant 

operation, material production and plant construction. 

(2) Nuclear power plants 

i. Loss of land for uranium mining; 
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ii. Pollution of water due to liquid effluents from uranium 

mines; 

iii. Effects of radiation on plants and animals in the case of 

severe reactor accidents; 

iv. Water heating by waste heat; 

v. Global warming due to CO2 released during material 

production and plant construction. 

(3) Hydropower plants 

i. Changes of local or regional climate; 

ii. Influence of reservoir on fishing; 

iii. Water management, including positive aspects (e.g. the 

possibility to control floods); 

iv. Negative influence on neighbouring land, which may 

become partly dry or partly wet, with significant changes in 

groundwater levels in the vicinity of the reservoir; 

v. —Sedimentation of dams, leading to the filling up of the 

area before the dam and accumulation of toxic substances in 

sediments; 

vi. Global warming due to CO2 released during material 

production and plant construction, and methane released from 

decomposition of waterlogged vegetation; 

vii. Loss of forests, land, crops, plant species, animals and 

their habitats, and historical sites; 

viii. Displacement of population. 

(4) Biomass power plants 

i. Effects of diesel exhaust from harvesting equipment; 

ii. Occupancy of land by a monoculture and associated 

problems with biodiversity; 

    (5) Solar power plants 

i. Occupancy of land; 

ii. Effects of discharges from energy backup or storage 

systems; 

iii. Global warming due to CO2 released during material 

production and plant construction  

   (6) Wind power plants 

i. Global warming due to CO2 released during material 

production and plant construction; 

ii. Occupancy of land; 

iii. Effects connected with energy backup or storage 

systems. 

 

 

Name of impact and 

damage 

Ways in which 

damages are 
internalized 

Examples 

Damage to aquatic life 

from mine runoff 

Regulations that set 
standards on 

allowable discharges 

Many countries have 

water regulations. 
However these 

regulations may over- 

or under-regulate from 
an efficiency 

standpointAlso, if 

there is non-
compliance, 

externalities could 

occur 

Human health effects 
from air pollution 

Regulations on 

discharges and/or on 
maximum local 

concentrations 

National ambient air 

quality standard of 
India and similar in 

other countries 

Effect of global 

climate change due to 

CO2 

Taxes 
Norway has Carbon 
taxes 

Damage from oil 
spills 

Payment or fines 

In India, Oil Pollution 
Act requires the 

responsible party to 

pay the cost of an oil 
spill. 

Ecological and human 
health effects from 

SO2 emissions 

Tradable emission 

permits 

In India, there is a 

trading of SO2 

emission permits and 

also that one for NOx 

emissions. 

All types 

‗Voluntary‘ 

installation of 

pollution abatement 
equipments 

Many electrical 
utilities install 

scrubbers, 

electrostatic 
precipitators, etc. 

Plant operators may 

not voluntarily install 
such equipments 

because it increases 

their costs. 
Alternatively they 

may install 

equipments a hedge 

against future, more 

stringent regulations 

 

 

 

Table 1 Ways in which damages can be internalized [8-12] 

 

Table 1[8-12] summarizes the various internalization schemes 

to check and control various impacts of fuel chain pollutants 

on the environment. Internalization is a method to compensate 

externalities. More is the internalization, lesser will be the 

externalities. Externalities are effects on the well-being or 

profits of third parties that are not taken into account in the 

market by the producers and consumers of a good or service. 

IV. DISCUSSION 

In our surrounding so many fuel cycles are running 

simultaneously and they are continuously affecting the 

environment to some extent. Here, in this paper, we have 

discussed some fuel chain cycle involved in electrical power 

generation which are severely affecting our atmosphere. From 

here we got a conclusion that some pollutants involved in fuel 

cycle of power plants cannot be fully eliminated or replaced 

by environmental friendly alternatives. So, we have discussed 

some internalization schemes for every fuel chain cycle by 

which we can control and compensate its effects to some 

extent. 
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Abstract : Assessment of groundwater quality was carried 

out in Jodhpur, Jaipur, Ajmer, Alwar, Pali and Udaipur city 

of Rajasthan. Water samples were collected from five 

different locations of each district. Samples collected were 

analyzed for important chemical parameters like pH, 

Biochemical oxygen demand (BOD), nitrate, fluoride and 

bacteriological qualities like total and fecal coliforms.  Due 

to deficiency in surface water sources, groundwater is a 

major source of domestic, industrial and irrigation water 

requirements of Rajasthan, hence, it is important to test its 

quality. Calculations of correlation coefficients were 

performed for the various parameters. The measured 

parameters showed spatial variations and most of them did 

not match the Indian Standards for water quality at several 

locations. Pali and Jodhpur district had very high fluoride 

concentration in every location. Only Jaipur district have 

BOD less than 1 mg/l for all of the locations. There were 

many locations in each of the district which had 

concentrations larger even than 3.5 mg/l except Alwar. 

Jodhpur and Udaipur showed maximum concentration of 

nitrate 19.6 mg/l and 11.2 mg/l respectively. All locations of 

every district had fecal coliform value more than one. There 

was huge variation in the value of Total coliform number 

from one district to other and even in locations. Statistical 

analysis showed that there was no definite correlation 

between any parameter. 

Keywords: pH, biochemical oxygen demand, chemical 

oxygen demand, total coliform, fecal coliform 

Introduction 

Rajasthan is the largest state in India covering about 10.4% of 

the total land cover. Owing to its large area, it has a huge 

population. In spite of its huge area it receives only 1/100 of 

the total rains. Hence, due to the arid and semi-arid climate of 

this state it has a dearth of surface water (Hussai et al. 2004). 

Majority of its population is dependent on the groundwater 

sources which are also scarce as compared to other states. It is 

estimated that approximately one third of the world’s 

population use groundwater for drinking (Nickson et al. 

2005). Rajasthan is the biggest state of India with a relatively 

low population density, about 61% of the land area is covered 

by the Thar Desert. Rajasthan have very low annual rainfall as 

compare to other states shown in Table 1. Hence, groundwater 

is the major source of water for drinking and irrigation 

purposes. Due to its scarcity, the groundwater table goes down 

and the water reacts with the rocks like fluorspar, apatite, 

micas etc. under favorable conditions (Srinivasamoorthy et al. 

2008). 

Table 1Annual average rainfall of Rajasthan cities 

Year 
Ajmer 

Alw

ar 

Jaip

ur 

Jodhp

ur 
Pali 

Udaip

ur 

Annual average rainfall (mm) 

2004 466.7 
428.

6 
544.3 221.7 

360.

0 
608.5 

2010 661.7 
820.

5 
795.9 441.1 

579.

8 
873.7 

2014 527.3 
387.

6 
473.6 275.5 

505.

4 
714.0 

 

Nearly 12 million of the 85 million tons of fluoride deposits 

on the earth’s crust are found in India. Hence, fluorosis is of 

major concern in about 17 states in India. Rajasthan in one of 

the most seriously affected states. The higher concentration of 

fluorides in the Indian continent is in the groundwater which 

enters into the bodies of the humans through drinking. The 

fluoride concentration in groundwater is associated with the 

metamorphic and igneous rocks such as genesis and granite. 

There are natural and man mad sources of fluorides in the 

groundwater (Jiang et al. 2009). Some of them include the 

phosphate fertilizer factories, the production of hydrogen 

fluoride and chlorofluorocarbons used in the refrigeration 

industry, manufacture of bricks, steel and tiles According to 

the UNICEF (1999), about 65% of the Indian villages are 

exposed to the risk of fluorides. Fluoride has both harmful and 

beneficial effects. The fluoride intake should be within 0.5-1.0 

mg/l for the maintenance of human teeth and bones. Whereas, 

excessive consumption of fluorides leads to dental and 

skeletal fluorosis. Due to its high electronegativity, it reacts 

with the calcium ion present in the bones of the human body 

and cause health problems like dental fluorosis, deformation 

of bones, skeletal fluorosis ,teeth mottling etc (Susheela et 

al.1993 ). The permissible limits of fluorides are 1.5 mg/l in 

drinking water. The pose major problems in the areas with hot 

climate because the population there tends to drink more 

groundwater. Fluoride accumulates in the bones, teeth and 

other calcified tissues of the body and harms them. In the 

groundwater, the concentration of fluorides depends on the 

physical and geological properties of the rocks (Agrawal et 

al.1997). Studies show that low calcium and high bicarbonate 

alkalinity favor high fluoride content in the groundwater. The 

maximum concentration of 20 mg/l has been reported in the 

groundwater of Rajasthan (Handa 1975). As a major part of 

the population is dependent on groundwater, this much high 

concentration is a serious threat. Table 2 shows the range of 

maximum allowable fluoride concentrations in drinking water 

as per USPHS.  
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Table 2Range of maximum allowable fluoride concentrations 

as per USPHS 

Annual 

average 

of 

maximu

m 

daily air 

temperat

ure (◦C) 

Recommended fluoride 

concentration (mg/l) 

Maximu

m 

allowable 

fluoride 

concentr

ation 

(mg/l) 

 Lower 
Opti

mum 
Upper  

10–12 0.9 1.2 1.7 2.4 

12.1–14.6 0.8 1.1 1.5 2.2 

14.7–17.7 0.8 1 1.3 2 

17.8–21.4 0.7 0.9 1.2 1.8 

21.5–26.2 0.7 0.8 1 1.6 

26.3–32.5 0.6 0.7 0.8 1.4 

10–12 0.9 1.2 1.7 2.4 

 

Nitrates are compounds of nitrogen which are usually stable 

and occur in low concentrations in the groundwater. Growing 

population has led to urbanization which in turn has led to 

improved methods of agriculture in the state. Modernization 

of agriculture leads to excessive use of nitrogen containing 

fertilizers. These fertilizers leach into the groundwater and 

contaminate it (Karnath 1987). Nitrates reach the groundwater 

by leaching from soils or by the oxidation of nitrogenous 

compounds present in rocks (Holloway and Dahlgren 2002; 

Edmunds and Smedley 1996). They may also come from the 

fixation by leguminous plants and microorganisms. Apart 

from the natural sources there are several human sources like 

intensive agriculture, domestic and industrial waste disposal 

(Subramani et al. 2005). Major sources in the urban areas are 

solid waste disposal, wastewater disposal and industrial 

wastes (Komor and Anderson 1993). It has been found that 

human excreta accounts for about 5 kg of nitrogen in the 

environment per year per capita. But because of their stability, 

they remain in water for many years and get accumulated. 

Their concentration increases further as more and more 

nitrates are applied to the land surface every year. They are 

very soluble in water and are leached from soils dominated by 

negative charges or soils with moderate to high pH. High 

levels of nitrates have been found in the groundwater of the 

places studied mainly due to the fact that less rains cause less 

dilution of the water. This leads to adverse health effect 

especially on the infants causing a dreadful disease known as 

methaemoglobinaemia, commonly called blue baby 

syndrome, by blocking the oxygen-carrying capacity of 

hemoglobin, when approximately 70% of the total 

hemoglobin have been converted to methaemoglobin (Gatseva 

and Argirova 2008). According to the drinking water 

standards of India, the permissible limit for nitrates in 45 

mg/l. Table 3 show the Indian standards for drinking water 

given in Bureau of Indian standards in drinking water. . 

Another matter of concern is bacterial contamination of the 

ground water. Coliforms are bacteria which are present in soil, 

plants, and digestive tracts of animals and in human wastes. 

They can be grouped as Total coliform and fecal coliforms. 

They are classified according to their origin. Total coliforms 

include all the bacteria which are present plants, animals and 

soil. Fecal coliforms are a specific group of bacteria which are 

present in human feces. Coliforms are generally harmless but 

their presence at any concentrations is an indication that other 

harmful microorganisms like viruses may be present.  This 

makes them to be called as indicator organisms. The most 

common species is Escherichia coli (E.Coli) which are 

considered to be as the indicators for water supply 

contamination. Infiltration of waste water, domestic wastes 

and agricultural runoffs contaminates the groundwater. Fecal 

coliforms are the bacterial indicators of fecal pollution. They 

are found in waters contaminated with excreta of humans 

(Kiptum and Ndambuki 2012). They are indicative of general 

hygienic quality of water and the future risks of diseases 

(Papini et al. 2004; Ryu et al. 2005; McQuaig et al. 2006). 

Although water contaminated by fecal coliforms is harmless, 

but since, it is an indicator of other disease causing 

microorganisms, it can cause diarrhea, nausea and other 

stomach related illnesses. If the water is contaminated by 

parasites like Giardia, it may also cause beaver fever. 

Table 3Indian Standards for water quality parameters 

S.No Substance 
Acceptable 

Limit 

Permissible 

limit 

1. pH value 6.5-8.5 
No 

Relaxation 

2. Fluoride (as F) mg/l 1.0 1.5 

3. Nitrate (as NO3) mg/l 45 
No 

relaxation 

4. 
Total coliform bacteria 

in any 100 ml sample 
10 0 

5. 

Fecal  coliform 

bacteria in any 100 ml 

sample 

0 0 

 

 

Figure 1Map of India showing Rajasthan state 
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Figure 2Districts of Rajasthan 

Methods and Material 

Study Area 

Rajasthan is the largest state of India shown in Fig.1 having 

60 % of Thar Desert and total area of 342,240 km
2
. Its area is 

nearly equivalent to countries like Norway, Poland and Italy. 

It is situated between 23°30' N and 30°11' N latitude and 

69°29' E and 78°17' E longitude. Four districts of this state 

touch the international border with Pakistan to an extent of 

1,070 km. Punjab and Haryana states are located in the north, 

Uttar Pradesh in the east, Madhya Pradesh in the southeast 

and Gujarat in the southwest. 

The study was undertaken in 6 major districts of Rajasthan i.e. 

Jaipur, Udaipur, Jodhpur, Ajmer, Alwar and Pali as shown in 

Fig. 2. The details of their latitude, longitude, area and 

population are mentioned in Table 4. Most of the villages 

situated in these districts rely on the groundwater sources for 

drinking purposes. 

Table 4Brief description about cities 

 

Table 5.A Locations of study area  

 

Table 5.BLocations of study area  

 

 

Sampling  

Collection of samples was done from five different locations 

of each district. The details of location is mention in Table 5 

for each district with station code. All of the samples were 

taken from the hand pumps or from wells. Details of the 

locations with their station code are given in the table. Ten 

samples were taken from each of the location for analyzing 

the different parameters of water quality. Standard methods 

adopted for analyzing water quality were taken from 

American Public Health Association Handbook (APHA). 

Chemical parameters like pH, Biochemical Oxygen Demand 

(BOD), Fluoride, Nitrate and biological parameters like Total 

coliform number and fecal coliform number were analyzed. 

Standard techniques were followed for collection and 

bacteriological analysis of water samples (APHA, 1985).  All 

the experiments were carried out in triplicate for getting more 

accurate results. 

Methodology 
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All the chemicals used were of analytical grade. pH was 

measured by the Orion digital pH meter(3 Star, Singapore). 

Fluoride and Nitrate was determined spectrophotometrically 

using ELICO SL-150 ultraviolet spectrophotometer. The 

BOD5 of leachate were determined by the modified Winkler’s 

method. The most probable number (MPN) method was 

employed for analyzing total and fecal coliforms. All the 

procedures for experiments were taken from standard methods 

for the examination of water and wastewater (APHA, 1998). 

 

 

 

 

 

 

Figure 3pH, BOD, Nitrate, Fluoride, Total Coliform and 

Fecal Coliform variation with locations of Ajmer 
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Figure 4 pH, BOD, Nitrate, Fluoride, Total Coliform and 

Fecal Coliform variation with locations of Alwar 
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Figure 5pH, BOD, Nitrate, Fluoride, Total Coliform and 

Fecal Coliform variation with locations of Jaipur 
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Figure 6pH, BOD, Nitrate, Fluoride, Total Coliform and 

Fecal Coliform variation with locations of Jodhpur 
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Figure 7pH, BOD, Nitrate, Fluoride, Total Coliform and 

Fecal Coliform variation with locations of Pali 

 

 

 

 

 

 

Figure 8pH, BOD, Nitrate, Fluoride, Total Coliform and 

Fecal Coliform variation with locations of Udaipur 

Results and Discussions 

pH 

pH was observed within the range of Indian standards for 

drinking water. All of the locations of each district had pH 

around 7-8.5. So it was slightly in alkaline range. The highest 

pH was observed 8.4 in hand pump near Nevtatiraha, Nevta 

dam, Sanganer, Jaipur as shown in Fig. 5.  

Fluoride  

Large variation in the fluoride concentration was observed 

among all the districts. But most of the locations had fluoride 

concentration within permissible limits given in Indian 

standards for drinking water of 1.5 mg/l. Fig 6 and 8 showed 

that Pali and Jodhpur district had very high fluoride 

concentration in every location. Maximum fluoride 
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concentration was observed 3.12 mg/l in Dharunagar, near 

main Mandia road, opposite to mandia village, Pali. Mean 

concentration of fluoride in every location of Jodhpur district 

was more than permissible limit and the highest concentration 

was seen at village Sangaria of 2.12 mg/l. Alwar, Ajmer, 

Jaipur and Udaipur water samples had low concentrations in 

most of the locations, less than 1 mg/l as shown in fig 3,4,5 

and 8.  

Nitrate 

Sewage disposal systems, livestock facilities, fertilized 

cropland are some of the sources for the nitrate in 

groundwater. So the improper location of water wells and 

hand pumps can also be the reason for the nitrate 

contamination. The Environmental Protection Agency (EPA) 

has adopted the 10 mg/l standard as the maximum 

concentration level (MCL) and an Indian standard is 45 mg/l 

for nitrate-nitrogen in drinking water. Nitrate concentrations 

were less than 3 mg/l at most of the locations in each district 

as shown in all figures. Water samples at village vinayakia, 

Jodhpur shown maximum concentration of 19.6 mg/l and after 

that maximum concentration of nitrate was observed 11.2 

mg/l at near ranapratapnagar, railway station in Udaipur as 

shown in fig. 6 and 8. Rest of the locations was very safe from 

the nitrate problem as their water samples had very low 

concentration. 

Biochemical Oxygen Demand (BOD) 

BOD should be zero in the drinking water irrespective of the 

fact that whether it is groundwater or surface water. It was 

observed that all of the locations had some value of BOD. Fig. 

5 showed that only Jaipur district have BOD less than 1 mg/l 

for all of the locations. There were many locations in each of 

the district which had concentrations larger even than 3.5 mg/l 

except Alwar. Maximum concentration was seen 14.976 mg/l 

of village Vinayakia, Jodhpur.Udaipur city had a high 

concentration of BOD greater than 3.5 mg/l at three of the 

locations (new Fatehpura, 200 feet, from Panchwatinallah, 

Udaipur, near Kacchibasti, Sardarpura, Udaipur and near uit 

bridge, Udaipur shown in fig 8). Mean highest concentrations 

of 5.26 mg/l and 6.45 mg/l were observed near Khanpuratalab 

in district Ajmer and near Kacchibasti, Sardarpura in district 

Udaipur respectively as shown in Fig. 3 and 8. Pali had 

concentration more than 2 mg/l for three of the locations as 

shown in fig 7.  

Fecal Coliforms 

Number of coliforms present in 100 ml sample was the unit 

taken for determining coliforms. There should be zero fecal 

coliform in 100 ml according to the WHO. All locations of 

every district had fecal coliform value more than one. Lack of 

proper sanitation and wastewater discharge may be 

contaminating the ground water and affecting its 

bacteriological quality.The reasons for the high number of 

fecal coliforms were due to the discharge of human and 

animal faces into the water bodies. It may be because of 

sanitation problem in rural area. Each of the districts had 

average value of fecal coliform around 3-4 in 100 ml except 

Pali.  Fig 7 showed that in Pali district, the mean values about 

6 in 100 ml and the maximum was observed 11 in 100 ml at 

village punayata, Pali. Maximum concentration of fecal 

coliform was observed 7 at Ajmer, Udaipur and Jodhpur 

districts. (outsidejln hospital, Ajmer, near ranapratapnagar, 

railway station, Udaipur, village vinayakia, Jodhpur shown in 

fig 3, 6 and 8). 

Total Coliforms 

The bacteriological analysis of water also needed to determine 

the quality of water. The desirable limit given in Indian 

standards is 10 MPN in 100 ml. There was no location in any 

district that had zero MPN in 100 ml. There was huge 

variation in the value of Total coliform number from one 

district to other and even in locations. The severe problem was 

observed at every location in the Pali district. Fig 7 showed 

that Pali does not have any location having MPN less than 10 

and highest mean Total coliform was observed 1205 MPN in 

100 ml at near bandiriver bridge, pali bye pass road, Pali. All 

the water samples in Jaipur had less than 10 MPN except 

location at hand pump of vidhani village goner road. Highest 

mean concentration in Ajmer was observed of 80 MPN at 

location of outside jln hospital and all water samples had 

MPN above the desirable limit except one location at near 

gandhibhwan. Highest mean concentration in Udaipur (fig 8) 

was observed 234 MPN in 100 ml at location near 

ranapratapnagar, railway station, Udaipur. High number of 

bacteria may be because of inadequate maintenance of hand 

pumps and wells. 

Statistical Analysis 

Data obtained for various parameters of different districts 

were statistically analyzed by doing correlation study. It was 

seen (Table 6) that there is no definite correlation between any 

parameter. But it was observed that there is some correlation 

between BOD and nitrate.  

Table 6Correlation matrix for different water quality 

parameters 

 

PARAM

ETER 

p

H 

B.

O.

D 

NIT

RA

TE 

FECA

L 

COLI

FOR

M 

TOT

AL 

COLI

FOR

M 

FLU

ORI

DE 

pH 1 

0.

00

23 

0.02

74 
0.001 

0.029

7 

0.243

4 

B.O.D. 
 

1 
0.22

04 
0.047 

0.007

2 

0.005

3 

NITRAT

E   
1 0.0016 

0.000

6 
0.027 

FECAL 

COLIFORM   
1 

0.085

6 

0.048

8 

TOTAL 

COLIFORM    
1 

0.044

6 

 

Conclusions 

Water samples of most of the locations were found not 

suitable for drinking purpose. Chemical and bacteriological 
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water quality limits was exceeding the bureau of Indian 

standards. pH was slightly in alkaline range for all locations. 

Alwar, Ajmer, Jaipur and Udaipur water samples had low 

concentrations of fluoride, less than 1 mg/l. Mean 

concentration of fluoride in every location of Jodhpur district 

was more than permissible limit. Government had initiated the 

scheme of installing the handpump attachable defluoridation 

plants, based on the famous Nalgonda technique. BOD should 

be zero in the drinking water and only Jaipur district have 

BOD less than 1 mg/l for all of the locations. Pali had 

concentration more than 2 mg/l for three of the locations. The 

Environmental Protection Agency (EPA) has adopted the 10 

mg/l standard as the maximum concentration level (MCL) and 

an Indian standard is 45 mg/l for nitrate-nitrogen in drinking 

water. Nitrate concentrations were less than 3 mg/l at most of 

the locations in each district except some places in jodhpur 

and udaipur. Each of the districts had average value of fecal 

coliform around 3-4 in 100 ml except Pali.There was no 

location in any district that had concentration of total 

coliforms of zero MPN in 100 ml water sample. Total 

coliform was observed 1205 MPN in 100 ml at near 

bandiriver bridge, pali bye pass road, Pali.   
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Abstract:In a world of technological advancement and 

countless gadgets, the quest to acquire the latest models is 

overwhelming: a slimmer desktop, new music system, 

televisions, and so on. However, the downside of the constant 

quest for better gadgetry is the rapidly piling hazardous 

wastes in our landfills. Discarded electronics are generated 

when users or owners of the products decide that they no 

longer want them. E-waste encompasses ever growing range 

of obsolete electronic devices such as computers, servers, 

main frames, monitors, TVs and monitor devices, 

telecommunication devices such as cell phones and pagers, 

calculators, audio and video devices, printers, scanners, 

copiers and fax machines besides refrigerators, air 

conditioners, washing machines and microwave ovens, E-

waste also covers recording devices such as DVDs, CDs, 

floppies, tapes, printing cartridges, military electronic waste, 

automobile catalytic converters, electronic components such 

as chips, processors, mother boards, printed circuit boards, 

industrial electronics such as sensors, alarms, sirens, security 

devices, automobile electronic devices. In this manuscript 

impact of E-waste on health and environment, and various 

management strategies have been delineated. 

Keywords: CFCs; PCBs; Heavy metals; BFRs; Health 

hazards; Environmental impacts; Renewable materials; 

Material management 

 

Introduction 

E-waste is considered dangerous as certain components of 

electronic products are hazardous. E-waste is of major concern 

due to several significant issues, including the increasing rate 

and volume of materials disposed to landfills, the toxicity of 

some of the materials present in this type of waste product, the 

variability in regulatory control on disposal methods, and 

relatively common practice of transferring E-waste 

components offshore to recycling facilities that may lack 

adequate quality control, environmental protection and safety 

standards. The volume of E-waste is increasing with the 

growth of electronics industry and where fashion and 

technological obsolescence have increased the new purchases 

and upgrading of existing products are usually avoided. This 

has led to landfills over choked with discarded products. E-

waste for short – or Waste Electrical and Electronic Equipment 

(WEEE) – is the term used to describe old, end-of-life or 

discarded appliances using electricity. It includes computers, 

consumer electronics, fridges, etc. which have been disposed 

of by their original users. While there is no generally accepted 

definition of E-waste, often it is associated with relatively 

expensive and essentially durable products used for data 

processing, telecommunications or entertainment in private 

households and businesses. “E-waste” is used as a generic term 

embracing all types of waste containing electrically powered 

components. E-waste contains both valuable as well as harmful 

materials which require special handling and recycling 

methods. Wastes are hazardous wastes when they exhibit one 

or more of the following characteristic: toxicity, ignitibility, 

corrosivity or reactivity. The main concerns when electronic 

wastes are worn-out or discarded are the hazaedous materials 

that they contain-CFCc (chlorofluorocarbons), PCBs 

(polychlorinated biphenylls), lead (Pb), mercury (Hg), tin (Sn), 

cadmium (Cd), hexavalent chromium (Cr)VI in circuits boards, 

plastics, brominated flame retardants (BFRs) and the volume 

or space in landfill that they will occupy.  

Realizing the intensity of WEEE many developed countries 

have banned the disposal of E-waste in landfills. The use of 

electronic devices has increased rapidly in recent decades and 

the disposal of electronic devices such as PCs, cell phones, 

TVs, and other entertainment devices such as music centres 

and computer games have become a major problem around the 

world. Every year around 20 to 50 million tonnes of electronic 

waste are generated worldwide, bringing significant risks to 

human health and the environment. It is estimated that more 

than 500 million computers will become obsolete in the US 

alone between 1997 and 2007. This is growing at a rapid rate 

because the global computer market is far from saturation and 

the average lifespan of a PC is decreasing rapidly – 4-6 years 

in 1997 to only 2 years in 2005. Composition of WEEE,  is 

very diverse and differs in products across different categories. 

It contains more than 1000 different substances, which fall 

under “hazardous” and “non-hazardous” categories. Iron and 

steel constitutes about 50% of the WEEE followed by plastics 

(21%), non ferrous metals (13%) and other constituents. Non-

ferrous metals consist of like copper, aluminium, and precious 

metals e.g. silver (Ag), gold (Au), platinum (Pt), palladium 

(Pd), etc. The presence of elements like lead (Pb), mercury 

(Hg), arsenic (As), cadmium (Cd), selenium (Se), and 

hexavalent chromium (Cr)VI, halogenated substances (e.g. 

CFCs), polychlorinated biphenyls, plastic and circuit boards 

that contain brominated  flame retardants (BFRs)  beyond 

threshold quantities in WEEE/E- waste classifies them as 

hazardous waste. BFR can give rise to dioxins and furans 

during incineration1-5.  

Health Impacts 

Invariably WEEE is dumped in developing countries the 

technology adopted to recycle the waste is crude and done 

manually by the backyard recycling centres and informal 

sector. Heavy metals like lead, mercury, can cause damage to 

the central and peripheral nervous system. Lead in particular 
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has serious effects on brain development in children. It 

damages the circulatory system, kidneys and reproductive 

system. Mercury can damage the kidney and exposure to 

pregnant mothers could possibly affect foetal development. 

When in contact with water, it converts into the more lethal 

methylmercury, would become a part of food chain. Exposure 

to beryllium (Be), barium (Ba), and BFRs can cause serious 

health complications. Effects of E-waste constituents on health 

are depicted in Table 1. 

Table 1 

Sources of E-waste Constituents Health Effects 

Solder in printed 

circuit boards, 

glass panels ad 

gasket in computer 

monitor 

 

Lead (Pb) 

 

Damage to central and 

peripheral nervous 

systems, circulatory 

systems and kidney 

damage. Affects brain 

development of 

children 

Chip resistors and 

semiconductors 

 

Cadmium (Cd) 

Accumulates in 

kidney and liver, 

causes neural damage, 

Teratogenic 

Relays and 

switches, printed 

circuit boards 

 

Mercury (Hg) 

Chronic damage to 

brain, Respiraratory 

and skin disorders due 

to bioaccumulation in 

fishes 

Corrosion 

protection of 

untreated and 

galvanized steel 

plates, decorator or 

hardener for steel 

housings 

 

Hexavalent 

chromium (Cr) 

VI 

Asthmatic bronchitis, 

DNA damage 

Cabling and 

computer housing 

 

    Plastic 

including PVC 

Burning produces 

dioxin, Causes 

reproductive 

problems, Damage 

Immune system, 

Interfere with 

regulatory hormones  

Plastic housing of 

electronic 

equipments and 

circuit boards 

 

               BFRs 

Disrupts endocrine 

system functions 

Front panel of 

CRTs 

 

          Barium 

(Ba) 

Short term exposure 

causes muscular 

weakness, Damage to 

heart, liver and spleen 

Mother board  

 

         

Beryllium (Be) 

Lung cancer, 

Inhalation of fumes 

causes chronic 

beryllium disease 

(berylliocosis), Skin 

disease such as warts 

Source: (www.basel.int/) 

Impact of E-Waste on the Environment 

Incineration of E-waste can emit toxic fumes and gases, 

thereby polluting the surrounding air mainly in developing and 

developed countries, where large consignments of E-waste in 

the form of second hand computers are being imported to 

reduce the digital divide. Developed countries are exporting 

hazardous waste to developing countries in Asia and Africa 

where there are no stringent environmental and safety 

regulations. 

Computer wastes that are land filled would leacheate   and 

eventually pollute the groundwater. Acids and sludge obtained 

from melting computer chips, if disposed on the ground causes 

acidification of soil. 

For example, Guiyu, Hong Kong a thriving area of illegal E-

waste recycling is facing acute water shortages due to 

contamination of water resources. This is due to the disposal of 

recycling wastes such as acids, sludge, etc. in rivers. Now 

water is being transported from faraway towns to cater to the 

demands of the population. 

Improperly monitored landfills can cause environmental 

hazards. Mercury will leach when certain electronic devices, 

such as circuit breakers are destroyed. The same is true for 

polychlorinated biphenyls (PCBs) from condensers. When 

BFR plastic or cadmium containing plastics are land filled, 

both polybrominated diphenyl ethers (PBDE) and cadmium 

may leach into the soil and groundwater. Not only does the 

leaching of mercury poses specific problems, the vaporization 

of metallic mercury and diethylene mercury, both part of 

WEEE is also of concern. 

In addition, uncontrolled fires may arise at landfills and this 

could be a frequent occurrence in many countries. When 

exposed to fire, metal and other substances, extremely toxic 

dioxins and furans can be emitted. 

  The most dangerous form of burning E-waste is the open-air 

burning of plastics in order to recover copper and the other 

metals. The toxic fall-out from the open air burning affects the 

local environment and broader global air currents, depositing 

highly toxic byproducts in many places throughout the world. 

Environmental Impacts 

According to Basal Action Network (BAN), „Exporting Harm‟ 

– containers of E-waste (computers) arrive from USA every 

month. It was found that 75% of the imports were junk. All 

these obsolete computers were either burned or discarded with 

no environmental safeguards, resulting in release of cancer 

causing chemicals and substances which were harmful for the 

hormonal and immune system. E-waste recycling and disposal 

operations found in India, China ad African countries are 

extremely polluting due to open burning, toxic solders. Ensure 

that the transboundary movement o hazardous wastes and other 

wastes is reduced to the minimum consistent with the 

environmentally sound and efficient management of such 

wastes, and is conducted in a manner which will protect human 

health and the environment against the adverse effects which 

may result from such movement; Do not allow the export of 

hazardous wastes or other wastes to a State or group of State 

belonging to an economic and/or political integration 

organization that are Parties, particularly developing countries, 

which have prohibited by their legislation all imports, or if it 

has reason to believe that the wastes in question will not be 

managed in an environmentally sound manner, according to 

criteria to be decided on by the Parties at their first meeting.    

http://www.basel.int/
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The Basal Convention has established a control system for 

transboundary movements of hazardous and other wastes, 

based on the principle of prior informed consent of a State of 

import and state of transit before exports of wastes can take 

place. To this end, the Convention has established a 

notification procedure, functioning through the Complement 

Authorities designated by each. The south has emerged as 

dumping grounds of E-waste whilst the north has been 

enforcing stringent laws to tackle the problem.  

Basel Convention 

In view of the ill-effects of hazardous wastes to both 

environment and health, several countries exhorted the need 

for a global agreement to address the problems and challenges 

posed by hazardous wastes. Also, in the late 1980s, a 

tightening of environmental regulations in industrialized 

countries led to a dramatic rise in the cost of hazardous waste 

disposal. Searching for cheaper ways to get rid of the wastes, 

“toxic traders” began shipping hazardous waste to developing 

countries. International outrage following these irresponsible 

activities led to the drafting and adoption of strategic plans and 

regulations at the Basal Convention. The Convention 

secretariat, in Geneva, Switzerland, facilitates and 

implementation of the Convention and related agreements. It 

also provides assistance and guidelines on legal and technical 

issues, gathers statistical data, and conducts training on the 

proper management of hazardous waste. 

  The Basal Convention on the Control of Transboundary 

Movements of Hazardous Wastes and their Disposal is the 

most comprehensive global environmental agreement on 

hazardous and other wastes. The Convention has 170 Parties 

and aims to protect human health and the environment against 

the adverse effects resulting from the generation, management, 

transboundary movements and disposal of hazardous and other 

wastes. The Basal Convention came into force in 1992. The 

Draft requires action at all levels of society; training, 

information, communication, methodological tools, capacity 

building with financial support, transfer of know-how, 

knowledge and sound, proven cleaner technologies and 

processes to assist in the effective involvement and 

coordination by all concerned stakeholders as essential for 

achieving the aims of the Basal Declaration within the 

approach of common but differentiated responsibility.  

The Basal Convention brought about a respite to the 

transboundary movement of hazardous waste. India and other 

countries have ratified the Convention. However, US is not a 

party to the ban and is responsible for disposing hazardous 

waste, mainly, E-waste to Asian countries even today. 

Developed countries such as US should enforce stricter 

legislations in their own country for the prevention of this 

horrifying act. In the European Union where the annual 

quantity of E-waste is likely to double in the next 10 years, the 

European Parliament recently passed legislation that will 

require manufactures to take back their electronic products 

when consumers discard them. This is called Extended 

Producer Responsibility. It also mandates a timetable for 

phasing out most toxic substances in electronic products. Even 

with rules and convention the south has emerged as dumping 

grounds of E-waste whilst the norths have been enforcing 

stringent laws to tackle the problem6-9.   

Management of E-Waste 

It is estimated that 75% of the electronic items are stored due 

to uncertainty of how to manage it. These electronic junks lie 

unattended in houses, offices, warehouses, etc. and normally 

mixed with   household wastes, which are finally disposed off 

at landfills. This necessitates implementable management 

measures. In industries management of E-waste should begin 

at the point of generation. This can be done by waste 

minimization techniques and by sustainable product design. 

Waste minimization in industries involves adopting, inventory 

management, production process modification, volume 

reduction, recovery and reuse. 

Inventory management 

Proper control over the materials used in the manufacturing 

process is an important way to reduce waste generation3, by 

reducing both the quantity of hazardous materials used in the 

process and the amount of excess raw materials in stock, the 

quantity of waste generated can be reduced. This can be done 

in two ways i.e. establishing material-purchase review and 

control procedures and inventory tracking system. Developing 

review procedures for all material purchased is the first step in 

establishing an inventory management program. Procedures 

should require that all material be approved prior to purchase. 

In the approval process all production materials are evaluated 

to examine if they contain hazardous constituents and whether 

alternative non-hazardous material are available. Another 

inventory management procedure for waste reduction is to 

ensure that only the required quantity of a material is ordered. 

This will need the establishment of a strict inventory tracking 

system. Purchase procedures must be implemented which 

ensure that materials are ordered only on an as-needed basis 

and that only the amount needed for a specific period of time is 

ordered. 

Production-process modification 

Changes can be made in the production process, which will 

reduce waste generation. this reduction can be accomplished 

by the changing the materials used to make the product or by 

the more efficient use of input materials in the production 

process or both. Potential waste minimization techniques can 

be broken down into three categories: 

Improved operating and maintenance procedures, 

Material change and 

Process-equipment modification 

Improvements in the operation and maintenance of process 

equipment can result in significant waste reduction. This can 

be accomplished by reviewing current operational procedures 

or lack of procedures and examination of the production 

process for ways to improve its efficiency. Instituting standard 

operation procedures can optimize the use of raw materials in 

the production process and reduce the potential for materials to 

be lost through leaks and spills. A strict maintenance program, 

which stresses corrective maintenance, can reduce waste 

generation caused by equipment failure. An employee-training 

program is a key element of any waste reduction program.  

Training should include correct operating and handling 

procedures, proper equipment use, recommended maintenance 

and inspection schedules, correct process control specifications 

and proper management of waste materials. Hazardous 

materials used in either a product formulation or a production 

process may be replaced with a less hazardous or non-

hazardous material. This is a very widely used technique and is 

applicable to the most manufacturing processes. 
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Implementation of this waste reduction technique may require 

only some minor process adjustments or it may require 

extensive new process equipment.  

Installing more efficient process equipment or modifying 

existing equipment to take advantage of better production 

techniques can significantly reduce waste generation. New or 

updated equipment can cause process materials more 

efficiently producing less waste. Additionally such efficiency 

reduces the number of rejected or off-specification products, 

thereby reducing the amount of materials which has to be 

reworked or disposed of. Modifying the existing process 

equipment can be a very cost-effective method of reducing 

waste generation. In many cases the modification can just be 

relatively simple changes in the way the materials are handled 

within the process to ensure that they are not wasted. For 

example, in many electronic manufacturing operation, which 

involve coating a product, such as electroplating or painting, 

chemicals are used to strip off coating from rejected products 

so that they can be recoated. These chemicals, which can 

include acids, caustic, cyanides, etc. are often hazardous waste 

and must be properly managed. By reducing the number of 

parts that have to be reworked, the quantity of the waste can be 

significantly reduced.  

Volume reduction 

Volume reduction includes those techniques that remove the 

hazardous portion of waste from a non-hazardous portion. 

These techniques are usually to reduce the volume, and thus 

the cost of disposing of a waste material. The techniques that 

can be used to reduce waste-stream volume can be divided into 

2 general categories: source segregation and waste 

concentration. Segregation of wastes is in many cases a simple 

and economical technique for waste reduction. Waste 

containing different types of metals can be treated separately 

so that the metal value in the sludge can be recovered. 

Concentration of a waste stream may increase the likelihood 

that the material can be recycled or reused. 

Recovery and reuse 

This technique could eliminate waste disposal costs, reduce 

raw material costs and provide income from a saleable waste. 

Waste can be recovered on-site, or at an off-site recovery 

facility, or through inter industry exchange. A number of 

physical and chemical techniques are available to reclaim a 

waste material such as reverse osmosis, electrolysis, 

condensation, electrolytic recovery, filtration, centrifugation, 

etc. for example, a printed circuit board manufacturer can use 

electrolytic recovery to reclaim metals from copper and tin-

lead plating bath. However recycling of hazardous products 

has little environmental benefit if it simply moves the hazards 

into secondary products that eventually have to be disposed of. 

Unless the goal is to redesign the product to use non-hazardous 

materials, such recycling is a false solution10-11. 

Sustainable Product Design 

Minimization of hazardous wastes should be at product design 

stage itself keeping in mind the following factors: 

Rethink the product design 

Efforts should be made to design a product with fewer amounts 

of hazardous materials. For example, the efforts to reduce 

material use are reflected in some new computer designs that 

are flatter, lighter and more integrated. Other companies 

purpose centralized networks similar to the telephone system. 

Use of renewable material and energy 

Bio-based plastics are plastics made with plant-based 

chemicals or plant-produced polymers rather than petro-

chemicals. Bio-based toners, glues and inks are used more 

frequently. Solar computers also exist but they are currently 

very expensive. 

Use of non-renewable materials that are safer 

Because many of the materials used are non-renewable, 

designers could ensure the product is built for re-use, repair 

and/or upgradability. Some computer manufacturers such as 

Dell and Gateway lease out their products thereby ensuring 

they get them back to further upgrade and lease out again. 

Management Options and Conclusions 

Considering the severity of the problem, it is imperative that 

certain management options be adopted to handle the bulk E-

wastes. Following are some of the management options 

suggested for the government, industries and the public.  

Responsibilities of the Government 

Governments must encourage research into the development 

and standard of hazardous waste management, environmental 

monitoring and the regulation of hazardous waste-disposal.  

Governments should enforce strict regulations against dumping 

E-waste in the country by outsiders. 

Governments should enforce heavy fines levied on industries, 

which do not practice waste prevention and recovery in the 

production facilities. 

Polluter pays principle and extended producer responsibility 

should be adopted. 

Government should encourage and support NGOs and other 

organizations to involve actively in solving the nation‟s E-

waste problems. 

Uncontrolled dumping is an unsatisfactory method for disposal 

of hazardous waste and should be phased out. 

Governments should explore opportunities to partner with 

manufactures and retailers to provide recycling services. 

Responsibilities and role of Industries 

Generators of wastes should take responsibility to determine 

the output characteristics of wastes and if hazardous, should 

provide management options. All personnel involved in 

handling E-waste in industries including those at the policy, 

management, control and operational levels, should be 

properly qualified and trained. Companies can adopt their own 

policies while handling E-wastes. Several countries have 

enacted legislations to regulate the volume of wastes 

generated. Developing cleaner technologies and safer recycling 

methods could be made possible by manufactures/ producers. 

Leading computer companies like Dell has taken responsibility 

for free recycling of products. Cleaner recycling plants reduce 

the burden of environmental pollution and there could be 

recovery of valuable metals. Extended producer responsibility 

is an important tool to reconcile environmental protection and 

economic growth. Responsible management of products and 

processes from an environmental point of view can stimulate 

greater awareness throughout the company, improve corporate 

creditability and reputation, enhance business development 

opportunities and facilitate dialogue and partnership with key 

stakeholders. Companies can be more environmentally 

responsible in different ways , including the analyzing of 
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potential environmental impacts of production processes and 

products, restricting an activity whose impact on the 

environment is uncertain, promoting environmentally sound 

technologies , implementing cleaner production and ensuring 

transparency and complete communication with stakeholders. 

Apply precautionary approaches in different activities 

regarding products and processes; 

Adopt the same operating standards regardless of location. 

Improve supply-chain management. 

Facilitates technology improvement and transfer. 

Contribute to environmental awareness in company locations. 

 Communicate with different stakeholders. 

Standardize components for easy disassembly. 

Re-evaluate „cheap products‟ use, make product cycle „cheap‟ 

and so that it has no inherent value that would encourage a 

recycling infrastructure. 

Create computer components and peripherals of biodegradable 

materials. 

Utilize technology sharing particularly for manufacturing and 

de manufacturing. 

Encourage / promote / require green procurement for corporate 

buyers. 

Manufacturers, distributors and retailers should undertake the 

responsibility of recycling/ disposal of their own products. 

Manufactures of computer monitors, TV sets and other 

electronic devices containing hazardous materials must be 

responsible for educating consumers and the general public 

regarding the potential threat to public health and the 

environment posed by their products. At minimum, all 

computer monitors, TV sets and other electronic devices 

containing hazardous materials must be clearly labelled to 

identify environmental hazards and proper material 

management.     

Responsibilities of the Citizen 

Waste prevention is perhaps more preferred to any waste 

management option including recycling. 

Donating electronics for reuse extends the lives of valuable 

products and keeps them out of the waste management system 

for a longer time. 

Reuse, in addition to being an environmentally preferable 

alternative, also benefits society. 

 E-waste should never be disposed with garbage and other 

household wastes. This should be segregated at the site and 

sold donated to various organizations. 

While buying electronic products consumers should opt for 

those that are made with fewer toxic constituents use recycled 

content are energy efficient are designed for easy upgrading or 

disassembly utilise minimal packaging offer leasing or take 

back options have been certified by regulatory authorities. For 

upgrading their computers or other electronic items to the latest 

versions rather than buying new equipment.  

NGOs should adopt a participatory approach in management of 

E-waste. 
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Introduction : Energy plays very significant role in our day 

to day activities. Today’s energy sources are mainly fossil 

fuels based which are not only limited but also creates Global 

Warming. Effect of environment, economic, social and tech-

nical factor have led the rapid deployment of various sources 

of Renewable Energy.  

India had power installed capacity of about 245GW out of 

which renewable contributes 12%. Of the current total renew-

able energy base, biomass constitutes about 11.5%. Biomass 

refers to biodegradable material originating in land and aqua-

tic environments including algae, trees and crops or from an-

imal manure.Traditionally, biomass had been utilized through 

direct combustion. Cow dung cake is one of the most impor-

tant and widely used biomass for the production of daily ener-

gy needs. It has been estimated that 2.5 billion people around 

the world are not being able to access the modern fuels[1]. 

They are highly dependable on locally available wood and 

cow dung cakes. Burning of biomass or cowdung cakes 

through direct combustion creates indoor air pollution and 

ultimately contributing to serious health problems, particularly 

cancer and respiratory infections.  

Biogas Technology 

Biogas comprises of 60-65 percent methane (CH4), 35- 40 

percent carbon dioxide (CO2), 0.5-1.0 per cent hydrogen sul-

phide (H2S) and traces of water vapours[2]. It is almost 20 

percent lighter than air. Biogas cannot be converted into li-

quidlike liquefied petroleum gas (LPG) under normal temper-

ature and pressure. The slurry coming from digester is rich in 

nitrogen which is a essential nutrient for plant growth. 

Biogas is an easy and healthy cooking fuel since methane 

emissions from untreated cattle dung and biomass wastes can 

also be avoided. Since there is no pollution from biogas 

plants, these are one of the most potent tools for mitigating 

climatic change and being earth saviours. 

Properties 

Biogas is a non-toxic, colorless and flammable gas. 

 It has an ignition temperature of 650 – 750 °C.  

Its density is 1.214 kg/ m3 

About 60 percent methane and 40 percent CO2 content 

Calorific value is 20 MJ/m3(4700 kcal).  

Almost 20 percent lighter than air 

It liquefies at a pressure of about 47.4 kg/cm2 at a critical 

temperature of - 82.1°C. 

Purified biogas (bio-methane) has a higher calorific value in 

comparison to raw biogas[3]. 

Major Application Areas:  

Communities and households 

Use of biogas technology in India is observed more in domes-

tic sector rather than large scale productions. Thousands of 

rural and village households in India have adopted biogas as a 

fuel for cooking, lighting and motive power generation[4] as 

shown in fig.1. 

 

Fig.1. Various applications of biogas technology. 

Cow dung is the common waste used for production of biogas 

in most of villages. Against an estimated potential of 12 mil-

lion family type biogas plants overabout 49.6 lakh household 

size biogas plants have been installed since the inception of 

the biogas programme in the country[5],[6]. The State-wise 

details of biogas plants installed since inception till up to 

2016-17 as per reported by MNRE, GoI, New-Delhi are given 

below Table.1 and shown in fig.2. 

The households beneficiaries particularly women and children 

are also getting benefits in terms of reducing drudgery and 

saving in their valuable time, otherwise spent in collecting 

fuel wood from long distances/ forests. The independent eval-

uation study of the National Biogas and Manure Management 

Programme implemented during 11th five year plan period 

brought out that about 92% of the beneficiaries expressed 

their opinions that there was reduction in daily saving of time 

by 3 hours for a woman, who will go for collecting fire-wood 

meeting the cooking fuel requirements[6],[7]. 

Being self reliant for energy generation has also enhanced the 

productivity of agricultural sector. Alternatively, the biogas 

technology also aids in developing organic manure for the 

crops, and is being used by many farmers. The organic ma-

nure is derived in the form of slurry, which offers a better 

nutrient quotient, and it also acts as an excellent soil condi-

tioner. 

Biogas for the production of electricity  

Although the use of biogas in the production of electricity is a 

relatively new concept to be adopted in India, it is quickly 

picking up pace. Recently many organic waste treatment 

plants have been initiated in most cities. Waste generation rate 

in Indian cities ranges between 200 - 870 grams/day, depend-

ing upon the region’s lifestyle and the size of the city. The per 

capita waste generation is increasing by about 1.3% per year 

in India. Municipal solid waste generated by the states and 

union territory is shown in Fig.3.  Municipal solid waste 

(MSW) is treated to generate biogas for the production of 

electricity. Liquid and solid organic waste of various indus-

tries is producing biogas for generating power[6], [7], [8].  

Present Status and achievement: Near about 5 million fami-

ly sized biogas plants of 1-6m3 capacities have so far been 

installed in the country since 1982-83 under National Biogas 

and Manure Management Programme being implemented by 

Ministry of New and Renewable Energy (MNRE), Govt. of 

India. MNRE approved Biogas plants are mainly separated in 

two categories as shown in Fig.4. The Deenbandhu model 

consumes less surface area than others which results in less 

installation cost without sacrificing the efficiency.  
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During the 12th plan period, about 3.94 lakhbiogas plants 

have been set up upto 31.12.2016. The estimated average bio-

gas production capacity of these biogas plants is 7.87 lakh 

cubic meter per day. These biogas plants are helping directly 

to an estimated annual replacement saving of about 87.5 lakh 

numbers of LPG cylinders equivalent. Besides that also pro-

ducing about 35.95 lakh tonnes of organic enriched bio-

manure per year. The organic bio-manure being produced is 

equivalent to about 38,000 tonnes of Urea per annum. Alter-

natively the saving by biogas plants installed during the last 

four years and during current year 2016-17 (up to 31.12.2016) 

can replace the use of about 1780 lakhliters of kerosene an-

nually[6] [7]. The installed plants are contributing in saving of 

about 9.96 lakh tonnes fuelwood per annum, and thereby, 

helping in preventing emission of about 19,65,000 tonnes of 

carbon dioxide annually, into the atmosphere[8], [9], [10].  

Conclusion: 

According to the UN energy security is a prerequisite to 

achieve the Millennium Development Goals (MDGs) and 

biogas is one of the means to obtain energy security[11].Upto 

December, 2016 with the cumulative total installation of about 

49.67lakh family type biogas plants about 40.25 % of the total 

estimated potential based on cattle dung waste only has been 

harnessed. The direct benefits are on-site farm energy genera-

tion, women empowerment, indoor air improvement, sanita-

tion improvement and pathogen removal, chemical fertilizer 

displacement and nutrient recovery apart from some financial 

benefits[12][13]. 
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Table.1. State wise biogas plant installed up to 2016-17 in India [6] 

 

S t a t e /  U n i o n  T e r r i t o r i e s  E s t i m a t e d  P o t e n t i a l  ( P l a n t s  i n  N o s . ) C u m u l a t i v e  a c h i e v e m e n t s  u p  t o  2 0 1 6 - 1 7  ( i n  N o s . )  A c h i e v e m e n t  ( % ) 

A n d h r a  P r a d e s h 1 0 6 5 0 0 0 5 4 9 2 3 5 5 1 . 5 7 

A r u n a c h a l  P r a d e s h 7 5 0 0 3 5 5 5 4 7 . 4 0 

A s s a m 3 0 7 0 0 0 1 3 0 3 7 5 4 2 . 4 7 

B i h a r 7 3 3 0 0 0 1 2 9 8 4 4 1 7 . 7 1 

C h h a t t i s g a r h 4 0 0 0 0 0 5 4 8 2 5 1 3 . 7 1 

G o a 8 0 0 0 4 2 3 0 5 2 . 8 8 

G u j a r a t 5 5 4 0 0 0 4 3 3 3 1 7 7 8 . 2 2 

H a r y a n a 3 0 0 0 0 0 6 2 0 8 5 2 0 . 7 0 

H i m a c h a l  P r a d e s h 1 2 5 0 0 0 4 7 6 5 0 3 8 . 1 2 

J a m m u  &  K a s h m i r 1 2 8 0 0 0 3 1 6 3 2 . 4 7 

J h a r k h a n d 1 0 0 0 0 0 7 5 7 9 7 . 5 8 

K a r n a t a k a 6 8 0 0 0 0 4 9 1 7 6 4 7 2 . 3 2 

K e r a l a 1 5 0 0 0 0 1 4 9 5 6 8 9 9 . 7 1 

M a d h y a  P r a d e s h 1 4 9 1 0 0 0 3 6 5 6 8 9 2 4 . 5 3 

M a h a r a s h t r a 8 9 7 0 0 0 8 9 9 4 7 2 1 0 0 . 2 8 

M a n i p u r 3 8 0 0 0 2 1 2 8 5 . 6 0 

M e g h a l a y a 2 4 0 0 0 1 0 1 9 6 4 2 . 4 8 

M i z o r a m 5 0 0 0 5 4 1 2 1 0 8 . 2 4 

N a g a l a n d 6 7 0 0 7 9 5 3 1 1 8 . 7 0 

O d i s h a 6 0 5 0 0 0 2 7 0 8 8 0 4 4 . 7 7 

P u n j a b 4 1 1 0 0 0 1 7 7 4 4 5 4 3 . 1 7 

R a j a s t h a n 9 1 5 0 0 0 7 1 2 3 1 7 . 7 8 

S i k k i m 7 3 0 0 9 0 4 4 1 2 3 . 8 9 

T a m i l  N a d u 6 1 5 0 0 0 2 2 2 8 7 0 3 6 . 2 4 

T e l e n g a n a - 2 2 5 9 1 - 

T r i p u r a 2 8 0 0 0 3 6 2 0 1 2 . 9 3 

U t t a r  P r a d e s h 1 9 3 8 0 0 0 4 4 0 7 1 3 2 2 . 7 4 

U t t r a k h a n d 8 3 0 0 0 2 1 5 5 8 2 5 . 9 7 

W e s t  B e n g a l 6 9 5 0 0 0 3 6 6 9 7 4 5 2 . 8 0 

A & N  I s l a n d s 2 2 0 0 1 3 7 6 . 2 3 

C h a n d i g a r h 1 4 0 0 9 7 6 . 9 3 

D a d r a  &  N a g a r  H a v e l i  2 0 0 0 1 6 9 8 . 4 5 

D e l h i /  N e w  D e l h i 1 2 9 0 0 6 8 1 5 . 2 8 

P u d u c h e r r y 4 3 0 0 5 7 8 1 3 . 4 4 

T o t a l 1 2 3 3 9 3 0 0 4 9 6 6 6 2 8 4 0 . 2 5 
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Fig.2. Potential vs. achievement of biogas plant in India 

 

 
Fig.3. Share of States and Union Territories in Urban MSW Generated 
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Fig.4. MNRE approved family sized Biogas Plant 
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Abstract: The most common air pollutants emitted from 

chemical, petrochemical and allied industry are Volatile 

Organic Compounds (VOCs). Stringent regulations on con-

trol of VOCs have been put up due to growing environmen-

tal awareness as they are main sources of photochemical 

reactions taking place in the atmosphere which may lead to 

various environmental hazards. It has been made mandatory 

for each industry or facility emitting VOCs to install proper 

VOCs control measures. Different control techniques are 

available for the control of VOCs emission based on destruc-

tive and recovery methods. Each method has its own advan-

tages and limitations. Deciding the best applicable technique 

based on the type of process is of utmost importance as these 

VOCs have their own economic value. The paper reviews 

various available technologies for VOCs control along with 

its merits, demerits and applicability for each option. The 

paper aims at providing critical analysis of the requirements 

and accordingly deciding on the appropriate strategy to con-

trol VOCs 

Keywords : VOCs, photochemical, 

1. Introduction 

Volatile Organic Compounds (VOCs) are organic compounds 

having high vapor pressure even at normal room temperatures. 

Most of the solvents, thinners, degreasers, cleaner, lubricants 

and liquid fuels are VOCs. Some common VOCs are benzene, 

toluene, xylene, tetrachloroethane, hexane, isopropyl alcohol 

etc. Their volatility is due to their low boiling points which 

causes a large fraction of the mass to evaporate or sublimate 

from the solid or liquid form of the compound and enter the 

surrounding air. Chemical and petrochemical industries are 

the main source of VOCs emitted to the atmosphere. The 

emissions are originated from losses in storage tanks, venting 

of process vessels, piping and equipment leaks, wastewater 

systems and heat exchange systems. 

Emission of these VOCs is a major environmental concern 

that should be prevented as they affect the climate, growth and 

decay of plants, health of humans and animals. Hydrocarbons 

in presence of sunlight undergo photochemical oxidation with 

NOx to form secondary pollutants which are more harmful 

than primary air pollutants. Thus control of VOCs being emit-

ted to the atmosphere must be made by selecting appropriate 

technology for VOCs control after a detailed analysis of the 

type, source and concentration of the emission is done. This 

paper aims at providing different technologies available for 

the control of emissions of VOCs with their merits and deme-

rits. 

2.VOCs emission control technologies and techniques. 

VOCs control technologies or techniques can be basically 

classified into two different verticals: 

[1](1) Control at source and (2) End of pipe 

treatment. The first vertical include control of VOCs emis-

sions though cleaner production principles by carrying out 

modification in process equipment, raw material and/or 

process. The second vertical comprises of different applicable 

technologies for the control equipments required to reduce the 

emission to the prescribed norms. The cleaner production ap-

proach is the most viable both technically and economically 

but it has very limited applications. The control technologies 

at the end of pipe can be further classified to two sub groups 

(i) Destructive and (ii) Recovery. A tree diagram showing 

various VOCs control technologies is provided in Fig. 1. 

3.Control of VOCs at source 

Application of cleaner production practices reduce and control 

emissions at source itself. Process and/or equipment modifica-

tion has to be done in order to reduce the VOCs emissions. It 

can be done by either changing or substituting the raw mate-

rials in order to reduce VOCs input in that process or by 

changing the process operating conditions so as to minimize 

the volatilization of VOCs and the modificaation of equip-

memt to reduce the uncontrolled venting of the VOCs to the 

environment. The main objective of the equipment modifica-

tion is to prevent the escape of VOCs. VOCs can be emitted 

vessel tops, vents or leaks in flanges and valves. Vessels shall 

be closed or shall be capped or equipped with vacuum vents to 

contain vapor emission. By proper maintenance through 

monitoring and repair programs these emissions due to leaks 

from valves, pimps and process piping connections can be 

regulated. Process enclosures can be designed to reduce emis-

sions by capturing the exiting VOCs. But only capturing tho-

rugh enclosure doesnot reduce emissions, add on control tech-

niques need to be places to process the collected VOCs back 

to the process else the will eventually escape to the environ-

ment. 

4. End of pipe treatment 

The VOCs which cannot be prevented from forming during 

the process needs to be removed before venting of the process 

air to the atmosphere. This process can be completed by either 

destroying the VOCs or by recovering them as reusable prod-

ucts. A tree diagram showing various VOCs control technolo-

gies is provided in Fig. 1 
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Figure 1 Classification of VOCs Control Techniques [2] 

  

4.1 Destruction methods 

VOCs can be destroyed by oxidation of carbon containig 

compunds to CO2 and other by products which can be emitted 

to the environment. Oxidation of VOCs may take place ther-

mally, catalytically of biologically. The processes for destruc-

tion of VOCs are termed as Thermal Oxidation,Catalytic Oxi-

dation and Bio- Filtration 

4.1.1 Thermal oxidation 

In thermal oxidation systems VOCs are combusted between 

700-1200 OC. The actual operating temperature is a function 

of the type of thermal oxidizer, VOCs concentration, type of 

VOCs and desired DRE (Destruction and Removal Efficien-

cy). Compound having higher ignition temperatures or having 

low concentrations will require higher heat input and retention 

time in the oxidizer to ensure achieving desired DRE. Ther-

mal oxidation systems have an efficiency to destroy 95% to 

99% of VOCs. So basically they can achieve destruction of 

virtually all VOCs. Therma oxidizers can be designed for the 

operating flow capacity of 1,000 to 500,000 cfm having inlet 

concentration rangng from 100 to 2,000 ppm. Due to potential 

explosion hazards in combusting VOCs, inlet concentrations 

in excess of 25% LEL (Lower Explosive Limit) are avoided 

by the oxidizer manufacturers. The nominal retention time for 

such oxidizers is between 0.5 to 1.0 s. High operating temper-

atures greater than 850 OC can lead to increase in nitrogen 

oxides concentrations. Halogenated compounds may be con-

verted to their respective acidic counterparts. It adds up to the 

cost as it requires corrosion resistant materials as well as addi-

tional acid gas control systems. 

Thermal oxidizers use two types of energy recovery systems, 

regenerative and recuperative. In both systems the heat con-

tent of the combustion exhaust gas is utilized to heat the in-

coming air stream prior to entering the combustion zone. 

Regenerative systems use ceramic beds to capture heat from 

gases exiting the combustion zone. As the bed approaches the 

combustion zone temperature, heat transfer becomes ineffi-

cient and the combustion exhaust gas stream is switched to a 

lower temperature bed. The incoming gas stream is then 

passed through the heated bed where it recovers the captured 

heat prior to entering the combustion zone. By using multiple 

beds, regenerative systems have achieved up to 95% recovery 

of the thermal energy input to the system as fuel and the heat 

content of the combusted VOCs. Where the incoming gas 

stream contains sufficient thermal energy potential from VOC 

combustion, regenerative systems can operate without exter-

nal fuel (excluding the need for a pilot light). The efficiency 

of the thermal recovery system depends on the process operat-

ing characteristics. A process where the flow rate and VOC 

content are relatively constant has a good potential for achiev-

ing virtual no-fuel operation. Cyclic processes generally are 

not as compatible with regenerative oxidation systems. The 

absorbed heat is lost to the environment during periods of low 

activity. Operation with insufficient VOC content to supply 

thermal input requirements necessitates the use of external 

fuel sources. 

Recuperative thermal oxidation systems recapture thermal 

energy with a simple metallic heat exchanger, typically a 

shell-and-tube design. The maximum thermal energy recovery 

of a recuperative system is around 70% of the fuel and VOC 

combustion energy input to the system. The advantage over 

the regenerative system comes from the relatively short period 

required for the heat exchanger to reach operating conditions. 

The larger mass of the regenerative heat recovery system re-

quires time and relatively large initial fuel inputs to reach op-

erating conditions, while the recuperative heat exchanger 

reaches operating conditions within several minutes of start 

up. Recuperative systems are best suited to cyclic operations 

where the versatility of an oxidation system is required along 

with the ability to respond to cyclic operating conditions. The 

high concentrations of organics in the regeneration stream, 

combined with the short duration of the desorption cycle, 

permits economical destruction of the VOCs in a thermal oxi-

diser. Thermal oxidation is a costly disposal method for treat-

ing low concentrations of organics contained in the process 

exhaust. A properly designed thermal oxidiser, which incorpo-

rates an effective heat exchanger and advanced refractory lin-

ing, is able to utilise the calorific value of the desorbed VOCs 

to generate the temperatures required for destruction with 

minimum auxiliary fuel consumption. A destruction efficiency 

of more than 99% can be achieved for most organics at tem-

peratures ranging from 800 OC to 1,200 OC with residence 

times of 0.5 s to 2.0 s 

 4.1.2 Catalytic oxidation 

Catalytic oxidation systems directly combust VOCs in a man-

ner similar to thermal oxidisers. The main difference is that 

the catalytic system operates at a lower temperature typically 

about 350 to 500°C. This is made possible by the use of cata-

lysts that reduce the combustion energy requirements. The 

incoming gas stream is heated, most often in a recuperative 

heat exchanger followed by additional input from a burner if 

needed, and passed through a honeycomb or monolithic sup-

port structure coated with catalyst. Catalyst systems can be 

designed to handle a capacity of 1,000 to 100,000 cfm and 

VOC concentration ranges from 100 to 2,000 ppm. The cata-

lytic system is well suited to low concentration operations or 

hose that operate in a cyclic manner. They are often used for 

vent controls where flow rates and VOCs content are variable. 

Destruction efficiencies in excess of 90% are common with a 

maximum DRE of 95% (Patkar& Laznow, 1992; Ruddy & 

Carroll, 1993). High concentration vent streams can also be 

treated with catalytic technology; however, as with thermal 

oxidation, it is not advisable for concentrations in excess of 

25% of LEL. Lower operating temperatures, combined with a 

recuperative heat exchanger, reduce the start up fuel require-

ment. Large catalytic systems have been installed, but are not 

as popular as direct thermal oxidation systems, mainly due to 

the high costs of catalyst replacement. Catalyst materials can 

be sensitive to poisoning by non-VOC materials such as sul-

phur, 

chlorides and silicon. Many catalyst manufacturers have over-

come sensitivity to some of these substances, but every cata-

lyst has susceptibilities that must be considered at the process 
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selection stage. For example, some catalysts are sensitive to 

deactivation by high-molecularweight hydrocarbons or poly-

merising materials. Also, the catalyst support may become 

deformed at high temperatures and high concentrations. Re-

searching these issues should be part of the process selection 

activity if catalytic oxidation is under consideration (William 

& Lead, 1997). 

 Figure 4 Schematic of catalytic oxidation [2] 

  

4.1.3. Biofiltration 

The bio-filtration process, which was originally developed for 

the odour abatement of waste gases, has proven recently to be 

an effective and inexpensive method for the removal of VOCs 

produced during various industrial activities [2]. This tech-

nique is based on the ability of microorganisms (generally 

bacteria) to convert, under aerobic conditions, organic pollu-

tants to water, carbon dioxide and bio-mass. The bio-filter 

consists generally of a simple structured packed bed, inten-

sively surrounded with an immobilised micro-flora. The con-

taminated gas is directed through a bio-layer around the pack-

ing material. In practice, various types of packing material are 

used, e.g. compost, soil, peat, etc. [3] [4]. The filter bed ma-

terial should have certain mechanical and physical properties 

(structure, void fraction, specific area, flow resistance and 

water retention capacity), and biological properties (provision 

of inorganic nutrients and specific biological activity). In the 

past decade increasing attention has been paid to bio-filtration 

as a waste gas purification process due to some important ad-

vantages this technique has compared to conventional purifi-

cation methods. In addition to the mild operating conditions, a 

biological decontamination process does not generally transfer 

the pollution problem to another environmental compartment 

(gas to solid and/or gas to liquid), which is often the case with 

many other purification methods. Moreover, biological treat-

ment is especially effective when the odours or toxic waste 

gas emission are in the lower concentration range, i.e. at few 

ppm levels. 

 Figure 5 Schematics of biofiltration [2] 

  

5. Recovery methods 

Techniques like condensation, absorption, ad-

sorption and membrane separation are used for VOCs removal 

by recovering the exiting pollutants. 

5.1. Condensation 

Condensation is done to recover VOCs which are being em-

mited to the atmosphere. It is achieved chilling or pressuriza-

tion or both of the waste gas stream. It is done when the ga-

seous stream is over saturated with the VOCs. Condensation 

is most effective for VOCs with boiling points above 40 OCat 

a relatively high concentration of 5000 ppm. Low-boiling 

VOCs can require extensive cooling or pressurisation, which 

sharply increases operating costs. Exceeding the 25% LEL 

threshold is more common with condensation systems. In fact, 

some systems begin operation above UEL (Upper Explosive 

Limit). This is dangerous, because the concentration will like-

ly fall through the explosive range during the condensation 

process. Therefore, inert gas blanketing of the vessels or un-

manned process enclosures is advised to avoid the explosion 

hazard associated with high VOC concentration. However, 

this causes additional operating costs. Polymerisation mate-

rials should also be avoided in the condensation system due to 

the potential for fouling the heat-exchanger surface. Best 

suited to mono solvent systems, condensation produces a liq-

uid product that must be treated to remove condensed water 

and possibly to separate various chemical species. Recovered 

VOCs can be reused within the process, used as wash solvents 

during equipment cleanup, burned as an alternative boiler 

fuel, shipped off-site for disposal or resold for reuse by others. 

5.2. Absorption 

Absorption is used to remove VOCs from gas streams by con-

tacting the contaminated air with a 

liquid solvent. Any soluble VOCs will transfer to the liquid 

phase. In effect, the air stream is scrubbed. This takes place in 

an absorber tower designed to provide the liquid vapour con-

tact area necessary to facilitate mass transfer. Using tower 

packing and trays as well as liquid atomisation can provide 

this contact. Packed bed and mist scrubbing absorption sys-

tems are detailed here. An absorption system can be designed 

to handle a capacity of 2,000 to 100,000 cfm and VOCs con-

centration ranges from 500 to 5,000 ppm. An absorber can 

achieve VOC removal efficiencies of 95 to 98% [2]. The de-

sign of an absorption system for VOC control is similar to the 

design of an absorber for process application, using vapour 

liquid equilibrium (VLE) data, liquid and vapour flux rates, 

liquid and vapour handling information, and material bal-

ances. Packed bed scrubbing uses packing material to improve 

vapour–liquid contact. Packing can either be randomly 

dumped or stacked in the tower. Packing varies widely in size, 

cost, contact surface area, pressure and material of construc-

tion, and each packing design has its own advantages under 

different conditions. Packed bed scrubbers can be used well 

with a low solubility system due to the high liquid and vapour 

residence time (.10 s) associated with the entraining nature of 

packing. Packed bed scrubbers should, however, be used 

when liquid flow rates are low which causes inadequate wet-

ting of the packing material. Also, the particulates on entering 

the air stream or absorbent create absorbate/reaction products 

which can foul or plug the packing. Mist scrubbers use spray 

nozzles to atomise the liquid stream into tiny droplets. These 

droplets provide the surface area for liquid–vapour contact. 

Mist scrubbers require a very low-pressure drop and must not 

be fouled by particulate in the incoming gas stream [2] [3]. 

The residence times of liquid and vapour are low (1–10 s). 

Therefore, mist scrubbing should only be applied to highly 

soluble systems. Absorption is not particularly suitable for 

cyclic operation due to start-up time constraints. It is, howev-

er, good for a high humidity air stream (50% RH). 

5.3. Membrane seperation 

Membrane based separation has been reported over a long 

period. Gas permeation and reverse osmosis are the tech-

niques used in the application of solvent recovery (recovery of 

VOCs) from air. This technique is in the field of experimental 
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research and has yet to be commercialised, though a few pilot 

plants have been developed and are continuously monitored 

for performance. A brief analysis of this is presented below: 

Baker, Yoshioka, Mohr & Khan [2] conducted air and vapour 

permeation experiments for various polymeric films, most of 

the experimental work reported so far is concentrated on com-

posite silicon rubber membranes. Pinnau, Wijmans, Blume, 

Kuroda & Peinemann[3], Kimmerle, Bell, Gudernatch & 

Chmiel [4] and Paul, Philipen, Gerner & Strathmann[5] tested 

silicon rubber membrane coated on a porous polysulfone sub-

strate. Behling [6] and Behling, Ohlrogge, Peinemann & Ky-

burz [7] have chosen poly (ether imide) as the supporting ma-

terial because it is much more stable to organic vapours than 

polysulfone. Buys, Martens, Troos, Van Heuven &Tinnemans 

[8] used polyhydantoine and polyimide as the porous support 

to the silicon rubber-coating layer in their study. A membrane 

system for the treatment of low-volume, high vapour concen-

tration gas streams was tested, but information was disclosed 

concerning the membrane materials by Wijmans & Helm [9]. 

The resistance of silicon rubber to some organic vapours, for 

example gasoline, is however poor. An attempt was made, 

therefore, by Deng, Sourirajan & Matsuura [10] to prepare 

membranes from a single polymeric material of high organic 

resistance. In their previous studies, asymmetric aromatic po-

lyimide membranes were investigated for the purpose. It was 

shown that controlling the conditions of the membrane prepa-

ration properly could produce membranes of both high selec-

tivity and reasonably high permeability. 

Deng et al. [10] have conducted a thorough experimental 

study on the recovery of organic solvent from air with the help 

of an aromatic poly membrane. The study promises encourag-

ing results. The important outcomes of the study are as fol-

lows: 

•Hydrocarbon mixtures can be effectively separated from air 

by an asymmetric aromatic poly (ether imide) membrane 

without a silicone rubber coating. O Water permeability is 

higher than hydrocarbon permeability. 

•The presence of water vapour in the feed does not affect the 

hydrocarbon permeability. In other words, water and hydro-

carbon molecules permeate through the membrane indepen-

dently. 

•Gasoline vapour can be separated effectively by an asymme-

tric aromatic poly (ether imide) membrane. 

•Aromatic poly membranes are very good commercial value 

for removing volatile organic compounds when the amount of 

air to be treated is relatively small. 

Although the membrane-based recovery system promises 

good results at the experimental stage, its adaptability is de-

pendent on many factors, a few of which are discussed below. 

5.4 Adsorption 

The adsorption process is classified into two types, namely, 

physical adsorption and chemisorption based on the interac-

tion between adsorbate and adsorbent. Physical adsorption has 

been found to be more significant in the case of separation 

processes. Physical adsorption is again classified into Thermal 

Swing Adsorption (TSA) and Pressure Swing Adsorption 

(PSA), based on the operation of the process. Both the 

processes have their advantages and disadvantages. Physical 

adsorption occurs when organic molecules are held on the 

surface and in the pores of the adsorbent by the weak Van der 

Waals force of attraction and is generally characterised by low 

heat of adsorption, and by the fact that the adsorption equili-

brium is reversible and rapidly established [11] A very low 

VOC concentration in exhaust air is expensive to treat. For 

many low-concentration situations it is possible to use adsorp-

tion to increase the concentration to a level at which it is more 

feasible to clean up the air using a reasonable sized recovery 

plant. Recovery of some organics like 1,1,1-trichloro ethane 

(TCA) and styrene vapour are not well-suited for steamrege-

nerated temperature swing adsorption (TSA) or thermal inci-

neration. Because of its thermal sensitivity and tendency to 

form degradation products, including HCl, TCA could not be 

recovered with traditional steamregenerated TSA processes. 

Thermal incineration of TCA and other chlorinated solvents 

required tail gas treatment and subsequent wastewater dispos-

al. The potential of styrene to polymerise at elevated tempera-

tures likewise made TSA processes undesirable for styrene 

vapour recovery [12]. In these situations PSA is the best alter-

native. The proper adsorbent choice depends upon the applica-

tion, but activated carbon and styrene/divinylbenzene macro-

porous resins are the preferred adsorbents for VOCs recovery. 

5.1.1.Activated carbon based adsorption Carbon adsorption is 

a very common method of VOCsemission control. VOCs are 

removed from the inlet air by physical adsorption onto the 

surface of the carbon. The system is sized according to the 

maximum flow and concentrations expected, and anything 

less usually improves efficiency. Carbon adsorption systems 

are flexible and inexpensive to operate. Installation costs are 

often lower than those of other systems [12]. The adsorption 

capacity of activated carbon for a given VOC is often 

represented by an adsorption isotherm of the amount of VOC 

adsorbed (adsorbate) to the equilibrium pressure (concentra-

tion) at constant temperature. VOC molecules are physically 

attracted and held to the surface of the carbon. Activated car-

bon is such a good adsorbent because of its large surface area, 

which is a result of its vast infrastructure of pores and micro-

pores and micro-pores within micro-pores. In a commercial 

activated-carbon solvent-recovery plant, solvent laden air 

passes through a tank containing a bed of activated carbon. 

The solvent is adsorbed on the carbon surface and clean air is 

exhausted to atmosphere. When all of the available surfaces of 

the carbon pores are occupied it will not capture any addition-

al solvent. Now, to recover the solvent for reuse, it must be 

released from the carbon surface. This is most commonly 

done by heating the carbon with steam. The hotter the carbon, 

the less solvent it can hold, so as the steam heats the carbon, 

solvent is released and flushed away by the steam. The mix-

ture of steam and solvent is condensed by cooling and then 

separated in the simplest case by gravity decanting. If the sol-

vent is soluble in water, distillation is required instead of de-

canting. The carbon can then be reused as well. The batch 

process of adsorption and desorption as described above can 

be made continuous by the use of multiple carbon beds so that 

one is off-line for desorption while the other is on adsorption. 

Regeneration can be done on-site with hot air or hot nitrogen, 

depending upon process conditions and local utilities. Mois-

ture is one of the crucial parameters to dictate the efficiency 

and effectiveness of the adsorption process. In many cases the 
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activated carbon that has adsorbed moisture will lose this 

moisture by displacement in its preference for organic va-

pours. Halogenated compounds are strongly affected by in-

creased relative humidity, whereas aromatic compounds are 

only weakly affected. However, because water vapour com-

petes with the VOCs in the emission stream for adsorption 

sites on the carbon surface, emission stream humidity levels 

exceeding 60% RH are not desirable. For these reasons, acti-

vated carbon becomes the right adsorbent for high capacity, 

nonselective adsorption of gases at ambient temperature, suit-

able for most VOCs with molecular weights between 40 and 

150 and boiling points from 40°C to 260 °C.  

Many parameters need to be studied in detail before deciding 

about the adsorption process, a few important ones are: 

• description of the process emitting the VOCs 

• exhaust volume 

• temperature, pressure and relative humidity of the 

exhaust air 

• composition of the VOCs and their concentrations 

• recovery efficiency required 

• quality of recovered solvent required, any contami-

nants present, such as dust, high boiling components, resins, 

and so on, 

• possibility of future expansion of plant, 

• whether cooling water is available, and if so, its tem-

perature 

• whether steam is available, its pressure, and whether 

it is saturated, 

• steam costs (which will determine the 

economy of the steam recovery operation). 

5.1.2. Zeolite based adsorption 

As elaborated in an earlier section, it has been recognised that 

activated carbon is the most suitable adsorbent for this appli-

cation [12]. However, [13] pointed out that the applications of 

activated carbon present some disadvantages as they are 

flammable, difficult to regenerate for high boiling solvents, 

promote polymerisation or oxidation of some solvents to toxic 

or insoluble compounds, and require humidity control. There-

fore, it is necessary for a new type of adsorbent to replace the 

activated carbon. As a result, hydrophobic zeolite is now con-

sidered an alternative adsorbent since it has good properties 

such as thermal stability and hydrophobicity [13]. Hydrophob-

ic zeolite can be manufactured with precise pore size, allow-

ing selective adsorption of some compounds while excluding 

others. Zeolites are inorganic materials that have a crystalline 

structure and fixed pore sizes. The homogeneous pore size 

prevents molecules larger than a certain size from entering the 

lattice, so zeolites are sometimes called molecular sieves, 

which allow them to adsorb selectively. The non-flammable, 

thermal-stable, and hydrophobic characteristics of zeolites can 

also play an important role in adsorption. The thermal stability 

and hydrophobicity of zeolites increase with the Si/Al ratio in 

the zeolite framework. Synthetic hydrophobic zeolite, a pure 

crystalline silica molecular sieve, is non-flammable and capa-

ble of withstanding temperatures as high as 850°C [14]. Fur-

thermore, hydrophobic zeolite has a low affinity for water, 

which is a useful physical property. [15] reported that up to 

90% relative humidity could be handled with little adverse 

effect on the capacity of hydrophobic zeolite. Also, 

[16]reported that the 

  

presence of water was found to reduce the amount of adsorp-

tion of the solvent–hydrophobic zeolite system, but water va-

pour showed no effect on the adsorption kinetics (thus over-

coming the major limitation encountered in carbon adsorp-

tion). Hydrophobic zeolites are also non-flammable, so it can 

be used for some compounds that might catch fire with acti-

vated carbon (e.g. cyclo-hexane). The cost of hydrophobic 

zeolite is still very high, so its use is economically limited to 

applications for which activated carbon is not well suited. 

  Figure 6 Schematic of VOCs removal by adsorption (Solvent 

recovery) plant [2] 

 6. Discussion and conclusion 

A brief information on parameters of operation and design for 

each technique is provided in Table 1 

This article reviews various available techniques for VOCs 

control. The following 

conclusions have been drawn by a thorough study of the 

available options for VOCs control. 

1. Oxidation is the most commonly used technique, though it 

destroys the valuable VOCs. Further, the oxidation process 

with heat recovery is a good economical option. However, 

thisprocess requires specific operating conditions and design 

of incinerator depending upon the composition of the VOCs. 

It may also generate toxic combustion products, which need 

further processing. These limit its applicability. Catalytic 

combustion is a good alternative that overcomes some of its 

limitations. However, the Reverse Flow 

Reactor is the best alternative to oxidation in today’s context 

of energy management. 

2. Adsorption is the next most favoured technique. It 

has good removal (recovery) efficiency, though it requires 

higher capital investment and operating costs. Desorption of 

adsorbent and separation of VOCs from desorbed solution 

increase the complexity and cost of the process. Activated 

carbon, though a cheap adsorbent, has many limitations, e.g. 

the possibility of firehazard, less selectivity, etc., whereas 

zeolite is more costly but has many advantages such as no fire 

hazards, uniform pore size distribution, etc. If VOCs recovery 

is important, the authors recommend adsorption as a good 

technique to be implemented. There are many solvent recov-

ery units available commercially based on the adsorption 

principle. 

3. Bio-filtration is a cheap and effective alternative for 

VOCs elimination. However, due to selective destruction, 

sluggishness, the applicability of this process is limited in 

commercial applications. This technique is in current research 

and the authors feel that in future it would be the most pre-

ferred alternative. 
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4. The absorption process involves high initial invest-

ment as well as difficulties in design, due to the lack of avail-

ability of vapour liquid equilibrium data. Moreover, stripping 

of VOCs from the absorbing solvent requires further separa-

tion, and thus costs. Along with many limitations (a few cited 

above), this technique has some advantages, e.g. the ability to 

handle a wide range of concentrations, simple process and 

equipment, and good efficiency. 

5. Condensation is a safe alternative for VOCs recov-

ery. It does not involve any second component and thus not 

much separation 

  

technology. It is simple. It suffers from many limitations such 

as it requires high concentration, extreme-operating conditions 

(temperature and pressure), high boiling VOCs, high operat-

ing costs, etc. These limitations have restricted its commercial 

applicability 

Finally, it is concluded that oxidation (catalytic) is a good 

option when VOCs recovery is not important (both in terms of 

efficiency and cost), whereas, if VOCs recovery is important, 

adsorption is the best alternative. Biofiltration is a bright op-

tion, still in research, and we hope that in the near future it 

will become the most potent technology for VOC control. 

 Techniques VOC Content 

(ppm) Moisture 

Content (%) Capacity 

Range (CFM) Temperature 

(0C) Removal 

Efficiency (%) 

Thermal 

Oxidation 20-25% of 

LEL 10-40 100-500000 700 95-99 

Catalytic 

Oxidation 100-1000 but 

<25% LEL 10-40 1000-10000 300 90-98 

Bio-Filtration <5000 >90 <14000 50-105 60-95 

Condensation 5000-10000 20-80 100-20000

 Ambient 70-85 

Absorption 500-15000 Normal 2000-10000

 Normal 90-98 

Carbon 

Adsorption 700-10000 <50 100-6000

 <130 80-90 

Zeolite 

Adsorption 1000-10000 94-96 100-6000

 Ambient 90-96 

Membrane 

Separation Very low- 

25% LEL 90-99 200-1500 Ambient 90-99 

 

Table 1 Details of VOCs control Technique SCHEMES  
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Abstract: Waste is presenting immense role in environmen-

tal pollution sources, not only for the soil and ground water 

but the malodorous smell of the waste also for the contami-

nate the purity of air. In the present decomposition of solid 

waste is one of the major environmental issues in the world. 

Improper management of municipal solid waste (MSW) 

causes hazards to inhabitants. It is convincing evidence of a 

high risk of gastrointestinal problems associated with patho-

gens originating at sewage treatment plants. In case of qual-

ity improvement and usefulness of epidemiological studies 

applied to populations residing in areas where waste man-

agement facilities are located or planned. In this paper many 

of advance techniques & treatment technologies for MSW 

are critically reviewed, along with their advantages and limi-

tations with a few fruitful suggestions, which may be benefi-

cial in waste management in practical aspects. 

Keywords : MSW, mining, agriculture, manufacturing, and 

municipalities. 

 

 

Introduction 

Waste management is the collection, transport, processing, 

recycling or disposal, and monitoring of waste materials. The 

term usually relates to materials produced by human activity, 

and is generally undertaken to reduce their effect on health, 

the environment or aesthetics. Waste management is also car-

ried out to recover resources from it. Waste management can 

involve solid, liquid, gaseous or radioactive substances, with 

different methods and fields of expertise for each. Waste 

management practices differ for developed and developing 

nations, for urban and rural areas and for residential and in-

dustrial producers. Management for non-hazardous residential 

and institutional waste in metropolitan areas is usually the 

responsibility of local government authorities. 

All organisms produce wastes, but none produces as many 

wastes of such diverse composition as humans. Society's 

wastes arise from many different activities; growth is world-

wide still accompanied by increasing amounts of waste, caus-

ing unnecessary losses of materials and energy, environmental 

damage and negative effects on health and quality of life. It is 

a strategic goal of most developed countries to reduce these 

negative impacts, meaning to reduce waste or applying a cor-

rect management system to exploit it. 

Waste management is already governed by a substantial body 

of regulation but there remain opportunities for further im-

proving the management of some major waste streams. The 

several kinds of waste produced by a technological society 

can be categorized in many ways. Some kinds of wastes are 

released into the air and water. Some are purposely released, 

while others are released accidentally. Many wastes that are 

purposely released are treated before their release. There are 

wastes with particularly dangerous characteristics, such as 

nuclear wastes, medical wastes, industrial hazardous wastes, 

and household hazardous wastes. The novel worldwide and 

EC strategy set out three national goals for municipal solid 

waste management: Increase source reduction and recycling, 

increase environmental friendly disposal capacity and im-

prove secondary material markets, and improve the safety of 

solid waste management facilities, by using the energy content 

of the waste. Solid waste is generally made up of objects or 

particles that accumulate on the site where they are produced, 

as opposed to water, and airborne wastes that are carried away 

from the site of production. Solid wastes are typically catego-

rized by the sector of the economy responsible for producing 

them, such as mining, agriculture, manufacturing, and muni-

cipalities. 

Waste production: 

Mining waste is generated in various ways. First, in most min-

ing operations, large amounts of rock and soil need to be re-

moved to get to the valuable ore. This waste material is gener-

ally left on the surface at the mine.  

Site second, milling operations use various technologies to 

extract the valuable material from the ore. These techniques 

vary from relatively simple grinding and sorting to sophisti-

cated chemical separation processes. Regardless of the tech-

nique involved, once the valuable material is recovered, the 

remaining waste material, commonly known as tailings, must 

be disposed of. Solid materials are typically dumped on the 

land near the milling site, and liquid wastes are typically 

stored in ponds. It is difficult to get vegetation to grow on 

these piles of waste rock and tailings, so they are unsightly 

and remain exposed to rain and wind. Finally, the water that 

drains or is pumped from mines or that flows from piles of 

waste rock or tailings often contains hazardous materials 

(such as asbestos, arsenic, lead, and radioactive materials) or 

high amounts of acid that must be contained or treated - but 

often are not. Many types of mining operations require vast 

quantities of water for the extraction process. The quality of 

this water is degraded, so it is unsuitable for drinking, irriga-

tion, or recreation. 

Industrial Waste: Solid wastes are generated from various 

processes in small and large scale industries, from sources 

other than mining includes a wide variety of materials such as 

demolition waste, foundry sand, scraps from manufacturing 

processes, sludge, ash from combustion, and other similar 

materials. These wastes are highly heterogeneous in nature. 

These wastes are consists of both hazardous and non hazard-

ous components. 

Municipal solid waste (MSW): consist of all the materials that 

people in a region no longer want because they are broken, 

spoiled, or have no further use. It includes waste from house-
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holds, commercial establishments, institutions, and some in-

dustrial sources. Specialists and local communities, in addi-

tion to governmental agencies and local authorities generally 

decide how waste will be managed whether by landfill, inci-

neration, recycling, composting, waste reduction or a combi-

nation. 

Bio-waste: It is defined as biodegradable garden and park 

waste, food and kitchen waste from households, restaurants, 

caterers and retail premises, and comparable waste from food 

processing plants. It does not include forestry or agricultural 

residues, manure, sewage sludge, or other biodegradable 

waste such as natural textiles, paper or processed wood, that 

are biomass categories, as well. It also excludes those by-

products of food production that never become waste. Bio-

waste is a putrescible, generally wet waste. There are two ma-

jor streams, first is green waste from parks, gardens etc. and 

second is kitchen waste. 

Hazardous waste means waste that requires special precaution 

in its storage, collection, transportation, treatment or disposal 

to prevent damage to persons or property, and includes explo-

sive, flammable, volatile, radioactive, toxic and pathological 

wastes. This category includes the management of three types 

of hazardous wastes from their source to ultimate disposal: (i) 

the radioactive materials, which are primarily the responsibili-

ty of specials national and international authorities, (ii) medi-

cal wastes, and (iii) the non-radioactive liquid industrial 

wastes, which are mainly under state or provincial jurisdic-

tion. Hazards in the environment may arise also from natural 

occurrences like floods and hurricanes, from human environ-

mental disturbances like CO2 build-up and acid rain, and from 

the improper treatment and disposal of the toxic and hazard-

ous wastes generated by an industrialized society. 

Agricultural waste is the second most common form of waste 

and includes waste from the raising of animals and the har-

vesting and processing of crops and trees. Other wastes asso-

ciated with agriculture, such as waste from processing opera-

tions (peelings, seeds, straw, stems, sludge, and similar mate-

rials). Since most agricultural waste is organic, it is used as 

fertilizer or for other soil-enhancement activities. Other mate-

rials are burned as a source of energy, so little of this waste 

needs to be placed in landfills. However, when too much 

waste is produced in one place, there may not be enough 

farmland available to accept the agricultural waste without 

causing water pollution problems associated with runoff or 

groundwater contamination due to infiltration. 

 

Solid Waste Treatment:  

Solid waste processing reduces the amount of material requir-

ing disposal and, in some cases, also produces a useful prod-

uct. Examples of solid waste processing technologies include 

material recovery facilities, where recyclable materials are 

removed or sorted; composting facilities where organics in 

solid waste undergo controlled decomposition, and waste to 

energy facilities where waste becomes energy for electricity 

and from prehistory through the present day, the favoured 

means of disposal was simply to dump solid wastes outside of 

the city or village limits. Frequently, these dumps were in 

wetlands adjacent to a river or lake. To minimize the volume 

of the waste, the dump was often binned. Unfortunately, this 

method is still being used in remote or sparsely populated 

areas in the world. As better waste-disposal technologies were 

developed and as values changed, more emphasis was placed 

on the environment and quality of life. Dumping and open 

burning of wastes is no longer an acceptable practice from an 

environmental or health perspective. While the technology of 

waste disposal has evolved during the past several decades, 

options are still limited. Realistically, there are no ways of 

dealing with waste that have not been known for many thou-

sands of years. Essentially, five techniques are used: (i) land-

fills, (ii) incineration, (iii) source reduction, (iv)composting, 

(v) recycling. 

i. Landfills: 

In this method of disposal refuse is carried and dumped into 

the low lying area as not to cause any nuisance or hazards to 

public health or safety. The refuse is dumped into the low 

laying area an engineered operation, designed and operated 

according to acceptable standards. 

The refuse is dumped and compacted in layers of 0.3- 0.6m 

and after the day's work when depth of filling becomes about 

1.5m; it is covered by good earth of 15 cm to 30 cm thickness, 

so that refuse/ waste is not exposed directly. The filling is 

done by dividing the site into smaller portions. The compac-

tion is done by bull dozer, trucks etc. Filling of low lying 

areas should generally be done by leaving a minimum dis-

tance of 6m from the surrounding area. Insecticides like DDT, 

cresol, creosote etc. should be sprayed on the layers to prevent 

breeding of mosquitoes and flies. A final cover of about 0.6 m 

of earth is laid and compacted at the top of the filled up land 

to prevent rodents from burrowing into the refuse. 

As the time passes, the filled up refuse will get stabilised due 

to decomposition of organic matter and subsequent conversion 

into stable compounds. The land filling operation is a biologi-

cal method of treatment of waste is stabilised by aerobic and 

anaerobic bacteria process. 

 

in trapped air gets exhausted in few and therefore long term 

decomposition occurs under anaerobic conditions. The whole 

period of refuse/ waste stabilisation may be divided into five 

phases. 

• During first phase of operation, aerobic bacteria and fungi, 

are dominant, deplete the available oxygen to effect oxidation 

of organic matter. Due to aerobic respiration, temperature in 

the fill increases. 

• In the second phase, anaerobic and facultative bacteria de-

velop to decompose organic matter and H2 and CO2 gases are 

evolved through acidogenic activity. 

• In the third phase, methanogenic bacteria develop to cause 

evolution of methane gas. 

• In the fourth phase of decomposition the methanogenic ac-

tivity gets stabilized. 
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• In the fifth stage, the methanogenic activity subsides, 

representing depletion of organic matter, and ultimately, the 

system returns to aerobic conditions within the landfill. 

The refuse in landfills get stabilized within a period of 2 to 4 

months and settle down by 20-40% of its original height. The 

filled up land, can be used for developing green land, parks, or 

other recreational spots. 

 (ii). Incineration: 

Incineration is an oxidation process where organic constitu-

ents react with oxygen and release heat during the process. 

Combustion may be defined as the rapid chemical combina-

tion of oxygen with the combustible elements of fuel. The two 

major combustible chemical elements of significance are car-

bon and hydrogen. Chlorine and sulfur are minor significance 

as sources of heat. An incineration system is comprised of 

several components. It must have a waste reading system, also 

referred to as a loading or charging system, to ensure uniform 

loading of the incinerator. The incinerator itself generally con-

sists of primary chamber, a secondary chamber, an auxiliary 

fuel system, air supply systems, a hearth or a grate area, and 

either moving grates or rams to move the waste and the ash 

through the unit. The incineration system must also have an 

ash removal system: both wet and dry ash removal systems 

are available. Air pollution equipment will most likely be re-

quired on all new incineration systems. Many municipal inci-

nerators also are equipped with efficient steam and or electric-

ity generators, The types of incinerators used in municipal 

waste combustion include fluidized bed incinerators, rotary 

water wall combustors, reciprocating grate systems are related 

modular incinerators The basic variations in the design of 

these systems are related to the waste feed system, the air de-

livery system, and the movement of the material through the 

system. As an illustration of typical system configurations, 

following figure depicts a modular incinerator, and Figure 11 

depicts a rotary combustor. Both are equipped with a heal 

recover boiler. Finally flue gas treatment is available. Several 

reference texts are available which provide further details on 

the various system designs. Gross electric power output from 

a resource recovery system ranges from 340 kWh per ton of 

raw solid waste incinerated. Output is dependent on the type 

of incineration technology utilized and the type of waste fed. 

Electricity generated by a resource recovery facility will 

usually be used to supply the total electrical need for in-house 

power consumption, which ranges from 10 % to 15 % of the 

gross amount generated. The remaining 85-90 % can be sold 

to the local utility. 

 (iii). Gasification: 

Gasification is a process that converts organic- or fossil fuel-

based carbonaceous materials into carbon monoxide, hydro-

gen and carbon dioxide. This is achieved by reacting the ma-

terial at high temperatures (>700 °C), without combustion, 

with a controlled amount of oxygen and/or steam. The result-

ing gas mixture is called syngas (from synthesis gas) or pro-

ducer gas and is itself a fuel. The power derived from gasifi-

cation and combustion of the resultant gas is considered to be 

a source of renewable energy if the gasified compounds were 

obtained from biomass. 

The advantage of gasification is that using the syngas (synthe-

sis gas H2/CO) is potentially more efficient than direct com-

bustion of the original fuel because it can be combusted at 

higher temperatures or even in fuel cells, so that the thermo-

dynamic upper limit to the efficiency defined by Carnot's rule 

is higher or (in case of fuel cells) not applicable. Syngas may 

be burned directly in gas engines, used to produce methanol 

and hydrogen, or converted via the Fischer–Tropsch process 

into synthetic fuel. Gasification can also begin with material 

which would otherwise have been disposed of such as biode-

gradable waste. In addition, the high-temperature process re-

fines out corrosive ash elements such as chloride and potas-

sium, allowing clean gas production from otherwise proble-

matic fuels. Gasification of fossil fuels is currently widely 

used on industrial scales to generate electricity. 

 (iv) . Recycling Of Organic Waste: 

a) Composting: 

Compost is organic matter that has been decomposed and re-

cycled as a fertilizer and soil amendment. Compost is a key 

ingredient in organic farming. At the simplest level, the 

process of composting requires making a heap of wet organic 

matter known as green waste (leaves, food waste) and waiting 

for the materials to break down into humus after a period of 

weeks or months. Modern, methodical composting is a multi-

step, closely monitored process with measured inputs of wa-

ter, air, and carbon and nitrogen rich materials. The decompo-

sition process is aided by shredding the plant matter, adding 

water and ensuring proper aeration by regularly turning the 

mixture. Worms and fungi further break up the material. Bac-

teria requiring oxygen to function (aerobic bacteria) and fungi 

manage the chemical process by converting the inputs into 

heat, carbon dioxide, and ammonium. The ammonium 

(NH+4) is the form of nitrogen used by plants. When availa-

ble ammonium is not used by plants it is further converted by 

bacteria into nitrates (NO−3) through the process of nitrifica-

tion. 

 Compost is rich in nutrients. It is used in gardens, landscap-

ing, horticulture, and agriculture. The compost itself is benefi-

cial for the land in many ways, including as a soil conditioner, 

a fertilizer, addition of vital humus or humic acids, and as a 

natural pesticide for soil. In ecosystems, compost is useful for 

erosion control, land and stream reclamation, wetland con-

struction, and as landfill cover. Organic ingredients intended 

for composting can alternatively be used to generate biogas 

through anaerobic digestion. 

 b) Vermicomposting: 

Vermicompost is the product of the composting process using 

various species of worms, usually red wigglers, white worms, 

and other earthworms, to create a mixture of decomposing 

vegetable or food waste, bedding materials, and vermicast. 

Vermicast (also called worm castings, worm humus, worm 

manure, or worm feces) is the end-product of the breakdown 

of organic matter by earthworms. These castings have been 

shown to contain reduced levels of contaminants and a higher 

saturation of nutrients than the organic materials before ver-

micomposting Vermicompost contains water-soluble nutrients 

and is an excellent, nutrient-rich organic fertilizer and soil 
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conditioner. It is used in farming and small scale sustainable, 

organic farming. 

 One of the species most often used for composting is the red 

wiggler or tiger worm (Eiseniafetida or Eiseniaandrei); Lum-

bricusrubellus is another breed of worm that can be used, but 

it does not adapt as well to the shallow compost bin as does 

Eiseniafetida. European nightcrawlers (Eiseniahortensis) may 

also be used. 

Conclusions:  

The study suggests increases the composting process for 

waste decomposition. The study also highlights the impor-

tance of Education and awareness in the area of waste and 

waste management are becoming increasingly important from 

a global perspective of resource management. The study also 

indicates new industry in the era of waste decomposition for 

creates employment opportunities and contributes to rural 

development and regeneration. The study also acts as base for 

competent authorities/researchers to work towards further 

improvement of the present system.  

.References 
i. •https://en.wikipedia.org/wiki/Compost 

ii. I. Ionel, Al. Savu, et al., Co-combustion of Waste in a Ro-

manian Fluidized Bed Combustion Facility, World Renewable Ener-

gy Congress, WREC 2006, Florence, 2006, pp. 269-275 

iii. •https://www.researchgate.net/publication/290520889658

Cleantechnolo gyfromwastemanagement 

iv. •Municipal solid waste management in Indian cities Pub-

lished by Pollution control department. 

v. •https://www.sciencedirect.com/science/article/pii/S095605

3X07000645 

vi. •https://www.sciencedirect.com/science/article/pii/S095605

3X101185 

vii. •A text Book entitled as "Solid waste management" by Dr. 

MeenuChhazed, 

viii. •https://www.google.co.in/search composting process. 

ix. •A Reference book entitled as "Environmental studies" By 

Benny Joseph Published by McGraw Hill Education 

x. •"Kaushik Anubha" Reference book entitled as 

'1PRESPECTIVES IN ENVIRONMENTAL STUDIES" Published by 

New Age International Publishers. 

.  

 

 

 

  

 

. 



            International Journal of Engineering Research                                               ISSN:2319-6890 (online),2347-5013(print) 

            Volume No.7, Issue Special 4, pp : 364-365                                                                                             9,10 March 2018 

 

DOI : 10.5958/2319-6890.2018.00118.6                           EPIC@2018 Page 364 

Utilization of Piezoelectric Material for Energy Harvesting 
 

Divya Guildyal
1
, Roli Verma

2
, Utpal Mishra

3
,Pratibha Singh

2
 

1
Department of Physics, JSSATE, Noida 

2
Department of Chemistry, JSSATE, Noida 

3
Department of Information Technology, JSSATE, Noida 

Corresponding author email: pratibhasingh@jssaten.ac.in 
 

 

Abstract: Energy harvesting or the process of acquiring 

energy from surrounding environment has been a conti-

nuous endeavour throughout the history. Energy harvesting 

(also known as power harvesting or energy scavenging) is 

the process by which energy is derived from external sources 

(e.g. solar power, thermal energy, wind energy, salinity gra-

dients, and kinetic energy), captured, and stored for small, 

wireless autonomous devices, like those used in wearable 

electronics and wireless sensor networks. Energy harvesting 

is such a broad topic, so we’re going to specifically deal with 

piezoelectric energy harvesting.  

Key words: Energy harvesting, piezoelectric effect 

 

Introduction 

The piezoelectric effect converts mechanical strain into elec-

tric current or voltage. This strain can come from many dif-

ferent sources. Human motion, low-frequency seismic vibra-

tions, and acoustic noise are everyday examples. Except in 

rare instances the piezoelectric effect operates in AC requiring 

time-varying inputs at mechanical resonance to be efficient. 

Peizoelectric materials such as lead zirconnatetitanate (PZT) 

are great candidate for energy harvesting using vibrations 

from the surrounding environment. 

 As piezo energy harvesting has been investigated only 

since the late 1990s, it remains an emerging technology. Pie-

zoelectric materials are very good prospects for mechanical 

energy conversion because they have a good electromechani-

cal coupling effect. Piezoelectric energy harvesting devices 

are also much simpler than, for example electromagnetic or 

electrostatic devices.[1] 

 

Piezoelectric Effect 

There are certain materials that generate electric potential or 

voltage when mechanical strain is applied to them; they tend 

to change their dimensions. This is called piezo electric effect. 

This effect was discovered in the year 1880 by Pierre and 

Jacques Curie. 

The piezoelectric transducers work on the principle of pie-

zoelectric effect. When mechanical stress or forces are applied 

to some materials along certain planes, they produce electric 

voltage. The voltage output obtained from these materials due 

to piezoelectric effect is proportional to the applied stress or 

force. Mechanism of effect is shown in figure 1, 

 

Figure 1. Piezoelectric effect 

 

Piezo Energy Harvesting Circuit 

The self powered Piezo Energy Harvesting Circuit collects 

intermittent or continuous energy input from the piezo genera-

tor and efficiently stores their associated energy in an on-

board capacitor bank. During the charging process, the capa-

citor voltage is continuously monitored. When it reaches 5.2V 

the module output is enabled to supply power to an external 

(user) load. At this point 55 mJ of energy are available. When 

generator energy input is high, the output voltage remains ON 

continuously. Capacitor voltage is clamped at 6.8V. If exter-

nal power demand exceeds generation, the output voltage 

decreases. When the output voltage drops to 3.1V, power to 

the load is switched OFF and is not turned on again until the 

capacitor bank has been recharged to 5.2V. The circuit ac-

cepts input voltages from 0V to ±500V AC or DC and input 

currents to 400 mA. Peizo energy harvesting generator – 

Double quick mount dimentions- 503 size is shown in figure 

2. Energy Harvesting Circuit Specifications to be used as 

guidelines are given in table 1. [2] 
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Figure 2, Peizo energy harvesting generator – Double quick 

mount dimentions- 503 size  

 

Table1.ENERGY HARVESTING CIRCUIT 

PECIFICATIONS 

 

APPLICATIONS: Application of this effect is mentioned 

below 

 Cigarette Lighter 

 Armed Forces 

 Night Clubs 

 Gyms 

 Harvesting From Human Body 

 Piezoelectric road harvests traffic energy to generate 

electricity 

 Power Walking With Energy Floors 

 Public Areas 

 

Advantages Of Piezoelectric Energy Harvesting 

Energy harvesting from light, thermal, magnetic or mechani-

cal energy in the ambient environment is an important re-

search topic. With recent progresses in wireless, sensor sys-

tems are being popularly used in various areas, including hu-

man body care, bridge or engine early health monitoring etc. 

However, replacement of small power supplies and batteries 

in sensor systems would be a tedious task. Therefore, it is 

quite interesting to supply a small amount of power for sensor 

systems from environmental energy. [3] 

•High frequency response: They offer very high frequency 

response that means the parameter changing at very high 

speeds can be sensed easily. 

•High transient response: The piezoelectric transducers can 

detect the events of microseconds and also give the linear 

output. 

•The piezoelectric transducers are small in size and have 

rugged construction. 

 

Future Scope 

The embedding of piezoelectric generators to create "smart 

roads" could eventually become an integral part of traffic 

management systems. Initially though, the system can be con-

figured to generate and store energy from roads, airport run-

ways and rail systems at the same time as delivering real-time 

data on the weight, frequency and spacing between passing 

vehicles. The harvested energy can be transferred back to the 

grid, or used for specific public infrastructure purposes such 

as lighting and widespread use of the system would enable far 

greater scrutiny and hence understanding of the behaviour of 

road vehicles. The harvested energy can be transferred back to 

the grid, or used for specific road infrastructure purposes. The 

infrastructure captures and stores energy for reuse. [4, 5, 6] 

Conclusion 

Flexible piezoelectric materials are attractive for power har-

vesting applications because of their ability to withstand large 

amount of strains. PZT materials that can convert ambient 

vibration energy surrounding them into electrical energy. This 

electric energy can then be used to power other devices or 

stored for later use. This technology has gained increasing 

attention due to recent advances in wireless and MEMS tech-

nology, allowing sensors to be placed in remote locations and 

operate at very low power. The ability of piezoelectric equip-

ment to convert motion from human body into electrical pow-

er is remarkable. It is a great hope that energy harvesting will 

rule the next decade in the technical field. We thereby con-

clude upon the project by generating light out of the stress 

applied on the piezoelectric material. This can solve many 

problems regarding the dependency on batteries, also to harv-

est energy, since the world is in need of energy. 
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Abstract: Developmental activities such as construction, 

transportation and manufacturing not only deplete the natu-

ral resources but also produce large amount of wastes that 

leads to pollution of air, water, soil, and oceans; global 

warming and acid rains. Untreated or improperly treated 

waste is a major cause of pollution of rivers and environ-

mental degradation causing gill health and loss of crop 

productivity.  Environment pollution is a wide-reaching 

problem and it is likely to influence the health of human 

populations is great. According to author, still time left in 

the hands of global institutions, governments and local bo-

dies to use the advance resources to balance the environ-

ment for living and initiates the breathed intellectuals to live 

friendly with environment. As effective reply to contamina-

tion is largely based on human appraisal of the problem 

from every age group and contamination control program 

evolves as a nationwide fixed cost-sharing effort relying 

upon voluntary participation (Sharp & Bromley, 1979).    

Environmental education is important to trigger proactive 

participation of the masses in addressing, debating and pro-

testing on significant environmental issues. The goal of en-

vironmental education is to develop a world population that 

is aware of and concerned about the environment and its 

associated problems and who has the knowledge, skills, atti-

tudes, motivations and commitment to work individually and 

collectively towards solution of current environmental prob-

lems and prevention of new ones. School system provides the 

largest organized base for environmental education and ac-

tion.        

Keywords :   pollution of air, water, soil, and oceans; global 

warming  

 

Introduction:  

Human activities directly or indirectly affect the environment 

adversely. A stone crusher adds a lot of suspended particulate 

matter and noise into the atmosphere. Automobiles emit from 

their tail pipes oxides of nitrogen, sulphur dioxide, carbon 

dioxide, carbon monoxide and a complex mixture of un-burnt 

hydrocarbons and black soot which pollute the atmosphere. 

Domestic sewage and run off from agricultural fields, and 

fertilizers, pollute water bodies. Effluents from tanneries con-

tain many harmful chemicals and emit foul smell. These are 

only a few examples which show how human activities pol-

lute the environment. Pollution may be defined as addition of 

undesirable material into the environment as a result of human 

activities. The agents which cause environmental pollution are 

called pollutants. A pollutant may be defined as a physical, 

chemical or biological substance unintentionally released into 

the environment which is directly or indirectly harmful to 

humans and other living organisms. 

Types of Pollution 

Pollution may be of the following types: 

(1) Air pollution. (2) Noise pollution. (3) Water pollution. (4) 

Soil pollution. (5) Thermal pollution. (6) Radiation pollution. 

Air Pollution  

The air we breathe is an essential ingredient for our wellbeing 

and a healthy life. Unfortunately polluted air is common 

throughout the world (EPHA, 2009) especially in developed 

countries from 1960s. (Kan, 2009). South of Poland (Krześlak 

& Korytkowski, 1994), Ukraine (Avdeev  

& Korchagin, 1994), China (Kan, 2009), and Pakistan (Gov-

ernment of Pakistan, 2009; Khan, 2010) even famous crowded 

cities and countries are facing air pollution. Polluted air con-

tains one, or more, hazardous substance, pollutant, or conta-

minant that creates a hazard to general health (Health and 

Energy, 2007). The main pollutants found in the air we 

breathe include, particulate mater, PAHs, lead, ground-level 

ozone, heavy metals, sulphur dioxide, benzene, carbon mo-

noxide and nitrogen dioxide (European Public Health Al-

liance, 2009). Air pollution in cities causes a shorter lifespan 

for city dwellers (Progressive Insurance, 2005). Holland et al, 

(1979) illustrated that British scientists concluded that particu-

late and related air pollution at high levels pose hazards to 

human health.  

Noise Pollution 

It is one of the most pervasive pollutants. A musical clock 

may be nice to listen during the day, but may be an irritant 

during sleep at night. Noise by definition is “sound without 

value” or “any noise that is unwanted by the recipient”. Noise 

in industries such as stonecutting and crushing, steel forgings , 

loudspeakers, shouting by hawkers selling their wares, 

movement of heavy transport vehicles, railways and airports 

leads to irritation and an increased blood pressure, loss of 

temper, decrease in work efficiency, loss of hearing which 

may be first temporary but can become permanent in the noise 

stress continues. It is therefore of utmost importance that ex-

cessive noise is controlled. Noise level is measured in terms 

of decibels (dB). W.H.O. (World Health Organization) has 

prescribed optimum noise level as 45 dB by day and 35 dB by 

night. Anything above 80 dB is hazardous. Thetable10.4 gives 

the noise intensity in some of the common activities. 

Water Pollution  

  The water we drink is essential ingredients for our wellbeing 

and a healthy life. Unfortunately polluted water and air are 

common throughout the world (European Public Health Al-

liance, 2009). The WHO states that one sixth of the world’s 

population; approximately 1.1 billion people do not have 

access to safe water and 2.4 billion lack basic sanitation (Eu-

ropean Public Health Alliance, 2009). Polluted water consists 

of Industrial discharged effluents, sewage water, rain water 

pollution (Ashraf et al, 2010) and polluted by agriculture or 

households cause damage to human health or the environ-
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ment. (European Public Health Alliance, 2009). This water 

pollution affects the health and quality of soils and vegetation 

(Carter, 1985).irrigate crops. 

In present scenario due to industrialization and increased Pop-

ulation, the drains of Pakistan carry the industrial and munici-

pal effluents that are ultimately carried that polluted water to 

the canals and rivers. The untreated industrial and municipal 

wastes have created multiple environmental hazards for man-

kind, irrigation, drinking and sustenance of aquatic life. The 

drainage water contains heavy metals in addition to biological 

contaminations. This water pollution infected our food in ad-

dition to groundwater contamination when used to 

Land/ Solid Waste Pollution  

 Improper management of solid waste is one of the main caus-

es of environmental pollution (Kimani, 2007). Land pollution 

is one of the major forms of environmental catastrophe our 

world is facing today (Khan, 2004). As Bulgaria and the Slo-

vak Republic, heavy metal industries have produced wastes 

that are deposited into landfills without special precautions 

(Lenkova & Vargova, 1994; Spassov, 1994). Cu-cu et al 

(1994) posit that approximately half of the population lives in 

the vicinity of waste sites that do not conform to contempo-

rary standards in Romania. Czech Republic’s coal and ura-

nium mines have produced serious pollution problems, and 

much of the solid industrial waste containing heavy metals is 

disposed of, without pretreatment, in open dumps (Rushbrook, 

1994). Harvath & Hegedus (1994) con-cluded as the worst 

pollution of Hungary comes from open cast mines, lignite-

based power plants, chemical factories, and the aluminum 

industry. The Silesia district in the south of Poland has severe 

contamination from mining and industry (Krześlak & Ko-

rytkowski, 1994). Avdeev & Korchagin (1994) conceived soil 

pollution is critical issues in Ukraine. World Bank (2002) 

found Particulate matter is the most serious pollutant in large 

cities in South Asia 

Thermal Pollution 

Power plants- thermal and nuclear, chemical and other indus-

tries use lot of water (about30 % of all ab-stracted water) for 

cooling purposes and the used hot water is discharged into 

rivers, streams or oceans. The waste heat from the boilers and 

heating processes increases the temperature of the cooling 

water. Discharge of hot water may increase the temperature of 

the receiving water by 10 to 15 °C above the ambient water 

temperature. This is thermal pollution. Increase in water tem-

perature decreases dissolved oxygen in water which adversely 

affects aquatic life. Unlike terrestrial ecosystems, the tempera-

ture of water bodies remains steady and does not change very 

much. Accordingly, aquatic organisms are adapted to a uni-

form steady temperature of environment and any fluctuation 

in water temperature se-verely affects aquatic plants and ani-

mals. Hence discharge of hot water from power plants ad-

versely af-fects aquatic organisms. Aquatic plants and animals 

in the warm tropical water live dangerously close to their up-

per limit of temperature, particularly during the warm summer 

months. It requires only a slight deviation from this limit to 

cause a thermal stress to these organisms. 

Radiation pollution  

 It is the increase in over the natural background radiation. 

There are many sources of radiation pollution such as nuclear 

wastes from nuclear power plants, mining and processing of 

nuclear material etc.   

Radiation 

Radiation is a form of energy travelling through space. The 

radiations emanating from the decay of radioactive nuclides 

are major sources of radiation pollution. Radiations can be 

categorized into two groups namely the non-ionizing radia-

tions and the ionizing radiations. 

Non-ionizing radiations are constituted by the electromagnetic 

wave sat the longer wavelength of the spectrum ranging from 

near infra-red rays to radio waves. These waves have energies 

enough to excite the atoms and molecules of the medium 

through which they pass, causing them to vibrate faster but 

not strong enough to ionize them. In a microwave oven the 

radiation causes water molecules in the cooking medium to 

vibrate faster and thus raising its temperature. Ionizing radia-

tions cause ionization of atoms and molecules of the medium 

through which they pass. Electromagnetic radiations such as 

short wave-length ultra violet radiations (UV), 

The Necessity of Environmental Education 

The planet earth has experienced several disasters with natural 

or manmade sources.  From Ice Age to destructive volcanoes 

and small and large meteorite impact, the only species of plant 

and animals have been able to maintain their survival in harsh 

environmental conditions which have greater adaptive ability. 

Of these factors, growth of degradation and environmental 

pollution with human origin can threaten life of humans and 

other species severely. Part of this destruction caused by lack 

of public awareness towards environmental issues; so educa-

tion plays a vital role in preventing environmental crisis. Land 

always seem to be full of endless resources for mankind and 

human considered permissible for further exploit of his na-

ture, but soon environmental effects of improper use became 

evi-dent(Havvey, 1995). With increasing environmental is-

sues such as energy crisis, loss and degradation of natural 

resources and increasing waste due to development of urbani-

zation and industrialization, human impact on environment 

has been regarded by scholars. As noted above, many of these 

problems caused directly and indirectly from human`s beha-

vior. From past centuries, education for humans considered as 

the first priority. Moreover, training can be one of the areas of 

preparation, skills, knowledge and under-standing; in this way 

they are able to experience life in the world successfully. For 

achieving this success must turn to environmental education. 

Thus, environmental education is a remarkable experience 

which is able to change lifestyle of members of community, 

because people can use these principles to have a positive 

contribution to the environment. This instruction can form 

new behavioral pattern among individuals, groups and com-

munities dependent upon the environment. Thus, it is neces-

sary for individuals to be aware of their surroundings to ap-

preciate and protect of their setting, rather than prais-ing of 

other areas. Environmental training is believed that humans 

can live in consistency with nature. Consequently, man can 

make a conscious decision regarding future generations which 

is the goal of en-vironmental education. Environmental ab-
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normality such as many kind of illnesses like cancers are ex-

panding, every day; as global research centers report of trans-

formation and changes that have occurred or are pointing to 

the nascent (Forsat, 2005). Optimal use of environment in the 

country can be guaran-teed durability;   

Strategies in Environmental Education, Awareness and Train-

ing in India: 

Educational Strategy  

The Indian constitution laid down the responsibility to protect 

and improve the natural environ-ment. It is duty of every citi-

zen to protect and improve the natural environment. It was in 

this back-ground that a department of Environment was estab-

lished by the government of India in 1980 and a Ministry 

formed in 1985. This ministry is nodal agency in the central 

government for the “Planning, Promotion, Coordination and 

Overseeing the implementation of various environmental pro-

grammes. The ministry recognized environmental education 

as a key to the success of any overall strategy. It has set-up 

“Centre of Excellence” in the environment education in the 

year 1984. The main responsibility of Centre of Excellence is 

development of environmental research materials, organiza-

tion of training programmes and creation of environmental 

awareness among teachers, students and general community. 

Role of MOEF, MHRD and other Ministries:  

The principal responsibilities for environmental education 

through the formal educational system are responsibility of 

the ministry of HRM. The parallel responsibility of EE 

through non-formal efforts lies with the ministry of environ-

ment. The national policy on education 1986 (NPE) stated that 

the “Pro-tection of the Environment is a Value which along 

with certain other Values, must form an integral part of the 

curriculum at all stages of education. The National Council of 

Education Training and Research (NCERT), is the apex body 

in the area of developing curriculum for the formal education 

system. Its responsibilities are:  

a) Strengthening Infusion of EE,  

b) Teacher Training for Effective EE,  

c) Introduction of Environment as a separate subject,  

d) Use of non-formal method of EE through the involvement 

of NGOs.  

There is a close synergy and partnership between MHRD and 

MOEF, their key institutions, State Governments, NGOs as 

well as Educational institutions throughout the country. CEE 

is closely involved in the process. The various formal and 

non-formal environmental education programmes are:  

A) Formal Environmental Education:  

1.) Formal Environmental Education: It is imparted at the 

school levels. It mandates that environmental components are 

covered in the school curriculum at various levels.  

2.) Environmental Appreciation Course (Distance Education): 

The aim of this programme is to provide interested person an 

opportunity to learn in detail about specific environmental 

issues.  

3.) IGNOU: Indira Gandhi National Open University through 

distance education modes provides undergraduate degree.  

4.) Environmental concepts in Management and Business 

Studies: The Central Ministry of HRD, Gov-ernment of India 

in the year 2002 integrated environmental concepts and issues 

in the syllabi of Man-agement and Business Studies  

B) Non-Formal Environmental Education:  

Non-Formal environmental educational activities are 

1) Eco Club International Journal of Teacher Educational Re-

search (IJTER) Vol.1   No.4   December, 2012    ISSN: 2319-

4642 www.ijter.com Environmental Education, Awareness 

and Training: A General Perspective 2) The National Green 

Corps 3) Population Education Programme 4) Environmental 

Cam-paigns 5) Globe 6) Green Olympiad 7) Seminars, Sym-

posia, Workshops, Public Meetings, Camps, Ex-hibitions, 

Puppet Shows and Street Theatre 

 CONCLUSION 

 It appears that polluted environment is global an issue and 

world community would bear worst results more as they al-

ready faced.  As effective response to pollution is largely 

based on human ap-praisal of the problem (Kromm, 1973) and 

pollution control program evolves as a nationwide fixed cost-

sharing effort relying upon voluntary participation (Sharp & 

Bromley, 1979). Education, research, and advocacy, are lack-

ing in the region as preventive strategy for pollution. At 

present the adoption of envi-ronmental auditing in any   eco-

nomic sector is voluntary but future legislation could well 

make it man-datory (Goodall, 1995) and still time available to 

use technology and information for environmental health de-

cision. Policymakers in developing countries need to design 

programs, set standards, and take action to mitigate adverse 

health effects of air pollution. Healthy people mean human 

resources are the main object of any successful business or 

country. These societal beneficial efforts need to carefully 

adapt available knowledge from other settings, keeping in 

mind the differences in pollutant mixtures, concentration le-

vels, exposure patterns, and various underlying population 

characteristics.   
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Abstract: Elevated levels of heavy metals in contaminated 

soils are extensively increased and concerns have been 

raised over the potential risks to humans, animals and 

agricultural crops. This study was conducted to evaluate the 

impact of different soil levels of cadmium & nickel on 

germination and seedling vigour in ragi (Eleusine coracana 

L.). The seeds of ragi were germinated with six 

concentrations of cadmium chloride and nickel chloride 

solutions ranging from 5-100 mg/l in hydroponic condition 

upto 8 days. The germination was found increased 

significantly under low level of cadmium and nickel but 

decrease in germination and reduction in the length of 

radical and plumule were observed in seeds of ragi as the 

concentrations of cadmium and nickel were raised. Vigour 

index, tolerance index and dry weight of root and shoot of 

the seedlings increased at low level of cadmium and nickel 

treatments and decreased with increase in cadmium & 

nickel concentrations. However, observations indicate that 

at high concentrations, cadmium has more toxic effect than 

nickel.  

 

Key words: Cadmium, Nickel, Ragi, Germination, Seedling, 

Vigour, Hydroponics 

 

Introduction 

The existence of heavy metals in the environment is of major 

concern because of their toxicity and threat to plant and 

animal life. Moreover, since society realizes the necessity for 

recycling and conservation of essential metal waste streams 

from metal plating, mining operations and semiconductor 

manufacturing operations, the recovery of heavy metals from 

industrial waste streams is becoming gradually more 

significant. 

Some heavy metals, such as zinc (Zn), manganese (Mn), 

copper (Cu) and nickel (Ni) are essential in trace amounts by 

higher plants to complete their life cycle (Marschner, 1995; 

Yang et al., 1996a, 1996b, 1997), while others [i.e., cadmium 

(Cd), lead (Pb), and mercury (Hg)] are non-essential. In 

extended concentrations, however, all heavy metals are toxic. 

Redistribution of heavy metals in the environment is caused 

by the escalating applications of sludge to agricultural soils 

and continuing discharge of industrial wastes (Cataldo et al., 

1978). The expansion of industrial production and modern 

city development enhanced the seriousness of heavy-metal 

pollution (Zhang et al., 1999). Therefore, it is highly relevant 

to conduct researches concerning the uptake, transport, and 

redistribution of heavy metals in cultivated plants in order to 

prevent or decrease the inflow of these elements in the food 

chain.  

As nickel and Cadmium are two famous heavy metals which 

are largely used in electronic industries thus the waste water 

of factories could pollute agricultural lands. Thus it is of 

interest to study the effects of different concentrations of  

 

 

nickel and Cadmium on the germination and seedling growth 

of ragi. 

 

MATERIALS AND METHODS 

Seeds of ragi (Elucsine coracana L.) were obtained from 

Durgapura Agricultural University, Jaipur, Rajasthan. The 

present study was taken up with cadmium (CdCl2) & nickel 

(NiCl2) at 5, 10, 25, 50, 75 and 100 mg/l along with control 

(untreated). Ten seeds of ragi were surface sterilized with 

0.1% of mercuric chloride and washed thoroughly with tap 

water and then with distilled water. 

Ten uniform sized seeds were placed in petridish of 10 cm 

with different concentrations of cadmium chloride solution (5, 

10, 25, 50, 75 and 100 mg/l) and nickel chloride solution (5, 

10, 25, 50, 75 and 100 mg/l) in a seed germinator at a constant 

temperature 28°C. The seeds were irrigated with 10 ml of test 

solutions and distilled water twice a day. Each treatment was 

replicated five times. The number of seeds germinated in each 

treatment was counted on 5
th

 day after sowing and the total 

germination percentage was calculated. The root and shoot 

length of seedlings in various cadmium and nickel levels were 

measured on 8
th

 day. Vigour index of the seedlings were 

calculated by using the formula proposed by Abdul-Baki and 

Anderson. Tolerance index of the seedlings was calculated by 

using the formula of Turner and Marshal. The plant samples 

were kept in an oven at 60°C for 24 hours and the dry weights 

were taken by using electronic balance. 

 

Results and Discussion 

The result of the study was given in Table 1 and 2. 

Germination percentage, decreased at higher concentration of 

cadmium and nickel. Reduction in germination percentage of 

ragi at higher concentrations may be attributed to the 

interference of cadmium & nickel ions. Seedling vigour, dry 

weight, vigour index and tolerance index were increased at 

lower concentration (5 mg/l) and decreased at higher 

concentration (10-100 mg/l) Figure 1 and 2. The significant 

increase in radicle and plumule length and dry weight of ragi 

seedlings at 5 mg/l concentration suggested that low 

concentration of cadmium & nickel was favorable for seedling 

growth. Cadmium & nickel at higher concentrations 

suppressed the seedling growth and dry weight of ragi 

seedlings. 

 

 

At higher levels, Cadmium & nickel may inhibit the root 

growth directly by inhibition of cell division or cell elongation 

or combination of both, resulting in the limited uptake and 

translocation of nutrition and water and induced metal 

deficiency. The dry phytomass yield decreased at higher 

levels of cadmium & nickel might be due to poor growth of 

seedlings. At higher concentrations Cd & Ni act as toxic 

metals. Related results were reported on the effect of cobalt 

[Jayakumar and Vijayarengan  (Vigna mungo (L.) Hepper)], 

cadmium [Kalita et al.  (Triticum aestivum)], chromium 

mailto:Biotech.suman@gmail.com
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[Corradi et al. (Salvia sclarea)], cobalt (Terry 1981; Wallace 

et al.) and cobalt and zinc [Burhan (Pennisetum americanum 

(L.) and Parkinsonia aculeata L.)]. Results obtained from the 

germination studies indicated that the ragi showed higher 

germination percentage, seedling growth and dry weight at 5 

mg/l cadmium & nickel level in the medium. The values of 

growth parameters indicated that cadmium & nickel had a 

significant stimulating, beneficiary and nutritional effect at 5 

mg/l concentration for ragi. The growth process beyond this 

concentration indicated that a little excess of cadmium & 

nickel above these levels had an adverse effect.  

 

Conclusion 

From the results of this investigation, it can be concluded that 

cadmium & nickel at lower concentrations has a stimulating 

effect on the germination process and seedling growth and 

will inhibit the same at higher concentrations. It has also been 

revealed that cadmium is more toxic than nickel, when 

observations from cadmium and nickel treatments were 

compared. 
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Table 1: Effect of CdCl2 on Seed Germination, Dry Weight, Vigour Index, Tolerance Index of the Ragi (8th Day) 
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CdCl2 

level mg/L 

 

Germination 

Percentage 

Length (cm) 

 

Root                   Shoot 

Dry weight (10pts) 

 

Root                 Shoot 

 

Vigour   

index 

 

Tolerance 

index 

Control 98 ± 3.76 2.98 ± 0.101            

15.86 ± 0.524 

0.08 ± 0.003            0.19 

± 0.006 

1971± 

60.354 

- 

5 98 ± 3.76 3.66 ± 0.120            

16.83 ± 0.611 

0.09 ± 0.003            0.21 

± 0.009 

2167± 

72.000 

1.27 ± 

0.022 

10 94 ± 3.68 2.13 ± 0.110            

13.46 ± 0.314 

0.06 ± 0.002            0.17 

± 0.005 

1415 ± 

57.500 

0.97 ± 

0.042 

25 89 ± 3.57 2.02 ± 0.068            

11.89 ± 0.203 

0.06 ± 0.002            0.16 

± 0.006 

1371 ± 

45.323 

0.73 ± 

0.040 

50 83 ± 3.53 1.87 ± 0.041             9.06 

± 0.198 

0.05 ± 0.002            0.14 

± 0.005 

1015 ± 

34.301 

0.66 ± 

0.039 

75 81 ± 3.47 1.65 ± 0.039             8.79 

± 0.193 

0.03 ± 0.001            0.13 

± 0.006 

983 ± 

32.101 

0.51 ± 

0.029 

100 78 ± 3.41 1.12 ± 0.031             7.12 

± 0.186 

0.02 ± 0.001            0.11 

± 0.004 

791 ± 

26.102 

0.32 ± 

0.010 

The values are mean ± SD of 5 replicates 

Table 2: Effect of NiCl2 on Seed Germination, Dry Weight, Vigour Index, Tolerance Index of the Ragi (8th Day) 

 

NiCl2 

level mg/L 

 

Germination 

Percentage 

Length (cm) 

 

Root                   Shoot 

Dry weight (10pts) 

 

Root                 Shoot 

 

Vigour   

index 

 

Tolerance 

index 

Control 98± 3.76 2.98 ± 0.101            

15.86 ± 0.524 

0.08 ± 0.003            0.19 

± 0.006 

1971± 

60.354 

- 

5 98± 3.76 3.81 ± 0.130            

17.71 ± 0.520 

0.09 ± 0.003            0.22 

± 0.009 

2276± 

77.000 

1.33 ± 

0.035 

10 96 ± 3.33 2.33 ± 0.100            

15.41 ± 0.415 

0.08 ±0.002             0.18 

± 0.005 

1935 ± 

69.400 

1.26 ± 

0.048 

25 93 ± 3.26 2.14 ± 0.098            

13.96 ± 0.311 

0.07 ± 0.002            0.18 

± 0.006 

1877 ± 

55.343 

0.93 ± 

0.046 

50 88 ± 3.53 2.07 ± 0.032            

12.11 ± 0.243 

0.06 ± 0.002            0.16 

± 0.005 

1346 ± 

46.321 

0.87 ± 

0.040 

75 87 ± 3.42 1.86 ± 0.026             9.83 

± 0.200 

0.05 ± 0.001            0.14 

± 0.006 

1036 ± 

38.133 

0.67 ± 

0.037 

100 83 ± 3.37 1.47 ± 0.021             8.87 

± 0.181 

0.04 ± 0.001            0.13 

± 0.004 

973 ± 

31.120 

0.48 ± 

0.021 

The values are mean ± SD of 5 replicates 

 

Fig 1. Effect of CdCl2 on Seed Germination, Dry Weight, Vigour Index, Tolerance Index of the Ragi 



            International Journal of Engineering Research                                                ISSN:2319-6890 (online),2347-5013(print) 

            Volume No.7, Issue Special 4, pp : 370-372                                                                                             9,10 March 2018 

 

DOI : 10.5958/2319-6890.2018.00120.4                            EPIC@2018 Page 372 

 

 

Fig 2. Effect of NiCl2 on Seed Germination, Dry Weight, Vigour Index, Tolerance Index of the Ragi 

 



            International Journal of Engineering Research                                                ISSN:2319-6890 (online),2347-5013(print) 

            Volume No.7, Issue Special 4, pp : 373-375                                                                                             9,10 March 2018 

 

DOI : 10.5958/2319-6890.2018.00121.6                            EPIC@2018 Page 373 
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Abstract : Water is lifeline for all living organism and is the 

basic need for human beings, whether it is for health, 

sustenance, agriculture, food production or other activities. 

Water is an essential natural resource for sustaining life and 

environment. As a resource, it is under relentless pressure 

due to the population growth, rapid urbanization and 

environmental concerns. Excessive use of water in our daily 

activities has made this resource scarce. The entry of 

pollutants in our water bodies sets off a progress series of 

physical, chemical and biological events in the water. Thus a 

systematic planning of the conservative and judicious use of 

this resource is very important for the control of water 

pollution. The present research paper is an attempt to 

analyze various dimensions of water pollution and its 

control in Chittorgarh dictrict.   

Keywords : health, sustenance, agriculture, food 

production,water, Alkalinity   

 

Introduction Water is an important natural resource and basic 

need for human beings. There is no alternative for this fluid. 

The importance of water for every major aspect of 

development is fully recognized but the right quantity and 

quality of water is difficult to obtain whenever required and 

whenever needed. As a resource, it is under relentless pressure 

due to the population growth, rapid urbanization and 

environmental concerns. Water needs conservation and that 

water pollution could be a problem.
1
 Availability of unlimited 

amount of clean water was taken for granted. But now this 

problem has assumed serious proportion world wide. It was 

estimated that around the world billions people lack access to 

save drinking water.
2
 The water usage in industry has 

increased in last few years. Effluent water is generated in 

industrial process which if discharged untreated can cause 

land and water contamination. In developing countries upto 

95% of sewerage and 70% of industrial waste is being 

dumped into surface water source adding to the 

burden of pollutants causing diseases. In did 50% of deaths 

are caused by eater borned dieases.
3
 Good quality water is 

inadequate even for normal living and is getting contaminated 

due to domestic wastes, industrial wastes, agricultural wastes, 

runoff from urban areas and soluble effluents.
4
 

Chittorgarh is situated in the south-eastern part of Rajasthan. 

It lies on the Berach River, a tributary of the Banas. The 

district is adjoining by Bhilwara and Bundi district in the 

north Kota and MP in the east towarde west, it is surrounded 

by Udaipur and Bhilwara. The topography of the district is 

generally undulating but the hills belonging to the Aravali 

range are scattered all over the area. Chittogarh has an average 

elevation of 394 metres. Climte is generally dry during the 

south west monsoon season. Only 0.04% of water is available 

for human beings use. Ground water is the important source 

for irrigation and drinking purpose. Water pollution is an 

important aspect of environmental pollution.
5
 Ground water is 

an important natural resource world wide that exists only on 

our planet. Without this precious resource life on earth would 

be non existent. Human health is threatened by unsanitary 

conditions through open drain carrying and disposing waste 

water into natural water bodies.
6
 Rapid urbanization has 

affected the availability and quality of groundwater due to its 

over exploitation and improper waste disposal espically in  

urban areas.
7
   

 

Methodology 

The present research work is based on secondary and primary 

data. Data on water resource was collected from various 

government offices. The primary data were collected through 

questionnaires. Chittorgarh district has been selected as an 

area of investigation. Villages and tehsils are the basic areal 

units of research. Water samples collected from 13 tehsils and 

70 villages. The research methodology adopted in the research 

includes the following step- Theoretical study, collection of 

data, preparation of table, maps and diagrams. The collected 

data were processed with the help of various quantitative 

techniques. The principal objectives of the study is to point 

out highest various possible alternative for the proper 

management of water resource of the district. The main aim of 

this research is to analyze the problems of consumers 

regarding the quality of water. The optimum utilization and 

conservation of water resource could solve the problem of 

water pollution. 

 

Result and Discussion 

Water is an important part of environment and is found in 

many forms of life on which human well being depends.The 

importance of warter for every major aspect of development is 

fully recognized but the right quantity and quality of water is 

difficult to obtain whenever required and wherever needed.
8
 

Water as a resource is under relentless pressure due to the 

population growth,rapid urbanization and environmental 

concerns. [ In the present research various physic chemical 

parameters} In urban areas,where there has been a large setup 

of industrial units,the rivers have suffered a great setback by 

virtue of effluents,containing chemical constituents in 

undesirable concentrations and in rural areas where the 

agricultural practices have switched over from conventional 

type to mechanized and scientific type,it has received large 

amounts of pesticides due to their improper use and disposal .
9
 

Ground water samples collected from 70 villages of 

chittorgarh district.The present research provides a detailed 

description of the chemical criteria of ground water .The 

quality of ground water varies from place to place.The 

suitability of natural water for a particular purpose depends 

upon the standards of acceptable quality for that use.Ground 

water is valuable only when its quality is suitable for the 

purpose for which it is being explored.the entry of pollutants 

in our water bodies sets off a progress series of physical, 

chemical and biological events in the water.The nature of 

polluted water body is thus governed by the quality and 

quantity of polluting substances. Seventy ground water 

samples are collected systematically from various parts of the 

chittorgarh district.Collected samples were analyzed for the 

following physio-chemical parameters.
10
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Taste and Odours : The presence of taste and odours is 

determined by impurities in water.Industrial wastes are majer 

cause of odours of any artificial origin.In the ditrict water has 

been found unobjectionable from this point of view.                                                                                                                                

PH : It is a measure of intensity of acidity or alkanility of 

water.The standard permissible limit of drinking water is 6.5 

to 8.5 . In this research ph ranges between 6.4 to 8.8 . The 

studied samples of water are found to have PH valuesranging 

between 7.3 and 8.0 ,that are in the alkaline range. North-

western  , northern and southern tehsils come under standard 

limit .Bari sadri and Gangrar tehsils which are situated in 

northern and south-western parts of the district ,noticed 

beyond tolerable limit. At village level the range of ph value 

is noticed between 6.3 to 8.5. Within acceptable limit 7.o to 

8.5 in 61 villages which are distributed in all the directions.In 

only 2 villages Achnera and Badikhera , ph value has been 

recorded beyond tolerable limit.             

Alkalinity  :In normal water the alkalinity may be due to 

presence of carbonates and bicarbonates.Determination of 

acidity is significant as it causes corrosion and influences the 

chemical reactions.The alkalinity value in the district ranges 

from 80 in Laxmipura and 450 in Kunwaliya. About 65 

villages have recorded alkalinity more than standard limit but 

upto tolerable limit(upto 425 ppm).these villages are scattered 

all over the region.The villages situated in north,north –west 

and east  have recorded alkalinity value beyond tolerable more 

than 425 that is cause for rejection for water use.     

  

Total Hardness :Hardness of water depends uponthe amount 

of calcium and magnesium salt.The hard water is not suitable 

for domestic use.The values of total hardness varies from 60 

to 1220 ppm .only in three villages has been noticed beyond 

tolerable limit more than 600ppm.                                            

Total Dissolved Solids : Concentration of dissolved solids is 

an important parameter in drinking water and other quality 

standards.They give a particular taste to the water.The T.D.S. 

nearly 1500ppm produce distress in animals and other living 

organsm.Only Rashmi tehsil recorded values,beyond tolerable     

limit.All the remaining tehsils have noticed values within 

tolerable limit.   

-2: Standard and observed values of the physico-chemical 

parameters in Chittorgarh district 

Conclusion :  The main source of water for physic-chemical 

analyzing are handpump and wells in the district.The analysis 

of water samples collected  from the different area in 

chittorgarh district revealed that some villages have 

complained regarding the colour,taste smell and clarity of 

water.More than 10%villages situated mainly in the 

northern,eastern and southern parts of the district have 

recorded the examined values of all selected parameters 

beyond tolerable limit.About 30%villages extending all over 

the region,have recorded the examined values upto tolerable 

limit. It was a representative sample study of the ground 

water quality of chittorgarh district.Almost all parameters 

were found within permissible limits.The general taste of 

water is good.There is some industrial growth in Chittorgarh 

and Nimbahera and the water of this area is hard because 

people of this area are prone for the immediate health 

problems.Irrigation is the main occupation of the surrounding 

population and chemical fertilizers are more commonly being 

used.The proper environment management plan must be 

adopted to control water pollution. 
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Table-1 Physico-Chemical Parameters And Their Standard Values 

 

S.NO. PARAMETRES 
STANDARD 

VALUE 
CHARACTERISTICS 

1. (i) 
PHYSICAL 

Temperature 
7

0-
16

0
 C 

At higher temperature with less dissolved gasses the 

water becomes tasteless and does not even quench 

the thirst. 

(ii) Clarity Transparent                          __ 

2. (i) 
CHEMICAL    Taste 

and Odour 
          _ 

It is due to dissolved impurities often organic in 

nature 

(ii)      P
H 

 7.5-8.5 

It is an important factor in fixing alum dose in 

drinking water treatment.Changes in ph due to 

disposal of industrial wastes. 

(iii)  Total Hardness      200 ppm 

The anions responsible for hardness are mainly bi-

carbonat,carbonate, chlorides etc.It prevents the 

lather formation with soap and increases the boiling 

point of waters. 

(iv). Calcium Hardness  200 ppm 
It is an important nutrient.disposal of sewage and 

industrial water are the sourse of calcium. 

(V). Magnesium Hardness 125 ppm 
Main sources are rocks,sewage and industrial 

wastes. 

(vi). Total Alkalinity 120 ppm 

A alkalinity of water is its capacity to neutralize a 

strong acid and is characterized by the hydrozen 

ions due to dissolution of co2 in water. 

(vii). T.D.S. 500 ppm 

Minerals are main cause of it. Its high concentration 

produce distress in livestock and increase the 

salinity of the soil. 

 

Table-2: Standard and Observed Values Of The Physico-Chemical Parameters In Chittorgarh District 

   

S.NO Physico-

chemical 

parameter 

Range of 

Observed Values 

Standard 

Values 

Deviation from 

the Standard 

values 

Tolerable Limit 

1. PH 6.4 TO 8.8 7.0-8.5 0.6-0.3 6.5-8.8 

2. Total Alkalinity 11O TO 430 120 PPM 10-310 150 PPM 

3. Total Hardness      180 TO 610 200 PPM 20-410 600 PPM 

4. Calcium 

Hardness 

125 TO 400 200 PPM 75-200 500 PPM 

5. Magnesium 

Hardness 

100 TO 310 125 PPM 25-185 5OO PPM 

6. T.D.S. 480 TO 1600 500 PPM 20-1100 15OO PPM 
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1. Introduction : Energy plays very significant role in 

our day to day activities. Today’s energy sources are mainly 

fossil fuels based which are not only limited but also creates 

Global Warming. Effect of environment, economic, social and 

technical factor have led the rapid deployment of various 

sources of Renewable Energy.  

India had power installed capacity of about 245GW out of 

which renewable contributes 12%. Of the current total renew-

able energy base, biomass constitutes about 11.5%. Biomass 

refers to biodegradable material originating in land and aqua-

tic environments including algae, trees and crops or from an-

imal manure. Traditionally, biomass had been utilized through 

direct combustion. Cow dung cake is one of the most impor-

tant and widely used biomass for the production of daily ener-

gy needs. It has been estimated that 2.5 billion people around 

the world are not being able to access the modern fuels [1]. 

They are highly dependable on locally available wood and 

cow dung cakes. Burning of biomass or cow dung cakes 

through direct combustion creates indoor air pollution and 

ultimately contributing to serious health problems, particularly 

cancer and respiratory infections. 

 

2. Biogas Technology 

Biogas comprises of 60-65 percent methane (CH4), 35- 40 

percent carbon dioxide (CO2), 0.5-1.0 per cent hydrogen sul-

phide (H2S) and traces of water vapours [2]. It is almost 20 

percent lighter than air. Biogas cannot be converted into liquid 

like liquefied petroleum gas (LPG) under normal temperature 

and pressure. The slurry coming from digester is rich in nitro-

gen which is a essential nutrient for plant growth. 

Biogas is an easy and healthy cooking fuel since methane 

emissions from untreated cattle dung and biomass wastes can 

also be avoided. Since there is no pollution from biogas 

plants, these are one of the most potent tools for mitigating 

climatic change and being earth saviours. 

 

2.1. Properties  

 Biogas is a non-toxic, colorless and flammable gas. 

 It has an ignition temperature of 650 – 750 °C.  

 Its density is 1.214 kg/ m3 

 About 60 percent methane and 40 percent CO2 con-

tent 

 Calorific value is 20 MJ/m3 (4700 kcal).  

 Almost 20 percent lighter than air 

 It liquefies at a pressure of about 47.4 kg/cm2 at a 

critical temperature of - 82.1°C. 

 Purified biogas (bio-methane) has a higher calorific 

value in comparison to raw biogas [3]. 

 

3. Major Application Areas  

3.1. Communities and Households 

Use of biogas technology in India is observed more in domes-

tic sector rather than large scale productions. Thousands of 

rural and village households in India have adopted biogas as a 

fuel for cooking, lighting and motive power generation [4] as 

shown in figure 1. 

Cow dung is the common waste used for production of biogas 

in most of villages. Against an estimated potential of 12 mil-

lion family type biogas plants over about 49.6 lakh household 

size biogas plants have been installed since the inception of 

the biogas programme in the country [5],[6]. The State-wise 

details of biogas plants installed since inception till up to 

2016-17 as per reported by MNRE, GoI, New-Delhi are given 

below Table.1 and shown in figure 2. 

The households beneficiaries particularly women and children 

are also getting benefits in terms of reducing drudgery and 

saving in their valuable time, otherwise spent in collecting 

fuel wood from long distances/ forests. The independent eval-

uation study of the National Biogas and Manure Management 

Programme implemented during 11th five year plan period 

brought out that about 92% of the beneficiaries expressed 

their opinions that there was reduction in daily saving of time 

by 3 hours for a woman, who will go for collecting fire-wood 

meeting the cooking fuel requirements [6],[7]. 

Being self reliant for energy generation has also enhanced the 

productivity of agricultural sector. Alternatively, the biogas 

technology also aids in developing organic manure for the 

crops, and is being used by many farmers. The organic ma-

nure is derived in the form of slurry, which offers a better 

nutrient quotient, and it also acts as an excellent soil condi-

tioner. 

3.2. Biogas for the Production of Electricity 

Although the use of biogas in the production of electricity is a 

relatively new concept to be adopted in India, it is quickly 

picking up pace. Recently many organic waste treatment 

plants have been initiated in most cities. Waste generation rate 

in Indian cities ranges between 200 - 870 grams/day, depend-

ing upon the region’s lifestyle and the size of the city. The per 

capita waste generation is increasing by about 1.3% per year 

in India. Municipal solid waste generated by the states and 

union territory is shown in Figure 3.  Municipal solid waste 

(MSW) is treated to generate biogas for the production of 

electricity. Liquid and solid organic waste of various indus-

tries is producing biogas for generating power [6], [7], [8]. 

Table 1 shows State wise biogas plant installed up to 2016-17 

in India [6]. 

 

4. Present Status And Achievement 

Near about 5 million family sized biogas plants of 1-6m3 ca-

pacities have so far been installed in the country since 1982-

83 under National Biogas and Manure Management Pro-

gramme being implemented by Ministry of New and Renewa-

ble Energy (MNRE), Govt. of India. MNRE approved Biogas 
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plants are mainly separated in two categories as shown in Fig-

ure 4. The Deenbandhu model consumes less surface area 

than others which results in less installation cost without sacri-

ficing the efficiency.  

During the 12th plan period, about 3.94 lakh biogas plants 

have been set up upto 31.12.2016. The estimated average bio-

gas production capacity of these biogas plants is 7.87 lakh 

cubic meter per day. These biogas plants are helping directly 

to an estimated annual replacement saving of about 87.5 lakh 

numbers of LPG cylinders equivalent. Besides that also pro-

ducing about 35.95 lakh tonnes of organic enriched bio-

manure per year. The organic bio-manure being produced is 

equivalent to about 38,000 tonnes of Urea per annum. Alter-

natively the saving by biogas plants installed during the last 

four years and during current year 2016-17 (up to 31.12.2016) 

can replace the use of about 1780 lakh liters of kerosene an-

nually [6] [7]. The installed plants are contributing in saving 

of about 9.96 lakh tonnes fuel wood per annum, and thereby, 

helping in preventing emission of about 19,65,000 tonnes of 

carbon dioxide annually, into the atmosphere [8], [9], [10]. 

 

5. Conclusion 

According to the UN energy security is a prerequisite to 

achieve the Millennium Development Goals (MDGs) and 

biogas is one of the means to obtain energy security [11]. Up-

to December, 2016 with the cumulative total installation of 

about 49.67 lakh family type biogas plants about 40.25 % of 

the total estimated potential based on cattle dung waste only 

has been harnessed. The direct benefits are on-site farm ener-

gy generation, women empowerment, indoor air improve-

ment, sanitation improvement and pathogen removal, chemi-

cal fertilizer displacement and nutrient recovery apart from 

some financial benefits [12] [13]. 
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“Figure 2. Potential Vs. Achievement of Biogas Plant in India.” 

 

 

 

“Figure 3. Share of States and Union Territories in Urban MSW Generated.” 



            International Journal of Engineering Research                                                ISSN:2319-6890 (online),2347-5013(print) 

            Volume No.7, Special Issue 4, pp : 175-179                                                                                             9,10 March 2018 

 

DOI : 10.5958/2319-6890.2018.00115.0                             EPIC@2018 Page 379 

 

 

“Figure 4. MNRE Approved Family Sized Biogas Plant.”

 

Table.1. State wise biogas plant installed up to 2016-17 in India [6] 

State/ Union Territo-

ries 

Estimated Potential 

(Plants in Nos.) 

Cumulative 

achievements up to 

2016-17 (in Nos.) 

Achievement (%) 

Andhra Pradesh 1065000 549235 51.57 

Arunachal Pradesh 7500 3555 47.40 

Assam 307000 130375 42.47 

Bihar 733000 129844 17.71 

Chhattisgarh 400000 54825 13.71 

Goa 8000 4230 52.88 

Gujarat 554000 433317 78.22 

Haryana 300000 62085 20.70 

Himachal Pradesh 125000 47650 38.12 

Jammu & Kashmir 128000 3163 2.47 

Jharkhand 100000 7579 7.58 

Karnataka 680000 491764 72.32 

Kerala 150000 149568 99.71 

Madhya Pradesh 1491000 365689 24.53 

Maharashtra 897000 899472 100.28 

Manipur 38000 2128 5.60 

Meghalaya 24000 10196 42.48 

Mizoram 5000 5412 108.24 

Nagaland 6700 7953 118.70 

Odisha 605000 270880 44.77 

Punjab 411000 177445 43.17 

Rajasthan 915000 71231 7.78 

Sikkim 7300 9044 123.89 

Tamil Nadu 615000 222870 36.24 

Telengana - 22591 - 
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Tripura 28000 3620 12.93 

Uttar Pradesh 1938000 440713 22.74 

Uttrakhand 83000 21558 25.97 

West Bengal 695000 366974 52.80 

A&N Islands 2200 137 6.23 

Chandigarh 1400 97 6.93 

Dadra & Nagar Ha-

veli 

2000 169 8.45 

Delhi/ New Delhi 12900 681 5.28 

Puducherry 4300 578 13.44 

Total 12339300 4966628 40.25 

 

 

 

 

 



            International Journal of Engineering Research                                                ISSN:2319-6890 (online),2347-5013(print) 

            Volume No.7, Issue Special 4, pp : 381-384                                                                                             9,10 March 2018 

 

DOI : 10.5958/2319-6890.2018.00122.8                            EPIC@2018 Page 381 

A Review on Hydrodynamic Cavitation as a Treatment Option for Refrac-

tory Organics Removal 
 

Goswami Hasya M. 

L.D. College of Engineering Ahmedabad, Gujarat Technological University 

hasya.goswami31@gmail.com 

 

 

 
Abstract: Effluents from different industries such as phar-

maceutical, pesticides, dyes and dye intermediates are in-

creasing day by day. Different Advanced Oxidation 

Processes such as Fenton, photo catalytic, hydrodynamic, 

acoustic cavitation processes, etc. are used to mineralize 

complex molecules of these effluents which are not easily 

biodegradable. Among these processes, Hydrodynamic Cavi-

tation has emerged as a new energy-efficient technology for 

the treatment of various bio-refractory pollutants present in 

aqueous effluent. Hydrodynamic Cavitation involves the use 

of a cavitating device for the treatment of wastewater. In 

present work, the current status of Hydrodynamic Cavitation 

reactors has been reviewed discussing cavitational yield. 

Operating parameters like pH, temperature, pressure, flow 

rate are also varied. Also, Cavitational reactors are com-

pared with Sonochemical reactors and hydrodynamic cavita-

tion reactors found to be more efficient. There are various 

advantages of combining Hydrodynamic Cavitation with 

other oxidants and other Advanced Oxidation Processes 

such as H2O2, ozone, and photocatalytic process have been 

discussed with some recommendation for large-scale opera-

tion. 

Keywords : Hydrodynamic Cavitation, Oxidation, pharma-

ceutical, pesticides, dyes and dye intermediates 

1. Introduction: 

The treatment of wastewater containing refractory pollutants 

from various industries has been a serious environmental is-

sue. Water is polluted by industrial and commercial actions, 

agriculture practices and by various human activites. Human 

health is affected by water pollution mainly due to the conta-

mination of drinking water from waste streams. Several indus-

tries such as pesticides, pharmaceuticals, dyes, textiles, etc are 

continuously polluting water as they contain large quantities 

of organic pollutants. These organic molecules are 

bio¬refractory or very toxic to microorganisms. Hence, con-

ventional biological methods are not capable of completely 

degrading such complex compounds due to high toxicity and 

carcinogenicity. Advanced Oxidation Processes involve gen-

eration of Hydroxyl radicals to degrade refractory compounds 

into carbon dioxide and water. Cavitation is defined as the 

phenomenon of formation of vapour bubbles of a flowing 

liquid in a region where the pressure of liquid falls below its 

vapour pressure and then the sudden collapsing of these bub-

bles in a region of high pressure. Cavitation includes forma-

tion of vapour bubbles of the flowing liquid and collapsing of 

the vapour bubbles. When the pressure of the flowing liquid is 

less than its vapour pressure, the liquid starts boiling and for-

mation of bubbles take place. These bubbles are carried along 

with the liquid to higher pressure zones where these bubbles 

collapse. Hydrodynamic Cavitation is an Advanced Oxidation 

Process that is simply generated by the passage of liquid 

through a cavitating device which is a constriction such as 

throttling valve, orifice plate, venturi etc. when the liquid 

passes through the cavitating device, the kinetic energy or the 

velocity of the liquid increases. Due to throttling, the pressure 

around the point of vena. 

 A Review on Hydrodynamic Cavitation as a treatment option 

for Refractory Organics removal contracta falls below the 

threshold pressure which is also known as vapor pressure of 

the medium at operating temperature for cavitation, millions 

of cavities are generated. And when the liquid jet expands, 

pressure recovers and the cavities collapse. According to Sunil 

Rajoriya and AniruddhaPandit , below is the schematic repre-

sentation for a typical Hydrodynamic Cavitation Reactor, 

which includes control valves, pressure gauges, storage tank, 

cavitation generating unit and a centrifugal pump: 

 1.1 Acoustic Cavitation: 

In Acoustic Cavitation, Cavities are created by passing the 

sound waves through the liquid medium. The range of sonic 

spectrum is 20 kHz to 10 MHz, which is subdivided into three 

main sections as low-frequency and high-power ultrasound 

(20– 100 kHz), high-frequency and medium-power ultrasound 

(100 kHz to 1 MHz), and high-frequency and low-power ul-

trasound (1–10 MHz). The ultrasound range for chemical and 

biological applications can be 20 kHz to 1 MHz, while the 

range of spectrum from 1 to 10 MHz must be used for medical 

and diagnostic purposes. Ultrasonic waves consist of a rare-

faction (expansion) and compression cycles; when these 

waves are transmitted through a liquid, cavities are formed, 

followed by a rapid growth and finally the collapse of these 

generated cavities. The average distance between the liquid 

molecules is larger in rarefaction cycle but smaller in the 

compression cycle. Cavitation occurs in rarefaction cycles 

where negative acoustic pressure is sufficiently large to pull 

apart the liquid molecules from each other, and the distance 

between the adjacent molecules can exceed the critical mole-

cular distance. At that moment, the void is created in the liq-

uid, which causes the formation of cavities. Subsequently, in 

the compression cycle of the sound wave, acoustic pressure is 

positive, which pushes the molecules together. The cavities 

will compress (decrease in size) during the compression cycle 

of ultrasonic wave, and few of them may collapse in a very 

small time interval. The final collapse phase is adiabatic in 

nature, thus producing high local temperatures and pressures. 

Acoustic cavitation has also been employed to degrade 

bio¬refractory pollutants in aqueous solution. However, it was 

found that the design of acoustic devices and its large scale of 

operation have a major problem because of higher cost of op-
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eration and low energy efficiencies. In recent years, Hydrody-

namic Cavitation process is found to be a good alternative to 

the Acoustic Cavitation for the degradation of complex mole-

cules from wastewater. Also, it has been proved energy effi-

cient in destroying of bio- refractory pollutants, has better 

prospects for scale-up, is cost-effective, and has higher cavita-

tional activity. 

1.2 Hydrodynamic Cavitation: 

Hydrodynamic cavitation can be produced by the passage of 

liquid through a constriction such as venturi. When the liquid 

is allowed to pass through the cavitating device, the kinetic 

energy/velocity of the liquid increases at the expense of the 

pressure. The pressure at the throat or vena-contracta of the 

constriction drops below or equals the vapor pressure of the 

liquid, the liquid gets vaporized, thus creating a number of 

vaporous cavities, and these cavities are further collapsed 

when the pressure recovers downstream of the mechanical 

constriction. The cavity collapse causes the creation of hot 

spots. 

A Review on Hydrodynamic Cavitation as a treatment option 

for Refractory Organics removal releasing highly reactive free 

radicals due to thermal breakdown of molecules and intensifi-

cation in mass transfer rates. The collapse of bubbles/cavities 

generates confined “hot spots” where the temperatures can 

reach up to 10,000 K and pressures of about 1000 atm (Siva-

kumar and Pandit 2002). In HC, a dimensionless parameter 

known as cavitation number (Cv) is used to characterize the 

condition of cavitation inside a cavitating device (Saharan et 

al. 2011). It is defined as the ratio of the pressure drop be-

tween the throat and extreme downstream section of the cavi-

tating device to the kinetic head at the throat. A very low val-

ue of cavitation number may also result in the condition of 

choked cavitation and super cavitation which have no practic-

al utility. Thus, the cavitating device should always be operat-

ed at an optimum value. 

Hydrodyamic Cavitation is capable of generating hot spots, 

and thus any molecules which are trapped inside the cavities 

or located itself near the cavity-liquid interface gets thermally 

broken down into smaller molecules and highly reactive free 

radicals. In case of wastewater solution subjected to HC, the 

water molecules will get dissociated into hydroxyl radicals 

(•OH) under extreme temperature and pressure conditions. 

These hydroxyl radicals having high oxidation potential can 

oxidize any organic molecules present in wastewater solution 

and thereby mineralize such compounds. There are two main 

mechanisms involved in the destruction of organic pollutants 

by cavitation, i.e. first, thermal decomposition/pyrolysis of the 

volatile pollutant molecule entrapped inside the collapsing 

cavity and second, the reaction of •OH radicals with the pollu-

tants. Both mechanisms can take place in the core of cavity, at 

the interface of cavity, and in bulk liquid medium. Sometimes, 

the mechanical effects are also significant in destruction of 

such pollutants. In some cases, the high intensity of shock-

waves (which is generated by the collapsing cavity) can break 

molecular bonds especially the complex large-molecular-

weight compounds. The broken down intermediates are more 

vulnerable to •OH attack as well as biological oxidation, and 

thus it is feasible to increase the rate of mineraliza-

tion/oxidation of such compounds using HC as a pretreatment 

method. This review work provides a detailed overview of 

generation and mechanism of hydrodynamically generated 

cavities and also emphasizes the geometrical and designing 

aspects of the cavitating devices which play a crucial role in 

degradation of various water pollutants. The accountability 

and effect of other operating and geometrical parameters on 

the performance of the cavitating devices is discussed. The 

importance and advantage of combining HC with other AOPs 

have also been discussed. The recent findings on synergetic 

effects of HC in coupling with other AOPs to improve the 

efficiency of individual AOPs have been discussed. 

2. Optimum design parameters for hydrodynamic cavita-

tion: 

The important parameters which decide the efficiency and the 

overall cavitational yield in the case of hydrodynamic cavita-

tion reactors are: 

1. Inlet pressure into the system; 

2. Physicochemical properties of liquid and initial radius of 

the nuclei; 

3. Diameter of the constriction used for the generation of cavi-

ties, e.g. hole on the orifice plate; and 

4. Percentage free area offered for the flow. 

The effect of the various design parameters mentioned above 

has been studied extensively in terms of the collapse pres-

sures. 

2.1 Inlet pressure into the system: 

It is observed that the spectacular effects of cavitation are pre-

dominantly observed only after a particular pressure or operat-

ing speed which is defined as the cavitational inception thre-

shold value. Further increase in the inlet pressure increases the 

collapse pressure due to collapse of single cavities where as 

the number of cavities goes on decreasing thereby resulting in 

an optimum inlet pressure in the hydrodynamic cavitation set-

up. Thus it can be said that higher operating pressures in the 

system are preferred up a Review on Hydrodynamic Cavita-

tion as a treatment option for Refractory Organics removal to 

an optimum value which is a strong function of the geometry 

of the system. 

2.2 Physico-chemical properties of liquid and initial size of 

the nuclei: 

By far the liquid properties is one of the very important as-

pects that affect the cavitational processes, though the magni-

tude of the effect of all the liquid variables may not be the 

same. Most of the liquid properties affect cavitation in more 

than one way. For example, while an increase in the surface 

tension of the liquid increases the threshold pressure for cavi-

tation making generation of cavitation more difficult, the col-

lapse of cavities is more violent. The opposing effect of liquid 

properties gives ample scope for optimization. It should also 

be noted that the physico-chemical properties of the liquid 

also decide the initial size of the nuclei and the effect of initial 

radius must also be considered while choosing a particular 

liquid medium and the process conditions. Gogate and Pandit 

have clearly shown that the collapse pressure is inversely pro-

portional to the initial size of the nuclei and hence conditions 

resulting in smaller cavities will be preferred. 



            International Journal of Engineering Research                                                ISSN:2319-6890 (online),2347-5013(print) 

            Volume No.7, Issue Special 4, pp : 381-384                                                                                             9,10 March 2018 

 

DOI : 10.5958/2319-6890.2018.00122.8                            EPIC@2018 Page 383 

2.3. Effect of the geometry of the constriction: 

The geometry of the constriction has a crucial effect on both 

the number of the cavitation events and also the pressure pulse 

generated due to the collapse of a single cavity. Moreover, the 

geometry affects the pressure distribution and pressure recov-

ery profile downstream of the constriction and hence the ac-

tive cavitation volume, which is very important considering 

global effects of the hydrodynamic cavitation reactor. In the 

case of orifice plate set-up, the free area offered for the flow 

and also the distribution of the same free area in terms of 

number and diameter of the holes is important. The diameter 

of the constriction used affects the inception of cavitation and 

cavitation inception number increases with increase in the 

diameter of the hole. Thus for larger diameter holes, the cavi-

tation starts at a higher cavitation number; therefore the extent 

and intensity of cavitation also increases for the same cavita-

tion number in the system as long as it is below the cavitation 

inception number have also confirmed that as the diameter of 

the hole increases, the collapse pressure generated for a single 

cavity increases. However, there is a downside associated 

with an increase in the diameter of the hole at constant free 

area. For the same free area, as one increases the diameter of 

the hole, the number of holes decreases thereby decreasing the 

number of cavities generated. 

2.4 Percentage free area offered for the flow: 

The effect of free area on the cavitation intensity and hence 

the yield has been well studied both on the basis of theoretical 

analysis of the bubble dynamics behavior have shown that the 

collapse pressure generated by the collapse of cavities de-

creases with an increase in the percentage free area offered by 

the holes in the orifice plates. It is confirmed that the en-

hanced cavitational effects at lower free areas offered for the 

flow experimentally. Thus lower free areas offered for the 

flow are preferred when designing hydrodynamic cavitation 

reactors. 

3. Applications of Hydrodynamic Cavitation to wastewater 

treatment: 

Parag Gogate have mentioned about the destruction of p-

nitrophenol in recirculating flow loops using a variety of cavi-

tating jet configurations and operating conditions and have 

shown that, indeed, hydrodynamic cavitation degraded p-

nitrophenol. Submerged cavitating liquid jets were found to 

generate a two orders of magnitude increase in energy effi-

ciency compared to the ultrasonic method. 

Sunil Rajoriya and Aniruddha B. Pandit has carried a study to 

examine the efficacy of Hydrodynamic Cavitation in treating 

an industrial effluent from Common Effluent Treatment Plant 

after treatment from Upflow Anaerobic Sludge Blanket due to 

high COD than the discharge limits. 47% COD was reduced 

in first 10 passes only and afterwards COD reduction margi-

nally increased. Also TOC reduction of 22% was found in 

case of using slit venturi. 

 A Review on Hydrodynamic Cavitation as a treatment option 

for Refractory Organics removal 

Sivakumar and Pandit have first reported the degradation of 

colored pollutant present in water using HC. They have used 

various configurations of orifice plates for the degradation of 

Rhodamine B dye as a model pollutant. The maximum degra-

dation was obtained at 30 psig using the optimized geometry 

of orifice plate. They have also concluded that the orifice-

based devices can degrade such kinds of pollutants as orifice 

can generate the higher number of transient cavities with high 

collapse intensity for producing the desirable changes. They 

have reported that orifice plate hydrodynamic cavitation set-

up can be used for the destruction of the rhodamine B com-

plex in an efficient way as compared to acoustic cavitation. 

Manickam have also mentioned about the degradation of 

orange-G dye using orifice, slit, and circular venturi as cavi-

tating device. They have reported that Hydrodynamic Cavita-

tion alone can efficiently degrade almost 92% of the dye using 

slit venturi at an optimum pressure of 3 bar. This study has 

shown a higher output using venturi compared to orifice for 

the degradation of orange-G dye. The cavitation formed in a 

venturi is stable and produces greater number of cavities than 

the orifice plate. In venturi, the pressure recovers smoothly, 

which leads to the maximum growth of cavities and thus re-

sults into a large magnitude of cavity collapse pressure. 

D. G. Aseev and A. A. Batoeva have studied the effect of ad-

dition of Hydrogen Peroxide in Hydrodynamic Cavitation and 

they found that hydrogen peroxide causes formation of OH 

radicals at low pressure. The extra OH radicals formed opti-

mizes the treatment and enhances the degradation rate. 

4. Conclusion: 

Acoustic and hydrodynamic cavitation generate conditions of 

high temperature and pressure along with release of active 

radicals which results in many of the chemical transforma-

tions under much less severe conditions. The important para-

meters that affect the collapse pressures generated and hence 

the overall cavitational yield in the case of hydrodynamic ca-

vitation are found to be inlet pressure, speed of rotation, phy-

sico¬chemical properties of the liquid medium, constituents of 

the liquid, geometry of the holes number and diameter of the 

holes on the orifice plate and initial radius of the nuclei. 

An orifice flow is necessary only for intense chemical reac-

tions whereas for milder processes and physical transforma-

tions, a venturi flow is recommended. 

Hydrodynamic cavitation reactor with lower free area for the 

flow is recommended. 

It was shown that hydrogen peroxide causes the formation of 

free OHradicals upon hydrodynamic cavitation generated by a 

lowpressure jet device. The main preconditions for the intensi-

fication of oxidative destruction processes of organic pollu-

tants with additional cavitation stimulus were determined. 
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Abstract: One of the most challenging problems of 21st cen-

tury is solid waste management and stone slurry is a prime 

shareholder to this. Developing process to reduce waste and 

to facilitate reuse is the key to waste minimization. The was-

tage of marble industry are causing many environmental 

problems because 70% wastes is generated and only 30% is 

converted into product. The marble waste is less degradable 

and it contaminates top fertile soil cover, along with riv-

ers/water resources. The most efficient solution of marble 

slurry pollution is its utilization. The paper review deals with 

the feasibility of utilizing the marble waste in various fields. 

Marble slurry can be easily utilized in construction industry 

like cement concrete, bricks etc. The utilization of marble 

waste in stoneware body is feasible for ceramic artwork pro-

duction. 

Keywords: Marble slurry, Ceramic art work, Construction 

materials, Environmental pollution, Greener environment.

  

Introduction 

India enjoys a huge diversity of various stones and minerals. 

India ranks third in terms of global production of natural 

stones. Marble, Granite, limestone, Slate and Sandstone are 

the chief materials that India exports.  

In 2017, Rajasthan accounted for more than 80% production 

of marble in India. Rajasthan, a state in North-West India is 

home to more than 50 types of minerals and rocks. It has a 

large variety of natural rock deposits, a few essentials are gra-

nite, marble, sandstone, limestone, slate and quartzite. Per-

haps, nowhere in the world, any other society is found to be so 

engraved with stone and stone based products as it is in Rajas-

than. The state has around 4000 marble mines and 1100 mar-

ble processing units which are spread over in 16 districts. The 

main areas known for marble mining are Kishangarh, Rajas-

mand, Makrana, Banswara, Jaipur and Udaipur. Various glo-

bally recognized types of marble like Makrana marble, Rajna-

gar Marble, andhi marble etc. have already established Rajas-

than as a globally known region. A number of marble 

processing units and quarries in Rajasthan have significantly 

gone up in the past decade with the increase in demand for 

these stones throughout the country. 

The industry involves mining and processing units for the 

production of tiles for walls and floors, articles, waste produc-

tion and other ancillary works. The marble mining and the 

industry are different from other industries to the fact that, the 

marble is a "Dimensional Product", which means the Marble 

is sold by size not by weight (In other words in sq. per meter 

not by tones). Since the selling price increases manifolds with 

size, all the operations involving mining and processing are 

aimed to get slabs as big as possible. 

As the marble processing industry continues to expand, large 

amounts of waste in the form of marble slurry is generated 

and released into the environment. A significant growth in 

marble slurry has been seen, but the increase in extent has not 

been documented. It is estimated that almost five to six mil-

lion tons of marble slurry is generated per annum. This waste 

slurry is dumped along road sides and near processing units, 

thus causing environmental degradation and escalating health 

problems in the  surrounding areas. Fine particles matter in 

waste slurry causes air and water pollution. Also, the waste 

slurry clogs agricultural lands causing long-term damage to 

the soil and crops. Hence, there is a dire need to utilize this 

waste material in one or the other way to minimize its harmful 

impact on the environment. Additionally, advancement in 

technology finding viable options to reuse or treat this waste 

is not only possible, but also important. 

Marble Slurry   

Marble Slurry is a suspension of marble fines in water, gener-

ated during processing and polishing, etc. It is shaping to ma-

jor threat of the Environment in the state by mining and 

processing activities. Nearly one thousand Gang saws and 

thousands of cutters are producing 15-20 lack tons of marble 

slurry waste which is indestructible waste and harm to general 

Public. Some of effects of the marble slurry may be listed as 

under. 

Marble slurry waste is long lasting. 

The sites which can be used as dumping ground are limited 

and give repulsive messy look. 

Dumping of marble slurry results as contamination of top fer-

tile soil cover at dumping sites. 

Adversely affecting irrigation and drinking water resources 

due to contamination of the rivers and other water bodies by 

marble slurry 

A respiratory issues and irritation of the eyes and skin gene-

rates due to contamination of air. 

Impact of Marble Slurry  

Natural Resources: The valuable national wealth is getting 

wasted mainly due to lack of management and technology. 

The development of country is only possible by sustainable 

balanced industrialization.  This waste, if used, can change 

perhaps the entire scenario of the industry. 

Air pollution: This is the most hazardous impact of the marble 

industry. It is clear that slurry is produced at almost every 

operation and it is a great problem. When it gets dry, it causes 

air pollution and related problems. 

Water pollution: Like any other industry, the marble industry 

needs water in its different operations for cutting, cooling and 

flushing. In these operations water gets contaminated by mar-

ble slurry.  

Visual impacts: Abandoned mines, dumping sites, slurry 

waste sites, deposition of dried slurry over almost every struc-

ture in surrounding areas gives a very bad, dirty look and aes-

thetic problem. 

Accidents due to unscientific dumping: Due to dumping of 

mine waste and marble slurry on road side causing dust in air 
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(polluting air) and creating less visibility, due to less visibility 

number of accidents occurs.  

Accidents due to slippery roads: Marble slurry flows over 

roads in rainy season. Due to marble slurry road becomes 

slippery and many accidents take place.  

Loss to flora & fauna: Already grown trees and bushes die out 

and new ones do not grow due to deposition of marble slurry. 

Animals also suffer for their food and shelter 

Aims and Objectives 

Utilization and scientific disposal of marble slurry on a prop-

erly selected dumping sight may be better solution of the 

problem. But now a day’s production increasing day by day 

the Utilization is the only solution of the problem. 

Utilization of Marble Slurry 

Even minimizing slurry production the problem could only be 

partially solved. Therefore it is the need to develop modes of 

utilization of slurry. Since other applications cannot consume 

such a bulk amount of slurry, efforts are being made to utilize 

slurry for different civil works. 

Feasible Uses of Marble Waste 

It is essential to explore possibilities of alternative uses. To 

arrive at technically sound and financially viable technologies 

to utilize marble slurry and also work out a framework for 

long term waste management in Industrial Areas. 

The areas where the utilization of marble slurry needs to be 

explored as a substitute for conventional raw materials are as 

follows: 

As a filler material for roads and embankments (Rajasthan 

PWD has refused to use Marble slurry as a filler material.) 

Manufacture of bricks, Portland cement, Hollow Blocks and 

Wall Tiles. 

Marble slurry uses in construction of Ceramic Tiles. 

Manufacture of Thermoset Resin Composites. 

Manufacture of lime, Activated Calcium Carbonate and 

Ground Calcium Carbonate. 

Other Possible Uses of Marble Slurry 

Broadly speaking, marble slurry, due to the high percentage of 

limestone in it can be used as a substitute for lime stone in 

most of its industrial and other applications. It can have pre-

dominantly one or more materials like calcite, dolomite or 

serpentine. There is a possibility of the use of marble slurry in 

many more industries; mainly as a substitute for limestone in 

the following: 

Production of synthetic agglomerated marble. 

Chemical manufacture like Lime manufacture, Plastics manu-

facture and carriers of pesticides. 

Chemical and Industrial uses like iron and steel metallurgy as 

a substitute for limestone (as flux in the refining of metals, 

etc.) and non-ferrous metallurgy in the manufacture of magne-

sium and magnesia, uranium, alumina, nickel, tungsten, floa-

tation of gold & silver. 

As a neutralizing agent and filler for paints, rubber etc. 

Marble slurry uses as a concrete aggregate and as railroad 

ballast. 

The construction of dam spillways, docks, piers, and breakwa-

ters in the form of irregular shaped fragments of sizes ranging 

from 25 – 30 cm. 

As an insulation material in the rick wool insulation bats and 

pellets. 

Mineral filler for putty and chaulking compounds based on 

linseed oil or plastic. 

Mineral feed supplement for domestic animals. 

Marble slurry use in waste water treatment. 

De-sulfurizing stack gases from utility and industrial plants 

that operate coal burning boilers. 

The treatment of Sewage sludge to quell obnoxious fumes and 

filter beds as a screened mineral aggregate. 

 

LITERATURE REVIEW 

R P Singh Kushwah and Dr. PBL Chaurasiya [1] studied the 

effect of waste marble powder as replacement of white wash-

ing by varying percentage of waste marble powder. According 

to this Marble slurry can be utilized in finishing work as 

White wash with lime which is 50% cheaper and also effec-

tive solar heat repellent causing natural building cooling. 

Ali A. Aliabdo and et al. [2], the use of marble dust in con-

crete production as cement replacement or as sand replace-

ment (cement addition) gradually enhances both of the me-

chanical and physical properties of concrete. Marble dust 

showed a filler effect in concrete and had no noticeable role in 

the hydration process. Concrete made with marble dust as 

sand replacement achieved better performance compared to 

concrete made with marble dust as cement replacement. 

A K Mishra and et al. [3], studied the use of marble dust slur-

ry in bulk quantities in construction of road pavements layers 

and in embankments. The use of marble dust slurry is cost 

effective and protection of environment.  

Dhiraj Mehta and et al. [4], studied the possibilities of using 

marble waste powder as an adsorbent for fluoride water treat-

ment. Defluoridation serves a two-way path by mitigating 

excess fluoride as well as reducing the marble waste pro-

duced. MWP650 is an efficient adsorbent for future prospects 

considering its low cost, bulk availability, no necessity for 

regeneration as the fluoridated adsorbent can be further used 

by other industries. 

N. Gurumoorthy [5], studied the performance of concrete con-

tained marble dust as a partial of cement, 10%, 20%, 25% and 

30%. The compressive strength was increased with addition of 

waste marble dust upto 25% replace by weight of cement. 

Further any addition of waste marble dust the compressive 

strength decreases. Therefore it was concluded that the most 

suitable percentage replacement of marble dust in concrete is 

25%. 

SarbjeetSingha and et al. [6], reported the similarities and 

highlights the contrasting behaviour of MS concrete in terms 

of durability, compressive and flexure strength, abrasion, 

permeability and ultra-pulse velocity. The strength and dura-

bility of concrete is determined by a number of factors includ-

ing the physical and chemical composition of constituent in-

gredients as well as the microstructure of ingredient particles. 

Explanations for the trends observed have been derived from 

microstructural studies using SEM and EDS test and also the 

inter particle behavior of the ingredients within concrete ma-

trix .It was found that neglecting minor variations the opti-

mum replacement percentage for MS concrete was 15%. 
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SelvinYesilaya and et al. [7], the aim of this work is to assess 

the possibility of the recycling of marble wastes in the produc-

tion of stoneware clay bodies as a raw material for ceramic 

artwork production. Five different clay body mixes containing 

marble waste up to 27% were prepared and evaluated for fir-

ing color, water emission, morphology, microstructure, ther-

mal expansion coefficient and thermal behavior. The results of 

the tests show that the utilization of marble waste in stone-

ware body is feasible for ceramic artwork production. 

S. Dhanapandiana and M. Shanthib [8], studied the Marble 

and granite waste content up to 50 wt% can be incorporated 

into Ramanathapuram clay mixture, without degrading their 

mechanical properties. The presence of marble and granite 

wastes allow one to obtain a clay brick with better properties 

as the conventional clay brick at low temperatures as the nor-

mally used for brick products in the brick industry, resulting 

in energy saving and waste reduction. The incorporation of 

marble and granite wastes in brick production anticipates safe 

for the health an environmentally friendly recycling products. 

Figure 1 shows firing colors of the standard and waste added 

stoneware clay bodies fired at 1160 °C. 

Conclusion 

Marble Slurry may be used for white washing for finishing 

work in construction Industry. Marble slurry white washing 

due to use of marble slurry with lime Cost reduces up to 50% 

and also more white & durable.  

The use of marble slurry as sand replacement has more signif-

icant effect on the mechanical properties of concrete com-

pared with using it as cement replacement Marble slurry 

shows a good and acceptable strength when added in Cement 

Mortar and Cement Concrete Both (replacing sand). The pres-

ence of marble waste allow one to obtain a clay brick with 

better properties as the conventional clay brick at low temper-

atures as the normally used for brick products in the brick 

industry resulting in energy saving and waste reduction. 

The incorporation of marble wastes in stoneware clay body 

production gives environmentally friendly recycling products. 

It is also suggested that the waste can be utilized in the pro-

duction of other traditional ceramics and forms. It was con-

cluded that these wastes could be evaluated in the stoneware 

clay body up to 27% without causing any deterioration in the 

dimensional stability of the products. 

 

References 

i. Kushwah, R.P.S.; Chaurasiya, P.B.L. White washing with 

marble slurry. Int J Environ Sci Technol. 2015, 1(2), 22-25.  

ii. Aliabdo, A.A.; Elmoaty, A.E.M.A.; Auda, E.M. Re-use of 

waste marble dust in the production of cement and concrete. Constr 

Build Mater. 2014, 50, 28–41. 

iii. Misra, A.K.; Mathur, R.; Rao, Y.V.; Singh, A.P.; Goel, P. A 

new technology of marble slurry waste utilisation in roads. J SciInd 

Res. 2010, 69(1), 67-72. 

iv. Mehta, D.; Mondal, P.; George, S. Utilization of marble 

waste powder as a novel adsorbent for removal of fluoride ions. J 

Environ Chem Eng. 2016, 4, 932–942. 

v. Gurumoorthy, N. Influence of marble dust as partial re-

placement of cement in concrete. Int J Eng Res Technol. 2014, 3(3), 

740-749. 

vi. Singha, S.; Tiwari, A.; Nagar, R.; Agrawal, V. Feasibility 

as a Potential Substitute for Natural Sand: A Comparative Study 

between Granite Cutting Waste and Marble Slurry. Procedia Envi-

ron Sci. 2016, 35, 571 – 582. 

vii. Yesilaya, S.; Cakıb, M.; Ergunc, H. Usage of marble 

wastes in traditional artistic stoneware clay body. Ceram Inter. 

2017, 43(12), 8912-8921. 

viii. Dhanapandiana, S.; Shanthib, M. Utilization of marble and 

granite wastes in brick products. J IndPollut Contr. 2009, 25 (2), 

145-150. 

ix. Bungey, J.H.; Millard, S.G.; Grantham, M.G. Testing of 

Concrete in Structures. New York: Taylor and Francis, 2006.  

x. Cather, R.B.; Figg, J.W.; Marsden, A.F.; O’Brien, T.P. 

Improvements to the Figg method for determining the air permeabili-

ty of concrete. Mag Concr Res. 1984, 36 (129), 241–245. 

xi. Rai, B.; Naushad ,K.; Rushad, T. Influence of marble 

powder/granules in concrete mix. Int J CivStruct Eng. 2011, 1, 827–

834. 

xii. Vardhan, K.; Goyal, S.; Siddique, R.; Singh, M. Mechani-

cal properties and microstructural analysis of cement mortar incor-

porating marble powder as partial replacement of cement. Constr 

Build Mater. 2015, 96, 615–621. 

xiii. Belaidi, A.S.E.; Azzouz, L.; Kadri, E.; Kenai, S. Effect of 

natural pozzolana and marble powder on the properties of self-

compacting concrete. Constr Build Mater. 2012,31, 251–257. 

xiv. Arshad, A.; Shahid, I.; Anwar, U.H.C.; Baig, M.N.; Khan, 

S.; Shakir, K. The wastes utility in concrete. Int J Environ Res. 

2014,8(4), 1323–1328. 

xv. Ergün, A. Effects of the usage of diatomite and waste mar-

ble powder as partial replacement of cement on the mechanical 

properties of concrete. Constr Build Mater. 2011, 25(2), 806–812. 

xvi. Gesoglu, M.; Güneyisi, E.; Kocabag, M.E.; Bayram, V.; 

Mermedas, K.. Fresh and hardened characteristics of self-

compacting concretes made with combined use of marble powder, 

limestone filler, and fly ash. Constr Build. Mater. 2012, 37, 160–170. 

xvii. Corinaldesi, V.; Moriconi, G.; Naik, T.R. Characterization 

of marble powder for its use in mortar and concrete. Constr Build 

Mater. 2010, 24(1), 113–117. 

Figure 1. Firing colors of the standard and waste added 

stoneware clay bodises fired at 1160 °C 



            International Journal of Engineering Research                                                ISSN:2319-6890 (online),2347-5013(print) 

            Volume No.7, Issue Special 4, pp : 388-393                                                                                             9,10 March 2018 

 

DOI : 10.5958/2319-6890.2018.00124.1                                EPIC@2018 Page 388 

A Review of an Integrated Anaerobic-Aerobic Systems for the Treatment of 

Food Processing Wastewater 
 

Jignesh J. Raiyani,  Prof. M.J. Pandya 

LD college of engineering, Gujarat Technological University, Ahmedabad-15 

 Email –yani23@gmail.com, minarva.pandya@yahoo.com 
 

 

.Abstract: Food processing industry is believed to be one of 

the most polluting industry as it produces highly polluted 

wastewater in term of organic and suspended matter. Pre-

viously, such wastewater has been treated by anaerobic and 

aerobic treatment. At present, the effluent standards become 

such stringent that it is not possible to achieve it by using 

conventional anaerobic and aerobic treatment. Solution of 

this problem is to utilize integrated treatment consisting of 

both aerobic and anaerobic treatment. This paper provides 

the review of the currently available integrated treatment 

used in food processing wastewater treatment. Integrated 

bioreactor is classified into two types based on configuration, 

which are (1) Integration bioreactor with physical separation 

of aerobic and anaerobic zone and (2) Integration bioreactor 

without physical separation of aerobic and anaerobic zone. 

The integration of anaerobic and aerobic process enhances 

the overall degradation efficiency. The advantageous of var-

ious integrated bioreactor are highlighted and compared. 

The comparison of various bioreactor shows that the use of 

integrated bioreactor without physical separation is advanta-

geous over other bioreactor as it requires less space, less 

capital cost and higher COD removal. 

Key words – Food processing industry, Aerobic-Anaerobic 

process, Integrated bioreactor. 

 

1. Introduction 

Water is one of the substances available in abundant quanti-

ty in nature which men have exploiting more than any other 

natural resources for existence. Water is considered as 

ELIXIR OF LIFE. Water is required for various beneficial 

purpose i.e. drinking, sanitation, irrigation, power generation, 

industrial purpose etc. About earth’s 73 % surface is covered 

with water. From the earth’s total water resource, 97 % is sa-

line water stored in ocean that couldn’t be used directly for 

beneficial purposes and 3 % is fresh water. From the total 

fresh water resource, 68.7 % is in glaciers, 30.1 % is as ground 

water and 0.9 % other. Therefore only 0.3 % of earth’s total 

water resource is available for drinking purpose [1].  At 

present, water scarcity is worldwide problem due over use and 

pollution of natural water source. The main cause of water 

pollution is industrialization. Industries pollute the natural 

water body by discharging their wastewater generated during 

the course of their different activities. The quantity and quality 

of wastewater generated depends on type of industry. i.e. food 

industry, petroleum refinery, cement industry, textile industry 

etc. 

Food processing includes the methods and techniques used 

to transform raw ingredients into food for human consump-

tion. Major industries constituting the food processing sector 

are grain milling, sugar, edible oils, beverages, fruits & vege-

tables processing and dairy products. The Indian food industry 

is poised for huge growth, increasing its contribution to world 

food trade every year. In India, the food sector has emerged as 

a high-growth and high-profit sector due to its immense poten-

tial for value addition, particularly within the food processing 

industry [2] [3]. Mechanical life style and crave for comfort is 

pushing people towards ready to eat services. Though it is 

very good for the progress of the industry, it also leads to the 

generation and consumption of water in tremendous volumes. 

Traditionally, the food-processing industry has been a large 

water user. Water is used as an ingredient, an initial and in-

termediate cleaning source, an efficient transportation con-

veyor of raw materials, and the principal agent used in sanitiz-

ing plant machinery and areas [4]. Wastewater generated from 

these industries depicts wide variation in strength and charac-

teristics but this wastewater is nontoxic in nature because it 

comprises less hazardous compounds. Almost 50% of the wa-

ter utilized in food processing industry is for washing and rins-

ing purposes.   

FPI generate large volume of wastewater which either join 

the stream or other water bodies or affects the water quality. 

Wastewater stream discharged from FPI have high organic 

and nutrient content therefore if discharged without proper 

treatment, it tends to cause serious water pollution.  If waste-

water from FPI is allowed to discharge into stream, it will add 

the sludge forming material and product in suspension which 

upsets the dissolved oxygen balance of water and releases 

obnoxious gases to the atmosphere. If the quantity of all forms 

of organic material is high w.r.t. to the volume of the receiving 

water, the bio-chemical reaction tends to deplete oxygen in the 

stream. As a result, anaerobic conditions are created which 

produce odor. During summer, gaseous products may lift up 

the sludge to the surface creating unsightly and odorous condi-

tions. 

This wastewater has been reported to be treated by aerobic 

and anaerobic biological techniques. In general, aerobic 

processes are suitable for the treatment of low strength waste-

water(COD<1000 mg/L) while anaerobic processes are suita-

ble for the treatment of high strength wastewater(COD in 

range of 4000 mg/L) [5]. The comparison of both the treat-

ment is given in Table 1 [5]. Anaerobic treatment is advanta-

geous over aerobic treatment when treating influents in higher 

concentrations of organic matter, and generally it requires less 

energy with potential for bioenergy and nutrient recovery. As 

compared to anaerobic processes, aerobic processes achieve 

higher removal of soluble biodegradable organic matter ma-

terial and the produced biomass is generally well flocculated, 

resulting in high quality effluent. 

Table 1 Comparison of aerobic and anaerobic process 

Feature Aerobic Anaerobic 

Removal efficien-

cy 
High High 

OLR Moderate High 

Effluent quality Excellent Moderate to poor 

mailto:yani23@gmail.com
mailto:minarva.pandya@yahoo.com
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Sludge Production High Low 

Start up  2 – 4 week 2 – 4 month 

Odor 
Less potential 

for odor 

Potential odor 

problem 

Nutrient require-

ment 
High Low 

Energy require-

ment 
High Low to moderate 

 

Though the anaerobic treatments are desirable to treat high 

strength industrial wastewaters due to the high level of COD, 

potential for energy generation and lower sludge production, it 

suffers from the low growth rate of the microorganisms, a low 

settling rate, process instabilities and the need for post treat-

ment of the noxious anaerobic effluent which often contains 

ammonium ion (NH4+)and hydrogen sulfide (HS−) [5]. In 

most applications, however the efficiency of the anaerobic 

process is high, complete stabilization of the organic matter is 

impossible by the anaerobic treatment due to the high organic 

strength of the wastewater. Because of the final treated efflu-

ent from anaerobic treatment contains soluble organic matter, 

subsequent post treatment using aerobic treatment is required 

to meet the effluent discharge standard.  Thus, it indicates the 

potential for anaerobic–aerobic systems to treat the high 

strength industrial wastewater. Benefits of anaerobic – aerobic 

process are listed below [5][6]: 

ʘ Resource recovery: Anaerobic pretreatment removes 

most of the organic pollutants and converts them into a useful 

fuel, biogas. 

ʘ High overall treatment efficiency: Aerobic post-

treatment polishes the anaerobic effluent and results in very 

high overall treatment efficiency.  

ʘ Less disposal of sludge: By digesting excess aerobic 

sludge in the anaerobic tank, a minimum stabilized total 

sludge is produced which leads to a reduction in sludge dis-

posal cost. As an additional benefit, a higher gas yield is 

achieved. 

ʘ Lower energy consumption: anaerobic pretreatment 

acts as an influent equalization tank, reducing diurnal varia-

tions of the oxygen demand and resulting in a further reduc-

tion of the required maximum aeration capacity. 

ʘ Less volatilization in aerobic treatment: volatile 

compound is degraded in the anaerobic treatment, removing 

the possibility of volatilization in the aerobic treatment. 

 

2. Type of anaerobic-aerobic treatment systems 

Figure 1 shows the main types of anaerobic –aerobic sys-

tems based of the different approaches used to obtain an inte-

grated system. 

The conventional anaerobic-aerobic treatment includes ae-

rated stabilization ponds, aerated and non-aerated lagoons, and 

natural or artificial wetland systems. Aerobic treatment occurs 

in the upper part (euphotic zone) of these systems while anae-

robic treatment occurs at the bottom part (benthic zone). Con-

ventional anaerobic–aerobic systems usually comprise of large 

ponds connected in series having long hydraulic retention time 

(HRT), low organic loading rate (OLR). Thus, the convention-

al treatment systems suffer from problems of large space re-

quirement, noxious gas emissions from large open system, 

lower treatment efficiencies, huge excess sludge production. 

To overcome this the drawbacks of conventional anaerobic–

aerobic systems, the new technologies have been developed 

over the years. Anaerobic–aerobic system that utilize high rate 

bioreactors provide treatment which is techno-economically 

viable with simultaneous resource recovery and compliance 

with effluent discharge standards. With the more technological 

advancement, more intensive form of biodegradation can also 

be achieved by integrating anaerobic and aerobic zones within 

a single bioreactor. Essentially, this integrated anaerobic–

aerobic bioreactor classified into two types: (i) integrated bio-

reactors with physical separation of anaerobic–aerobic zone, 

(ii) integrated bioreactors without physical separation of anae-

robic–aerobic zone. 

3. Type of anaerobic-aerobic integrated reactors 

The integrated bioreactors are possible alternative for FPI 

wastewater treatment to meet stringent norms with respect to 

space, odor and biosolids production. Though, the integrated 

bioreactors are cost effective, efficient and having smaller foot 

prints compared to other types of anaerobic–aerobic systems, 

the design, operation and process development of integrated 

anaerobic–aerobic bioreactors are limited to a few studies. 

 

3.1  Integrated bio reactors with physical separation 

of anaerobic and aerobic zones 

As shown in Table 2, Some approaches have been attempted 

to obtain the integrated bioreactors by combining anaerobic 

and aerobic processes in separate zones. 

 

3.1.1 Anaerobic – aerobic baffled bioreactor 

An anaerobic–aerobic baffled bioreactor was proposed for 

the treatment of potato starch processing wastewaters with 

COD values ranged from 1100 to 4500 mg/L [7].  In aerobic 

zone, to increase the efficiency, porous burnt-coke particles 

added as carrier media to support growth of microorganisms. 

The carriers provide huge surface area for the attachment of 

the biofilm which in turn leads to an increased biomass con-

centration responsible for degradation of organic matter. The 

COD reduction efficiency in presence of burnt coke media and 

in absence of burnt coke media is 98.7% and 96 %, respective-

ly. An optimal HRT ranged from 12 to 24 h was used. 

As shown in figure 2, anaerobic–aerobic baffled consists of 

three anaerobic zones, two settling zone and one aerobic zone. 

It is rectangular with equally divided down flow and upflow 

sections by 5-mm thick vertical high/low baffles. The baffles 

cause the wastewater to rise and then flow downwards into the 

reactor due to the 45◦ turn out angle. The anaerobic zone is 

subdivided into three zones. The first and second anaerobic 

zones are designed for hydrolysis, while the third anaerobic 

zone is designed for methanogenesis. Settling zone are de-

signed for sedimentation and having main function to maintain 

anaerobic condition into anaerobic zone by separating it from 

aerobic zone.  

The advantages of this bioreactor include rapid biodegrada-

tion, lower excess sludge production and excellent process 

stability. Thus, this may be effective solution to the treatment 

of wastewater from SMEs which has small economic capacity 

to invest in environmental controls. 
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Figure 2 Anaerobic-aerobic baffled bioreactor [5] 

 

3.1.2 Simultaneous aerobic – anaerobic(SAA) bioreactor 

As shown in figure 3 , the simultaneous aerobic–anaerobic 

(SAA) bioreactor combines  air lift reactor, fluidized bed and 

upflow anaerobic sludge blanket [5] [8].  It mainly consists an 

inner and an outer cylinder. The aerobic and anaerobic zones 

are created by controlling aeration location, aeration capacity 

and reactor shape. The aerobic zone is formed in the inner 

cylinder by providing air from the bottom of the bioreactor. 

The anaerobic zone is formed in the outer cylinder due to li-

mited oxygen transfer from the aerobic central zone. The in-

fluent enters into the SAA from bottom and effluent leaves 

from the top of the SAA. As we move from top to bottom, 

there is a decrease in dissolved oxygen concentration due to 

the reactor configuration which enables the water flows from 

the inner zone to the outer zone. Under oxygen-limited condi-

tion, aerobic and anaerobic process occurs simultaneously as a 

result of dissolved oxygen concentration gradients arising 

from diffusion limitations [5] [9]. 

 

Figure 3 schematic diagram of SAA reactor [5] 

 

This SSA is proposed for the treatment of landfill leachate 

having COD 1000 to 3300 mg/L. The average COD reduction 

efficiency of SSA was 94 %.  

The SAA bioreactor system is advantageous over the con-

ventional biological process for removal efficiency of organic 

and nitrogenous matter from landfill leachates due to the re-

duced space requirement and operation management. Energy 

consumed mainly in pumping the influent and air compressor 

for air supply. Due to the simplicity, SAA bioreactor system is 

a good alternative for FPI wastewater treatment. 

 

3.1.3 Bubble column with draught tube 

As shown in figure 4 , a cylindrical bubble column with a 

draught tube used as a small treatment unit of anaerobic–

aerobic process and nitrogen removal is observed for perfor-

mance evaluation [10]. 

 

Figure 4 Bubble column with draught tube [5] 

The inside and outside of a draught tube are acted as an 

aerobic zone and an anaerobic zone, respectively. The waste-

water is initially introduced to the upper part in outer side 

(anaerobic zone) and then flows through draught tube (aerobic 

zone) by the air-lift action. Finally, the treated effluent is 

withdrawn from the top of the draught tube. The volume ratio 

of anaerobic to aerobic zones in the bubble column can be 

adjusted by changing the diameter of the draught tube. The 

circulation of mixed liquor between the anaerobic and aerobic 

zones is the most important operating parameter. It can be 

adjusted by changing the height of the draught tube and the air 

flowrate. The increase in the circulation rate will cause aerobic 

conditions to persist in outside of draught tube which is meant 

to be anaerobic. Therefore, the bubble-column treatment unit 

should be operated at such circulation rate that can keep the 

sludge in suspending state. 

The main advantage of the bubble column is no requirement 

for additional equipment to circulate the mixed liquor between 

aerobic and anaerobic zone. Furthermore, this type of bioreac-

tor can be used for small scale FPI. Notwithstanding, the resi-

dence time in each zone is short during the circulation as com-

pared to other anaerobic–aerobic processes. So as to keep the 

sludge in a suspension, a minimum circulation flow rate is 

required which is in contrast to longer residence time.  

 

3.2 Integrated bio reactors without physical separation 

of anaerobic and aerobic zones 

A number of integrated bioreactors have been developed 

which allow the coexistence of anaerobic and aerobic micro-

organisms inside the same reactor are listed in Table 2. These 

bioreactors do not have any physical means to separate anae-

robic and aerobic zone. It has mainly stacked configurations 

with lower part as an anaerobic and upper part as an aerobic 

zone. This is achieved by supplying air at an intermediate 

height of the reactor. 
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3.2.1 Upflow anaerobic/aerobic fixed bed (UA/AFB) in-

tegrated reactor 

Figure 5 shows a bench scale up flow anaerobic/aerobic 

fixed bed integrated bioreactor and it was tested with synthetic 

wastewater [11]. It is filled PVC media having 1.5 cm diame-

ter. It consists of lower anaerobic zone and upper aerobic 

zone. The influent is pumped from bottom (anaerobic zone) 

and treated effluent is withdrawn from top (aerobic zone). It 

has been provided with total HRT of 9 h (5 h for anaerobic 

zone and 4 h for aerobic zone) which is sufficient to achieve 

efficient COD removal up to 95% at OLR as high as 7.4 kg 

COD/m3 day.  

This bioreactor is capable of handling high organic loads. It 

is a potential biotechnology for treatment of industrial waste-

water containing high organic loads (such as FPI wastewater). 

The proposed study did not incorporate a methane collection 

system, which would collect biogas to make up for cost of 

treatment.  

 

Figure 5 Schematic diagram of Upflow anaerobic/aerobic 

fixed bed (UA/AFB) integrated reactor [5] 

 

3.2.2 Staged anaerobic – aerobic membrane bioreactor 

As shown in figure 4, a staged anaerobic–aerobic membrane 

bioreactor (MBR) includes membrane module, diffuser and 

porcelain carriers [11]. The membrane module is submerged 

in the aerobic zone and aerated with diffuser which serves 

oxygen for the biodegradation of substrates, mixing of the 

aerobic tank and producing desirable turbulence for membrane 

cleaning. Porcelain carriers are added with view to prevent the 

blockage of the orifice between an anaerobic and an aerobic 

zone. 

Synthetic wastewater, COD up to 10,500 mg/L and NH4+-

N up to 1220 mg/L,  has been employed for the study [11]. 

The aerobic zone is provided with an intermittent aeration 

which promotes the simultaneous nitrification and denitrifica-

tion. The observed COD removals were exceeding 99% for 

OLR up to 10.08 kg COD/m3 day. Between 60 and 80% of 

COD was anaerobically biodegraded in the anaerobic zone 

and converted to methane which in turn could serve as a car-

bon source for the denitrification in the aerobic zone.  

 

Figure 6 schematic diagram of anaerobic-aerobic MBR [5] 

 

3.2.3 Integrated anaerobic – aerobic fixed film reactor 

An integrated anaerobic–aerobic fixed-film reactor (FFR) 

exhibited high performance on the removal of organic matter 

from slaughterhouse wastewater [13]. Overall COD removal 

efficiencies of 93% were achieved for an average OLR of 0.77 

kg COD/m3 day at HRT of 0.94–3.8 days. It is to be reported 

that the integrated anaerobic–aerobic FFR achieves higher 

treatment efficiency than the anaerobic–aerobic FFB system 

having separate anaerobic and aerobic reactor. 

As shown in figure, anaerobic–aerobic FFR consists of ver-

tically configured corrugated tubes. The reactor is divided 

without any physical means into two compartments. Air was 

supplied by membrane diffuser into aerobic zone. Wastewater 

enters into the upper part of the non-aerated anaerobic region 

through which it circulates downwards then it is entrained up 

through the aerated zone due to the air-lift effect of the air 

injection. Then it leaves the reactor from the upper part of the 

aerobic zone. Different anaerobic–aerobic volume ratios are 

achieved by turningon and off each diffuser at the bottom. 

 

Figure 7 schematic diagram of integrated anaerobic-aerobic 

FFB [5] 

Most of the COD was removed through aerobic oxidation 

rather than the anaerobic oxidation due to lower extension of 

anaerobic process resulting from high mixing pattern. High 

recirculation makes homogeneous aerated and non-aerated 

region and maintains the DO 1.4mg/l in the non-aerated zone.  
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This limits the methanogenic processes. Similar phenomenon 

was also reported by other authors working with bubble col-

umns [10]. Thus, it is needed to clearly separate the aerated 

and non-aerated zones that maintain strict anaerobic condi-

tions. That’s why, the two small barriers are provided at the 

top and at the bottom of the reactor. The aerated and non-

aerated region are set up in parallel configuration to recover 

methane. 

 

3.2.4 Integrated anaerobic – aerobic fluidized bed reactor 

The proposed pilot scale study was carried out by anaerob-

ic–aerobic fluidized bed reactor for the simultaneous elimina-

tion of organic carbon and nitrogen from municipal wastewa-

ter [13]. The COD removal efficiency higher than 80% were 

obtained at HRT of 24 h for an OLR of 1.2 kg COD/m3 d. 

As shows in figure 8, the integrated anaerobic–aerobic flui-

dized bed reactor mainly consist of cylindrical fluidized bed 

with pulverized pumice-stone as support material and the aera-

tion is carried out by four fine bubble cylindrical membrane 

diffusers. This system is supported by a ‘bell’ (at the top) and 

different anaerobic zone to aerobic zone volume ratios can be 

accomplished by adjusting the height of bell. 

 

 

 

Figure 8 Integrated anaerobic-aerobic fluidized bed reactor 

[5] 

The bioreactor remained stable under varying organic load. 

It has a short start-up time and ability to absorb shock loads. 

The energy mainly consumed in pumping to maintain the sup-

port media in suspension. 

 

4. Merits and Demerits of Integrated bioreactor 

Anaerobic-aerobic integrated bioreactors have shown signif-

icant treatment efficiency in terms of COD removal as com-

pared to other biological systems. They are also capable of 

handling high OLR when compared to conventional anaerobic 

as well as aerobic process. Nonetheless, the design and confi-

guration of integrated bioreactor are more complex so con-

struction cost unsurprisingly would be higher than other types 

of bioreactor. The anaerobic-aerobic system with suitable me-

thane collection facility arises as a sustainable technology for 

treatment of high strength FPI wastewaters with simultaneous-

ly energy recovery source. 

5. Conclusion 

Development of the integrated anaerobic–aerobic bioreac-

tors resolves many problems related to space, odors and ex-

cessive sludge production. It is ideated that the integrated bio-

reactors will be able to treat a wide range of high organic 

strength FPI wastewater with generation of renewable energy 

and higher treatment efficiency. However, most of the inte-

grated bioreactors discussed in this review not yet imple-

mented on large scale within FPI so further work is required to 

lack large scale implementation within industry and further 

study is required to evaluate the performance of these inte-

grated bioreactors on a larger scale. 
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Figure 1 Types Of Anaerobic-Aerobic Systems [5] 

 

Table 2 Integrated Rectors with Physically Separated Anaerobic-Aerobic Zone 

 

Reactor  Wastewater Influent COD 

(mg/L) 

Total COD removal 

(%) 

Anaerobic-aerobic baffled 

reactor 

Potato starch wastewa-

ter 

1100 – 4500 88.4 – 96.7 % 

SAA reactor Diluted landfill lea-

chate 

1000 – 3300 94 % 

Bubble column with draught 

tube 

Synthetic wastewater - - 

 

 

Table 3 Integrated Reactors without Physically Separated Anaerobic-Aerobic Zone 

 

Reactor  Wastewater Influent 

COD(mg/L) 

Total COD removal (%) 

Upflow anaerobic/aerobic fixed bed 

integrated reactor 

Synthetic wastewa-

ter 

365 – 3500 95 – 98 % 

Staged anaerobic-aerobic membrane 

bioreactor 

Synthetic wastewa-

ter 

1300 – 10500 > 99 % 

Integrated anaerobic-aerobic fixed 

film reactor 

Slaughter house 

wastewater 

1190 - 2800 93 % 

Integrated anaerobic-aerobic flui-

dized bed reactor 

Municipal waste-

water 

350 > 80 % 

 

 

 

 

 

 

 

 



            International Journal of Engineering Research                                                ISSN:2319-6890 (online),2347-5013(print) 

            Volume No.7, Issue Special 4, pp : 394-397                                                                                             9,10 March 2018 

 

DOI : 10.5958/2319-6890.2018.00125.3                            EPIC@2018 Page 394 

Optimal Identification of Groundwater Pollution Sources 
 

Jyoti Chaubey 

Department of Civil Engineering, IIT Roorkee, Roorkee, India 

Email: jyotichaubeyy@gmail.com 
 

 

Abstract: An inverse problem model of groundwater pollu-

tion source identification has been presented in the present 

study. The model is based upon linked simulation optimiza-

tion approach and invokes a finite difference based simula-

tor and an Exhaustive Search based optimizer. The model 

estimated pollution source characteristics are those set of 

source characteristics which provide the closest match be-

tween observed and the simulated concentration field. The 

pollution source characteristics include number of sources, 

their locations and release flux rates. Finding the optimum 

number of sources and their location is an advantage of this 

model, since most of the source identification problem in-

volves a priori known potential location. The model has been 

illustrated for a hypothetical study area, with known 

flow/transport boundary conditions and flow/transport pa-

rameters. Two dimensional steady state flow and transient 

transport has been considered. Identified results indicated 

that the proposed methodology can be used to solve the in-

verse problem of groundwater pollution source identifica-

tion. 

Keywords : Groundwater Pollution Sources, linked simula-

tion optimization 

1. Introduction 

Groundwater source identification is an important problem in 

groundwater risk assessment studies and groundwater man-

agement problems. It is a type of an inverse problem in con-

text of groundwater solute transport modelling. In this inverse 

problem source characteristics are obtained for a given set of 

concentration and head fields and flow and transport parame-

ters.  

Several methods have been reported to solve the source identi-

fication inverse problem. These methods can be broadly clas-

sified as Deterministic direct methods (Skaggs and Kabala 

1994, 1995, 1998; Sidauruk et. al. 1997; Ball et al. 1997; Liu 

and Ball 1999; Atmadja and Bagtzoglou 2001), Probabilistic 

and Geostatistical simulation approaches (Bagtzoglou et al. 

1991, 1992; Snodgrass and Kitanidis 1997; Michalak and Ki-

tanidis 2010; Woodbury and Ulyrich 1993, 1996, 1998) and 

Indirect approaches such as Optimization approaches (Gore-

lick 1982, 1983; Mahar and Dutta 2000, 2001; Aral et al. 

2001; Singh et al. 2004; Singh and Datta 2006; Datta et al. 

2009; Ayvaz 2010; Jha and Dutta 2013, 2015; Chaubey and 

Kashyap 2014, 2017). Detailed review of studies related to 

source identification problem has been performed by Atmadja 

and Bagtzoglou (2001) and Amirabdollahian and Datta 

(2013). 

Optimization is one of the most common solution approaches 

for source identification problem. Optimization approach con-

sists of the integration of simulation with the optimization 

model. Depending upon the incorporation of Simulation mod-

el into the optimization model it can be termed as embedded 

method i.e. incorporating simulation model as constraints 

(Mahar and Dutta 2000, 2001), Kernel method i.e. incorporat-

ing simulation model as as concentration response matrix 

(Gorelick 1982, 1983) and Linked Simulation optimization 

approach i.e. linking simulation model externally with an op-

timization model (Datta et al. 2009, Aral et al. 2001, Singh et 

al. 2004, Singh and Datta 2006, Ayvaz 2010, Jha and Dutta 

2013, 2015, Chaubey and Kashyap 2014, 2017). 

Simulation model solves the governing flow and solute trans-

port equation for a given initial and boundary conditions, flow 

and transport parameters. It is integrated with the optimization 

model which aims at selecting that set of sources characteris-

tics (location, magnitude and release history) which results in 

simulated concentrations closest with the local groundwater 

solute concentration data. 

Present study is based on the linked simulation optimization 

(LSO) approach for groundwater pollution source identifica-

tion. Source characteristics usually involve source location, 

strength and release history. In most of the studies related to 

groundwater pollution source identification, source number 

and location is known a priori. An attempt has been made by 

Ayvaz (2010) in solving the inverse problem with unknown 

number of sources and their location by considering a hypo-

thetical example.  

Present study is an extended work of Chaubey and Kashyap 

(2014). In latter work source locations were assigned a priori 

and then the source strength was determined. Source characte-

ristics in the present context comprise number of sources, 

their location and their fluxes. The model invokes a finite dif-

ference based simulator and an Exhaustive Search based op-

timizer. 

2. Methodology 

Simulation model based on governing 2D steady state 

groundwater solute transport equation is used. It can be given 

as (Bear, 1979) 

 (1) 

where,  and  = hydrodynamic dispersion coefficients, u 

and v = seepage velocities along x and y direction respective-

ly,  = pollution source flux, b = aquifer thickness,  = effec-

tive porosity of the aquifer,  = concentration of solute dis-

solved in groundwater. The velocities in Eq. 1 are given by, 

and  (2)  (2) 

mailto:jyotichaubeyy@gmail.com
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where, h = nodal head,  and  = transmissivities in x and 

y direction respectively.  

Hydrodynamic dispersion coefficients are taken as 

 and  where,  = longitudinal dis-

persivity and  = transverse dispersivity.  

The necessary head fields for computing velocity vector are 

simulated by solving following two dimensional, steady state 

groundwater flow equation (Bear, 1979): 

 (3) (3) 

where, x and y = cartesian coordinates in the directions of 

principal permeability and  = net vertical abstraction. 

Iterating Alternative Direction Implicit Explicit (IADIE) finite 

difference scheme has been applied for solving Eq. 3 and Eq. 

1 to generate head field and corresponding velocities and con-

centration fields. This simulation model is linked externally 

with the optimizer, to arrive at closest match between simu-

lated and observed concentration distribution. 

Optimization problem formulation 

The objective of the optimization problem is 

Minimize  (4)  (4) 

such that  (5) 

subject to  

   j=1, 2…., n;  ;  (5) (6) 

where  = observed concentration at node i ,  = simu-

lated concentration at node i,  = point source flux,  

where I = set of nodes at which observed concentration data 

are available, X (={x1,x2…,xn}) = x coordinate vector of point 

sources, Y (={y1,y2,….,yn}) = y coordinate vector of point 

sources, n = number of unknown sources and C = simulated 

concentration vector which is a function of the unknown 

sources location and fluxes. Thus Decision variables 

are . n is also a decision variable but it is not used 

as an explicit variable. Exhaustive Search technique was em-

ployed to solve the above posed optimization problem. 

3. Model Illustration 

The model developed has been illustrated by a hypothetical 

two dimensional study area, shown in Fig. 1. Observed con-

centration field was needed for demonstrating the model ap-

plicability. It was generated by simulation model for assumed 

source flux values and known source location. This generated 

concentration field was then used as an input to the linked 

simulation optimization model, masking the assumed source 

flux values and known source location. 

3.1. Study Area and Database 

Study area of dimension 549 m×732 m was taken and is 

shown in Fig. 1. The north and south boundaries were consi-

dered as impermeable flow and no transport boundaries while 

east and west boundaries were taken as constant head and 

concentration boundaries. Two pollution sources (S1 and S2) 

were there in the study area, the location of which is shown in 

the Fig. 2. A pond was located in the area, which was consi-

dered free from contamination. The flow and transport para-

meters used in the simulation model are given in Table 1. 
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Figure 1. Study Area 

Table 1. Simulation model parameters 

Parameters Value 

Txx and Tyy (m
2
/d) 26.35 

Grid spacing in x and y direction, Δx , Δy (m) 91.5 

Longitudinal dispersivity, αL (m) 40.0 

Transverse dispersivity,αT (m) 9.6 

Aquifer Thickness, b (m) 30.5 

Effective porosity, ϕ 0.2 

Pond Recharge (m/d) 0.011 

Source flux (S1 and S2) (kg/m
2
/d) 31.7 

3.2 Observed Concentration field generation 

The study area was divided into grids of size 91.5×91.5 m 

each, shown in Fig. 2. Initial concentration of pollutant is as-

sumed to be zero in the groundwater. Pollution sources were 

assumed to release conservative pollutant at a uniform rate 

throughout the activity period. The corresponding steady state 

concentration field was generated by solving the solute-

transport equation numerically, employing the parameters and 

the assumed source flux listed above. Locations of the sources 

are given in Table 2. 

 

Figure 2. Finite Difference Grid for the study area 

Table 2 Source Locations 

S2 

S1 

POND 

Impermeable Boundary 

Impermeable Boundary 
Source Location  
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ant 
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ad 
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88 m 100 m 
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Source S1 S2 

X (m) 274.5 183 

Y(m) 549 457.5 

3.3 Model Runs 

The model was run by assuming a particular number of source 

(n let) and the decision variables varying accordingly (3n). 

For n=1, the limits for x and y are given below 

91.5≤x≤640.5  

91.5≤y≤457.5  

i.e. the entire study domain was searched. 

For n=2, the boundary constraints for the location coordinates 

were  

200≤x_1≤350  

500≤y_1≤600  

150≤x_2≤250  

400≤y_2≤500  

4. Results  

Results obtained for different number of sources is given in 

Table 3. For n=1, the source location and flux identified did 

not reproduce a better match between the observed and simu-

lated concentration field. Hence the objective function value 

was high i.e. 74.1. For n=2, the objective function value did 

reduced to 0.0911, representing a close enough match be-

tween observed and simulated concentration filed. Thus the 

value chosen for n was 2 and corresponding optimal source 

location and flux chosen as the solution to the source identifi-

cation problem. 

 

Table 3 Identified results for different number of pollution 

sources 

Actual 

source 

location 

(m) 

Actual 

source 

flux 

(kg/m2

/d) 

No. 

of 

Sourc

es 

Identi-

fied Lo-

cation 

(m) 

Identified 

source 

flux 

(kg/m2/d) 

Objective 

Function 

(274.5,54

9.5) 

(183,457.

5) 

31.7 

31.7 

n=1 
(138, 

412) 
36.0 74.01 

n=2 

(260.8,55

4.4) 
31.47 

0.0911 
(140.7,45

3.1) 31.47 

5. Conclusion 

From the results it is evident that the model is generally able 

to identify the source characteristics, i.e. the location of the 

pollutant sources and source flux. There was some deviation 

in the second source flux location from the actual source loca-

tion, which could be because of the numerical errors or due to 

inadequate convergence during optimization.   
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Abstract:A  series of 1,2,4-Triazole fused Schiff bases (5a-

5h)  were synthesized by condensation of 4-(3,5-diphenyl-

1H-1,2,4-triazol-1-yl) benzohydrazide (4) with substituted 

aromatic aldehyde and 1,2,4-triazole  moiety synthesized by 

condensation and further cyclization of  N-

benzoylbenzamide with p-hydazinobenzoic acid. All these 

Schiff bases were characterized on the basis of spectral in-

terpretation (IR, NMR &MASS). 

Keywords : 1H-NMR, Benzoylbenzamide, Hydazinobenzoic 

 

 Introduction 

Triazoles derivatives are significant class of heterocyclic 

compound owing to their versatile application in medicine, 

agriculture and industrial chemistry. Triazoles were first in-

troduced by Bladin in 1885 and another name pyrrodiazole 

was suggested by Andreocci in 1889 regarding it as a member 

of a class of compounds analogous to pyrrole. Triazole is a 

five membered ring system containing with the three nitrogen 

and two carbon atoms. 1,2,4-triazole analogues possess wide 

range of verious biological and pharmaceutical properties  as 

antifungal1, antitubercular2, antimicrobial3, antitumor4, an-

timalarial5, anticancer6, antibacterial7, anti-inflammatory8, 

anticonvulsant9, anti-HIV10. More over 1,2,4-triazole con-

taining  drugs such as   Fluconazole, Itracoanzole, Voricona-

zole, Ravuconazole are globally used for the treatment of  

fungal diseases11 and  some other drugs having these moiety, 

as Alprazolam and Estazolam  (anxiolytic),  Benatradin (di-

uretic), Ribavirin  (antiviral), Rilmazafon (hypnotic), Trazo-

don (antidepressant),  Letrozole and Anastrozole (breast can-

cer), Rizatriptan (antimigraine)12,13  are presently used in 

medication. On the same way, Schiff base derivatives also 

displayed various therapeutic properties14-20.   Based on the 

multiple properties of Schiff bases and 1,2,4-Triazole deriva-

tives we have designed and synthesized a series of N'-

arylidene-4-(3,5-diphenyl -1H- 1, 2, 4 -triazole-1- 

yl)benzohydrazide derivatives. 

 Results And Discussion  

In the present work, N-benzoylbenzamide (1) was synthesized 

by condensation of benzoyl chloride with benzamide   in pres-

ence of catalytic amount of  pyridine in o-xylene  and N-

benzoylbenzamide (1) further reacted with p-

hydrazinobenzoic acid in ethanol to produced 4-(3,5-diphenyl-

1H-1,2,4-triazol-1-yl)benzoic acid (2). The compound (2) 

undergone esterification reaction with Thionyl chloride in 

methanol to produced methyl 4-(3,5-diphenyl-1H-1,2,4-

triazol-1-yl)benzoate (3). This methyl ester compound was 

treated with hydrazine hydrate to formed 4-(3,5-diphenyl-1H-

1,2,4-triazol-1-yl)benzohydrazide (4) and hydrazide com-

pound (4) was further reacted with substituted aromatic alde-

hyde to yield  Schiff bases (5a-5h). The synthesis route is 

drawn in scheme 1. The chemical structures of the synthesized 

Schiff bases (5a-5h) were characterized by FT-IR, 1H-NMR 

and MS. The FT-IR spectra of the Schiff bases (5a-5h) 

showed absorption band at 3200-3450 cm-1 due to N-H stret-

ching vibration , band at 1640-1655 cm-1 due to C=O stret-

ching vibration and band at 1560-1570 cm-1 due to azome-

thine group C=N stretching vibration. The nuclear magnetic 

resonance (1H-NMR) of Schiff bases (5a-5h) showed singlet 

at   δ 8.40-8.48 indicating presence of azomethine (-N=CH-) 

proton and a sharp singlet appear at δ 11.25-11.72 indicating 

presence of - CONH- proton. In the mass spectrum, Schiff 

bases (5a-5h) showed a peak at m/z, that resembles its mole-

cular formula. The spectral data lend strong support to the 

proposed structures of all the synthesized compounds. The 

Physicochemical data, and elemental analysis results and 

spectral data of all the compounds are given in experiment 

Section. 

 Experiment 

All chemicals and solvents were used of AR-grade. The melt-

ing points of all the Novel compounds were determined in one 

end open capillary tubes. The IR spectra were recorded on 

Bruker FT-IR Spectrometer using KBr pellets in the range 

4000-600 cm-1.  1H-NMR spectra were recorded on Bruker 

400 NMR spectrometer. Chemical shifts are reported in parts 

per million (ppm) using tetraethyl silane (TMS) as an internal 

standard. Mass spectra recorded a Waters mass spectrometer. 

IR, NMR and MS were consistent with assigned structure. 

Element analysis (CHN) was undertaken with Thermo Scien-

tific analyzer. The completion of reaction and purity of com-

pounds were checked on thin layer chromatography (TLC) on 

silica gel-G (Merck) coated aluminum plates, visualized by 

ultra violet light 254 nm and developing solvents were chloro-

form: methanol: liq. NH3 (9:1:0.50).  

 Procedure for the preparation of N-benzoylbenzamide (1) and 

4-(3,5-diphenyl-1H-1,2,4-triazol-1-yl)benzoic acid (2) 

  An equal mole solution of benzoyl chloride and benzamide 

in o-xylene in presence of catalytic amount of pyridine was 

refluxed for 8 hrs. After completion of reaction (TLC), solvent 

was completely distilled off under reduced pressure and ob-

tained N-benzoylbenzamide (1) further refluxed  with equal 

mole of p-hydrazinobenzoic acid in 2-propyl alcohol. After 

completion of reaction (TLC), the suspension cooled at room 

temperature, filtered and recrystallized in ethanol.    

Yield- 65.54%, IR (cm-1, KBr): 3160 (O-H stretching), 3012 

(Aromatic C-H stretching), 2818 (C-H stretching), 1720 (C=O 

stretching). NMR (400MHz, DMSO-d6): δ= 7.29-8.31 (m, 

14H, Ar), 12.69 (s, 1H, -COOH). MS: m/z- 340.19 (M-). 

 Procedure for the preparation of methyl 4-(3,5-diphenyl-1H-

1,2,4-triazol-1-yl)benzoate  (3)  
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An equal mole Thionyl chloride was added in to a solution of 

4-(3,5-diphenyl-1H-1,2,4-triazol-1-yl)benzoic acid (2) and 

methanol at room temperature and further  refluxed for 5 hrs. 

After completion of reaction (TLC), approximate 60-70% 

methanol was evaporated under reduced pressure and reaction 

mixture cool to room temperature and poured in to ice water, 

precipitate was filtered.  

Yield 83.10%.  IR (cm-1, KBr): 3044 (Aromatic C-H stret-

ching), 2826 (C-H stretching), 1720 (C=O stretching), 1251 

(C-O stretching). NMR (400MHz, DMSO-d6): δ 3.89 (s, 3H, -

OCH3), 7.12-8.19 (m, 14H, Ar). MS: m/z- 354.18 (M-). 

Procedure for the preparation of  4-(3,5-diphenyl-1H-1,2,4-

triazol-1-yl)benzohydrazide (4) 

A mixture of equal mole of methyl-4-(3,5-diphenyl-1H-1,2,4-

triazol-1-yl)benzoate (3) and  hydrazine hydrate in  isopropyl 

alcohol were refluxed for 4 hrs. After completion of reaction 

(TLC), the reaction mixture was cooled to ambient tempera-

ture and precipitate was filtered.   

Yield 86.33%. IR (cm-1, KBr): 3173 (N-H stretching), 3058 

(Aromatic C-H stretching), 2834, 2717 (C-H stretching), 1685 

(C=O stretching), 1495 (N-H bending), 1398 (C-O stretching).  

NMR(400MHz, DMSO-d6): δ= 4.59 (s, 2H, -NNH2), 7.12-

8.16 (m, 14H, Ar), 12.79 (s, 1H, -NH). MS: m/z- 354.19 (M-). 

General Procedure for the preparation of N'-arylidene- 4-(3,5-

diphenyl-1H-1,2,4-triazol-1-yl)benzohydrazide ( Schiff bases) 

5a-5h 

A suspension of 4-(3,5-diphenyl-1H-1,2,4-triazol-1-

yl)benzohydrazide (4) and equal  mole of  substituted alde-

hydes in absolute ethanol were refluxed for 6-8 hrs. After 

completion of reaction (TLC), the reaction mixture cooled to 

ambient temperature and the solid obtained was collected by 

filtration. This crude product was recrystallized in a mixture 

of DMF and ethanol (2:8).  

N'-benzylidene-4-(3,5-diphenyl-1H-1,2,4-triazole-1-yl) ben-

zohydrazide (4a)  

Yield 70.32%. IR (cm-1, KBr): 3149 (N-H stretching), 3040 

(Aromatic C-H stretching), 2799 (C-H stretching), 1653 (C=O 

stretching), 1575 (C=N stretching). 1H-NMR (400MHz, 

DMSO-d6): δ= 6.81-8.13 (m, 19H, Ar), 8.41 (s, 1H, -N=CH), 

12.19 (s, 1H, -NH), MS: m/z- 442.26(M-).  

4-(3,5-diphenyl-1H-1,2,4-triazole-1-yl)-N'-(4-

chlorobenzylidene) benzohydrazide (4b)  

Yield 73.48%.  IR (cm-1, KBr): 3166 (N-H Stretching), 3058 

(Aromatic C-H stretching), 2920 (C-H stretching), 1644 (C=O 

stretching), 1601 (C=N stretching).  1H-NMR (400MHz, 

DMSO-d6): δ= 6.81-8.14 (m, 18H, Ar), 8.43(s, 1H, -N=CH), 

12.23 (s, 1H, -NH). MS: m/z- 476.09 (M-).  

4-(3,5-diphenyl-1H-1,2,4-triazole-1-yl)-N'-(4-

methylbenzylidene) benzohydrazide (4c) 

Yield 68.28%. IR (cm-1, KBr): 3179 (N-H Stretching), 3059 

(Aromatic C-H stretching), 2889 (C-H stretching), 1644 (C=O 

stretching), 1581 (C=N stretching). 1H-NMR (400MHz, 

DMSO-d6): δ= 2.28 (s, 3H, -CH3), 6.80-8.15 (m, 18H, Ar), 

8.54 (s, 1H, -N=CH), 12.24 (s, 1H, -NH). MS: m/z- 456.16 

(M-).   

4-(3,5-diphenyl-1H-1,2,4-triazole-1-yl)-N'-(4-

methoxybenzylidene) benzohydrazide (4d) 

Yield 65.51%. IR (cm-1, KBr): 3164 (N-H Stretching), 3051 

(Aromatic C-H stretching), 2860 (C-H stretching), 1651 

(C=O), 1590 (C=N stretching). 1H-NMR (400MHz, DMSO-

d6): δ= 3.84 (s, 3H, -OCH3), 7.10-8.09 (m, 18H, Ar), 8.49 (s, 

1H, -N=CH), 12.12 (s, 1H, -NH). MS: m/z- 472.21 (M-).  

4-(3,5-diphenyl-1H-1,2,4-triazole-1-yl)-N'-(4-

hydroxybenzylidene) benzohydrazide (4e) 

Yield 71.25%. IR (cm-1, KBr): 3168 (N-H Stretching), 3041 

(Aromatic C-H stretching), 2941 (C-H stretching), 1641(C=O 

stretching), 1606 (C=N stretching).  1H-NMR (400MHz, 

DMSO-d6): δ= 6.82-8.22 (m, 18H, Ar), 8.53 (s, 1H, -N=CH), 

12.29 (s, 1H, -NH). MS: m/z- 458.26 (M-).   

4-(3,5-diphenyl-1H-1,2,4-triazole-1-yl)-N'-(4-

nitrobenzylidene) benzohydrazide (4f)  

Yield 67.43%. IR (cm-1, KBr): 3259 (N-H Stretching), 3056 

(Aromatic C-H stretching), 2849 (C-H stretching), 1650 (C=O 

stretching), 1581 (C=N stretching). 1H-NMR (400MHz, 

DMSO-d6): δ= 6.80-8.15 (m, 18H, Ar), 8.56 (s, 1H, -N=CH), 

12.13 (s, 1H, -NH). MS: m/z- 487.12 (M-).   

4-(3,5-diphenyl-1H-1,2,4-triazole-1-yl)-N'-(thiophen-2-

ylmethylene) benzohydrazide (4g) 

Yield 67.19%. IR (cm-1, KBr): 3170 (N-H Stretching), 3051 

(Aromatic C-H stretching), 2953 (C-H stretching), 1659 (C=O 

stretching), 1608 (C=N stretching),  1H-NMR (400MHz, 

DMSO-d6): δ= 6.94-8.01 (m, 17H, Ar), 8.70 (s, 1H, -N=CH), 

12.06 (s, 1H, -NH).  

4-(3,5-diphenyl-1H-1,2,4-triazo-1-yl)-N'-(furan-2-

ylmethylene) benzohydrazide (4h) 

Yield 68.48%. IR (cm-1, KBr): 3154 (N-H Stretching), 3049 

(Aromatic C-H stretching), 2935 (C-H stretching), 1652 (C=O 

stretching), 1583 (C=N stretching).  1H-NMR (400MHz, 

DMSO-d6): δ= 6.91-7.99 (m, 17H, Ar), 8.18 (s, 1H, -N=CH), 

12.10 (s, 1H, -NH).  

 Conclusions  

We have successfully synthesized Schiff base compounds 

with a 1,2,4-triazole  moiety as substituent 4a–4h, through 

simple methods. The structures of synthesized compounds 

were confirmed by FTIR, NMR, and MS interpretation.  
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Scheme 1.  Synthesis pathway of 1,2,4-triazole fused Schiff bases (5a-5h). 
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Abstract : Metal foam is a highly porous isotropic material 

with cellular structure. Metal foams are light in weight and 

have recycling possibility, hence these are environment 

friendly materials. The pores of metal foam occupy more 

than 70% of the total volume. Metallic foams exhibit proper-

ties like good impact absorption, sound absorption and 

damping property due to its cellular structure. Metal foams 

can be prepared by many routes including casting, powder 

metallurgy etc. For future industrial applications it offers 

the combination of apparently concurrent properties in one 

homogeneous material, thus saving material, energy and 

environment.  The aim of this paper is to describe various 

production techniques of aluminium foams along with their 

properties. 

Keywords: Aluminium, Environment Friendliness, Recycla-

bility, Porosity, foaming,  

Introduction: 

Ultra light and recyclable materials have always been an in-

teresting and attractive field for research from environmental 

view point. Metallic foams are new in this field as these are 

both very light and recyclable. Apart from these, metallic 

foams have very low mass density, good impact absorption 

capacity, good vibration damping capacity, non flammability, 

very high specific stiffness and corrosion resistance. Open cell 

metal foams are thermal insulators, where as closed cell metal 

foams are thermal conductors.  

There are many methods available for the production of me-

tallic foam. Early attempts were focused on foaming tech-

niques similar to those which were used in plastic technology, 

using a gas serving as blowing agent. Another technique fo-

cuses on casting method which results in interconnected cellu-

lar structure. In this technique granules are introduced in the 

melt for porous structure. Apart from these technologies, 

powder metallurgical route is also an important technology for 

producing cellular structures or metallic foams. 

1. Production Techniques: 

There are various techniques through which metal foam can 

be produced. These techniques can be categorised according 

to the initial state of the metal. On the basis of initial state of 

the metal , there are four categories in which production tech 

 

niques can be classified : (i) Production from liquid metal, (ii) 

Production from solid metal in powdered form, (iii) Produc-

tion from metal vapour or gaseous metallic compounds, and 

(iv) Production from a metal ion solution. 

 Metal Foams made from liquid metal 

 The methods which fall under this technique are: (i) direct 

foaming with gases, (ii) foaming with blowing agents, (iii) 

GASAR method, (iv) melting of powder compacts, (v) casting 

and (vi) spray forming. In this method metal foams can be 

produced either by injecting gases directly into the molten 

metal, or by casting the molten metal around space holder, or 

by melting the metal powder compact containing the blowing 

agent. Another possibility of producing metal foam by foam-

ing it indirectly using polymer foam.  Alcan Process is shown 

in fig 1[2]. 

1.1.1 Direct Foaming with Gases: 

Foaming of metals can be done by introducing gas bubbles 

inside the melt or by generation of gas bubbles inside the 

melt. These gas bubbles, by virtue of buoyancy force, try to 

rise to its surface, but this rise is hindered by increasing vis-

cosity of the melt.  

A large number of attempts were made to foam metals like 

aluminium, magnesium, zinc or their alloys by following this 

route but exceptionally good quality of foam was never 

achieved [8-15]. Later it was found that control of this whole 

process of foaming is extremely difficult and hence the quality 

of foam is not satisfactory. Over past 10 years, numerous de-

velopments have taken place to improve the quality of metal 

foam through this route. Currently, there are two ways of 

foaming the melt directly: either by injecting the gas directly 

from the external source or by in-situ formation of gas bub-

bles by using any blowing or foaming agent.  

One of the earliest patents was filed 1940’s which suggested 

the use of second metal as blowing agent, example: use of 

mercury for foaming aluminium [16].  

1.1.1.1 Foaming by direct gas injection. 

The patent of this method is originally filed by Alcan Interna-

tional and hence it is also known as Alcan process [17-25]. 

According to this process as shown in fig.1,  addition of sili-

con carbide, aluminium oxide and magnesium oxide is re-

quired to enhance the viscosity of melt. Increased viscosity of 

melt helps in the stability of gas bubbles. Therefore the first 

step in this method is the preparation of melt containing either 

of these materials. The foaming of metal matrix composite 

(MMC) takes place in the second step by injecting gases like 

air, nitrogen, argon into the melt by using specially designed 

impellers to create fine bubbles and distribute them uniformly 

in the melt. Uniform distribution of very fine gas bubbles in 

the melt is the important requirement because only fulfilment 

of this requirement ensures the satisfactory quality of metal 

foam. The resultant mixture of foam and gas bubbles rises up 

to the surface of melt which can be pulled off the melt surface 

using conveyor belt and it is allowed to solidify slowly. The 
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semi-solid foam needs to be flattened before complete solidi-

fication by rolling operation to form flat slab. Care to be tak-

en, during pulling off and rolling of semi-solid MMC, not to 

damage the pore structure by shearing the foam too 

much.

  

Fig.1. Alcan Process [25]1 

1.1.1.2 Alporas Method 

Alporas method is quite similar to Alcan method, but unlike 

Alcan method, Alporas method uses calcium for increasing 

the viscosity and titanium hydride as a foaming agent. After 

the addition of foaming agent into the melt, melt is heated up 

to 700 °C. Foaming agent decomposes under the action of 

heat and releases hydrogen. This hydrogen is responsible for 

the formation cellular structure or porous structure. Foam is 

then cooled down in the moulds to get blocks of the metal 

foam. The porosity achieved by this method ranges between 

89% - 92%.The gas is released instantaneously as soon as the 

foaming agent comes into contact with the melt, this process 

is very difficult to control and leads to undesirable large cell 

sizes. 

1.1.1.3 Casting 

This method produces interconnected cellular structure by 

casting aluminium around the granules in the casting mould. 

These granules must be heat resistant and soluble. The very 

good example of this is sodium chloride, which is leached out 

to leave the foam. Other materials like expanded clay, foamed 

glass spheres, hollow corundum spheres etc can be used as 

granules. As an alternative to the casting of metal around the 

granules, granules can also be incorporated into the metal 

melts. In this process metal is melted in the crucible and the-

reafter granules are introduced into the crucible. This mass 

has to be mixed rigorously to disperse the granules uniformly 

in the melt.   

 

1.1.1.4 GASAR process 

The method consists of melting a aluminium in a gas atmos-

phere to saturate it with hydrogen and directional solidifying 

under strictly controlled thermodynamic and kinetic condi-

tions. The materials produced by this method, have a mono-

lithic matrix and pores of proper geometric shapes, providing 

to gasar higher strength, plasticity, thermal and electrical con-

ductivities as compared with those of other porous materials. 

1.2 Foams made from metal powders [PM Foams] 

1.2.1 Fraunhofer Method 

This process of aluminium foam production starts with the 

mixing of metal powder (pure metal or alloy powder) and 

foaming agents. This mixture is then compacted to form a 

dense and semi-finished product. The compaction can be done 

by any of the available compaction methods according to the 

required finished product. The next step is the heat treatment 

of the semi finished product up to the temperature ranging 

between melting temperature of the matrix metal and decom-

position temperature of blowing agent. Blowing agents de-

composes at high temperature and releases gas. This gas re-

sults in expansion of the material resulting in high porosities 

in the material ranging between 60% to 85%.  

1.2.2 Gas Entrapment Method: 

In this method, aluminium powder is filled in a lockable con-

tainer and then argon is pressed in the powder. Gas is filled in 

the spaces between the powder particles. Container is heated 

up to the melting temperature of the matrix metal. Aluminium 

powder melts and entraps the gas. Semi-finished metal block 

so obtained after this step is rolled and heated, entrapped gas 

expands and delivers the metal foam.     

2. Properties 

2.1 Mechanical Properties 

2.1.1 Compressive Property: Due to cellular structure of metal 

foams, they behave differently from conventional materials 

under compression loading.  A typical compression stress 

strain curve for metal foams is shown in figure 3[2]. 

 

Fig 3. Compressive stress strain curve 
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This type of behaviour is common for both open and closed 

cell walls. The compressive stress strain curve is divided into 

three regions as shown in fig 3. The compression behaviour of 

the Al alloys depends on several parameters such as (i) Al- 

alloy composition (ii) cell size range (iii) density (iv) defects 

of cellular structure (v) characteristics of the external skin 

surface. It has been observed that tensile strength of the foams 

is nearly as same as the stress at which plateau occurs. That’s 

why this “plateau stress” is used as the main property value of 

the foams. Foamed aluminium can be compressed as much as 

65% of its original height. 

2.1.2 Energy Absorption: The area under the curve shown in 

fig 3 is the energy absorbed by the material during compres-

sion testing. Metal foams possess good energy absorption 

capacity due to their cellular structure. Due to special shape of 

curve, especially the long plateau, metallic foams are capable 

of absorbing enormous amount of energy at relatively low 

stress values. Clearly, the potential for absorbing energy in-

creases with an increasing area under the plateau.  

2.1.3 Elastic Modulus: Modulus of elasticity is an important 

parameter for the estimation of stiffness of the finished metal-

lic foam. The specific modulus of metal foams is lower than 

the specific modulus of dense material. Elastic modulus of the 

metallic foam relates linearly with foam density and this rela-

tion stands for both open cell and closed cell metal foam. 

Elastic modulus of the foamed material can be altered by con-

trolling the cell size or pore size of the metal foam. 

2.2 Physical Properties 

2.2.1 Conductivity: Electrical and thermal conductivity of 

aluminium foam is generally lower than the dense metal. The 

reason behind this is share of the foam volume. Cell walls 

have very low share in foam volume as compared to the gas or 

air in foamed material. Apart from this oxide layer over the 

cell walls is also one of the reasons for low conductivity of 

foamed metal.  

The thermal conductivity of the foamed metal can be esti-

mated as 1/10
th

 of the same dense metal. Coating of the oxide 

layer over cell walls can decrease the conductivity further. 

2.2.2 Sound Proofing Properties: Another advantage of foams 

is their excellent sound and vibration absorbing.  The dissipa-

tion factor is lower than this of dense aluminium. In the foam 

sound waves are reflected by the irregular porous structure. 

The vibrational energy causes minimal deformations of the 

cell walls and is converted into heat energy. Therefore the 

intensity of the reflected sound decreases. The sound absorb-

ing capacity can be further increased by producing very fine 

and homogeneous pores. 

3. Application 

The existing applications of foamed metal cover a wide area 

related to engineering and environment and its applications 

are continuously arising in various different fields. Currently, 

metal foams are used in the manufacture of silencers, flame 

arresters, impact energy absorbers, filters, heaters and heat 

exchangers, construction material. Metal foams can also be 

used as chemically adsorbent in chemical industries, as elec-

trodes fir alkaline batteries, as an abradable seal in turbine 

construction etc. 

4. Conclusion:  

Aluminium foams are very light weight advanced materials 

with recycling possibility. Introduction of Aluminium foam as 

new construction and structural material can bring a revolu-

tion in the engineering fields. Although there are some chal-

lenges regarding the manufacturing cost of the metal foam 

which we have to cut down. This would permit a more large 

scale industrial use of these materials. 
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Abstract : Soil is a major reservoir for contaminants as it 

possesses ability to bind various chemicals. Diverse amounts 

of heavy metals may be found everywhere in soils, water, 

sediments, plants, even the arctic. Heavy metals may 

physically or chemically interact with the natural 

compounds. In other words they may react with particular 

species, change oxidation state and precipitate.Heavy metals 

may be bound by particular natural substances, which may 

increase or decrease mobility. Studying the dissipation of 

heavy metals is called speciation
 
which may be physical or 

chemically. 

Keywords: Dissipation, leaching 

Introduction 

 The transport mechanism of heavy metals through soil has 

presented great interest to both environmental & soil scientists 

because of the possibility of ground water contamination 

through metal leaching
1-3

. These metals can be Fe, Cr, Mn, Ni, 

Zn, Cu, Pb, Cd, Hg, etc. Metal transport is not only dependent 

on the physiochemical properties of the metals but mostly on 

the physical and chemical properties of soil. The influence of 

acid rains on soils and sorption properties of soil complex has 

been extensively studied by scientists from various disciplines.  

The long term use this may contaminate the soil with 

heavy metals which may pose serious human and animal 

health. If the heavy metals are drawn into the soil plant –

animal continuum then their research has shown beneficial 

effect of sewage irrigation on soil fertility
4-6

. However, its 

removal is not easy and since the curative strategies are 

expensive and very difficult the preventive strategies need to 

be fixed in our countr. More than 450 cities in India generate 

more than 17x106m
-3

 of sewage age per day ,it is being 

increasingly used for irrigation especially the vegetables four 

decades on the same land.  

But it also may contain non- essential heavy metals which 

when present in large amount could be transferred to animal 

and human beings through food chain  One major limitation in 

land application of municipal sewage is the resultant heavy 

metal accumulation in soils in food chain, posing a potential 

health hazard for human being. These heavy metal 

contaminants are not biodegradable into non-toxic end 

products
7-9

. It contain variable amount of metallic cation and 

various bacteria and viruses contaminating the soil and plant 

being grown on them. The nutrient levels of the soil are 

expected to improve considerable with continuous application 

of sewage effluent. The agriculturists are much worried about 

the pollution especially the entry of toxic elements of the 

heavy metals create serious problem whenever they get 

accumulate in the environment. Soil micro – organisms are 

indeed affected by heavy metals as the result of a multiplicity 

of interactions that can occur between microbial cells ions and 

other environmental constituents
10-13

.  

Methodology is scientific study of conducting any research in 

order that a study is reliable and conducted with accuracy. The 

present study is divided into following section. Location of 

sample i.e. Jobner area and Kalwar area 

Collection of soil sample 

On the above basis we collect the soil sample from the field in 

definite divided areas. Each sample represents an area of 

approximately 1 hectare. Then we scrap away the surface litter 

and insert soil auger or sampling tube to a plough depth (about 

15cm.Quartering is done by dividing the thoroughly mixed 

soil into four equal parts and discarding to opposite quarters. 

Then we are remix the remaining two quarters and again 

divide it into four parts and reject two of them, repeat this 

procedure until one half kilogram of soil is left. Put the soil 

into a clean and numbered cloth bag after air drying in shade. 

Material And Method 

Principle 

DTPA, a chelating agent combines with free metal ions in 

solution and forms soluble complexes. DTPA offers the most 

favourable combination of stability constants for the 

simultaneous complexing of Zn,Cu,Fe and Mn. Since Fe and 

Zn deficiency is frequently experienced in calcareous soil , the 

method is designed to avoid excessive dissolution of CaCO3 

with the release of occluded micronutrients which are 

normally not available to plants.when the extractant is added 

to soil ,additional Ca
2+ 

and some mg
2+

enter the solution. This 

is largely because the protonated TEA exchange with these 

ions from the  exchange sites and this lead to the increased 

ionic  concentration of Ca
2+

in the solution ,which in turn helps 

in suppressing the dissolution of  CaCO3.DTPA extractant has 

the ability to chelate Zn ,Cu,Fe and Mn in competition with 

Ca
2+

and Mg
2+

. 

Instruments  

I. Magnetic Shaker 

II. Atomic absorption spectrophotometer (AAS). 

mailto:swati_feb2010@rediffmail.com
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 Figure 1:- Atomic Absorption Spectrometer 

Determination of zinc 

Reagents 

- Dilute HCL : AR grade HCL diluted 5 times with 

double distilled water. 

- DTPA extractant : dissolve 1.967 g of AR grade 

diethline-triaminepenta acetic acid(DTPA) and 1.470 g of 

CaCl2
.
2H2O (AR grade in about 25 ml of double distilled 

water (DDW) by adding 13.3 ml of triethanolamine(TEA), 

followed by 100ml more of DDW. Transfer the solution to one 

litre volumetric flask giving 4 to 5 washing. Just before 

making up the volume , adjust pH to 7.3 with dilute HCL. This 

reagent has 0.005M DTPA, 0.01M CaCl2.2H2O. 

- Standard stock solution ‘A’ (1000 mg Zn L
-1

): 

weigh exactly 1.0 g of pure Zn metal (AR grade) and dissolve 

it in minimum volume of dil. HCl (1:1) and make the volume 

to one litre. 

- Standard solution ‘B’ Dilute 5 ml of solution A to 

100 ml to get solution B containing 50 mg Zn L
-1

. 

- Standard working solutions: Dilute 0.5, 1.0, 1.5 , 

2.0, 2.5 and 5.0 ml portions of solution B to 50ml to get 

working standards containing 0.5, 1.0 , 1.5, 2.0, 2.5 and 5.0 

mg Zn L
-1-

. The working standards should be prepared in the 

medium of the extracting solution after every few days as it 

cannot be preserved for long. 

Procedure 

Weigh 10 g of soil sample in 100 ml conical flask. Add 20 ml 

of the DTPA extractant and shake for 2 h on a mechanical 

shaker. Filter through Whattman No. 42 filter paper, 

discarding first few drops. For quick filtration, Whattman No. 

1 filter paper can also be used if the filtrate is clear.  Use the 

filtrate for Zn measurement using AAS. Feed the standard 

working solution and prepare a standard cure by plotting AAS 

readings against Zn concentrations. 

Calculation  

Available (DTPA-extractable) Zn in soil (mg kg
-1

) = A × 2 

Where, A stands for the Zn concentration in aliquot as read 

from X- axis of standard curve against the sample reading. 

 

 

Determination of available copper 

Available copper can be determined in the DTPA extract 

similar to Zn, using AAS. For this, the standard stock solution 

can be prepared as given below: 

Accurately weight 1.0 g AR grade copper metal wire turning 

and dissolve it in 50 ml ofv diluted HNO3 (1:1 with DDW) 

and finally made the volume to one liter. This is solution A 

containing 1000 mg Cu L
-1

. Prepare solution B containing 50 

mg Cu L
-1

 by diluting appropriate volume of solution A. 

Finally prepare working standards containing 0.25, 0.50. 1.0, 

1.5, 2.0, and 2.5 mg Cu L
-1

. 

Determination of Iron 

Iron in the DTPA extract can also be determined with the help 

of AAS exactly in the same manner as Zn and Cu described 

above. However, the working standard solutions of Fe should 

be prepared for higher concentrations as the DTPA-extractable 

Fe content of soils is generally more than both Zn and Cu. 

Thus, the Fe standards may be prepared as given below: 

Prepare standard stock solution (solution A) by dissolving 

exact 1.0 g of AR grade Fe metal in about 50 ml of 1:1 diluted 

HNO3 and dilute the contents to one liter with DDW. Prepare 

solution B by diluting 50 ml of solution A to 500 ml to get 100 

mg Fe L
-1

. Finally prepare working standard solutions 

containing 1.0, 2.0, 3.0, 5.0 and 10.0 mg Fe L
-1

 by diluting 

appropriate volumes of solution B with the medium of 

extraction (DTPA). 

Determination of available manganese 

DTPA extractable Mn is also determined following the same 

technique as adopted for Zn, Cu and Fe. For this prepare the 

standard solutions as follows: 

Weigh 1.583 g of AR grade MnO2 or 1.0 g of pure Mn metal 

and dissolve it in 50 ml of dilute HNO3 (AR grade). Make the 

volume to 1 liter with DDW to get solution A having a Mn 

concentration of 1000 mg L
-1

 from solution A, dilute 25 ml to 

250 ml with DDW to get solution B having 100 mg Mn L
-1

. 

Finally prepare working solution of 0.5, 1.0, 2.0, 2.5 and 5.0 

mg Mn L
-1

 concentration by diluting 0.5, 1.0, 2.0, 2.5 and 5.0 

ml portions of solution B to 100 ml. 

Result & Discussion  

Standard Graph of Zn- absorbance v/s concentration 
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Figure 2:- Standard chart 

 X- Axis= Zn concentration  ,Y- Axis= Absorbance  

 

Figure 3: Standard Graph- Cu Absorbance v/s concentration 

 

X- axis = concentration,  Y-axis = absorbance 

 

Here, S1-S10 = Sample Number 

Figure 4: Standard graph - Fe absorbance v/s  Concentration 

 

X- axis = concentration, Y- axis = absorbance 

Observation graph:- 

 

Figure 5: Here S1- S10 = Sample Number 

Standard graph- Mn Absorbance V/S Concentration   
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X-axis = concentration, Y- axis = absorbance 

Observation Graph- Mn absorbance V/S  concentration 

 

Here, S1-S10 = Sample number 

Soil Sample observation table of heavy metal 

     Table -1 

Sample 

no. 

pH EC  

(ds/m) 

Heavy     metals  concentration  in  

ppm 
   Zn Cu Fe Mn 

1 8.8 0.33 0.44 0.22 4.56 2.32 

2 8.2 1.00 0.56 0.18 5.00 2.86 

3 8.1 0.34 0.70 0.18 5.22 3.12 

4 8.4 0.35 0.82 0.30 5.38 3.14 

5 8.4 0.40 0.66 0.24 5.44 4.00 

6 8.4 0.57 0.54 0.22 4.78 3.22 

7 8.3 0.38 0.68 0.34 4.32 2.76 

8 8.0 0.76 0.72 0.20 5.00 2.76 

9 8.7 0.64 0.54 0.18 5.48 2.30 

10 8.5 0.51 0.64 0.14 5.56 2.18 

 

Result for Zinc:- 

Zn heavy metal critical limit in soil is 0.6 ppm. If the 

concentration Zn metal  in  soil more than critical limit, the 

value of Zn in soil is sufficient  and low value show the 

deficient. 

The sufficient value of Zn show in sample number 3, 4, 6, 7 , 

8 ,10 and deficient value of Zn show the sample no. 1, 2, 6, 9.   

Result for Copper:- 

Cu heavy metal critical limit in soil is 0.2 ppm. If the 

concentration Cu metal  in  soil more than critical limit, the 

value of Cu in soil is sufficient  and low value show the 

deficient. 

The sufficient value of Cu show in sample number 1, 4, 5, 6, 

7, 8 and deficient value of Cu show the sample no. 2, 3, 9, 10. 

.Result for Iron:- 

Fe heavy metal critical limit in soil is 4.5 ppm. If the 

concentration Fe metal  in  soil more than critical limit, the 

value of Fe in soil is sufficient  and low value show the 

deficient. 

The sufficient value of Fe show in sample number 1, 2, 3, 4, 5, 

6, 8, 9, 10 and deficient value of Fe show the sample no. 7. 

Result for manganese:- 

Mn heavy metal critical limit in soil is 0.2 ppm. If the 

concentration Mn metal  in  soil more than critical limit, the 

value of Mn in soil is sufficient  and low value show the 

deficient. 

The value of Mn show in all taken sample is sufficient. 
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Abstract: Since the 'Paris agreement' in 2015 there has been 

much focus on what a +1.5 °C or +2 °C warmer world would 

look like. Since the focus lies on policy relevant global 

warming targets, or specific warming levels (SWLs), rather 

than a specific point in time, projections are pooled together 

to form SWL ensembles based on the target temperature 

rather than emission scenario. This study uses an ensemble 

of CMIP5 global model projections to analyse how well SWL 

ensembles represent the stabilized climate of global warming 

targets. The results show that the SWL ensembles exhibit 

significant trends that reflect the transient nature of the 

RCP scenarios. These trends have clear effect on the timing 

and clustering of monthly cold and hot extremes, even 

though the effect on the temperature of the extreme months 

is less visible. In many regions there is a link between choice 

of RCP scenario used in the SWL ensemble and climate 

change signal in the highest monthly temperatures. In other 

regions there is no such clear-cut link. From this we con-

clude that comprehensive analyses of what prospects the 

different global warming targets bring about will require 

stabilization scenarios. Awaiting such targeted scenarios we 

suggest that prudent use of SWL scenarios, taking their cha-

racteristics and limitations into account, may serve as rea-

sonable proxies in many situations. 

Keywords : RCP 

Introduction 

At the Cancun Climate Change Conference in 2010 the par-
ties agreed to 'commit to a maximum temperature rise of 2 
degrees Celsius above pre-industrial levels, and to consider 
lowering that maximum to 1.5 degrees in the near future' [1].  

In the celebrated Paris Agreement the parties agreed to the 
even more ambitious aim to keep 'a global temperature rise 
this century well below 2 degrees Celsius above pre-
industrial levels'. The purpose of these limits is to avoid 
'dangerous' climate change, even though there is no clear 
scientific evidence supporting this. Rather, it is clear that 
even an increase of 2 degrees may lead to significant im-
pacts, but also that the differences between 1.5 and 2 degrees 
are important [2]. Instead of scientifically based limits the 1.5 
and 2 degree targets should be seen as political choices ba-
lancing climate impact and what is realistic and tolerable [2]. 

Since the Paris Agreement there is substantial interest in 
exploring what a 1.5 or 2 degree warmer world would look 
like. This new interest has shifted the perspective on how we 
look at climate change; from temperature increase at a spe-
cific point in time to the climatic conditions associated with  

 

 

some specific temperature increase regardless of when this 
point is reached. We call these specific warming levels 
(SWLs). By definition the average global mean temperature 
at a SWL will be the same in all projections independent of 
choice of model, scenario etc. Therefore it is common prac-
tice, and seen as an advantage, to increase the ensemble size 
by lumping together all available projections reaching the 
desired SWLs. This approach also reduces the model uncer-
tainty due to different climate sensitivities in the models. 
Depending on their climate sensitivity different climate 
models will reach a SWL at different pace. The difference in 
time when 2 degree warming is reached (SWL2) may be as 
large as 50 years .This also means that it can be questioned 
what a SWL climate actually represents if different and pos-
sibly incommensurate emissions scenarios are used to form 
the SWL ensemble. If the warming trend is strong in a pro-
jection it may lead to a different climate compared to a pro-
jection with a weak warming trend. Furthermore, the lead 
time to when the SWL epoch occurs is shorter in the former 
case than in the latter case.3 

If global warming is to be limited below 2 °C it will not be 
achieved by following the pathway of e.g. Representative 
Concentration Pathway 8.5 (RCP8.5) since the climate ac-
cording to RCP8.5 will continue to warm after SWL2 occurs. 
This means that studies of SWL2 using RCP8.5 risk overes-
timating the climate change until SWL2, especially when it 
comes to extremes. The only RCP scenario that will not lead 
to a warming more than 2 °C is RCP2.6 .This may seem ob-
vious, but this is not normally how SWLs are treated. This 
paper investigates how the choice of emission scenarios af-
fects the simulated temperature climate at different SWLs 
[4]. 

DATA and METHOD 

This study uses data from global climate models (GCMs) 
within the Climate Model Intercomparison Project Phase 5. 
All data from realization r1i1p1 of scenarios RCP2.6, RCP4.5, 
RCP8.5 available via the Earth System Grid Foundation 
(ESGF) was used. Models were only included in the analyses 
if projections for all three RCP scenarios were available. Data 
from 26 models met these criteria (supplementary table S1). 
To facilitate the ensemble analyses all data were interpolated 
onto a 1° × 1° latitude/longitude grid [5]. 

A specific warming level (SWL) is based on the annual glob-
al mean surface temperature (GMST); e.g. SWL2 occurs 
when the annual GMST reaches a warming of 2 °C compared 
to pre-industrial levels. The timing of a SWL is defined as 
the first 30 year period when the 30 year average annual 
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GMST reaches the SWL. The SWLs studied are SWL1.5, 
SWL2 and SWL4; corresponding to a warming of 1.5 °C, 2 °C 
and 4 °C. The timing of the SWLs is calculated individually 
for each projection. Under RCP2.6 19 of the 26 projections 
reach SWL1.5, but only nine of these continue to reach 
SWL2 making results based on the latter less reliable. As 
expected no RCP2.6 projection reaches SWL4. Under RCP4.5 
all 26 projections reach SWL1.5 and 24 continue to SWL2. 
However, only two of them reach SWL4, and at a very late 
stage why they will not be analysed further. Under RCP8.5 
all 26 projections reach both SWL1.5 and SWL2, and 20 con-
tinue to reach SWL4 [6]. 

 

“Figure 1. Schematic of the influence of a trend during a 30 
year SWL epoch on the timing and average of temperature 
extremes. Blue (red) line is synthetic data without (with) a 
trend added. Small triangles pointing downward (upwards) 

indicate low (high) extremes, and the large triangles indicate 
the mean across the three individual points”. 

The reasons for a projection not reaching a SWL is either 
that the simulation was discontinued or that the climate 
stabilises so that the SWL would never be reached, or at 
least not within a foreseeable future, i.e. before year 2300. 
Based on the temperature trends towards the end of the pro-
jections it is possible to make a rough estimate of when it 
would reach a SWL. Under RCP2.6 only one projection 
might reach SWL2 within the 22nd century, the remaining 
projections are more or less stabilized and would require 
several hundreds or even thousands of years to reach SWL2. 
Of the two projections that do not reach SWL2 under 
RCP4.5 one might have done so around the middle of the 
22nd century had the simulation been continued. This is late 
compared to when the other projections reach SWL2, which 
in most cases is in the beginning of the 21st century, and it 
can be argued that also this projection has approximately 
stabilised on a level below SWL2. All RCP4.5 projections 
would require hundreds or even thousands of years to reach 
SWL4. Finally, under RCP8.5 the six projections that do not 
reach SWL4 would likely have done so in the beginning of 
the 22nd century had the simulations been continued after 
year 2100 [7]. 

To investigate to what extent the climates during the SWL 
epochs represent stabilized climates and whether the choice 
of RCP has an impact on this we focus on analyzing the 
presence of a trend in annual mean temperature during the 
SWL epoch, and whether this has any impact on the distri-
bution of cold and hot months. A way to assess the effect of 
the different trends is to look at the difference in timing of 

the coldest and warmest summer or winter months during 
the 30 year SWL epoch (figure 1). In theory, under a climate 
without a trend the coldest/warmest months should be ran-
domly distributed over the 30 year epoch and there should 
be no systematic difference in expected timing. In reality it 
is not necessarily that simple since natural decadal varia-
tions can be large [8]. The temperature difference between 
the cold and the warm months depends on the inter-annual 
variability. In a climate with a warming trend, on the other 
hand, the coldest months are more likely to appear in the 
beginning of the period and the warmest months at the end 
of the period, and the temperature span should include the 
additional effect of the warming trend. To quantify these 
aspects of the climate we devise four simple metrics all cal-
culated for each grid-point and 30 year epoch separately: (i) 
slope of annual mean temperature, (ii) difference in timing 
of the three coolest and the three hottest months present in 
the time-series of annually warmest months, (iii) average 
temperature span between the same three coolest and hot-
test months, and (iv) the climate change signal of the aver-
age of the same three hottest months relative the recent cli-
mate period of 1970−2000. These metrics are meant to an-
swer the following specific questions: (i) Is there a trend 
during the 30 year epoch, and if so does it vary with RCP and 
SWL? (ii) Does a trend have any influence on how the cold-
est/warmest months are distributed in time during the 
epoch? iii) Does a trend have any influence on the tempera-
ture span of the annually hottest month, and thus on the 
temperature of the most extreme months? iv) Do the simu-
lated climates change signal of the extreme months vary 
with RCP and SWL? 

The temperature trend during the 30 year epoch is calcu-
lated as follows. Annual temperature fields from each mem-
ber belonging to a specific SWL/RCP ensemble are pooled 
together and the ensemble slope of temperature in each 
gridpoint is calculated by linear regression. In this way we 
focus on the impact of the long-term trend and filter out 
interannual and decadal variability as well as the impact of 
any specific model [9]. 

The timing and temperature difference of the cool-
est/warmest months in a season within a 30 year epoch is 
calculated as follows. From each projection in an SWL/RCP 
ensemble the annually warmest months are selected. From 
this time series the three coolest and hottest months are 
identified and their mean temperature and timing (i.e. year 
of occurrence) is calculated. Then the temperature differ-
ence and difference in timing between the coolest and hot-
test months is calculated and finally averaged across all pro-
jections 

RESULTS 

Figure 2 shows the ensemble slope of temperature in all grid 
points. In supplementary figure S1 the statistical significance 
of the slope is shown in the same fashion. 

The historical period almost show no trends, only a small 
part of the Arctic Ocean shows a slope larger than 0.5 K/30 
yr (figure 2, bottom centre). This general lack of significant 
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trends suggests that for the ensemble of projections used in 
this study the historic period 1880−1910 is a reasonable ap-
proximation of pre-industrial climate free of any major anth-
ropogenic influence. 

The recent period (figure 2, bottom right) shows some sig-
nificant warming trends, which is strongest over land areas 
and over the Arctic. The Arctic and the northern parts of 
North America and Eurasia show slopes of more than 1.0 
K/30 yr. This resembles the observed warming pattern [10]. 
Low slope values are seen in all ocean areas and statistically 
insignificance is particularly obvious in the Antarctic Ocean 
and North Atlantic as well as in several of the major areas of 
ocean upwelling . 

 

“Figure 2. Maps of the ensemble mean of the linear trend 
(slope) in annual temperature for the different SWL/RCP 
epochs and the historic and recent periods. The associated 
statistical significance is shown in supplementary figure S1”. 

For SWL1.5 the patterns (figure 2 first row) are similar but 
more pronounced compared to the recent period. RCP2.6 
shows slopes of at least 0.5 K/30 yr almost in all land areas, 
and most of the northern hemisphere oceans. There is a 
clear transition towards more pronounced slopes going from 
RCP2.6 to RCP8.5. The slopes according to RCP4.5 is some-
where in the middle of RCP2.6 and RCP8.5. For RCP8.5 the 
slopes are statistically highly significant (supplementary fig-
ure S1) except ocean areas in the vicinity of Antarctica, as 
well as in an North Atlantic area south of Greenland consis-
tent with the slowdown of the Atlantic meridional overturn-
ing circulation in the 20th century. 

For SWL2 (figure2, second row) the RCP2.6 slopes are gen-
erally weaker and statistically less significant compared to 
the corresponding SWL1.5 results. We interpret this as an 
effect of the smaller ensemble of projections, nine members 
compared to 19 members for SWL1.5. Slopes according to 
RCP4.5 are similar, but slightly weaker, than at SWL1.5. In 
RCP4.5 SWL2 begins in about half of the projections around 
year 2030 or later when emissions are starting to decline and 
the temperatures are starting to stabilize. Still, a clear trend 
remains; the statistical significance is about the same as for 

SWL1.5. For RCP8.5 on the other hand the trends are clearly 
stronger at SWL2 compared to SWL1.5. The trends are statis-
tically highly significant almost everywhere under RCP8.5, 
but show low statistical significance over Antarctica and the 
Southern Ocean under RCP4.5 [11].  

At SWL4 the overall spatial patterns in RCP8.5 is similar to 
SWL1.5 and SWL2, but the trends are even stronger and sta-
tistically highly significant. 

DISCUSSION 

In most studies using SWL ensembles,   there are two under-
lying assumptions. (1) The choice of RCP scenario has no 
importance for the SWL climate. (2) A time period when a 
SWL is reached represents a stabilised climate with a certain 
average temperature, e.g. SWL2 represents a 2 °C warmer 
world. Both these assumptions are of course true for the 
average temperature; the average temperature at SWL2 is 
2 °C warmer than in pre-industrial time. However, if some-
thing other than the average temperature is studied the as-
sumptions may not be correct. The choice of RCP scenario 
governs the pathway to the SWL, in some scenarios the SWL 
is approached quickly with a steep temperature increase 
during the SWL epoch, whereas in others the SWL is ap-
proached more slowly with the modest trend within the 
SWL epoch [12]. 

From our analyses it is clear that SWL ensembles do not 
typically represent stabilized climate conditions. Already 
SWL1.5 according to RCP2.6—which is the combination of 
SWL and RCP that should show the smallest climate 
change—shows significant trends in most regions of the 
world. The trends get stronger and more significant with 
higher RCPs and higher SWLs [13, 19]. 

It can also be questioned if the SWL climates are representa-
tive of a climate stabilised at a certain warming. If the tem-
perature reaches a SWL it will also pass that level according 
to the RCPs, with the possible exception of SWL2 in RCP2.6. 
Since the RCP scenarios describe the way through the SWLs 
and beyond, rather than the way to and after having reached 
a global warming target, there is a risk that the climate im-
pact is overestimated or otherwise misrepresented [14-19]. 

CONCLUSIONS 

In this study we have analysed how ensembles of projections 
based on different RCP scenarios agree in their representa-
tion of temperature extremes at three specific warming le-
vels (SWL) relevant for the discussion of global warming 
targets. We summarize or findings in the following points:  

 All ensembles representing a future SWL show a 
temperature trend (which was statistically highly significant 
with few exceptions). If we want to study the climate impact 
when the 1.5 °C or 2 °C 'targets' are met, and the difference in 
impact between these targets, this should be done with cli-
mate model simulations using emissions scenarios aiming to 
meet these targets and not just passing them. Such stabilisa-
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tion scenarios could possibly also include overshoot scena-
rios where the temperature exceeds the target, but later fall 
below it. 

 The impact of this trend during the SWL epoch is 
mixed. There is a clear tendency for cold extremes to cluster 
early in the period and warm extremes to cluster in the end 
of the period. In many regions, like West Africa, the differ-
ent trends have an effect on the intensity of the climate 
change signal in the hottest months. In some regions, like 
North Europe, such an impact could not be seen. 
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Abstract: Effluent from distilleries, known as spent wash, leads 

to extensive soil and water pollution. Removal of pollutants and 

color from distillery effluent is becoming increasingly important 

from environmental and aesthetic point of view. Effluent from 

distilleries contains certain recalcitrant compounds. The present 

research deals with the treatment of distillery wastewater by 

continuous electrocoagulation (CEC) process using iron (Fe) as 

an electrode material. Effects of flow rates (dm
3
 h

−1
): 0.5–4.0 

and residence time (τ): 0.5–4.0 h was investigated on degrada-

tion of chemical oxygen demand (COD), color, total solid (TS), 

and turbidity. At flow rates of 1.0 and 0.5 dm
3
 h

−1
, COD remov-

al efficiency of 78.20 and 82.15%; and color removal efficiency 

of 79 and 90%, respectively, was achieved. TS concentration of 

wastewater slurry was also reduced by 65% after 3 h residence 

time with flow rate of 1 dm
3
 h

−1
. 

 

Introduction 

Distillery effluent or spent wash is generated after molasses 

fermentation to ethyl alcohol and its recovery by distillation. 

Normally the process produces about 15 liters of the spent wash 

per liter of the alcohol. This discharged effluent has obnoxious 

odor, dark brown color, acid pH and COD of about 1,20,000 and 

is difficult to treat to satisfy the environmental norms. Biome-

thanation is the first treatment, wherein some organics are con-

verted into methane rich gas, which is used as fuel for boiler. 

Biomethanation of the effluent reduces the COD upto 60 to 80% 

and the wastewater after biomethanation needs further treat-

ment. This effluent still has COD about 25,000 to 30,000 mgl"1. 

Activated sludge is the secondary treatment, which generates the 

bacterial sludge using organic matter as a carbon source to give 

an effluent with COD ranging from 6,000- 8,000 mgl"1 and has 

a dark brown color. To meet the environmental compliance the 

dark brown colour has to be reduced before discharge of the 

effluent. Conventionally, the coloured effluent is passed over 

active charcoal where the coloured material is adsorbed [1].
 

Therefore, these industries are facing the problem of a shortage 

of water. This problem can be resolved by reducing the con-

sumption of water or by recycling of treated wastewater. How-

ever, wastewater or effluent generated in distillery exhibits high 

chemical oxygen demand (COD), suspended solids (SS), color, 

etc. and contains a number of other recalcitrant compounds.
5
 

The discharge of high COD and colored wastewater into the 

environment causes loss of environmental aesthetics, death of 

aquatic animals as well as profoundly affecting the terrestrial 

ecosystem. Distillery industries are one the highly polluting 

industries as they use organic raw material and generate toxic 

waste. The ministry of environment, forest, and climate change 

(MOEFCC) and central pollution control board (CPCB) have 

listed the Distillery wastewater in the “red category”, which 

provide a serious pollution threat. Therefore, the treatment of 

Distillery industry wastewater requires the utmost attention to-

day [2].  

Various technologies such as adsorption, chemical coagulation, 

aerobic and anaerobic biological processes, advanced oxidation, 

electrocoagulation (EC), and membrane separation process are 

available for treatment wastewater. Although, treatment of 

wastewater is easy in large paper producing mills, since they can 

afford modern facilities and expensive equipments however, 

small industries are unable to treat their wastewater properly due 

to financial constraints. Some of the small paper mills do not 

have any chemical recovery units (CRU) even now [3].  

EC process is the one of the most promising technologies in the 

area of wastewater treatment because of the requirement of sim-

ple equipment with ease of automation, no requirement of any 

addition of chemicals, formation of O2 and H2 bubbles during 

the process which enhances the efficiency of separation via elec-

troflotation (EF) and the capability of handling wide variety of 

pollutants. The basic steps of EC process are: (i) electrolytic 

reactions at electrode surfaces, (ii) formation of OH
−
 ions and 

H2 at the cathode, (iii) oxidation of generated metal ions and 

subsequent precipitation of metal hydroxides in aqueous phase, 

(iv) adsorption of pollutants at metal hydroxide surface and 

charge neutralization, and (v) removal of pollutants by settling 

[4]. 

Configuration of electrodes in EC reactor is very important 
and can be arranged in series or parallel in monopolar or bipo-
lar system. In the monopolar parallel mode, all anodes are 
connected to each other, and similarly all cathodes connected 
to each other. In the monopolar series system, the outermost 
electrodes are connected to a power source and the current 
passes through the other electrodes, thus polarizing them. 
Since higher resistance is encountered in the electrodes con-
nected in a series mode, higher potential is required for a giv-
en current. In bipolar parallel connection, where two parallel 
electrodes are connected to the electric power source with no 
power connection to the sacrificial electrodes, maintenance of 
system becomes easier due to the simpler set-up [5]. 

Few studies have been reported for the treatment of pulp and 
paper mill wastewater by batch EC process and by continuous 
EC (CEC) process. However, in the reported CEC studies, no 
information has been given regarding the analysis of sludge, 
rate of dissolution and consumption of electrodes and operat-
ing cost of CEC process. For the application of the EC process 
on industrial scale, studies on CEC process are of utmost im-

http://pubs.rsc.org/-/content/articlehtml/2016/ra/c5ra27486a#cit5
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portance. It is necessary to study the effect of various operat-
ing parameters such as pH, flow rate, residence time, etc. All 
these aspects have been covered in the present study [6]. 

The aim of the present study is to investigate the CEC process 
for the treatment of paper mill wastewater using parallel plate 
electrodes arrangement. The effects of the residence time (hy-
draulic retention time, τ) and flow rates were studied on the 
removal of COD, color, TS, and turbidity; specific energy con-
sumption (SEC), and instantaneous current efficiency (ICE).  

Experimental 

Wastewater and chemicals 

The wastewater as obtained from Symbhaoli Distillery was 
used in the experiments. The wastewater had a very low trans-
parency and was dark yellow-brown in color due to presence 
of melanoidin forming pigments chromophores. The characte-
ristics of wastewater are given in the Table 1.  
 
Table 1 Characteristics of Distillery wastewater 

Parameter Range 

pH 6.86–7.12 

BOD (mg dm−3) 625–679 

COD (mg dm−3) 2500 

Total solids (mg dm−3) 2280 

Color (platinum cobalt 
unit) 

1758 

Turbidity (NTU) 189 

Chlorides (mg dm−3) 48–69 

Adsorbable organic halo-
gens (AOX) (μg dm−3) 

560 

Total alkalinity (mg dm−3) 390–410 

All the chemicals used in the study were of analytical reagent 
grade. Ammonium ferrous sulphate, 1–10 phenanthroline, 
mercuric sulphate, and silver sulphate were obtained from 
HiMedia Laboratories, Mumbai (India). Potassium dichromate 
was obtained from Ranbaxy Chemicals Ltd, New Delhi (India). 
Potassium chloroplatinate and cobalt chloride were obtained 
from Qualigen Fine Chemicals, Mumbai. 

Experimental procedure 

The schematic diagram of the laboratory scale experimental 
set-up used in the CEC treatment of pulp and paper mill 
wastewater is shown in Fig. 1. The CEC reactor and electrodes 
configuration details are given in Table 2. CEC experiments 
were performed at optimum operating conditions obtained in 
batch study of present wastewater with different flow rates 
and residence times (Table 2). The feed tank and the CEC 
reactor were stirred continuously by a magnetic stirrers to 
maintain uniform concentration of the feed. The flow rate of 

the feed to the reactor was maintained through a peristaltic 
pump (Miclins-20 PP, India). The voltage across the cell was 
measured using a digital multi meter (Keithley, Germany). 
Samples were collected at regular time intervals from the CEC 
reactor outlet, filtered, and analyzed for color and COD.  

Analytical procedure 

pH was measured using a digital pH meter (NIG 333, Toshniw-
al, Delhi). The color intensity was measured as per standard 
methods given by American Public Health Association 
(APHA) using a spectrophotometer (Perkin Elmer, Switzer-
land).48 Adsorbable organic halides (AOX) was measured using 
a Thermo-Scientific AOX analyzer. COD of the solution was 
determined as per standard methods given by APHA.48 The 
decolorization of the samples was determined by monitoring 
the decrease in absorbance of the visible spectrum from 190–
480 nm. The percent decolorization was estimated by follow-
ing equation: 

 

(1) 

where, D is the decolorization in%, Ainitial and Aobserved is the 
area under the curve of the absorption spectrum before and 
after time t.49  
 
Reaction mechanism 
The sacrificial Fe electrodes generate Fe2+ and OH− ions ac-
cording to the Faraday's law. Electrochemical  
 
degradation is a complicated time-dependent process, which 
completed in steps i.e. hydrolysis, polymerization, and precipi-
tation.50–52 During these steps, three classes of products of dif-
ferent species are involved, i.e. (a) low molecular weight iron 
hydroxides Fe(OH)2+, Fe(OH)2

+, Fe(OH2)
4+ etc.; (b) hydrolytic 

iron polymer (Fen(OH)m(H2O)x
(3n−m)+), or FemOn(OH)x

(3m−2n−x)+; 
and (c) precipitated oxides (amorphous(am)-Fe(OH)3), 
FeOOH and Fe2O3). Fe3+ ions may undergo hydration depend-
ing on the pH of the solution.  

In fact, for pH ≤ 5, at least four different Fe(III) ions coexist: 
Fe3+, Fe(OH)2+, Fe(OH)2

+ and Fe2(OH)2
4+. In the range of pH ≥ 

5, Fe(OH)6
−, Fe(OH)4

− and other species may also be 
formed.40,43,44,53 Following anodic and cathodic reactions take 
place in an EC reactor having iron electrodes, over a pH range 
of 6–9:54 

Anode: Fe → Fe2+ + 2e−  (2) 

Fe → Fe3+ + 3e−  (3) 

Iron undergoes hydrolysis by following reactions: 

Fe + 6H2O → Fe(H2O)4(OH)2(aq.) + 2H+ + 2e−  (4) 

Fe + 6H2O → Fe(H2O)3(OH)3(aq.) + 3H+ + 3e−  (5) 

http://pubs.rsc.org/-/content/articlehtml/2016/ra/c5ra27486a#tab1
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Fe(H2O)3(OH)3(aq.) → Fe(H2O)3(OH)3(s)  (6) 

Fe(H2O)4(OH)2(aq.) → Fe(H2O)4(OH)2(s)  (7) 

Cathode: 2H+ + 2e− → H2(g)↑  (8) 

The pH for minimum solubility of Fe(OH)n is in the range of 
7–8. More hydrogen is evolved due to iron hydrolysis. 

RESULTS AND DISCUSSION 

EFFECT OF FLOW RATES AND RESIDENCE TIME 

Removal of COD and color. Degradation of COD as a function 
of electrolysis time (ET) at the residence time τ (0.5–4 h) and 
flow rate (0.5–4 dm3 h−1) is shown in Fig. 2a. Percentage re-
moval of COD was 78.2, 80 and 82.2% at τ = 1, 2 and 4 h, re-
spectively. As the residence time in the CEC reactor decreases, 
a slow but prolonged (30 and 75 min at τ = 4 h and 0.67 h, re-
spectively) formation of flocs takes place. At τ < 1 h, large scale 
flake (golden yellow color on drying-due to rusting) start to 
deposit over the anode plates which results in the current drop 
by ∼0.05A.  
At lower residence times (t ≤ 0.67 h), the suspended solid par-
ticles tend to cling and deposit at the rim of the dents on the 
anode plate surface and as the electrolysis proceeds, these par-
ticles act as the nucleus for further particle deposition, leading 
to the spread of the flake formation over the entire plate area. 
The COD degradation rate decreased in accordance with the 
increased residence time at a steady state. The increase in res-
idence time improved the COD and color removal; however, 
the degradation byproducts tend to accumulate gradually atop 
the reactor as a foamy green gel.  Fig. 2b demonstrates the 
change in color intensity of the reactor effluents at different τ. 
At any τ, an abrupt increase in color intensity from 1750 to 
∼3750–4300 PCU was observed during the initial 30 min ET. 
This occurred due to the oxidative polymerization of wastewa-
ter, which yields dark colored organic compounds. After 30 
min, the color removal depends on the flow rate. The decolo-
rization reaches a constant value at ∼135 min ET for 1 ≤ τ ≤ 4 h 
and maximum 89.9% removal (183 PCU) at τ = 4 h. It was 
78.7% removal at τ = 0.67 h. The iron levels of 200–500 mg 
dm−3 in the CEC reactor can remove color by ∼90%. As seen 
from the Fig. 2, the color removal begins to “bottom off” and 
further treatment produces no color reduction. In contrast, for 
τ = 0.5 h, the color intensity reached a value of 2450 PCU at 
the end of ET with a concomitant COD reduction of <14%. A 
decrease in turbidity from 182 NTU to 3–7.2 NTU was observed 
for flow rates of 0.5–1 dm3 h−1 (τ = 2 to 4 h) at 150 min ET. At a 
flow rate of 4 dm3 h−1 (τ = 0.5 h), the treated wastewater had a 
turbidity of ∼418 NTU.  

Fig. 2c shows color intensity of the wastewater before and after 
CEC process. At the beginning of each run, the wastewater 
solution was translucent, dark brown in color. The solution 
first became darker and more opaque as the reaction pro-
ceeded. A head of creamy foam was formed on the top of the 

solution due to the production of hydrogen gas. As the electro-
lytic reactions progress, a forest green viscous gel like flocs 
start accumulating at the top of the CEC reactor which gradu-
ally turns to pleasing dark brown color. As can be seen, the 
intensity of the wastewater is brought down from an initial 
value of 1750 PCU to <175 PCU.  

pH of wastewater, cell voltage and percentage variation in 
COD removal. Fig. 3a shows the variation in the pH of the CEC 
reactor treated effluent as a function of ET at different flow 
rates and residence times. 

At all the flow rates and up to ∼40–60 min ET, a quick in-
crease in the pH was observed after which the change in the 
pH was marginal. The initial increase in the pH during electro-
lysis is attributed to the production of hydroxyl ions in the 
solution. As the EC process proceeds (at τ < 1 h) the bubble 
coalescence is inhibited probably because of the alkaline pH of 
the solution. Therefore, a reduction in COD/color removal 
occurs and the active nucleation sites of the anode plates, 
which produce bubbles, tend to be blocked by micro-flocs, 
which gradually spread over the anode plates [7]. In addition, 
the chemical dissolution of Fe consumes H+ resulting in the 
pH increase. Short residence time ended up with lower final 
pH values. Long residence time caused increased final pH val-
ues. Since pH is a logarithmic function, the pH change is less 
at higher pH values. A slight drop in the pH at flow rates > 2 
dm3 h−1 was observed, particularly after 60–75 min ET [8]. This 
was because of the gradual consumption of hydroxyl anions as 
well as the production of hydrogen cations in the dissociation 
reactions of HOCl and OCl− along with the formation reaction 
of HOCl in the treated waste stream [9]. 

Fig. 3b shows the variation in cell voltage during electrolysis 
and Fig. 3c shows the corresponding COD removal for flow 
rates in the range of 0.5–4 dm3 h−1. With a starting cell voltage 
of ∼3.1–3.2 V and ET up to 45–60 min, a decline in cell voltage 
was observed irrespective of the flow rate. Up to this time, 
flake deposition occurs over the anode plates simultaneously 
adding to the increase in color intensity along with a small 
amount of COD removal (Fig. 3c). At this time, for flow rates 
<2 dm3 h−1, the cell voltage again begins to increase gradually 
and reaches the near starting value at the end of the ET. Dur-
ing this period, flocs start forming in the reactor, degrading 
COD, color, turbidity and other organic constituents. Flakes 
that were deposited along the edges of the anode plates are 
released back to the solution with an increase in cell voltage. 
In contrast, at flow rates >3 dm3 h−1, the cell voltage continues 
to decline and do not recoup back to the starting value with 
large scale flake deposits all over the anode causing reduced 
removal efficiencies. At any flow rate, the voltage across the 
cell gradually decreases to a minimum and then increases to 
its initial value. The degradation starts when the cell voltage 
begins to increase gradually. The color and turbidity show an 
increase with ET, reach the maxima and then decrease.10 
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CONCLUSIONS 

In the experimental study of batch mode electrocoagulation 
process for treatment of distillery wastewater it is observed 
that; process yields significant result as compared to the con-
ventional treatment process by using aluminum electrodes. 
The effect different of pH, voltage and hydraulic retention 
time were studied clearly. From the experimental work it is 
clear that, the COD,Chlorides,Sulphates,Total hardness and 
Turbidity removal efficiency were increased by maintain the 
optimum voltage supplied to the electrode,HRT and the main-
taining optimum charge density within the volume of electro-
lyte. The removal efficiency shows that the electrocoagulation 
proves a sustainable treatment process for treatment of Dis-
tillery wastewater. 
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Table 2 Continuous EC reactor, electrode characteristics, and optimized operating conditions 

CEC reactor specification Electrode characteristics 
Optimized operating condi-

tions 
operating 

Material Material Material and shape Iron Cell voltage 3.1–3.2 

Dimensions 
(cm) 

Dimensions 
(cm) 

Shape Rectangular No. of electrodes and electrode 
gap 

6 and 10 mm 

Volume 
(dm3) 

Volume 
(dm3) 

Size of each plate 9 cm × 10 cm Active electrode SA/V ratio (m2 
m−3) 

54 

Type Type Thickness (mm) 1.5 Current density (A m−2) 55.56 

Stirring 
mechanism 

Stirring me-
chanism 

Plate arrangement Parallel pH ∼7 

 
 
 
 
 

 

 

Fig. 2 (a and b) Degradation of COD and variation in color intensity at different flow rates (c) Color of wastewater before and 
after CEC treatment. Flow rate, dm3 h−1; residence time, h: (0.5 dm3 h−1; 4 h), (1 dm3 h−1; 2 h), (2 dm3 h−1; 1 h), (3 

dm3 h−1; 0.67 h), (4 dm3 h−1; 0.5 h). 
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Fig. 3 (a) Change in pH of wastewater, (b) cell voltage and (c) COD removal efficiency at different flow rates. Flow rate, dm3 h−1; 
residence time, h: (0.5 dm3 h−1; 4 h), (1 dm3 h−1; 2 h), (2 dm3 h−1; 1 h), (3 dm3 h−1; 0.67 h), (4 dm3 h−1; 0.5 h). 
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Abstract: The control of water pollution is of utmost impor-

tance for developed and the developing countries. The con-

trol of water pollution by preventing it at the source, by the 

precautionary principles and the prior licensing of wastewa-

ter discharges by competent authorities have become key 

elements of successful policies for preventing, controlling 

and reducing inputs of hazardous substances, nutrients and 

other water pollutants from point sources into aquatic eco-

systems. In a number of industrialized countries, as well as 

some countries in transition, it has become common practice 

to base limits for discharges of hazardous substances on the 

best available technology. In order to reduce inputs of phos-

phorus, nitrogen and pesticides from non-point sources 

(particularly agricultural sources) to water bodies, environ-

mental and agricultural authorities in an increasing number 

of countries are stipulating the need to use best environmen-

tal practices
6
. Approaches to water pollution control initially 

focused on the fixed emissions approach and the water qual-

ity criteria and objectives approach. Emphasis is now shift-

ing to integrated approaches. The introduction of holistic 

concepts of water management, including the ecosystem 

approach, has led to the recognition that the use of water 

quality objectives, the setting of emission limits on the basis 

of best available technology and the use of best available 

practices are integral instruments of prevention, control and 

reduction of water pollution
9-12

. These approaches should be 

applied in an action-orientated way
5
. A further development 

in environmental management is the integrated approach to 

air, soil, and food and water pollution control using multi-

media assessments of human exposure pathways. 

Keywords:  

 

Introduction Water quality criterion (synonym: water quality 

guideline) is defined by WHO as Numerical concentration or 

narrative statement recommended to support and maintain a 

designated water use. Water quality criteria often serve as a 

baseline for establishing water quality objectives in conjunc-

tion with information on water uses and site-specific factors
1-

3
. Water quality criteria are developed by scientists and pro-

vide basic scientific information about the effects of water 

pollutants on a specific water use. They also describe water 

quality requirements for protecting and maintaining an indi-

vidual use. Water quality criteria are based on variables that 

characterize the quality of water and/or the quality of the sus-

pended particulate matter, the bottom sediment and the biota. 

Many water quality criteria set a maximum level for the con-

centration of a substance in a particular medium (i.e. water, 

sediment or biota) which will not be harmful when the specif-

ic medium is used continuously for a single, specific pur-

pose
11-12

. For some other water quality variables, such as dis-

solved oxygen, water quality criteria are set at the minimum 

acceptable concentration to ensure the maintenance of biolog-

ical functions. 

Most industrial processes pose less demanding requirements 

on the quality of freshwater and therefore criteria are usually 

developed for raw water in relation to its use as a source of 

water for drinking-water supply, agriculture and recreation, or 

as a habitat for biological communities. Criteria may also be 

developed in relation to the functioning of aquatic ecosystems 

in general. The protection and maintenance of these water 

uses usually impose different requirements on water quality 

and, therefore, the associated water quality criteria are often 

different for each use. 

Water quality objective (synonyms: water quality goal or tar-

get) is defined as a numerical concentration or narrative 

statement which has been established to support and to protect 

the designated uses of water at a specific site, river basin or 

part(s) thereof. Water quality objectives aim at supporting and 

protecting designated uses of freshwater, i.e. its use for drink-

ing-water supply, livestock watering, irrigation, fisheries, 

recreation or other purposes, while supporting and maintain-

ing aquatic life and/or the functioning of aquatic ecosystems. 

The establishment of water quality objectives is not a scientif-

ic task but rather a political process that requires a critical 

assessment of national priorities. Such an assessment is based 

on economic considerations, present and future water uses, 

forecasts for industrial progress and for the development of 

agriculture, and many other socio-economic factors
12-15

. Such 

analyses have been carried out in the catchment areas of na-

tional waters (such as the Ganga river basin) and in the cat-

chment areas of transboundary waters (such as the Rhine, 

Mekong and Niger rivers). 

Water quality standard are defined as an objective that is rec-

ognized in enforceable environmental control laws or regula-

tions of a level of Government Precautionary principle The 

principle, by virtue of which action to avoid the potential ad-

verse impact of the release of hazardous substances shall not 

be postponed on the ground that scientific research has not 

fully proved a causal link between those substances, on the 

one hand, and the potential adverse impact, on the other. 

In some countries, water quality objectives play the role of a 

regulatory instrument or even become legally binding. Their 

application may require, for example, the appropriate streng-

thening of emission standards and other measures for tighten-

ing control over point and diffuse pollution sources. In some 

cases, water quality objectives serve as planning instruments 

and/or as the basis for the establishment of priorities in reduc-

ing pollution levels by substances and/or by sources.  

Water quality criteria for individual use categories Water 

quality criteria have been widely established for a number of 

traditional water quality variables such as pH, dissolved oxy-

gen, biochemical oxygen demand for periods of five or seven 

days (BOD5 and BOD7), chemical oxygen demand (COD) 

and nutrients. Such criteria guide decision makers, especially 

in countries with rivers affected by severe organic pollution, 
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in the establishment of control strategies to decrease the po-

tential for oxygen depletion and the resultant low BOD and 

COD levels. Examples of the use of these criteria are the 

Ganga, India, the Huangpu, China and Pasig River, Philip-

pines. 

Raw water used for drinking-water supply 

The water quality requirements imposed on inland waters in-

tended for abstraction of drinking water are described by this 

criteria. They apply only to water which is treated prior to use. 

Large sections of the population is dependent on raw water for 

drinking purposes without any treatment in most of the devel-

oping countries. Microbiological requirements, inorganic and 

organic substances significant to human health are also in-

cluded. Quality criteria for raw water generally follow drink-

ing-water criteria and even strive to attain them, particularly 

when raw water is abstracted directly to drinking-water treat-

ment works without prior storage
16-17

. Drinking-water criteria 

define a quality of water that can be safely consumed by hu-

mans throughout their lifetime. These guidelines and direc-

tives are used by countries, as appropriate, in establishing 

enforceable national drinking-water quality standards. Water 

quality criteria for raw water used for drinking-water treat-

ment and supply usually depend on the potential of different 

methods of raw water treatment to reduce the concentration of 

water contaminants to the level set by drinking-water criteria. 

Drinking water treatment can range from simple physical 

treatment and disinfection, to chemical treatment and disinfec-

tion, to intensive physical and chemical treatment. Many 

countries strive to ensure that the quality of raw water is such 

that it would only be necessary to use near-natural condition-

ing processes (such as bank filtration or low-speed sand filtra-

tion) and disinfection in order to meet drinking-water stan-

dards. 

 Water requirement for Irrigation uses 

Contaminants in irrigation water may accumulate in the soil 

and, after a period of years, render the soil unfit for agricul-

ture. Accumulation of salts in the root zone, loss of permeabil-

ity of the soil due to excess sodium or calcium leaching, con-

taining pathogens or contaminants which are directly toxic to 

plants or to those consuming them, are the effects which are 

caused by use of contaminated water. Even when the presence 

of pesticides or pathogenic organisms in irrigation water does 

not directly affect plant growth, it may potentially affect the 

acceptability of the agricultural product for sale or consump-

tion
8
. Criteria have been published by a number of countries 

as well as by the Food and Agriculture Organization of the 

United Nations (FAO). 

The characteristics like crop tolerance to salinity, sodium con-

centration and phytotoxic trace elements are taken into ac-

count for Water quality criteria for irrigation water along with 

the other factors. The effect of salinity on the osmotic pressure 

in the unsaturated soil zone is one of the most important water 

quality considerations because this has an influence on the 

availability of water for plant consumption. Sodium in irriga-

tion waters can adversely affect soil structure and reduce the 

rate at which water moves into and through soils. Sodium is 

also a specific source of damage to fruits. Phytotoxic trace 

elements such as boron, heavy metals and pesticides may 

stunt the growth of plants or render the crop unfit for human 

consumption or other intended uses
1
. 

Livestock watering 

Criteria for livestock watering usually take into account the 

type of livestock, the daily water requirements of each spe-

cies, the chemicals added to the feed of the livestock to en-

hance the growth and to reduce the risk of disease, as well as 

information on the toxicity of specific substances to the dif-

ferent species
1
. 

Recreational use 

 Recreational water quality criteria are used to assess the safe-

ty of water to be used for swimming and other water-sport 

activities. The primary concern is to protect human health by 

preventing water pollution from faecal material or from con-

tamination by microorganisms that could cause gastro-

intestinal illness, ear, eye or skin infections. Criteria are there-

fore usually set for indicators of faecal pollution, such as faec-

al coliforms and pathogens
4
. There has been a considerable 

amount of research in recent years into the development of 

other indicators of microbiological pollution including viruses 

that could affect swimmers. As a rule, recreational water qual-

ity criteria are established by government health agencies. 

Protection of aquatic life  

Within aquatic ecosystems a complex interaction of physical 

and biochemical cycles exists. Anthropogenic stresses, partic-

ularly the introduction of chemicals into water, may adversely 

affect many species of aquatic flora and fauna that are depen-

dent on both abiotic and biotic conditions
17

. Water quality 

criteria for the protection of aquatic life may take into account 

only physico-chemical parameters which tend to define a wa-

ter quality that protects and maintains aquatic life, ideally in 

all its forms and life stages, or they may consider the whole 

aquatic ecosystem.  

Conclusion Many chemical substances emitted into the envi-

ronment from anthropogenic sources pose a threat to the func-

tioning of aquatic ecosystems and to the use of water for vari-

ous purposes. The need for strengthened measures to prevent 

and to control the release of these substances into the aquatic 

environment has led many countries to develop and to imple-

ment water management policies and strategies based on, 

amongst others, water quality criteria and objectives. To pro-

vide further guidance for the elaboration of water quality cri-

teria and water quality objectives for inland surface waters, 

and to strengthen international co-operation the following 

recommendations have been put forward
12

: 

•The precautionary principle should be applied when selecting 

water quality parameters and establishing water quality crite-

ria to protect and maintain individual uses of waters. 

• In setting water quality criteria, particular attention should 

be paid to safeguarding sources of drinking-water supply. In 

addition, the aim should be to protect the integrity of aquatic 

ecosystems and to incorporate specific requirements for sensi-

tive and specially protected waters and their associated envi-

ronment, such as wetland areas and the surrounding areas of 
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surface waters which serve as sources of food and as habitats 

for various species of flora and fauna. 

•Water-management authorities in consultation with indus-

tries, municipalities, farmers' associations, the general public 

and others should agree on the water uses in a catchment area 

that are to be protected. Use categories, such as drinking-

water supply, irrigation, livestock watering, fisheries, leisure 

activities, amenities, maintenance of aquatic life and the pro-

tection of the integrity of aquatic ecosystems, should be con-

sidered wherever applicable. 

•Water-management authorities should be required to take 

appropriate advice from health authorities in order to ensure 

that water quality objectives are appropriate for protecting 

human health. 

• In setting water quality objectives for a given water body, 

both the water quality requirements for uses of the relevant 

water body, as well as downstream uses, should be taken into 

account. In transboundary waters, water quality objectives 

should take into account water quality requirements in the 

relevant catchment area. As far as possible, water quality re-

quirements for water uses in the whole catchment area should 

be considered.  

•Under no circumstances should the setting of water quality 

objectives (or modification thereof to account for site-specific 

factors) lead to the deterioration of existing water quality. 

•The public should be kept informed about water quality ob-

jectives that have been established and about measures taken 

to attain these objectives. 

. 
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Abstract: Now-a-days, dealers of natural resources like fuel, 

coal etc. are facing a hard time to keep pace with the in-

creasing demand and sustainable environment. Due to im-

balance, we are facing serious problems of global warming 

and ozone layer depletion. Therefore, to carry out this de-

mand it is quite necessary to make a new exploration of nat-

ural resource of energy and power. Therefore sunlight is 

now-a-days considered to be a source of energy which is 

implemented in various day to day applications. Solar energy 

is being used to produce electricity through sunlight. So the 

implementation of solar energy cars should be progressed. 

This paper deals with features involved in a solar energy car 

which plays a vital role for the upcoming energy crisis. 

KEYWORDS : Solar cars, PV cells, Power trackers, Batteries 

 

Introduction  

A solar car is a solar vehicle used for land transport. Solar cars 

combine technology typically used in the aerospace, bicycle, 

alternative energy and automotive industries. The design of a 

solar vehicle is severely limited by the amount of energy input 

into the car. Most solar cars have been built for the purpose of 

solar car races. Since 2011 also solar powered cars for daily 

use on public roads are designed. Solar cars are often fitted 

with gauges as seen in conventional cars. To keep the car run-

ning smoothly, the driver must keep an eye on these gauges to 

spot possible problems. Cars without gauges almost always 

feature wireless telemetry, which allows the driver‟s team to 

monitor the car‟s energy consumption, solar energy capture 

and other parameters and free the driver to concentrate on 

driving. Solar cars depend on PV cells to convert sunlight into 

electricity. Unlike solar thermal energy which converts solar 

energy to heat for either household purposes, industrial pur-

poses or to be converted to electricity, PV cells directly con-

vert sunlight into electricity. When sunlight (photons) strikes 

PV cells, they excite electrons and allow them to flow, creat-

ing an electrical current. PV cells are made of semiconductor 

materials such as silicon and alloys of indium, gallium and 

nitrogen. Silicon is the most common material used and has an 

efficiency rate of 15-20%. 
1
 

Working 

A solar car gets the energy it needs to move from sunlight. If 

you look at the solar car below you can see that much of its sur-

face looks black. This helps it to absorb the sunlight-black objects 

absorb most of the light that falls upon them. 

Usually, black objects just get hot in the sun. But in a solar car, some 

of the light is converted to electricity by a device called a “solar 

cell.” Each of the dark panels that you can see in the photo-

graph contains many such solar cells. The electricity is used to drive 

the car‟s electric motor. Excess electricity is stored in a battery 

for cloudy periods. 

periods. the battery, output-for short times—can be increased 

to 8 hp. The Components are Solar Array, Power Trackers, 

Batteries, Motor and Controller, Solar car brakes. Solar Array 

Collect the energy from the sun and converts it into usable 

electrical energy.
2
 

Solar Array 

Collect the energy from the sun and converts it into usable electric-

al energy. 

 

“Figure 1: Working Principle” 

This car was created large-20 feet long and 6 feet wide-in 

order to catch a lot of sun. If we could make perfect solar cells 

that converted all the light falling on the car, its engine would 

have about 10 horsepower. But even the best of today‟s solar 

cells can convert only 20% to 24% of the sun‟s power into 

electricity. Therefore, under full sunlight, the motor puts out 

about 2 hp. With the help of  

How solar array change sunlight to usable energy: 

 • First thing the solar array collects sunlight together.  

• When sunlight is collected together. It immediately change 

the sunlight to electricity.  

• Next step is to the power tracker.  

mailto:pratibhasingh@jssaten.ac.in
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 • Power trackers convert the solar array voltage to the system 

voltage.  

• In this step the power tracker in the car receive the energy 

from the solar array, and change the energy that it receive to 

energy that the car can be use  

• After it converts energy, it send the energy to the battery. 

Batteries 

 • The batteries store energy from the power tracker and 

make them available for the motor‟s use. 

Power Trackers 

• Power trackers convert the solar array voltage to the sys-

tem voltage. 

• In this step the power tracker in the car receive the energy 

from the solar array, and change the energy that it receive to ener-

gy that the car can be use 

• After it converts energy, it send the energy to the battery. 

 

• After the power tracker converts the energy to the energy 

that is usable for the car, it sends to the battery then the bat-

tery store the energy.  

• This energy is send to the motor and controller. 
3
 

Motor and Controller 

 • The motor controller adjusts the amount of energy that 

flows to the motor to correspond to the throttle. 

 • The motor uses that energy to drive the wheels. How So-

lar-Power Car Runs 

• When the energy is send from the battery to the motor, the 

motor adjust the amount of energy that flows to the throttle. 

The motors use the energy that receives to run the wheel.  

• This is the process how solar car runs.  

Kinds of break: 

 • Friction brake is a type of automotive that restores heat in 

the rotating part (drum brake or disc brake) brake during the 

application and then releases it in the air.  

• Drum brake if you press with your leg the brake is connected 

to the wheel that is spinning. 

 • Disc brake this one brake all the wheels together and make 

the car slow down or stop at that moment. Hand Brake 

 • In cars hand brake can also help you when you park your 

car in shopping mall to not let someone move you.  

• Another way to call hand brake is emergency brake e-brake, 

park brake, slide stick, or parking brake. 
4
 

Calculating Your Solar Power Requirements  

There are Three Things to Consider Choosing a Solar Panel or 

Creating a Solar System You need to know how much energy 

your battery can store and then select a Solar panel that can 

replenish your „stock‟ of energy in the battery in line with 

your pattern of use. Amount of Energy Can Your Battery 

Store Battery capacity is measured in Amp Hours (e.g., 17 

AH). You need to convert this to Watt Hours by multiplying 

the AH figure by the battery voltage (e.g., 12 V). For a 17 

AH, 12 V battery the Watt Hours figure is 17 x 12 = 204 WH  

This means the battery could supply 204 W for 1 hour, or 102 

W for 2 hours, i.e., the more energy you take, the faster the 

battery discharges. Appliance(s) Use Over a Period of Time 

for Energy The power consumption of appliances is given in 

Watts (e.g., 21" fluorescent light, 13 W). To calculate the 

energy you will use over time, just multiply the power con-

sumption by the hours of use. The 13 W light fitting, on for 2 

hours, will take 13 x 2 = 26 WH from the battery. Repeat this 

for all the appliances you wish to use, and then add the results 

to establish total consumption.
5
 

 Solar Panel Generate Over a Period of Time  

The power generation rating of a Solar panel is also given in 

Watts (e.g., STP010, 10 W). To calculate the energy it can 

supply to the battery, multiply Watts by the hours exposed to 

sunshine, then multiply the result by 0.85 (this factor allows 

for natural system losses). For the Solar 10 W panel in 4 

hours* of sunshine, 10 x 4 x 0.85 = 34 WH. This is the 

amount of energy the Solar panel can supply to the battery.  

Calculating the Annual Solar Energy Output of a Photo-

voltaic System  

The global formula to estimate the electricity generated in 

output of a photovoltaic system is:  

E = A * r * H * PR 

 E = Energy (kWh)  

A = Total solar panel Area (m²)  

r = solar panel yield (%)   

H = Annual average solar radiation on tilted panels (shadings 

not included)  

PR = Performance ratio, coefficient for losses (range between 

0.5 and 0.9, default value = 0.75)  

r is the yield of the solar panel given by the ratio: electrical 

power (in kWp) of one solar panel divided by the area of one 

panel. 
6
 

Calculating the Solar Panels Needed  

1. Identify what are the power of the equipment that you want 

to run on solar energy and the hours to run it them every day. 

Take an example a 14" DC fan 20 W to run 12 hours at night 

and a 16 W light to run 5 hours at night.  

2. The formula of the power of the solar panels needed is 

power of equipment X running hours X 1.5 (lost factor)/4 

hours of sunshine. Lost factor include the humidity and high 
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temperature in the equator zone, battery charging and dis-

charging lost and inverter conversion lost.  

3. From the example, the solar panel needed for the fan is 90 

W and the solar panel needed for the light is 30W. So the total 

solar panel needed will be 120 W. In this case, you can buy 2 

pieces of 60 W solar panels or 1 piece of 140 W solar panel. 

 4. This calculation will work fine if the solar panel is not 

place under shade.  

Calculating the Batteries Needed  

To package the battery needed, you have to decide how many 

days you want to have backup power.  

Taking the example 14" stand fan 20 W to run 12 hours at 

night and a 16 W light to run 5 hours at night.  

Total power a day is 320 W = 12 V 26.7 A.  

1. Daily usage of the battery = Total power usage/12 V = 320 

W/12 V = 26.7 A. Take note this value is only valid for sunny 

days.  

2. To have 3 days backup battery = 26.7 A x 3 days = 80 ah.  

3. Battery cannot be 100% discharge otherwise it may be 

permanently damaged. The charge controller will protect the 

battery by reserving 10% of power and cut off the load at 11 

V. The battery will have to size up 10% more in practical = 80 

ah x 1.1 = 88 ah. 4. The deep cycle battery is recommended to 

discharge only 50% of the power stored. Over discharge the 

battery will shorten the life time. Normal car battery is not 

recommended to use in solar system because they are de-

signed for only 10% discharge.  

Selecting the Charge Controller  

Example  

a 14" stand fan 75 W to run 4 hours at night and a 16W light 

to run 4 hours at night. Solar panel needed is 140 W.  

1. There is no formula needed for the charge controller. You 

need to get a charge controller with the current more than the 

maximum current of the solar panel or the maximum current 

of your load. 

 2. From the example the 140 W solar panel selected will need 

a charge controller of more than 8.2 A (maximum current that 

a 140 W panel produced) input. The Phocos charge controller 

selected will be the 12 V 10 A. The output power from the 

charge controller will be limited (12 V x 10 A) 120 W. The 

charge controller will alarm and cut off the output if the cur-

rent drawn is more than 10 A. If your equipment has a high 

startup current or power, you will need to select a higher 

range charge controller to suit your equipment.  

3. Maximum Power Point Tracking (MPPT) charge controller 

is designed to maintain the solar panel voltage at the optimum 

voltage to charge the battery, even when the sun light is low. 

Thus stored more power to the battery compared to normal 

charge controller. Not popular to use in the lower power sys-

tem because of high in price.  

4. There are 24 V and 48V range of charge controllers availa-

ble for you to configure to your needs. 

 SOLAR ENERGY CALCULATION 

 One single solar panel from type standard 150 Watt/24 volts 

can deliver a power of 150 Watt per hour, considering full 

sunshine. Knowing that the sun shine vary during the day, the 

effective sun power of one day is equal from 4 to 6 hours of a 

maximum measured at midday. Since this maximum at mid-

day is not the same every day, it should be taken in considera-

tion, that more or less heavy cloud reduces the possible pow-

er. The electrical power is stored into batteries, similar to the 

one used in cars. 

 Example: One solar panel of 150 W/24V produce between 

150 W x 4 h = 600 Wh and150 W x 6 h = 900 Wh. One bat-

tery of 12 V/110 Ah has a capacity of 12 V x 110 Ah = 1320 

Wh For technical reasons, it is not recommended to empty a 

battery more than 70%. The usable capacity of this type of 

battery is around 924 Wh, what match to the produced elec-

trical energy of 600 Wh to 900 Wh. We are offering 24V-

systems, using 2 batteries with 12 V/110 Ah. Using an inver-

ter 24 V to 230 V connected to the batteries, it is easily possi-

ble to get a power source of 230 V, driving different types of 

electrical appliances like a fan, energy saving lamps or a tele-

vision.  

But Notice: 

 There are different types of inverters. The type of inverter 

advised has an output of pure sinus. Using them will avoid 

troubles that can occur on critical devices like television or 

personal computers. If the inverter has a modified sinus output 

or (worst case) a rectangular output, a significant part of the 

stored electrical energy will be wasted, and on long-term run-

ning critical devices may damage. With the stored power of 

600 Wh to 900 Wh (one solar panel, see example above), it 

ispossible to use the following devices:   

• 4 energy saving lamps 11W, time of use 4- 6 hours (4 x 11 

W x 4 h = 176 Wh) • 1 fan 75 W, time of use 3-5 hours (1 x 

75 W x 3 h = 225 Wh)  

• 1 television 100 W, time of use 2-3 hours (1 x 100 W x 2 h = 

200 Wh) 

 Total consumption = 601 Wh We recommend the usage of 

two solar panels to get a buffer capacity in case of less sun. 

The main thing is to get an idea of the electrical power needed 

for the devices that are supposed to be powered by solar ener-

gy, and also an idea of the duration of use of each device. 

With this two information‟s, it is possible to calculate the size 

of the solar panel required to obtain good results. On most 

electrical devices, the power consumption is written on it, and 

these specifications are based on one hour of usage.  

 

 

ADVANTAGES  
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• Unlike regular cars, solar energy powered cars are able to 

utilize their full power at any speed. • Solar powered cars do 

not require any expense for running. 

 • Solar cars produce less noise.  

• Solar cars essay to maintenance. 

 • Solar cars produce no harmful emissions.  

 

DISADVANTAGES  

• Solar cars don‟t have speed or power that regular cars have. 

• Solar powered cars can operate only for limited distance. 

 • If there is no sunlight. 

 • If it is dark out for many days, the car battery will not 

charge and this can be a problem. This is the main reason why 

people don‟t rely on solar cars.  

• Good solar powered car is expensive. It cost around 

$200,000 or more.  

• Parts used in solar cars are not produced in large quantity so 

they are expensive. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSION 

Since the relay and other devices are working and giving the 

required output to drive the handmade car, it is quite ex-

pected that it is going to work when the circuit will be im-

plemented on the actual car. We just need to make sure that 

we get the appropriate solar panel, take the voltage-current-

power rating accurately, make the proper connection with 

the proper chip (IC) and other circuitry. In fine, it can be said 

that to cope up with the increasing demand of the fuel, it is 

quite necessary to alter our demand into the solar energy. It 

is cheap, efficient, supplied by an endless source of energy- 

the sun and of course free from any environmental damage. 

So, finally, we hope, it is not very far away that day when a 

great percentage of world‟s people will use the discussed 

technology and turn their car into or get their own „Envi-

ronment Friendly Solar Car‟. 
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Abstract: In India, owing to the unprecedented and expo-

nentially growing human population, increasing pace of 

urbanization and rapid industrialization of the country has 

become inevitable. At present, even from the past, more at-

tention has been focused on the fate of the heavy metals and 

their derivatives in the aquatic environment. The impact of 

heavy metals play important role in the environmental pol-

lution. Therefore, a thorough understanding about the toxic 

effects of metals on living animals is needed nowadays. 

Though some metals are essential nutrients, they also serve 

as industrial and environmental hazards. The increasing 

industrialisation leads to the continual addition of pollu-

tants to the environment. Recently, the accumulations of 

air-borne metals in plants and soils have received increas-

ing attention. The pollutants from industries change the 

chemistry of water, thereby, damaging the biotic life. The 

heavy metals act either synergistically or antagonistically on 

the aquatic biota and in some cases may cause a decrease in 

biotic diversity. Heavy metal pollution is one of the most 

serious environmental problems in China and a large num-

ber of people are threatened by heavy metal pollution. Ex-

tensive damage to human organs, such as liver, kidney, di-

gestion system, and nervous system can be caused by uptake 

of excess heavy metals. Heavy metals in the environment 

can originate from both natural and anthropogenic sources. 

Although contamination of heavy metals has been known to 

be a severe environmental problem for decades, it is still 

getting worse in recent years and there are few feasible ap-

proaches to resolve this problem. Due to their high toxicity, 

prevalent existence and persistence in the environment, lead 

(Pb), mercury (Hg), cadmium (Cd), chromium (Cr) and 

arsenic (As) are commonly considered as the priority heavy 

metals which should be concerned and their emission 

should be controlled in India. This paper reviewed the pol-

lution of heavy metals in India, focusing on the following 

four aspects: current status of heavy metal pollution in In-

dia, sources of heavy metals in India, toxicity and potential 

risk, and possible reduction strategies. 

 

Keywords: Environment, Lead (Pb), Mercury (Hg), Cadmium 

(Cd), Chromium (Cr) And Arsenic (As) 

 

Introduction: 

Heavy metal pollution is an  inorganic chemical hazard, 

which is mainly caused by  lead (Pb), chromium (Cr), arsenic 

(As), cadmium (Cd), mercury (Hg), zinc (Zn), copper (Cu), 

cobalt (Co), and nickel (Ni). Five metals among them, Pb, Cr, 

As, Cd, and Hg, are the key heavy metal pollutants in India. 

These heavy metals are classified as strong carcinogens by 

the International Agency for Research on Cancer. High level 

of heavy metal exposure can also cause permanent intellec-

tual and developmental disabilities, including reading and 

learning disabilities, behavioral problems, hearing loss, atten-

tion problems and disruption in the development of visual and 

motor function. In the past 30 years, India’s economy has 

experienced rapid development. Therefore, it led to a huge 

increase in energy consumption and environmental pollution. 

Among various types of pollution, heavy metal pollution is a   

crucial environmental problem. Some traditional pollutants, 

such as sulfur dioxide and carbon dioxide, have been put un-

der control, but heavy metal pollution, which poses even 

greater risks to public health; have yet to gain policymakers 

attention  

Sources of Heavy Metals 

Alluminium: Common sources of bioavailable Aluminum 

incorporate: aluminum cookware, flatware and above all cof-

fee pots; aluminum hydroxide anti-acid formulations; some 

varieties of cosmetics, peculiarly deodorants; and a few herbs 

or natural merchandise [33-35]. Aluminum cookware is pri-

marily of problem if acid foods are cooked reminiscent of 

tomato paste (involves salicylates). In cosmetics and deodo-

rants, aluminum chloride is also reward as an astringent. In 

water purification, alum (sodium aluminum sulfate) could 

also be used to coagulate dispersed solids and reinforce water 

readability. Alumina or Al203 is very steady chemically and 

not bioavailable. Silica limits the solubility of aluminum and 

aluminum silicate will not be very bioavailable. Clays, bento-

nite for illustration, contain aluminum that has bad bio-

availability. Aluminum food containers are manufactured 

with polymer or plastic coatings that prevent direct meals-

aluminum contact supplied such coatings are not damaged. In 

the GI tract, phosphates react with aluminum ions forming 

insoluble aluminum phosphates. If this phosphate-blockading 

have been 100% effective, then almost no aluminum could be 

absorbed. Clearly, this phosphate-forming method is incom-

plete in view that physique tissue levels (such as hair) regu-

larly include measurable quantities of aluminum. Within the 

body aluminum follows a route of growing phosphate atten-

tion: cytosol, plasma, mobile nucleus. Once in the nucleus, it 

adversely affects protein formation and proper function of the 

body [36,37]. Lengthy lived cells corresponding to neurons 

are prone to long-time period accumulation. Aluminum is 

considered neurotoxic and is implicated as a stabilizing agent 

(through aluminum phosphate bonds) in neurofibrillary tan-

gles in Alzheimer’s ailment 

Antimony: Antimony (chemical image Sb) has two valences: 

Sb
+3

 and Sb
+5

. Sb
+3

 are the extra toxic however is customarily 

excreted in feces. Sb
+5

, much less poisonous, bind less good 

to physique tissues and is excreted ordinarily in urine. Anti-

mony can be assimilated through inhalation of Sb salt or 

oxide dirt, ingested with (contaminated) foods or fluids, or 

absorbed transdermally. Inhalation could occur in industrial 

areas where smelting or alloying is finished (mainly with 

http://www.rroij.com/open-access/metal-pollution-a-review-.php?aid=77886#33
http://www.rroij.com/open-access/metal-pollution-a-review-.php?aid=77886#35
http://www.rroij.com/open-access/metal-pollution-a-review-.php?aid=77886#36
http://www.rroij.com/open-access/metal-pollution-a-review-.php?aid=77886#37
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copper, silver, lead, tin). Sb is present in tobacco at about 

zero.01% by using weight; about 20% of that is mostly in-

haled by means of cigarette smoking. Antimony compounds 

are generally used for fireproofing plastics and textiles, and 

this element could also be discovered in battery electrodes, 

ceramics and pigments [38-40]. Antimony may also be ab-

sorbed with the the standard use of firearms or dealing with 

of gun powder. Exposure of Skin can produce rashes or “an-

timony spots” which resemble small pox and chicken pox. 

Certain molds can produce the highlyneurotoxic stibine gas 

from Antimony; cetylcholinestelase activity is inhibited with 

stibine. 

Arsenic: Arsenic is a highly reactive metal, forms a varities 

of compounds, either inorganic or natural. Natural Arsenic 

compounds like Arsenosugars, Arsenocholine, Arsenobetaine 

and Tetramethylarsonium salts incorporate carbon and are 

commonly determined in sea-living organisms. Arsenate de-

rivative of Arsenic are often identified to be extra toxic and 

are most of the time of geological origin. These can be lo-

cated in agricultural soil and groundwater used for consuming 

or irrigation, Industrially, Arsenic and its compounds are reg-

ularly used in the construction of pesticides, herbicides and 

pesticides as good as in semiconductor [41-43] manufacturing 

to improve copper and lead alloys throughout batteries manu-

facturing system. In relation to Arsenic, the peripheral an-

xious procedure is the fundamental target. Early indicators of 

Arsenic publicity are immoderate perspiration, muscle ten-

derness or weakness and changes in the skin pigmentation. 

Cadmium: This element is insidiously toxic with chronic 

accumulations affecting renal function, pulmonary and cardi-

ovascular tissues, bone, and the peripheral nervous procedure. 

Without intervention, the organic half of-lifetime of Cad-

mium in humans exceeds twenty years. Cadmium extra in-

corporate: hypertension, weight reduction, microcytic-

hypochromic anemia, lymphocytosis, proteinuria with losing 

of beta-2 macroglobulin, emphysema and pulmonary fibrosis 

(if inhalation was a route of infection), atherosclerosis, steo-

malacia and lumbar affliction, and peripheral neuropathy. 

Acute inhalation of Cadmium dusts, fumes or soluble salts 

may just produce cough, pneumonitis, and fatigue. Environ-

mental sources incorporate: mining and smelting events, pig-

ments and paints, electroplating, electroplated ingredients (e. 

G., nuts and bolts), batteries (Ni-Cd), plastics and artificial 

rubber, photographic and engraving techniques, ancient drum. 

Excess heavy metal [44-46] accumulation in soils is toxic to 

humans and other animals. Exposure to heavy metals is nor-

mally chronic (exposure over a longer period of time), due to 

food chain transfer. Acute (immediate) poisoning from heavy 

metals is rare through ingestion or dermal contact, but is 

possible. Chronic problems associated with long-term heavy 

metal exposures are: Lead –mental lapse.Cadmium– affects 

kidney, liver, and GI tract. Arsenic-skin poisoning, affects 

kidneys and central nervous system. The most common prob-

lem causing cationic metals (metallic elements whose forms 

in soil are positively charged cations e.g., Pb
2+

) are mercury, 

cadmium, lead, nickel, copper, zinc, chromium, and manga-

nese. The most common anionic compounds (elements whose 

forms in soil are combined with oxygen and are negatively 

charged e.g., MO4
2-

 ) are arsenic, molybdenum, selenium, and 

boron. 

Contamination Caused by The Heavy Metals 

Soil Contamination: Excess heavy metal [Figure 1] accu-

mulation in soils is poisonous to humans and different ani-

mals. Publicity to heavy metals is as a rule chronic (publicity 

over an extended interval of time), as a result of food chain 

switch. Acute (immediate) poisoning from heavy metals [47-

50] is infrequent by means of ingestion or dermal contact, 

however is possible. 

Drastic Problems associated with long-term heavy metallic 

exposures are: 

Lead–intellectual lapse. 

Cadmium–affects kidney, liver, and GI tract. 

Arsenic–dermis poisoning, impacts kidneys and central frigh-

tened approach. 

Essentially the most usual problem inflicting cationic metals 

(metallic elements whose Types in soil are positively charged 

cations e.G., Pb
2+

) are cadmium, mercury, lead, nickel, cop-

per, zinc, chromium, and manganese [51-54]. The most 

common anionic compounds (elements whose types in soil 

are combined with oxygen and are negatively charged e.g. 

MO4). 

Water contamination: Water contamination proves to be 

probably the most involving human effects on the environ-

ment. Enterprise, urbanization and agriculture mostly intro-

duce various pollutants including heavy metals, bacteria, 

agrochemicals [55], and medications. This pollution could 

have direct effects on human well-being; inflicting a broad 

sort of afflictions starting from diarrhea to melanoma. Water 

infection proves to be one of the crucial regarding human 

effects on the atmosphere. Industry, urbanization and agricul-

ture commonly introduce more than a few pollution including 

heavy metals, microorganism, agrochemicals, and medica-

tions .These pollutants would have direct results on human 

well-being, causing a huge sort of afflictions starting from 

diarrhea to melanoma. New industrial and urban centres and 

agriculture and livestock have resulted in deforestation. Ill-

ness of surface water with faecal-derived pathogens poses a 

large risk to human health and represents a predominant bar-

rier for the utilization of untreated river water for consuming 

or different domestic functions. Just lately, some pollution 

concerning antrophic pursuits like heavy metals and trace 

elements as Ag, Al, As, Be, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, 

U and Zn [56-57]. 

Heavy Metal Toxicity 

Commonly, irritable wellbeing challenge related to heavy 

metal (accumulation) perhaps customarily divided into 2 

types, i.e. heavy metallic poisoning induced by way of immo-

derate extrinsic publicity and genetic issues equivalent to 

Wilson disease. 

Many metals, in hint quantities, are as a rule relevant to 

common physiological procedures; for examples, iron in oxy-

http://www.rroij.com/open-access/metal-pollution-a-review-.php?aid=77886#38
http://www.rroij.com/open-access/metal-pollution-a-review-.php?aid=77886#40
http://www.rroij.com/open-access/metal-pollution-a-review-.php?aid=77886#41
http://www.rroij.com/open-access/metal-pollution-a-review-.php?aid=77886#43
http://www.rroij.com/open-access/metal-pollution-a-review-.php?aid=77886#44
http://www.rroij.com/open-access/metal-pollution-a-review-.php?aid=77886#46
http://www.rroij.com/open-access/metal-pollution-a-review-.php?aid=77886#47
http://www.rroij.com/open-access/metal-pollution-a-review-.php?aid=77886#50
http://www.rroij.com/open-access/metal-pollution-a-review-.php?aid=77886#51
http://www.rroij.com/open-access/metal-pollution-a-review-.php?aid=77886#54
http://www.rroij.com/open-access/metal-pollution-a-review-.php?aid=77886#55
http://www.rroij.com/open-access/metal-pollution-a-review-.php?aid=77886#56
http://www.rroij.com/open-access/metal-pollution-a-review-.php?aid=77886#57
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gen transport, manganese and selenium in antioxidant method 

and zinc in metabolism. With these main metals toxicity hap-

pens when concentrations are either too low or too high 

[58,59]. 

Acute and persistent arsenic toxicity, as good as arsine gas 

toxicity involves adverse effects on the fearful, cardiovascu-

lar, respiratory, gastrointestinal, hepatic, renal, hematopoietic, 

immunological, and dermatologic programs. Mercury expo-

sure, together with exposure to brief chain alkyl mercury, 

elemental mercury, and acute inorganic salt. Lead, cadmium, 

and manganese have discovered a kind of makes use of in 

enterprise, craft, and agriculture as a result of their bodily and 

chemical homes. Poisoning precipitated through excessive 

concentration of those metals adversely has an impact on on 

kidney, hematopoietic cells, anxious system, and bones. It 

additionally seems that the penalties of exposure to lead in 

adults are much less severe than the types of exposure related 

to hyperactivity in neonates. 

It has also been hypothesized that these metals exert their 

poisonous outcomes by using damaging biological safety, 

which exist within the body to serve as protecting mechan-

isms in opposition to exogenous toxins. The challenge of me-

tallic toxicity becomes even more tricky as a result of simul-

taneous or successive publicity of the final population to ex-

traordinary physical, chemical, biological, and psychological 

explanations in the environment [60-62]. 

Method of Removing Metal Pollution 

Bioremediation 

Bioremediation is considered replacement processing ap-

proaches for casting off the heavy metals ions from polluted 

subject. Bioremediation [63,64] is of course residing organ-

isms to cut down the environmental pollutants into less toxic 

forms. It's adopted through bacteria and fungi or vegetation to 

degrade or detoxify hazardous components to human well-

being /or the atmosphere. The microorganisms are also re-

mote from an indigenous contaminated discipline or else-

where and follow to the contaminated website online. Conta-

minant materials are modified with the aid of dwelling organ-

isms through reactions that take location as a part of their 

metabolic tactics. The usage of microbial metabolism method 

has offered a potential, safer, extra efficient and less pricey 

for cleaning of pollutions. The concepts of the bioremediation 

may also be divided into a few tactics that including: 

• Biofilters 

• Bioventing 

• Biosorption 

• Composting 

• Bioaugmentation 

• Bioreactor 

• Land farming 

These causes include the presence of microbial populace edu-

cated of degrading the pollution, the availability of contami-

nants to the microbial [65,66] populace and the atmosphere 

explanations as like as soil style, temperature, pH, the pres-

ence of oxygen or other electron acceptors, and vitamins and 

minerals. Bioremediation are specified process for cleansing 

the polluted environments from the surroundings (industrials 

emissions and soil vent gases), solids (soils, sediments and 

also sludge), beverages (groundwater, industrial effluents) 

and uncooked substances from industrial processing. Resid-

ing or non-residing microorganisms can use their enzymes to 

achieve within the mission [67-68]. 

The following recommendations are put forward for effec-

tivewater quality management in India: 

1. Protection of water resources: Treatment of domestic and 

municipal wastes and industrial effluents before they are dis-

charged into surface water bodies, and management of agri-

cultural run- off should be initiated. 

2. Proper Implementation of laws and rules: Govt. has made 

several laws and rules to control the water polluti on in aqua-

tic ecosystem but there is a lacking in implementation. Strict 

follow- up is necessary.  

3. Efficient water use:  A system of incentive and disincen-

tives should be adopted to encourage efficient water use. 

4. Water safety: BIS/WHO guidelines should be adopted and 

effective methods should be designed in providing adequate 

safe water to people. 

5. Capacity building:  Facilities should be created to edify and 

train personnel in water management skills. Mechanism of 

laboratory inspection and accreditation must be int roduced 

for ensuring the quality of data generated. 

6. Public awareness and participation:  The public should be 

made aware of the dangers of pollution especially In ru-

ral/slum areas. Academia, NGO’s and local communities 

should Be involved to aware the people so that they can also 

participate in the management and conservation of water re-

sources. 

7. Water security: Water security should be achieved by har-

vesting of rainwater and recycling of municipal waste water. 

8. Remediation techniques: Remediation techniques can be an 

effective tool for the conservation of surface water bodies. 

Amongst them, phytoremediation is the best technique that 

does not required much efforts and money also 

 

Conclusion 

The overall populace does now not face a significant wellbe-

ing danger from methyl mercury, despite the fact that distinc-

tive groups with excessive fish consumption may just gain 

blood levels related to a low hazard of neurological damage 

to adults. Considering there is a threat to the fetus in specific, 

pregnant females must restrict a high intake of precise fish, 

such as shark, swordfish and tuna. Fish, corresponding to 
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pike, walleye and bass, taken from polluted contemporary 

waters will have to specifically be avoided. Lengthy-time 

period exposure to arsenic in consuming water is mostly re-

garding accelerated risks of skin cancer, but also another can-

cers, and different epidermis lesions corresponding to hyper-

keratosis and pigmentation changes. Occupational publicity 

to arsenic, chiefly by means of inhalation, is causally related 

to lung cancer. Clear exposure–response relationships and 

excessive dangers have been observed. 
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Acid Emissions: Acid pollution is one of the side effects of 

our addiction to fossil fuels. When coal, oil or natural gas are 

burned, sulphur dioxide and nitrogen oxides are released into 

the air and undergo a series of chemical processes in the air, in 

moisture and water, and inside living organisms; this turns 

them into acids that cause different kinds of damage. All 

precipitation is slightly acidic because of the presence in the 

air of naturally occurring sulphur, nitrogen,and carbon 

dioxide, but acidification has become much worse since the 

industrial revolution, with more toxic consequences. 

 The first signs of a widening problem were identified 

as industrial coal consumption grew in Europe and North 

America in the mid 19
th

 century. Fossil fuel consumption then 

widened to oil and natural gas and continued to grow as 

demand from the residential and transport sectors expanded. 

Economic reconstruction and expansion in the 1950s and 

1960s led to a doubling of demand for fossil fuels in Europe 

and North America, and new levels of consumption in Asia 

and Latin America. The world now relies on fossil fuels for  

90 percent of its commercial energy supplies. 

 Meanwhile, rapid economic growth in the newly 

industrializing countries of Asia and Latin America has 

brought increases in sulphur and nitrogen emissions, and the 

promise that acidification will be associated less, in most 

people’s minds, with countries such as Britain, Sweden, the 

United States and Canada, and more with China, India and 

Mexico. It has already taken more than a quarter of a century 

to encourage policy-makers in industrialized countries to 

address the causes of acid pollution; it is likely to take much 

longer in emerging states who place a premium on economic 

development.  

The Sources of Pollution: 

Acidification results from the emission and 

deposition of airborne primary pollutants such as sulphur 

dioxide(SO2), nitrogen oxides(NOx), volatile organic 

compounds(VOCs) and particulates given off by power 

plants, industry and vehicles, and of ammonia(NH3) produced 

by agriculture. Reactions among these can produce secondary 

pollutants such as nitrogen dioxide(NO2, formed mainly by a 

reaction between nitric oxide(NO) and oxygen).  These 

primary and secondary pollutants can be converted in the 

atmosphere, on the surface of buildings, inside plants and 

animals, or below ground, into sulphuric and nitric acids. 

Depending on a variety of biological, chemical and 

metrological factors, soils, forests, lakes, rivers, animals, 

plants and buildings are susceptible in varying degrees to the 

effects of these pollutants, acting alone or in conjuction with 

other factors. Several of these pollutants also contribute to 

other environmentalizingcountries(NICs) such as China, 

Brazil, India and South Africa. 

Acid Emissions Control 

The need for emissions control units is becoming 

more pressing by the day. With the U.S. Environmental 

Protection Agency’s (EPA’s) new transport rule to take effect 

in 2011, many coal-fired power plants are looking to crack 

down on sulfur dioxide (SO2) and nitrogen oxide (NOX) 

emissions. The race is on to find the air quality control 

measures for medium-sized (100 to 500 MW) plants that 

currently have no flue gas desulfurization (FGD) units or 

selective catalytic reduction systems (SCRs). 

According to a report by the Utility Air Regulatory 

Group, capital cost for FGDs escalated over the past six years. 

For example, a retrofit of wet FGD to a 500 MW plant 

between 2004 to 2007 cost an average of $342/kW. A unit of 

the same capacity retrofit with FGD between 2008 to 2010 

cost $407/kW, a 19 percent cost escalation. However, with 

emissions regulations in place, companies must overlook costs 

and choose between two options: retrofit or rebuild. 

Carl Weilert, principal air pollution control engineer 

in the energy division of Burns & McDonnell, said several 

processes exist that are capable of acid gas emissions control: 

wet FGD, semi-dry FGD and dry sorbent injection. Each 

process has a unique method of controlling emissions, 

enabling generators to reach emissions standards by the 

deadlines. 

Weilert said control options should be evaluated by 

the pollutant that needs to be controlled, since the control 

issues for SO2, Hazardous Air Pollutants (HAPs) and mercury 

(Hg) are all different. Companies must keep in mind several 

regulations, such as Best Available Retrofit Technology 

(BART), Weilert said. BART regulations affect facilities built 

or reconstructed between Aug. 7, 1962, and Aug. 7, 1977, that 

have the potential to emit more than 250 tons a year of 

visibility-impairing pollutants and fall into one of 26 

categories. These include utility and industrial boilers and 

large industrial plants such as pulp mills, refineries and 

smelters. The EPA’s presumptive BART emission limit for 

SO2 is 0.15 lb/mmBtu, or 95 percent removal. SO2 

historically has been the biggest emissions control concern in 

the U.S.; therefore, most acid gas control processes focus on 

SO2 removal. 

Removing SO2 to comply with BART “favors use of 

a semi-dry FGD as a lower-cost alternative to wet FGD,” 

Weilert said. For low-sulfur coal, a conventional spray dryer 

absorber technology or a circulating fluidized bed dry FGD 

(also known as circulating dry scrubber (CDS)) technology 

may be used. For higher-sulfur coal, CDS technology can be 

used as an alternative to wet FGD. 

The market seems to be moving to favor FGD 

systems with a low capital cost and especially so for medium-

sized power plants, Weilert said. “The added advantage of the 

CDS technology is its capability for high percentage SO2 

removal efficiency, even on higher-sulfur coal,” he said. 

In the case of a typical wet scrubber, the flue gas 

coming from the boiler is saturated with a slurry containing 

limestone reagent. This type of SO2 control is characterized 

mailto:kinnari318@gmail.com
mailto:rakshitlalani1989@gmail.com


                 International Journal of Engineering Research                                                ISSN:2319-6890 (online),2347-5013(print) 

                  Volume No.7, Issue Special 4, pp : 430-431                                                                                             9,10 March 2018 
   

DOI : 10.5958/2319-6890.2018.00134.4                            EPIC@2018 Page 431 

 

by high capital cost, low operating cost and high performance. 

On the opposite end of the spectrum is dry sorbent injection 

(DSI), which involves injecting a reagent in dry powdered 

form (hydrated lime, sodium bicarbonate or trona) into the 

flue gas upstream of existing particulate control equipment. 

DSI technology is characterized by high operating costs, low 

capital costs and limited performance. In between the two 

extremes are the semi-dry FGD processes using a circulating 

fluid bed (CFB) dry scrubber or a lime spray dryer. 

The lime spray dryer technology sprays a slurry of 

slaked lime reagent into the flue gas. The flue gas is cooled to 

30 to 40 degrees above its saturation temperature as the slurry 

droplets are dried. As a result, when flue gases come out of 

the spray dryer, they are present as a dry powder product that 

is collected in a bag house. The CDS technology operates at 

similar temperatures, but is based on separately feeding dry 

hydrated lime and water into a fluidized bed reactor. Here the 

SO2 removal takes place in a bed of moistened powder. The 

semi-dry FGD technologies are characterized by capital costs 

that are about half that of wet FGD. They have higher 

operating costs than wet FGD, but lower operating costs than 

dry sorbent injection. 

Several companies have developed dry FGD technology, 

including Allied Environmental Solutions. Spokesperson 

Mike Dunseith said Allied’s CFB scrubber technology is 

“next-generation dry FGD.” 

 

With a “semi-dry” FGD, lime and water are injected 

into the flue gas at the same time in a slurry form. The CFB 

scrubber technology separates the two into separate streams: 

the water is injected through high pressure nozzles and the 

lime is injected in a dry powder form. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As a result, the CFB dry FGD has an advantage over a 

conventional spray dryer semi-dry FGD, Dunseith said. With 

both semi-dry and all-dry FGD technologies, the amount of 

water injected into the flue gas is limited by the scrubber inlet 

and outlet temperatures. With a spray dryer semi-dry FGD, 

once the amount of water injected has been fixed, there is a 

limit on the amount of lime that can be injected as the water 

carries the lime into the system. This limits the maximum acid 

gas removal performance of the technology. Because the CFB 

dry scrubber puts in the lime independently, there is no limit 

to the amount of lime that can be injected and thus the 

technology offers significantly greater acid gas scrubbing 

performance capability. 
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Abstract: (The problem of occupational exposure of toxic met-

als exists from the ancient time when no proper management 

at workplace regarding metal exposure was done by indu-

strialists. Biomonitoring is the branch of science with multi-

disciplinary aspects of applications which will help industrial-

ist in assessment of toxic metal exposure to workers at 

workplace and further associated health risks. In present 

study total 40 workers were included as subjects out of which, 

20 were exposed to metals at work place and 20 were relative 

controls. Head hair samples were collected from all subjects 

pretreated including washing with Triton X-100, acetone, and 

deionoised water successessively. All hair samples were di-

gested using wet acid digestion method with Nitric Acid and 

Perchloric Acid mixture as per recommended protocol to ob-

tain colourless solution. Subsequently analysis for cadmium 

with an Atomic Absorption Spectrophotometer (AAS), ECIL 

Model-AAS414 was done. The cadmium level in hair of ex-

posed workers was significantly higher than the workers 

which were not exposed to metals. Measures for better occupa-

tional environment for the benefit of workers have been sug-

gested to the industrialists. 

Keywords: Hair, cadmium. occupational exposure, 

Atomic Absorption Spectrophotometer 
 

Introduction : 

Global awareness of toxic metals pollutants released 
into the environment is increasing. Most sources of these re-
leases have been substantially identified: burning of fossil fu-
els, industrial processes and an increasing array of chemical 
discharges. Eventually, toxic trace elements, particularly heavy 
metals and their effect on humans require attention major 
attention1. Not much attention is given to the status of work-
ers of industries was made in India. The ever increasing pro-
duction and denial by society for metal indicate the mounting 
probability of their dispersal and contact with the environ-
ment. Mostly heavy metals play an important role in human 
body but their excess may cause various adverse health effects 
in human body 2-5. The excess of metal either essential or toxic 
can be safely deposited in the hair. Hence, metal analysis in 
hair is the most common application of biological monitoring 
for screening diagnosis and assessment of exposures of metals 
in occupational and environmental health. Due to this reason,  

the Global Environmental Monitoring System (GEMS) has 
chosen human hair as a biopsy material to estimate metal 
body burden6. The present investigation will certainly recol-
lect the health problems of workers professionally exposed to 
two toxic metals lead and cadmium in their work place so as 
the necessary precautions may be adopted and applied for the 
safety measures. The present study was conducted in metal 
finishing and recycling units of Rajasthan. Total 40 workers 
were included as subjects out of which, 20 were exposed to 
metals at work place and 20 were relative controls. About one 
gram of head hair samples were collected personally from the 
nape region of scalp of all subjects included in study. All sam-
ples were pretreated, digested and analysed for cadmium con-
centration in hair using Atomic Absorption Spectrophotome-
ter (AAS), ECIL Model-AAS4141 using air acetylene. 

Materials And Methods: 
In the present study 40 workers were included as sub-

jects out of which, 20 were exposed to metals at work place 
and 20 were relative controls. About one gram of head hair 
samples were collected personally from the nape region of 
scalp of all subjects with one centimeter distance using steri-
lized stainless steel scissor, subsequently a questionnaire rec-
ommended by World Health Organization was used to obtain 
the personal and medical details of all subjects included in 
study. All samples decontaminated using nonionic detergent 
Triton X-100, deionised water and acetone. Subsequently hair 
samples were dried in oven at 110o C for one hour and kept in 
desiccators. All washed and dried hair samples were then di-
gested using nitric acid and perchloric acid in 6:1 ratio to get 
white residue which was dissolved in 0.1 N nitric acid to get a 
clear colourless solution 7-9.  The concentration cadmium in 
hair was determined by using Atomic Absorption Spectropho-
tometer (AAS), ECIL Model-AAS4141 using air acetylene flame.  
 
The value of cadmium concentrations in hair was expressed as 

mean value in g/g with standard deviation. The data thus 
obtained were then analysed to get mean, standard deviation 
and test of significance using Student ‘t’ test. 

Results And Discussion 

Mean cadmium concentration in hair of subjects oc-

cupationally exposed to toxic metals was 2.0321 g/g 

(±04219g/g) that was higher than 1.1365 g/g (±0.4756 g/g) 
of subjects not occupationally exposed to toxic metals. Cad-
mium concentration in hair of subjects occupational exposed 
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to toxic metals ranges from 1.0153 g/g to 2.6741 g/g and 
those not occupational exposed to toxic metals ranges from 

0.3561 g/g to 1.8726. This difference was significant on apply-
ing ‘t’ test as presented in table 1 which shows that the differ-
ence in the lead concentration in hair of subjects occupation-
ally exposed to toxic metal and controls is not by chance, this 
difference is actually due to exposure to cadmium.Cadmium 
can damage the environment even at low concentrations and 
can pose serious risk to human health 10.11.12. These risks 
could be short term or long term. For instance short term and 
acute toxicity can be caused in human beings by ingestion, 
inhalation, skin contact or the risk of fire or explosion. Long 
term hazards constitute chronic toxicity due to repeated expo-
sure, the causing of cancer, the causing of genetic damage, 
neurological disorder, respiratory disorder and other 13-16. 

CONCLUSIONS 

After the detailed study it can be briefly stated in general 
terms by reporting that the there is serious lack of knowledge 
among workers regarding the metals pollution and their ad-
verse effect on their health. Following generalization can be 
made be:- 

 Awareness towards metal pollution at work place is 
lacking in workers of industrial units. 

 Awareness of occupational exposure to metals and 
consequent adoption of suitable safeguards in self-protection 
(from it) to the extent possible is one of the determinants of 
quality of life 

 Industries and their administration is very much 
aware of mass-scale production, but are not worried about the 
health and safety of their workers. 

 The state agencies meant to measures and control 
occupational exposure of toxic substance to workers has by 
and large failed to achieve any remarkable success. 
As the trained workers and employees are the wealth of the 
industrialists, they should take care for the health and safety 
of the employees. Monitoring, measurement, evaluation and 
prevention of metal exposure to workers must be subject of 
priorities of the industry. The risk and incidence of occupa-
tional health hazards and accident statistics of the organiza-
tion should be examined carefully and an on-site audit must 
be carried out. Workers must be provided with all good quali-
ty safety equipments like apron, mask, helmet, safety glasses, 
gloves etc. Proper management of raw materials, processed 
materials, materials in process and indoor wastes or scrap can 
decrease the toxic metal pollution in workplace. Time to time 
training and guidance to workers and their health checkup 
must be a part of routine for management. State agency must 
be strict against all such industries which do not follow the 
basic requirements for the safety of workers. These all meas-
ures if followed will collectively help in decreasing the metal 
pollution in workplace leading to a healthy and safe environ-
ment for workers. 
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Table-1. Cadmium level in hair of exposed workers and controls. 

  Control Subjects Exposed Subjects 

Range (µg/g) Mean (S.D.) Range (µg/g) Mean (S.D.) 

Cd 0.3561-1.8726 1.1365 (0.4756) 1.0153-2.6741 2.0321* (0.4219) 
*Significant difference between people living near heavy traffic area and less traffic area by P<0.05 
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Abstract: Concrete is one of the main materials used in the 

construction industry, from foundation of a building to the 

structures of the bridges. The concrete used has a flaw, its 

tensile strength is one tenth of the compressive strength and 

as a result it tends to crack when subjected to tension. Self-

healing concrete is a product that will biologically produce 

limestone to heal cracks that appear on the surface of con-

crete structures. Bacillus, bacteria along with calcium-based 

nutrient known as calcium lactate, and nitrogen and phos-

phorus, are added to the ingredients of the concrete. These 

self-healing agents can lie dormant within the concrete for 

up to 200 years. The consumption of oxygen during the bac-

terial conversion of calcium lactate to limestone to fix cracks 

has an additional advantage. Oxygen is an essential element 

in the process of corrosion of steel and when the bacterial 

activity has consumed it all, it increases the durability of 

steel reinforced concrete constructions. Bactria improves the 

structural properties such as tensile strength, water permea-

bility, durability and compressive strength of the normal 

concrete. Cracks of various sizes form in all concrete con-

structions which need to be sealed manually shortening the 

life of a particular construction. On the other hand, Self-

healing concrete (SHC) is a revolutionary building material 

that has the solution to all these problems and is definitely 

the building material of the near future. 

Keywords: Bactteria, Bacillus pasteurii, Concrete, Bacillus 

sphaericus. 

 

Introduction 
The word concrete is originated from the Latin word “concre-

tus” which means condensed and hardened [1]. Self Healing 

Concrete is a term that is used for cement-based materials that 

repair themselves after the material or structure gets damaged 

due to some sort of deterioration mechanism. The earliest use 

of cement is dated back to twelve million years ago [2], while 

the early use of concrete-like building material is dated back 

to 6500 BC. [3]. However, it wasn’t formed as concrete until 

later during the Roman Empire. The world around us is cov-

ered with structures constructed with conventional concrete. 

Conventional Concrete is a composition of Portland cement, 

aggregates and water. But the Conventional Concrete has a 

conventional disadvantage of water permeability resulting in 

the seepage from the roof slabs, columns, etc. 

The low level of the sustainability of concrete is a worldwide 

problem. As revolutionary as it was and still is, modern con-

crete (Lime-based) has a short lifespan caused by the forma-

tion of cracks shortening the longevity of a particular con-

struction. In highly developed countries, there is enough mon-

ey to replace concrete when it becomes too weak [4]. Howev-

er, in developing countries like India there are fewer funds 

available to repair or replace concrete. Concrete structures are 

often neglected and the weakness of these constructions in 

developing countries can become a danger to its population or 

the environment.  There are two ways of preparing Self-

healing concrete, one is biological concrete and other is chem-

ical method [5]. The biological concrete is a mixture of nor-

mal concrete, with the addition of bacteria and nutrients, 

which can fill cracks by itself. When cracks appear, the bacte-

ria will produce limestone, which fills the cracks. This 

self‐healing concrete now possesses the quality to repair itself 

and thus increase the sustainability of concrete. The strength 

of the Bacterial concrete will be more than the normal con-

crete. Strength and durability of structural concrete can be 

increased by a biotechnological method based on calcite 

Precipitation [6].  

 

The second method of making the self healing concrete is a 

chemical method [7] .The healing chemicals are inserted in 

the capsule which breaks when cracks occurs and hence 

rejoins the micro cracks. Different types of healing materials 

have their own self healing mechanism. Different types of self 

healing processes are based on their design strategies.  

 Biological  method 

 Chemical method 

 

By direct application  
The bacteria and the chemical precursor (calcium lactate) are 

added directly while making the concrete.  

Encapsulation LAW  
 

The part of the coarse aggregate is replaced by the light 

weight aggregate (LWA), which is impregnated with twice the 

calciumlactate solution and the spores of bacteria.  

After impregnation the clay particles with 6% healing agents 

and the concrete is made.  

 

 

Biological METHOD 

Researchers have shown that it is possible to mix special bac-

teria, which releases self healing chemicals, into concrete be-

fore it is poured. These bacteria keep the concrete healthy till 

they are alive. The major advantage of adding the bacteria is it 

closes the cracks by precipitating in the calcite with calcium 

carbonate. Recently, in experiments, bacterial spores and nu-

trients and calcium lactate have been used as self healing 

agents [8-10]. The bacteria and calcium lactate are both em-

bedded in capsules, to prevent interaction before cracks ap-

pear. Concrete with added healing agents is called self healing 

concrete. The addition of those capsules although changes the 

composition of the mixture, because part of the mixture has to 

be replaced by the healing agent. Per cubic metre concrete, 

15kg healing agent has to be added, which means that 15 kg 

cubic metre concrete material has to be removed. This will 

decrease the strength of the concrete. There are several usea-

ble bacteria which can be added to the concrete. Usually, the 

Bacillus alkali nitrulicus, an alkali resistant soil bacterium, is 

added. Alkali resistant bacteria live in extreme alkaline cir-
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cumstances. Ph values range from 9 to 11. Their temperature 

range reaches from 10 till 40 degrees Celsius. There is another 

possible bacterium which can be added. This is a psychrophil-

ic bacterium. This bacterium also lives in extreme circums-

tances with the same pH range but an optimum temperature 

close to freezing point [11-13]. 

 

Bacterias used for preparation of SHC  
Bacteria are relatively simple, single celled organisms. The 

bacteria used were Bacillus Pasteurii, Bacillus Cohnii, and 

Bacillus Filla etc. It is a bacterium with the ability to precipi-

tate calcium carbonate in the presence of any carbonate 

source. The bacterium is used for the same and for the im-

provement in the strengths of the concrete test specimens were 

observed. The microbes are a bacillus species and are com-

pletely not harmful to human beings. They precipitate inor-

ganic crystals hence the healing of the cracks takes place in 

the concrete and it can withstand any temperature conditions.  

 Most of the Bacteria belongs to genus bacillus are 

fulfilling the required criteria discussed above.  

 

 The suitable chemical precursor found to be most 

suitable is “calcium lactate” Ca (C3H5O2)2.  

Bacterial based healing Process  
Concrete already has a built-in healing mechanism due to on-

going chemical, physical and mechanical processes. Most 

significant is precipitation of calcium carbonate (Edvardsen 

1999). Average limit for which healing can still occur is a 

crack width of 0.2 mm. Carbonation reaction lies at the base 

of the calcium carbonate production, where diffused carbon 

dioxide reacts with the hydration product calcium hydroxide 

as can be seen in Equation 1.  

CO2 + Ca(OH)2 → CaCO3 + H2O (1)  

The principle of microbial healing also lies in the precipitation 

of calcium carbonate (Jonkers et al. 2010). Ingress water acti-

vates dormant bacteria. Dense layers of calcium carbonate are 

produced by bacterial conversion of an incorporated mineral 

precursor compound [14]. In case of calcium lactate the reac-

tion is as given in Equation 2, where bacteria only act as a 

catalyst.  

Ca(C3H5O2 ) + 7O2 → CaCO3 + 5CO2 + 5H2O (2) 

From the metabolic conversion of calcium lactate carbon dio-

xide is produced, which further reacts with the calcium hy-

droxide from the concrete matrix according to the chemical 

reaction in Equation 1, producing additional calcium carbo-

nate. Massive production of large, over 100 μm sized (Van der 

Zwaag et al. 2009), crystalline calcium carbonate precipitates 

seal and block cracks, preventing further ingress of water and 

possible other substances that may attack the concrete matrix 

or embedded reinforcement, see Figure 2.  

 

The pathway that has been studied most for engineering pur-

poses is probably the decomposition of urea by bacteria, with 

the aid of the bacterial urease enzyme. As a component of 

metabolism,bacteria species gives urease, that catalyzes urea 

to carbonate and ammonium that results in an increase of pH 

and carbonate concentration in the bacterial surroundings 

[15]. These components further hydrolyze to ammonia (NH4
+
) 

and carbonic acid (CO3 
2_)

 that leads to the formation of cal-

cium carbonate. The process of making urease for the hydro-

lysis of urea CO (NH2)2 into carbonate (CO3
--
) and ammonium 

(NH4
+
) is be as follows [16]. 

 

Fig.1 Different Bacteria used for study 

 

 
The cell 

wall of 

the bac-

teria is 

nega-

tively 

charged, 

the bac-

teria 

draw 

cations 

from the 

environment, together with Ca
2+,

 to deposit on their cell sur-

face. The Ca
2+

 ions react with the CO3
2_

 prime to precipitation 

of calcium carbonate at the cell surface that serves as a nuc-

leation site. Fig. 1 shows the image of calcium carbonates 

precipitation on bacterial cell wall. 

 

 
Several micro organisms have the ability to precipitate cal-

cium carbonate by means of urealysis. A thorough review of 

literature has revealed certain applications of bacteria. The 

Bacillus Subtilis bacteria can increase the strength of the con-

crete with lightweight aggregate and graphite nanoplatelets 

[17]. Bacillus Aerius bacteria in rice husk ash concrete was 

investigated and it was observed that the durability of concrete 

has been increased [18]. Bacillus Megaterium bacteria were 
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used in concrete and results shows 24% increase in compres-

sive strength [19]. The deposition of calcium carbonate in 

concrete by Bacillus Sphaericus improves the durability of 

concrete [18]. The Sporoscarcina Pasteurii bacteria used in fly 

ash concrete has shown improvement in strength and durabili-

ty of fly ash concrete through self-healing effect [19]. The 

Sporoscarcina Pasteurii bacteria used in silica fume concrete, 

it was found that here is an improvement in strength and dura-

bility of silica fume concrete through self-healing effect [19]. 

Bacillus Sphaericus bacteria was used in concrete to check the 

surface treatment and the results reveal that bacterial carbo-

nate precipitation can be used as an alternative surface treat-

ment for concrete.  

 

 

Fig 2. Formation of Calcium carbonate on bacterial cell 

wall 

II. Chemical  Method 

From recent experiment, by Chan-Moon Chung, it is quite 

evident that, when two substances methacryloxypropyl deter-

minated polydimethylsiloxane and benzoyl isobutyl-ether are 

mixed in the presence of sunlight, they transform into water-

proof polymer that sticks to concrete. Now this balm is put 

inside tiny capsules made of Urea and formaldehyde,which 

keeps the chemical mixture isolated from sunlight.When due 

to external conditions the cracks occur , the capsule 

breaks and the balm comes out . These capsules are made by 

stirring together a solution of water, urea, ammonium chloride 

and a benzene derivative called resorcinol that encourages 

capsule formation. Then methacryloxypropyl-terminated is 

added with polydimethylsiloxane, benzoin isobutyl ether and 

formaldehyde, and cooked the mixture for 4½ hours at 55°C. 

This process causes the urea and the formaldehyde to form, as 

desired, capsules containing the two concrete-healing chemi-

cals. The mixture is mixed with liquid polymer and sprayed 

the mixture on to some concrete blocks, each weighing two-

thirds of a kilo, and allowed the resulting film to solidify. 

Then cracked each block in turn, by applying pressure, and 

put the blocks out in the sun for four hours. 

 

Observations 

The cracks in the concrete propagated into the polymer film 

containing the capsules, and cracked some of the capsules 

open too, releasing their contents. These then set, on exposure 

to the sun, into a waterproof layer—a fact proved by immers-

ing the blocks in water. After 24 hours immersion he weighed 

the blocks, to see how much water they had soaked up. On 

average, untreated concrete accumulated 11.3 grams of water. 

Concrete coated with capsule-free polymer took in 3.9 grams. 

But concrete covered with a polymer layer containing cap-

sules absorbed just 0.4 grams.  

   
Figure2. Concept of embedded microcapsules of healing 

agent, based on the figure from White et al.. From left to right: 

micro-structure with embedded catalyst and microcapsules of 

healing agent (polymer precursor), crack ruptures microcap-

sules and healing agent coats crack surfaces via capillary ac-

tion, catalyst cross-links healing agent. 

 

 V. Advantages and Disadvantages 

The Self Healing Concrete has comparatively very less per-

meability, more durability and strain bearing capacity than the 

conventional concrete. A potential drawback of this reaction 

mechanism is that for each carbonate ion two Ammonium 

ions are simultaneously produced which may result in exces-

sive environmental nitrogen loading. 

 

VI. Future perspectives  
Currently a fully functional bacteria-based self-healing con-

crete system using LWA as storage reservoir is available on 

the laboratory scale. On-going studies in our laboratory inves-

tigate the possibility to use this system in practical applica-

tions.  

A next step towards widening application possibilities is the 

development of a more efficient and economical agent that 

does not negatively affect concrete strength properties. Possi-

bility for easy application and production on industrial scale at 

low costs should be considered. Next to healing capacity, 

long-term behaviour and improvement of durability characte-

ristics of the bacteria-based self-healing concrete material 

need to be determined, such as resistance to chloride penetra-

tion and freeze-thaw cycles. Long-term monitoring of larger 

scale experiments executed in the outdoors environment may 

reveal material behaviour in practice. Feasibility of imple-

menting the material in the market should then finally be de-

termined by a full cost-benefit analysis.  

 

VII. CONCLUSIONS 

 While most healing agents are chemically based, 

more recently the possible application of bacteria as self-

healing agent has also been considered. In a number of pub-

lished studies the potential of calcite precipitating bacteria for 

concrete or limestone surface remediation or durability im-

provement has been investigated. 

 Metabolically active bacteria consume oxygen; the 

healing agent may act as an oxygen diffusion barrier protect-

ing the steel reinforcement against corrosion. So far, bacteria 
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have never been used to remove oxygen from the concrete 

matrix to inhibit reinforcement corrosion and further studies 

are needed to quantify this potentially additional beneficial 

process. 
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Abstract: Ahmedabad is a big industrial center, base of many 

regional banks, nationwide, global industrial players and has a 

high economic importance for western India which is growing 

haphazardly posing threat of air pollution to humans. This pa-

per focuses on major pollutants from different sources for the 

year 2010 and especially the impact of PM10 on human health 

is shown for the base year 2010 and projected for the year 2020. 

The analysis reveals that it is the moral responsibility of policy 

makers to think in the direction for reducing air pollution. 

KEYWORDS: Pollution, health, morbidity, Ahmedabad 

 
Introduction: 

  

Air Pollution is one of the difficult issues on the planet particular-

ly in urban ranges of creating nations due fast development of 

populace, increment in number of vehicle and industrializa-

tion.Ahmedabad is situated in Gujarat, India. It is the main me-

chanical and business city of Gujarat. The area facilitates for 

Ahmedabad are N 230 1'- E 720 41'. It has grown up to a high 

level in most recent 10 years which can be seen from improve-

ment in business/industry, land and populace and framework 

development. Some way or another development has prompted 

incremental air contamination as important foundation was not 

set up at perfect time. The examination concentrates on the di-

verse divisions contributing toxins like PM10, PM2.5, SO2, CO, 

and CO2 for the year 2010 and to feature the wellbeing sway on 

mortality and grimness in 2010 with reference to just PM10. 

Likewise, in view of the pattern of PM10 contaminations the 

2020 morbidity and mortality is demonstrated so as one can think 

toward the path to discover ways and intends to diminish toxins. 

 

Source of air pollution in Ahmedabad city: 

  

There has been a quick development of enterprises in the city 

particularly pharmaceuticals, oil and petrochemical businesses, 

steel reusing, automobile parts fabricating, refreshments creation 

and material were the major dirtying ventures regarding the air 

contamination. The Vatva, Naroda, Narol and Bavla Industrial 

range were noticeable modern zone on the edges of the city, with 

major multinational gatherings set up assembling or preparing 

plants in and around the city. Ghetto territories around the check-

ing stations additionally contributed noteworthy measures of 

unburnt carbon and particulate issue (PM) alongside vaporous 

contaminations which were persisted  

in the environment with fuel gas. In Ahmedabad the greater part 

of the streets had been kept up and some were harmed because of 

overwhelming movement stack. Significant clean stayed in sus-

pension because of the substantial activity power causing poor 

perceivability, respiratory issues and eye disturbance notwith-

standing broad aggravation.  

 

There had been a quick increment in the quantity of vehicles in 

the city in the course of recent years. Bikes and bikes were the 

significant transport source in the city. The diesel fueled over-

whelming vehicles added to the air contamination issue by trans-

mitting out dark smoke. The issue was additionally disturbed 

when a few vehicles utilized defiled oil blended with lamp oil. 

The discharge from such vehicles was high in suspended particu-

late issue, for example, carbon and ash particles brought about 

smoke. 

 

Methodology: 

 

The information from Central Pollution Control Board (CPCB) 

relating to rate part emanations of Ahmedabad city regarding the 

outflows stock produced for every one of the criteria toxins in-

cluding PM10, PM2.5, SO2, CO and CO2 are appeared in Fig. 1. 

The segments incorporated into the investigation are – vehicle 

deplete, road tidy, local strong fuel ignition (in the low wage and 

high salary gatherings), sustenance stands, generator use in nu-

merous scenes, (for example, healing facilities, inns, markets, and 

loft buildings), mechanical outflows including those from block 

ovens and rock quarries, development exercises in the city, and 

waste consuming along the roadside and at the landfills. Here 

especially the interpretation regarding PM10 effect on the human 

wellbeing for the year 2010 and 2020 is shown in Table 1. 

 
 

“Figure 1: Multi-pollutant emissions inventory for Ahmedabad 

city” 

 

Table 1: Health impacts of air pollution in 2010 & forecasted 

in 2020 for Ahmedabad 

Mortality & Morbidity Ahmedabad 

(2010) 

Ahmedabad 2020 

Domain size km X  km 44 X 44 44 X 44 

Study domain popula-

tion (million) 

7.8 10.3 
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mailto:cbmishra@bvmengineering.ac.in
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PM10 emis-

sions(tons/year) 

31,900 31,800 

Estimated Premature 

Deaths 

4,950 7,850 

Adult Chronic Bronchi-

tis 

14,800 23,400 

Child Acute Bronchitis 108,300 171,500 

Respiratory Hospital 

Admission 

6,800 10,800 

Cardiac Hospital Ad-

mission 

1,850 2,900 

Emergency Room Visit 133,700 211,650 

Asthma Attacks (mil-

lion) 

1.7 2.6 

Restricted Activity 

Days (million) 

14.2 22.4 

Respiratory Symptom 

Days (million) 

67.6 107.1 

 

Results and Discussions: 

 

Looking to the figure 1, one can state that among the fuel con-

suming wellsprings of PM, the vehicle part is the predominant 

source, particularly the diesel based trucks. By and large, the 

re‐suspension of tidy because of steady vehicular development on 

the streets is a developing issue in the urban areas. The street 

clean overwhelms the coarse portion of PM (with molecule mea-

surement in the vicinity of 2.5 and 10-micron meter) and in this 

manner its predominance in the PM10 discharges stock with rates 

going from 22 to 44. Among the size parts, PM2.5 is viewed as 

more destructive than PM10. With PM2.5 as the controlling con-

tamination, the immediate vehicle deplete is the biggest donor 

and with PM10 as the controlling poison, the street tidy is the 

biggest patron. Presentation to PM2.5 is connected to heart and 

lung infection and heart assaults. Other wellbeing impacts related 

with introduction to PM2.5 are expanded respiratory side effects, 

sporadic pulse, non-deadly heart assaults, improvement of inter-

minable bronchitis, and diminished lung work. While bigger par-

ticles (PM10) are normally obstructed from statement by our 

characteristic resistance components (e.g., hacking, wheezing, or 

gulping) and mid-extend particles are regularly breathed in and 

breathed out, fine and ultra-fine particles can enter profound into 

the lungs and alveolar sacs after inward breath. 

 

Among the quiet supporters of PM and CO2 discharges, we have 

the local cooking and warming emanations, particularly the 

low‐income gatherings, outside the city region zones, where utili-

zation of coal, biomass, and biofuels is everywhere; trailed by the 

utilization of generator sets inside as far as possible in the seg-

ments of inns, healing centers, foundations, flat buildings, and 

markets. One source with the biggest vulnerability in the dis-

charges stock is the waste copying. Because of absence of enough 

waste administration programs, parts of the household squander 

is scorched and representing PM and other cancer-causing ema-

nations. SO2 gasses are very risky for lives and overwhelming 

nearness in industrial region is very aggravating.  

 

Table 1 unmistakably shows that the city represents an expected 

yearly 7,850 unexpected losses because of introduction to air 

contamination over the WHO guidelines. 

Acute bronchitis is regularly caused by infections, ordinarily 

those that additionally cause colds and influenza. It can likewise 

be caused by bacterial disease and presentation to substances that 

disturb the lungs, for example, air contamination. Incessant bron-

chitis is a genuine, progressing ailment portrayed by a diligent, 

bodily fluid delivering hack that keeps going longer than 3 

months out of the year for over 2 years. Individuals with endless 

bronchitis have changing degrees of breathing challenges, and 

indications may show signs of improvement and more regrettable 

amid various parts of the year.  

 

Air contamination has an impact in causing asthma and that too 

being presented long haul to high focuses. Wheezing is a shriek-

ing or squeaky sound that happens when you relax. Writing says 

that individuals who have asthma, they can't slow down or they 

learn about of breath. You may feel like you can't get let some 

circulation into of your lungs.  

 

The small 'nano-particles' in diesel fumes deliver exceedingly 

receptive atoms called free radicals that can harm veins and 

prompt infection which may keep veins from unwinding and 

contracting appropriately. The unsettling influence to vein work 

implies there is expanded danger of clumps creating in coronary 

supply routes, which can cause a heart assault. 

 

Children’s are especially defenseless to the impacts of air conta-

mination. They inhale through their mouths, bypassing the sepa-

rating impacts of the nasal sections and enabling contaminations 

to travel further into the lungs. They have a substantial lung sur-

face zone in respect to their weight and breathe in moderately 

more air, contrasted with grown-ups. They additionally invest 

more energy out of entryways, especially in the evenings and 

amid the mid-year months when ozone and other poison levels 

are at their most noteworthy. What's more, kids may disregard 

early side effects of air contamination impacts, for example, an 

asthma intensification, prompting assaults of expanded serious-

ness. Join those components with the antagonistic effect of a few 

toxins on lung improvement and the adolescence of kids' chemi-

cal and safe frameworks that detoxify poisons, and you have a 

progression of elements that add to youngsters' expanded affecta-

bility to air contaminations. 

 

Conclusions: 

Looking to the writing study and examination of the investigation 

it shows that approaches that advance open transportation and 

take into consideration Non Motorized Transport result in bring 

down contamination levels and lower ozone depleting substance 

emanations. Advancing option transport alternatives is ecologi-

cally feasible as well as a socially dynamic approach. The block 

oven segment, however outside the city regulatory cutoff points, 

has a critical part in diminishing air contamination and giving the 

co‐benefits. In light of the blend of fills (counting biomass), dif-

ferent poisons like Black Carbon, have a fundamental part to play 

in the atmosphere approach. The rubbish consuming and con-

nected dangerous outflows require a quick administration ar-

rangement. The clean re‐suspension on the streets because of the 

vehicular development is the low‐hanging organic product for 

prompt upgrades in city's air quality. 
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Abstract: Removal of ammoniacal nitrogen from pigment 

industry effluent by the air stripping process was studied. 

Air stripping was subjected to two different samples having 

ammoniacal nitrogen concentration in the range of 15000-

16000 mg/L and 400-500 mg/L respectively. Air stripping 

was carried out using a lab scale aerator having a flow rate 

of 8 lpm. Effects of various operating parameters such as 

initial pH, stripping time and air flow on ammoniacal 

nitrogen removal were studied. pH optimizations had to be 

done as both the samples had different initial pH and 

ammonia/ammonium ratio shifts towards ammonia due to 

high pH. During the air striping, the stripping efficiency 

increased with increasing air flow and initial pH. The rate 

of decrease in concentration of ammoniacal nitrogen 

decreases with time. 

 

Keywords: Ammoniacal nitrogen removal, Pigment industry 

effluent, Air stripping 

 

Introduction 
 

Nitrogen and its compounds are becoming increasingly 

important in wastewater management because of the many 

effects that nitrogenous material can have on the environment. 

Ammonia nitrogen is the main form of nitrogen in the water 

environment. Ammoniacal nitrogen (NH3– 

 

N and NH4
+
-N) indicates the amount of nitrogenous organic 

matter that has been converted to ammonia. Ammoniacal 

nitrogen acts as a nutrient for aquatic plants and algae, and 

exerts oxygen demand in receiving waters leading to a poor 

water quality, eutrophication and toxicity to sensitive aquatic 

biota. [1] So, ammoniacal nitrogen (NH3–N) has been 

selected as one of the indicators for assessing river quality, 

such as water quality and river pollution indices. [2] 

Moreover, environmental regulations regarding NH3-N in 

municipal and industrial wastewaters that flow to nitrogen-

sensitive receiving waters are becoming steadily more 

stringent in India. According to CPCB standards of effluent 

discharge, ammoniacal nitrogen (as N) concentration shall not 

be more than 50 mg/l. so, it is important to reduce the 

ammoniacal nitrogen concentration in order to meet the 

discharge standards. 

 

Ammoniacal nitrogen can be removed from wastewater 

through both, biological and physico-chemical treatment 

methods such as biological nitrification-denitrification, 

 

ammonia stripping, breakpoint chlorination, ammonia 

precipitation [3], ion exchange, etc. Biological nitrification-

denitrification is the most adopted method for removal of 

ammoniacal nitrogen from wastewater as it is energy efficient  

 

 

 

and does not require the addition of chemicals for the  

treatment. But, this method is very sensitive to toxic loading, 

shock loads, cold weather conditions. [4] Also, the nitrifiers 

are sensitive to pH and requires longer retention time. Another 

method, breakpoint chlorination, uses chlorine to oxidize 

ammoniacal nitrogen (NH3-N) to nitrogen gas (N2). To reach 

the chlorine breakpoint, sufficient chlorine (weight ratio of 

Cl2:NH3-N = 7.5:1) need to be added to satisfy all the 

demand in wastewater, resulting in high cost and formation of 

disinfection byproducts. [5] 

 

As compared to above mentioned processes, air stripping is a 

simple process of physical-separation which is generally used 

for the wastewater with high ammonia concentrations. In 

addition ammonia removed by air stripping can be reabsorbed 

to acid absorption solution. There are various air stripping 

methods such as packed tower, bubble aeration [6], water-

sparged aeroclone and micro-fabricated stripping column. [7] 

 

Effluent from pigment industry is highly ammonia 

concentrated due to use of various chemicals like urea, 

phthalic anhydride, ammonium molybdate, etc. as raw 

materials. Both ammonia and carbon dioxide gas are evolved 

during 

 

manufacturing process due to decomposition of urea. 

Conventional ETP is generally installed for the treatment of 

 

wastewater generated during manufacturing process, which 

efficiently removes oil & grease and COD. But, reduction of 

TDS and ammoniacal nitrogen pose a great problem due to 

their higher 

 

concentrations. Concentration of ammonical nitrogen in the 

effluent stream is so high (i.e., 500 – 16000 mg/L) that 

biological treatment cannot be employed for its reduction as it 

hinders the growth of microbes. 

 

Ammonia nitrogen exists in pigment industry effluent as 

either the ammonium ion (NH4
+
) or ammonia gas (NH3), 

depending on the pH of the solution, in accordance with the 

following equilibrium reaction: 

 

NH4
+
 ↔ NH3 + H

+
 ………………… (Eq. 1) 

 

For effective air stripping, it is required to maximize the 

volatile ammonia component. Three major factors need to be 

considered i.e., temperature, pH and air flow-rate. 

Temperature of wastewater needs to be maintained high (25℃ 

– 28℃) as volatility of ammonia is temperature dependent. 

Higher pH (10.8 – 11.2) is also important for ammonia 
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volatilization, which can be achieved by addition of lime or 

sodium hydroxide. 

 

Bubble aeration can be used for removal of gaseous 

contaminators without any packing material. This method is 

advantageous over other air stripping methods, especially for 

lab scale experiments as it does not require any construction, 

is simple and generally inexpensive. [7] 

 

In this study, bubble aeration method was applied for 

reduction of ammoniacal nitrogen from pigment industry 

effluent having very high ammonia concentration. The 

removal efficiency for ammoniacal nitrogen was studied for 

effects of initial pH, stripping time and air flow rate. 

 

Characterization of Pigment Industry Effluent 
 

Sample ID pH Initial 

  Ammoniacal 

  Nitrogen as N 

  (in mg/L) 
   

S-1 (Neutral 9.78 450-600 

sample)   

   

S-2 (Alkaline 10.56 14050-16200 

sample)   

   

 

 

The conversion factor is: 

 

Ammonia (NH3) multiplied by 0.8235 equals 

ammonia as N (NH3-N). 

 

For example: Ammonia concentration (NH3) = 500 

mg/L 

 

But, Ammoniacal nitrogen concentration (NH3-N) = 

500 × 0.8235 

 

= 411.75 mg/L 

 

Experimental Setup 
 

A glass flask with 500 mL of volume was used for bubble 

aeration experiments (Figure 1). Lab-scale aerator with flow 

rate of 8 lpm was used for providing aeration. The efficiency 

of ammonia removal, can be defined according to the 

equation; 

 

η = (Cin – Ct) / Cin ……………….. (Eq. 2) 

 

where, Cin and Ct are ammonia concentrations (mg/L) in the 

wastewater at the beginning and at any time (t). 

 

 
     Figure 1: Lab-scale Batch Stripping System 

 

Analytical Methods 
 

Determination of ammonia concentration was carried out by 

Ammonia-Selective Electrode Method (4500-NH3 D) as 

described by APHA. The ammonia-selective electrode uses a 

hydro-phobic gas permeable membrane to separate a sample 

solution from the electrode internal solution. Dissolved 

ammonia (NH3 and NH4
+
) is converted to NH3 by raising pH 

to above 11 with a strong base. Dissolved ammonia in the 

sample will pass through the membrane until the partial 

pressure of ammonia is equalized. The ammonia gas reacts 

with the internal filling solution creating an electrical current 

which will be proportional to the ammonia nitrogen (NH3–N) 

concentration. HANNA HI 4222 pH/mV/ISE/temperature 

Bench Meter was used for measuring the ammonia 

concentration. 

 

Experimental Procedure 
 

`Initial pH and ammoniacal nitrogen concentration of the 

sample were measured first. Then the pH of the sample was 

adjusted to > 11 by adding pallets or 1 molar solution of 

NaOH. Then the samples were aerated using lab-scale aerator 

for required time intervals (i.e., 10 minutes to 70 minutes) and 

various air flow-rates (i.e., 8 and 12 lpm). Then the reduction 

in ammoniacal nitrogen concentration was measured after 

every 10 minutes of aeration. The final pH of the sample and 

volume of the sample left after aeration was measured and 

removal efficiency was calculated using equation 2. 

 

Results and Discussion 
 

The influence of pH on ammoniacal nitrogen removal 

 

During experiments, pH of the wastewater was changed for 

9,10,11,12 and the influence of pH on air stripping 

experiment is shown in the figure 2 and 3. 

 

As stated in equation 1, rising of pH will break ionization 

equilibrium and promote the formation of ammonia gas. 

Thus, it will improve the removal efficiency of ammoniacal 

nitrogen in wastewater. 
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Figure 2: Effect of pH on removal of ammoniacal nitrogen for 

neutral sample 

 
Figure 3: Effect of pH on removal of ammoniacal nitrogen for 

alkaline sample 

 

Experiments were conducted at 12 L/min air flow and 

stripping time of 70 minutes and 50 minutes for sample 1 and 

sample 2 respectively. As seen in Fig. 2 and 3, as initial pH 

increased, removal of ammonia from wastewater increased. 

But there wasn’t much difference in removal of ammonia 

between pH 11 and 12. The stripping rate remained constant 

when pH was higher than 11. So, pH was selected 11 to avoid 

increasing processing cost caused by NaOH required to 

increase pH. At this pH, removal efficiency of ammonia were 

97.7 % and 79.35% respectively for sample 1 and sample 2. 

 

The influence of aeration rate on ammoniacal nitrogen 

removal 

 

Air flow was another important parameter on ammonia 

removal in air stripping. High air flow led to the increased 

rate of removal of ammonia in bubble aeration process. 

Figure 4 and 5 illustrates the effect of air flow on ammonia 

removal in air stripping (stripping time of 70 minutes and 50 

minutes for sample 1 and sample 2 respectively and pH 11). 

The air flows from 8 to 12 L/min in the bubble aeration were 

varied. Maximum ammonia removal efficiency at 12 L/min 

was 95% and 75% respectively for sample 1 (neutral) and 

sample 2 (alkaline). 

 
 

Figure 4: Effect of air flow-rate on removal of ammoniacal 

nitrogen from neutral sample 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Effect of air flow-rate on removal of ammoniacal 

nitrogen from alkaline sample 

 

Conclusions 
 

i. Air stripping is feasible for the reduction of 

ammoniacal nitrogen from pigment industry effluent. 

ii. Removal efficiency and volume of air required is a 

function of initialconcentrations of ammonia;higherthe 

concentration, higher the efficiency and more volume of air is 

required for achieving the desired target. 

iii. In case of neutral sample, over 90% ammonia 

removal can be achieved and optimum operating conditions 

are pH 11, aeration rate 12 lpm and stripping time 70 minutes. 

iv. In case of alkaline sample, over 75%   of   ammonia   

can   be removed efficiently and optimum operating 

conditions are pH 11, aeration rate 12 lpm and stripping time 

50 minutes. 

v. Stripping experiments on alkaline sample were also 

performed at initial pH (pH of 10.3 because of large volume 

of NaOH required to raise pH to and it is found that ammonia 

can be removed efficiently until the concentration reaches to 

3300 mg/L. After that, the removal efficiency (ammonia 

removed per volume of air) decreased significantly. 

vi. Due to high buffering capacity of alkaline sample, 

large quantity of NaOH and acid was required to adjust pH to 

12 and then to 7. As a result, huge increase in TDS was 

observed in the treated sample. 
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Abstract: Climate change has become the major challenge 

worldwide. The main cause of which is global warming. 

Global warming is the consequence of increase in carbon 

footprints. Inspite of innovation of various technologies and 

policies in the direction of reduction of carbon footprints 

problem is stagnant. Mostly in developing countries problem 

is more vulnerable where use of renewable resources has 

been in progress. Here in this paper discussions have been 

done about the various mitigation measures to reduce car-

bon footprints. 

 

Keywords : Climate, global warming, CO2emission 

 

Introduction 

The Twentieth Century temperatures are clearly warmer than 

any other century over the past 500, and perhaps even the past 

thousand years. (1) It is proved that climate changes happen 

after an increase in CO2emission, which confirms that the 

increase in CO2emission does cause global warming. (2) 

Energy is essential in day to day life. The use of fuel in cars, 

in the production of goods, as well as in household activities 

such as burning of fuel in cooking, Heating and cooling of 

houses. Electricity consumption is of crucial importance for 

adapting to climate change in terms of adjusting to heating 

and cooling needs, but also important in terms of mitigation as 

electricity accounts for more greenhouse gas emissions than 

any other sector in Europe.(3) All activities generate CO2 in 

substantial amount, which is the main green house gas. Apart 

from CO2 other gases such as methane CH4, O3, N2O, CFCs 

are other gases which are equally responsible in increase of 

carbon footprints.  

Carbon-footprints is the sum of all the emissions of carbon-

dioxide, which were generated with the various anthropogenic 

activities. The frequency of measurement is annual. Human 

activities include, methane (CH4), emitted by agriculture, 

energy exploration, decay of organic waste, production and 

transport of coal, natural gas and oil etc. 

Carbon footprints can be evaluated by summing up the global 

warming potential (GWP) of the various green house gases. 

As we can say 1 kg of methane is equal to 25 kg of CO2, 1 kg 

of nitrous oxide is equal to 298 kg of carbon dioxide. Similar-

ly after accounting the green house potential of different 

GHGs carbon footprints are derived. (4)   

United Kingdom, has taken the lead at a national level in set-

ting mitigation targets. The UK Climate Change Bill calls for 

an 80% GHG emissions reduction by 2050 relative to 1990 

(5). India is the fourth largest emitter of CO2, following china. 

Due to its large economy and its large population its carbon 

emission is high, despite of its low per capita carbon level (6). 

  Footprints are generally made up of two components. Prima-

ry Footprints (direct emissions either from burning of fossil 

fuels or industrial emissions), Secondary footprints (Indirect 

emission in whole life cycle) 

Personal carbon trading is the generic term in which carbon 

credits are allocated to each individuals which can be utilized 

by person after utilization of the specified credits extra charge 

would be taken by him for further use of credits. One carbon 

credit is equal to one tonne of carbon dioxide.  

Effects of global warming:  

Global warming means a lot in terms of climate changes scar-

city of water, increase in annual mean temperature, increase in 

sea level, and drought and flood. Emissions of green house 

gases need to cut to reduce the effects of global warming. As 

we can see according to IPCC, the panel provide wide infor-

mation in this area and integrated framework suggested by 

this panel is as shown in this picture. Wildlife, Aquatic life 

and human beings are also greatly affected by this epidemic. 

Here integrated framework on global climate change as per 

the IPCC is shown in Fig.1. 

 

“Fig.1 An integrated framework on climate change” 

 

 Causes of global warming: 

 

Emissions and increase in concentration of GHGs and aero-

sols due to various anthropogenic activities are the main cause 

of global warming. Exploding population, irreplaceable en-

ergy sources and lack of technologies for the use of renewable 

energy sources have posed a great impact on the increase in 

concentration of GHGs and aerosols. Most of the Developed 

and developing countries need to ensure that projects should 

be environmental friendly before execution. Here Fig.2 shows 

the direct emissions of greenhouse gases by various economic 

sectors. 
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“Fig.2. Emissions by various economic sectors” 

 

Manoeuvre made for reduction of carbon footprints: 

 

Decarbonisation which is the low carbon economy refers the 

situation where the carbon emission is low in construction and 

any phase of the development of the socio economic system. 

These terms are also characterized by the low pollution, low 

emissions and low energy consumption.  

To maintain ecological balance and to encourage low carbon 

product development we need to emphasize on energy saving 

and efficiency technologies, renewable energy development 

and green house gas emissions reduction. 

 

To mitigate the climate change due to emissions of GHG and 

CO2, These gases after being captured has been transported 

and then storage of these gases in geologic and oceanic re-

sources is done, which will otherwise be emitted in atmos-

phere. This phenomenon is called Carbon Sequestration. 

 

 Biomass with CCS is potentially one of the few options for 

negative emissions. CCS is the process of capturing waste 

CO2 from large point sources, such as fossil fuel power plants, 

transporting it to a storage site, and depositing it where it will 

not enter the atmosphere, normally an underground geological 

formation. Capturing of carbon is done using a number of 

methods such as pre combustion, post combustion, oxy-fuel 

combustion, chemical looping combustion etc. Transport of 

the captured CO2 to the storage sites is done using pipelines, 

which is the cheapest form of transport. 

 

Biogenic CO2 is part of the renewable carbon cycle. CO2 is 

extracted from the atmosphere into trees and crops as they 

grow, and is released when they are combusted or decom-

posed. 

Therefore, biogenic CO2 does not contribute to the increase of 

greenhouse gases in the atmosphere. When CO2 that has been 

captured from the atmosphere by biomass is stored geologi-

cally, a flow of carbon from the atmosphere into the under-

ground is created, i.e. a permanent CO2 sink. It is known as 

negative CO2 emissions. 

 

This emitted CO2 can also be used effectively in some to miti-

gate global climate change. Carbon dioxide has numerous 

industrial applications and can also be used as chemical for 

various purposes. The important areas are urea fertilizer pro-

duction, food packaging and processing, beverage carbona-

tion, pharmaceuticals, fire suppression, winemaking, paper 

and pulp processing, water treatment, steel manufacturing, etc. 

Prospective areas of CO2 usage include polymer processing, 

concrete curing, algal bio-fixation, renewable methanol gen-

eration, etc 

 

We need New Energy Sources to replace fossil fuels. Actions 

to be taken in certain specific sectors along with a large scale 

power generation using renewable energy sources such as 

solar and wind and thus contribute in reducing carbon foot-

print. Nearly 70 percent of electricity in the India is being 

generated by burning fossil fuel, mainly coal. The coal domi-

nant scenario projects nearly a fourfold increase in the re-

quirement of coal by 2030 as compared to coal consumption 

in the year 2010. Eventually this will increase the emission of 

greenhouse gases into the atmosphere exponentially.  

 

Personal carbon trading is the generic term for a number of 

proposed emissions trading schemes under which emissions 

credits would be allocated to adult individuals on a (broadly) 

equal per capita basis, within national carbon budgets. Indi-

viduals then surrender these credits when buying fuel or elec-

tricity. 

 To help reduce carbon emissions, the Government would set 

limits on the amount of carbon that could be used. 

Conclusion 

Global warming consequently climate change has a great sig-

nificance as it is mainly introducing by the human being. The 

burning of fossil fuels, for energy generation and aerosols 

have proved prime source of this climate change scenario. 

Clean energy production technologies, energy usage tech-

nologies such as personal carbon trading and carbon- dioxide 

capturing techniques such as carbon sequestration need to be 

implemented to mitigate carbon emissions. 
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Abstract: Lamana is the village of Ajmer district of the Ra-

jasthan state. It is situated on National Highway No. - 8 and 

in the near by area of Aravali mountain range. It is situated 

at at latitude 26.2399 N and longitude 74.4784 E at an eleva-

tion on 479.48 meters above mean sea level on north east 

region of the Globe. Aquatic ecosystems are historically the 

sources of life on earth. Global aquatic ecosystems consist of 

two broad classes - the fresh water ecosystem and marine 

ecosystem. The study of fresh water ecosystems from the 

view point of limnological aspects is one of the fascinating 

areas in the field of aquatic ecosystem. In a fresh water eco-

system, the water is subjected to the influence of wide array 

of physical and chemical factors, the rise and fall of which 

directly affect the flora and fauna altering their number and 

diversity. There is single outlet for the pond water and the 

only way of water loss from pond appears to be evaporation, 

which has resulted in accumulation of salts in the pond wa-

ter. Since, the water of this water body is used for domestic 

and anthropogenic purposes in the area; therefore attempts 

were made to calculate the water quality index of the col-

lected samples to explore the utility for livestock, agricultur-

al and other household purposes. 

Keywords : Water Quality, Analysis 
 Introduction 

Water is one of the most priceless gifts of nature on the 
Earth. It can be safely stated that water is the life line of our 
planet. The evolution of life on the Earth and the develop-
ment of human civilization could have not been possible 
without water. Since the dawn of civilization, man had inti-
mate relationships with water bodies. All the great civiliza-
tions of the world were centred on the water bodies. This is 
evident from the past civilizations like Nile valley civiliza-
tion, Indus valley civilization, Mohan-jo-daro etc., which 
developed near the banks of perennial water bodies like 
lakes, rivers etc. Aquatic ecosystems are historically the 
sources of life on earth. Global aquatic ecosystems consist of 
two broad classes - the fresh water ecosystem and marine 
ecosystem. The study of fresh water ecosystems from the 
view point of limnological aspects is one of the fascinating 
areas in the field of aquatic ecosystem. The present study 
has been designed with the following objectives to evaluate 
the water quality of the chosen water body:  

1. Assessment of various physico - chemical characteristics of 
the water body. 

2. Relationship between different physical, chemical and 
biological parameters. 

 

 

MATERIAL AND METHODS 

S. 
no. 

Parameters Methods 

1 pH Direct pH meter 

2 Alkalinity By titration 

3 Chloride By titration 

4 Nitrate 
Rubbing me-
thod 

5 Fluoride 
Ion selective 
electrode 

6 
Total dis-
solve solid 

Conductivity 
bridge 

7 Colour By vision 

8 Turbidity 
Direct turbidity 
meter 

 

 Study Area 

Lamana is the village of Ajmer district of the Rajasthan state. 
It is situated on National Highway No. - 8 and in the nearby 
area of Aravali mountain range. It is situated at at latitude 
26.2399 N and longitude 74.4784 E at an elevation on 479.48 
meters above mean sea level on north east region of the 
Globe. The satellite view of the water reservoir (Mataji ki 
nadi) is shown in the figure- 01. 

 

Figure-1. Satellite View of water reservoir (Mataji ki nadi) at 
Lamana. 
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 Result And Discussion 

Six water samples were collected from different locations of 
the water reservoir. All samples were collected as per proto-
col of APHA 1989. The collected water samples were ana-
lyzed as per APHA 1989 norms for physico-chemical para-
meters. Results are listed in table 01 and figure -02 

Table-1. Physical Parameters of Water Samples from Water 
Reservoir at Lamana 

S
a
m
p
le 
N
o 

Co-
lou
r 

Odo
ur 

Tem
pera
ture 
0C 

pH 

Al
ka
lin
ity 
m
g/
L 

TD
S 
mg
/L 

Chl
ori
de 
mg
/L 

Ni
tra
te 
m
g/
L 

S1 
LB
G  

LM 26 
7.0
8 

112 512 
148.
2 

3.
62 

S
2 

LB
G  

LM 26.4 
7.8
6 

14
2 

512 
68.
2 

0.
8 

S
3 

LB
G  

LM 27.9 7.52 
13
8 

512 
88.
8 

4.
68 

S
4 

LB
G  

LM 27.4 
7.2
2 

116 448 58 
1.0
2 

S
5 

LB
G  

LM 26 
7.4
5 

12
2 

512 
102.
4 

1.8
5 

S
6 

LB
G  

LM 27.5 7.51 
14
6 

768 
118.
6 

3.
82 

                                                                                             LBG  
(Light Blue Green) 

                                                         LM    (Light Murky) 

 

Figure-2 Physical Parameters of Water Samples from Water 
Reservoir at Lamana 

The water was observed to be blue-green in colour due to 
dominance of algal bloom in the reservoir. The temperature 
of water ranged from 26 to 280C, which is marginally higher 
than other surface water bodies in the area. The algal bloom 
in water reservoir is responsible for absorption of light and 
heat from sunlight due to its coloured pigments leading to 

slightly higher temperature of water reservoir. The water 
samples emanated light murky odour.. 

In the present study, pH values of the water were found in 
the range of 7.08 to 7.86. All the water samples were slightly 
alkaline in nature.(Siroya, A.K. 2001) The constituents of 
alkalinity in natural water mainly include carbonate, bicar-
bonate and hydroxide which are resultants of dissolved min-
eral substances in soil and atmosphere. In the study area, 
alkalinity in water samples range between 112 to 146 mg/L 
and these are below the acceptable limit. 

However the chloride content which varied from 58 to 148.2 
mg/L in all the samples was below the limit.   

The concentration of nitrate in this water body ranges from 
0.8 to 4.68 mg/L.(Panwar Nisha 2009) Nitrates are essential 
nutrients for plant growth. Excessive concentrations of ni-
trate in drinking water may cause methaemoglobinaemia in 
small children and also damaged the feotus of pregnant la-
dies. Nitrate reacts with haemoglobin  of  blood which car-
ries oxygen in the blood to form methaemoglobin. Methae-
moglobin cannot carry oxygen therefore, the affected baby 
suffers oxygen deficiency. Such a condition is referred to as 
methaemoglobinaemia and is commonly called as “Blue ba-
by syndrome”. The concentration in excess of 10 mg/L as N, 
equivalent to 44 mg/L of NO-3 evidently present this hazard 
(Hem, 1985). 
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Abstract: Electromagnetic Field (EMF) for the water and 

wastewater treatment show good potentials and is safe, 

effective and environmentally friendly. The EMF has no 

harm full effect on the human health and the operating cost 

is also less as compared to the conventional method for 

water and wastewater treatments. In addition to this, the 

EMF have antimicrobial and antibacterial effect on the 

wastewater. EMF’s have special properties which are useful 

for the treatment processes such as; it helps in modifying the 

physical and chemical properties of the water molecules, 

helps in scale prevention in the pipes in the treatment facilities, 

organic and phosphorous compound removal,sludge 

precipitation are some of them. The present 

studyheighlights the effect of EMF on COD,SS and TS of the 

industrial effluent. In addition to this, the construction of the 

assembly for introducing the electromagnetic field in the 

effluent is also the part of the study. 

Keywords: Electromagnetic field, Magnetic treatment, waste 

water treatment 

 

Introduction 

 

Water is the major resource for the world to work and is very 

important for its sustenance. With increasing in the 

developmental activities all over the world there is increase in 

rate of negative exploitation of this very major resource. Due to 

increase in the industrial activities the ground water and surface 

waters are getting polluted to the extent that it cannot be used 

for the domestic purpose without treatment. 

In case of water treatment biological, chemical and physical 

methods are commonly adopted. Here the waste water of dye 

and dye intermediate is studied with the 

COD ranging from 5000mg/l and high suspended solids with 

dark colour, this wastewater is considered to be the high 

strength waste water and is the significant source of 

environmental pollution. The high suspended solids content and 

dark colour of the waste water adds to the turbidity of the 

effluent. The conventional method for dealing with this type of 

water consists of various biological, chemical and physical 

methods. However, because of the variability of the composition 

of this type of wastewater these traditional methods are 

becoming inadequate and the cost of the treatment of this kind 

of waste is also going high day by day. 

 

Magnetic technology is a method for the magnetization of the 

matter with the help of the magnetic field. This technology is 

used in the treatment of the wastewater and its effects have been 

studied by various authors(Ali Yadollahpour, 

2014)(Kronenbergf, 1985), these studies are mainly focused on 

the aspects such as the effects of the magnetic field on the 

pollutant degradation(M. Krzemieniewski M. D., 2004) and the 

effect of the magnetic field on the microbial growth and its 

activity. 

The aim of the study is to investigate the influence of magnetic 

field and the exposure time on the physical properties in terms 

of the SS reduction,TS(Total solids) reduction and the reduction 

of the COD of the effluent. This study is focused on the 

experimental work been carried out in the environmental 

laboratory, faculty of environment engineering, LD college of 

engineering, Ahmedabad. 

Material and Method: Study area: 

The industry of study is situated in Ahmedabad, Gujarat. It is a 

dye and dye intermediate industry dealing with a dye 

wastewater which needs a lot of physical, chemical and 

biological treatment. Normal treatment methods are not 

economical. 

Experimental assembly: 

Electromagnetic Treatment: The water sample was collected 

from Dye and Dye Intermediate 

industry,Ahmedabad,India.Theinitial characteristics of the 

effluent is 

Parameter Industrial water 

COD 5616mg/l 

SS 5372mg/l 

TS 32292mg/l 

Color Violet 

pH 9 

 

The arrangement of the experiment is as shown in the figure 

1, it consists of a solenoid made up of copper wire having 

1400 turns (25Ω resistance) 10 A current is driven by the 

assembly. 

The waste water total volume fed to the reactor is 500ml and 

the total volume of the reactor is 1L. The reactor is placed in 

a vertical position as to enable all the magnetic field lines to 

pass through the air and water phase and thus the EMF can be 

introduced without any losses.To induce the EMF steel 

filings are introduced within the reactor and thus the 

permeability of the waste water is increased. 

Physical and chemical analysis of the water 

ftp://Id:_ssc11992@gmail.com/
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The COD of the samples was determined by the standard 

dichromate reflux method. Hardness was determined by 

titration methods. Suspended solid in sample is carried out by 

filtering the wastewater through a 0.45 mm membrane filter 

(or a fiber pad filter) and then measuring the dry weight 

(obtained by drying the filter and its content at 103-105 ºC) of 

the material so collected(M. Srinivasa Rao1, 2014).pH 

measurements were done using a combined electrode (LL-

Aquatrode, Metrohm) adapted for pure water. The electrode 

was calibrated using a test kit buffer(M. Srinivasa Rao1, 

2014). The total solids were measured by measuring the initial 

and final weight of the beaker before and after putting it into 

the oven for 24 hrs at 103 

degree.  

 

Figure 1: Experimental Assembly 

 

Graph 1: COD reduction for different power(watt) variation and 

constant detention time of 3hr 

 

The water was introduced to the electromagnetic field for 3 

hours’ time; the total volume of the sample exposed to the field 

was 500ml. 

 

Results and Discussion 

The experiment is carried out in batches and at 25 degree 

ambient temperature. 

With varying power(watt):14, 16, 18, 20. 

Graph 3: T.S.(Total Solids) reduction for different power(watt) 

variation and constant time of 3 hr  

Conclusion 

The metal packing in a technological system improves pollutant 

removal from wastewater. Phenomena caused by 

electromagnetic field favorably influence the wastewater 

treatment.The best strategy of the treatment would be 

introduction of both the chemical and magnetic treatment 

together. This would give a better treatment output. 

Magnetic treatment when used properly can lead to the 

reduction ofthe scale forming in the pipes and the transport 

systems. Magnetic/electromagnetic treatment can increase the 

biodegradability of organic compounds present in the 

wastewater. 
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Abstract: Water purification has been a big global concern 

over the past few decades. Many toxic organic contaminants 

in waste water have been degraded through photocatalysis 

which is considered to be one of the most promising direc-

tions for solving the worldwide environment problems. Wa-

ter contamination being a serious problem is continuously 

threatening both the quality of human lives and aquatic 

lives. The present review introduces an extensive and critical 

analysis of the most recent studies on the use of different 

photocatalyst for organic adsorption and photodegradation. 

Overall, the discussion is organized and based on the differ-

ent photocatlyst which will target different organic contami-

nants discharged from various industries, domestic and 

agriculture waste water streams.  

Keyword:-  Metal inorganic frameworks, , Photodegradation, 

adsorption and waste water. 

Introduction The rapid development of industrialization and 

urbanization as well as huge population increase, the urgent 

demand for acute storage of clean water source have attracted 

immense attention all over the world. One of the constant 

concerns in waste water treatment facilities is to comply and 

cope with the new and changing regulations. Degradation and 

removal of organic contaminants required several treatments 

because each one has its own advantages and disadvantage.  

The combination of processes such as adsorption, physio-

chemical oxidation, biological oxidation and membrane sepa-

ration had been extensively studied for water purification but 

photocatalysis had been considered as one of the best options 

for waste water treatment. It has great potential and efficiency 

by using sunlight to remove the various organic contaminants 

and harmful bacteria. As an easily accessible, safe and renew-

able energy source, natural sunlight is the ideal source to 

supply energy for photocalysis. 

 As we know that dyes are difficult to degrade, these are 

chemically stable, non biodegradable and exist as substance 

that possesses toxic and carcinogenic characteristics. For these 

type of degradation Advance Oxidation Processes (AOPs) is 

the best method which is including methods such as ozona-

tion, photocatalysis, electrochemical oxidation, fenton and 

fenton like process. Almost all following methods are utilizing 

hydroxyl radical (.OH) as a highly oxidizing agent which is 

having redox potential of 2.8ev but researchers reported some 

other oxidizing agent like sulfate radical (So4.-), permanga-

nate (MnO4-), hypochlorite (ClO-), chlorine dioxide (ClO2) 

and ozone (O3) for textile water treatment. 

For photocatalytic performance TiO2 is the most widely stu-

died photocatalyst. TiO2 is cost effective, nontoxic and 

unique photocatalytic efficiency as well as high stability but 

pure TiO2 has some drawbacks like it has large band gap and 

absorb a small portion of U.V. radiation. Modify TiO2 be-

come great substance for degradation process. Researchers 

investigated lots of photocatalyst to retain the growing conta-

mination. This review summarizes the recent progress in the 

design and fabrication of visible light responsive photocatalyst 

via various synthetic strategies, including the modification of 

traditional photocatalyst by doping, dye sensitization and 

forming a hetrostructures.    

Literature survey Shi-Feng Yang et al. [1] reported the visi-

ble-light-sensitive Ag/AgCl/SrTiO3 composites have been 

successfully fabricated via precipitation reaction followed by 

photoreduction. Compared with the pristine SrTiO3 and 

Ag/AgCl NPs, the Ag/AgCl/SrTiO3 composites possessed 

higher photocatalytic degradation for organic pollutants under 

visible light irradiation. The enhanced photocatalytic efficien-

cy might arise from the SPR with strong visible light absor-

bance and efficient charge separation on the surface. The ob-

tained photocatalysts showed good stability and recyclability 

in the process of photodegradation. The composition of plas-

monic Ag/AgCl/SrTiO3 photocatalysts in this paper could 

provide insights into the design and development of other 

excellent ideal photocatalysts in environment and energy is-

sues. 

Raji Atchudana et al. [2] studied that the potential graphene 

oxide grafting titanium dioxide nnanocomposite (photocata-

lyst) was via simple solvothermal method. All the characteri-

zation techniques strongly support that the synthesized TiO2-

GO nanocomposite was constructed well with stable and high 

pure. The resulting TiO2-GO nanocomposite used as an active 

photocatalyst for the (methylene blue (MB) and methyl 

orange (MO)) degradation in an aqueous medium under UV-

light irradiation. The synthesized TiO2-GO nanocomposite 

displayed significantly enhanced photocatalytic activity to-

ward MB and MO degradation in a neutral aqueous solution 

under UV-light irradiation than that of synthesized bare tita-

nium dioxide nanoparticles (TiO2 NPs) (photocatalyst). The 

resulting TiO2-GO heterostructure achieves a maximum de-

gradation efficiency of 100% (25 min of irradiation) and 84% 

(240 min of irradiation) corresponding to the MB and MO 

respectively. Thus, the synthesized TiO2- GO nanocomposite 

can be a promising candidate for the degradation of anthropo-

genic (MB and MO) dyes.  
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Schematic illustration of the synthesis of TiO2-GO nanocom-

posite and degradation process of MB and MO. Soleiman 

Mosleh et al. [3] investigated ultrasonication is a low cost 

green method for preparation of homogenous nanoparticles 

rather than conventional approaches CuO/CuO2/Cu nanopar-

ticles were prepared by sonochemical combined thermal syn-

thesis method and used as new photocatalyst. A novel rotating 

reactor for photocatalytic degradation processes based on ap-

plication of blue LED as irradiation sources instead of UV 

lamps were described. Advantage of this reactor is the appro-

priate light distribution that caused the enough photocatalysts 

activity. Experiments were performed to photodegradation of 

binary mixture of safranin O (SO) and methylene blue (MB) 

dyes Central composite design (CCD) was used to investigate 

the individual and interaction effects of the parameters on the 

photocatalytic degradation percentage. Using of this reactor 

lead to the high photodegradation percentage of 98.1% and 

91.91% for SO and MB, respectively. Operation parameters 

optimization using CCD indicate that optimum values of pho-

tocatalyst dosage, rotational speed, initial SO and MB concen-

tration, flow rate, and time of reaction were 0.3 g/L, 900 rpm, 

10 and 10 mg/L, 0.3 L/min and 90 min, respectively. Finally, 

results showed that synergistic effects induced by forming 

Cu2O/CuO heterojunction containing Cu-NPs co-cocatalyst 

greatly accelerate electron transfer and effectively retard the 

reduction of CuO by photo-generated electrons.  

 

Photocatalytic dye degradation mechanism over the 

CuO/Cu2O/Cu photocatalyst  

Li Fanga et al. [4] by using Fe(NO3)3•9H2O, 

Er(NO3)3•6H2O, Ni(NO3)3•6H2O, PVA and CO(NH2)2 as 

main raw materials, it is successful to do the preparation of 

Ni2+ Doped ErFeO3 by microwave process. This experiment 

showed that Ni2+ Doped ErFeO3 can enhance the visible light 

photocatalytic activity and the best molar ratio is 0.02. The 

Ni2+ Doped ErFeO3 nanoparticles exhibited excellent visible-

light photocatalytic activity for the decomposition of MO. 

Therefore, Ni2+ Doped ErFeO3 is expected to be a potential 

visible-light-driven photocatalyst in the sunlight-induced pho-

tocatalytic degradation of wastewater. 

Mojgan Ghanbari et al [5] studied that Ag2CdI4 nanostruc-

tures had been made up from reaction of CdI2 and AgI2 in 

solid states reaction. The morphology of product on presence 

and absence of surfactant have been investigated. Results 

show that in presence of CTAB nanoparticles shapes prism 

structures. The photocatalytic properties of nanoparticles un-

der UV light had been investigated for degradation of differ-

ent dyes and results show that a good catalytic activities. 

 

 Chiranjit Kulsi et al. [6] synthesized Bi2Se3 and Ni doped 

Bi2Se3 by solvothermal method and investigated its photoca-

talytic performance. The excellent photocatalytic activity of 

the doped sample can be attributed to the higher light absorp-

tion characteristics in the visible region and separation effi-

ciency of electron–hole pair.  Complete degradation of mala-

chite green (MG) dye was achieved within five minutes with 

Ni doped Bi2Se3 in presence of H2O2 with rate constant val-

ue 1.21 min-1 under visible-light illumination.  Explanation of 

the remarkable photocatalytic degradation has been presented 

based on the modification of band structure of bismuth sele-

nide by doping with nickel.  Scavenger test show degradation 

of MG is dominated by .OH oxidation process and oxidation 

action of generated .O2 - radicals. 

Dan-Lin Guan et al. [7] synthesized a Z-scheme AgI/BiVO4 

catalyst successfully via a simple deposition-precipitation 

method. In comparison with other obtained samples and pre-

vious reported catalysts (modified with AgI) the BA3 (con-

tained 9.09% of AgI) displayed superior photocatalytic activi-

ty towards E. coil and OTC-HCl under visible light, and the 

corresponding removal rate can reach 100% and 80%, respec-

tively. It is clear that the effective charge separation of the 

AgI/BiVO4 and Z-scheme transfer could be responsible for 

the enhancement of photocatalytic activity. The results of 

trapping experiments revealed that the O2 and h+ were the 

dominant reactive species during photo-inactivation process, 

and the leakage of K+ played a key role for cell membrane 

destruction and bacteria inactivation. Additionally, the cycle 

experiments indicated that the catalyst possessed great stabili-

ty and recyclability. This work suggested that the AgI/BiVO4 

photocatalyst could regard as a promising material for waste-

water depuration (especially with highly concentrated patho-

genic microorganisms and antibiotics). 
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Schematic diagram of the mechanism over AgI/BiVO4 (a) 

conventional model and (b) Z- scheme hetrojunction system 

Shrine Maria Nithya and Misook Kang [8] prepared cubic 

spinel CuCo2O4 with urchin-like architecture by hydrother-

mal method. The photocatalytic efficiency of CuCo2O4 was 

explained by the degradation of methyl orange in presence of 

solar light irradiation.  The complete degradation of methyl 

orange was successfully achieved. Photoelectrochemical mea-

surement supports the photodegradation process. These results 

explore the new insights in the photocatalytic activity of Cu-

Co2O4 for environmental application. 

  Mir Edris Taheri et al. [9]  investigated the degradation of 

bisphenol A driven by simulated solar radiation over Ag3PO4 

and Ag3PO4/TiO2 photocatalysts. The main conclusions ex-

tracted from this work are as follows: (1) Ag3PO4 and its 

composites with P25 TiO2 are highly responsive in the visible 

spectral region and this renders them particularly suitable for 

the photocatalytic remediation of waters contaminated by mi-

cro-pollutants using solar light as a renewable energy source. 

(2) The composite photocatalysts consist of relatively large, 

nearly spherical Ag3PO4 crystallites with an average diameter 

of ca 2 m, which are decorated with much smaller P25 TiO2 

particles (∼20 nm). The two materials are in intimate contact 

and maintain their individual structural and optical characte-

ristics, implying the absence of chemical interactions between 

them. (3) The Ag3PO4/TiO2 photocatalysts exhibit substan-

tially greater activity than that of the individual components. 

This is explained by considering the favourable relative posi-

tions of the valence band and conduction band edges of the 

two semiconductors, which facilitate interfacial charge trans-

fer and, concomitantly, suppression of the electron-hole re-

combination rate. Evidence is provided that synergy exists 

between Ag3PO4 and TiO2, which is not the case when 

Ag3PO4 is combined with photocatalytically inactive metal 

oxides such as -Al2O3 or ZrO2. (4) Optimal activity for the 

title reaction was observed for the Ag3PO4/TiO2(75:25) pho-

tocatalyst which, under the present experimental conditions, is 

able to completely degrade BPA (at the g/L level in pure wa-

ter) within just few minutes under UV, visible or solar irradia-

tion, with the apparent rate constant beingmore than 2 and 3.5 

times higher than that of pure Ag3PO4 or P25 TiO2, respec-

tively. (5) Typical to most heterogeneous phhotocatalytic sys-

tems, conversion at a given irradiation period increases with 

increasing catalyst concentration in the range 50–500 mg/L or 

with decreasing BPA concentration in the range 2200–440 

g/L. The apparent reaction rate is not affected appreciably by 

the presence of bicarbonate or humic acid in solution butis 

significantly decreased when the reaction takes place in drink-

ing water or wastewater matrices, presumably due to certain 

non-target species behaving as scavengers. (6) Prolonged ex-

posure to light results in partial deactivation of both Ag3PO4 

and Ag3PO4/TiO2 catalysts due to irreversible reduction of 

silver orthophosphate to metallic silver by photogenerated 

electrons. Deactivation is less pronounced for the TiO2-

containing samples and seems to depend on the BPA concen-

tration and the water matrix employed. 

  

 Simplified diagram showing the band edge positions of the 

Ag3PO4/TiO2 composite, the energy levels of certain redox 

couples and the photo-induced reactions that may take place 

under the present experimental conditions. 

Jinsuo Lu et al. [10] successfully synthesized a novel 1W/1Ag 

composite by hydrothermal method through two steps and 

employed in degrading two kinds of organic dye contaminant 

under visible light. Compared with pure Ag3PO4 and WO3, 

1W/1Ag exhibited notably excellent photocatalytic efficiency. 

The degradation of MB and MO obeyed the pseudo-first-order 

kinetics. The enhanced photocatalytic performance and sta-

bility were attributed to the direct Z-scheme heterojunction 

structure and synergic effect of Ag3PO4and WO3, which 

could be benefit to efficient electron–hole separation and en-

hanced light energy conversion efficiency. Under visible light 

illumination, the photoexcited electrons in the conduction 

band of WO3 and retained holes in the valence band of 

Ag3PO4 are quickly combined. Meanwhile, the photogene-

rated holes in the valence band of WO3 played a major role in 

oxidation reactions. Undoubtedly, the developing of 1W/1Ag 

not only improves the reaction activity, but also effectively 

reduces the cost of the Ag3PO4 based photocatalyst, which 

would be a desired alternative as a simple, efficient, and 

promising photocatalyst material for waste water treatment. 

 

 

Proposed mechanism for the direct Z- scheme charge carrier 

transfer  process in the 1W/1Ag composite 
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Mojgan Ghanbari et al. [11] synthesized successfully a novel 

nanocomposite, Cu2CdI4/CuI via simple hydrothermal me-

thod. XRD analysis showed that the product was mainly com-

posed of Cu2CdI4/CuI and there are no other materials. Dif-

ferent morphologies of the product were obtained by changing 

different parameters such as mole ratio, hydrothermal time 

and temperature. It was found that each parameter has a sig-

nificant effect on the product size and morphology. The opti-

cal property of the product was obtained by DRS spectra and 

it was found that the product can active in visible range. Final-

ly, due to 2.8 ev band gap of the nanocomposite, the photoca-

talytic activity of the product was studied using methyl 

orange, methyl blue and Acid Black as dyes and the results 

showed that the product can decompose both dyes in high 

value. 

Prem Singh Saud et al. [12] successfully synthesized Carbon 

quantum dots anchored TiO2 (CQDs/TiO2) composite nano-

fibers by combining electrospinning and hydrothermal me-

thods. The as-synthesized CQSs/TiO2 composite nanofibers 

displayed much enhanced photocatalytic activity in the degra-

dation of MB as well as destruction of E. coli as compared to 

pristine TiO2 nanofiber under the visible light irradiation. The 

above demonstration revealed that as-prepared materials have 

potential as economically friendly photocatalyst for waste 

water remediation due to its reusability.  

CONCLUSITION  

1.Different types of photocatalyst like oxide, iodides, doped,  

and composites were be prepared successfully through hydro-

thermal, precipitation, solid state, ultrasonication, and solvo-

thermal methods. 

2.These catalysts are characterized through different analytical 

techniques like XRD, EDS, FESEM, and FETEM etc. 

3.Harmful substance in water degraded and removed from 

water by the photocatalyst. 

4.The photocatlysis is the best way to clean the waste water 

for further utilization like irrigation, domestic and industrial 

purpose. 
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Abstract: Non-Renewable resources are getting depleted day 

by day. Therefore, the one of the alternative is to reuse the 

resources. Wastewater can also be considered as a resource, 

since it contains many resources like organic matter, phos-

phorus, nitrogen, heavy metals, thermal energy, etc. This 

study focused on the reuse of organic matter and phospho-

rus and other minerals obtained from wastewater. There is a 

wide variety of possible alternatives, and the technical op-

tions are growing. The problem is not the availability of 

technology for resource recovery, but the lack of a planning 

and design methodology to identify and deploy the most sus-

tainable solutions in a given context. The incorporation of 

wastewater use planning into national water resource and 

agricultural planning is important, especially where water 

shortages exist.  

Keywords : organic matter, phosphorus, nitrogen, heavy met-

als, thermal energy 

 

Introduction In many arid and semi-arid regions of the world 

water has become a limiting factor, particularly for agricultur-

al and industrial development. Water resources planners are 

continually looking for additional sources of water to supple-

ment the limited resources available to their region. Several 

countries of the Eastern Mediterranean region, for example, 

where precipitation is in the range of 100-200 mm, rely on a 

few perennial rivers and small underground aquifers that are 

usually located in mountainous regions. Drinking water is 

usually supplied through expensive desalination systems, and 

more than 50 per cent of the food demand is satisfied by im-

portation
1
. In such situations, source substitution appears to be 

the most suitable alternative to satisfy less restrictive uses, 

thus allowing high quality waters to be used for domestic 

supply. Low quality waters such as wastewater, drainage wa-

ters and brackish waters should, whenever possible, be consi-

dered as alternative sources for less restrictive uses. Agricul-

tural use of water resources is of great importance due to the 

high volumes that are necessary. Irrigated agriculture will play 

a dominant role in the sustainability of crop production in 

years to come. 

Types of reuse  

Water is a renewable resource within the hydrological cycle. 

The water recycled by natural systems provides a clean and 

safe resource which is then deteriorated by different levels of 

pollution depending on how, and to what extent, it is used. 

Once used, however, water can be reclaimed and used again 

for different beneficial uses. The quality of the once-used wa-

ter and the specific type of reuse (or reuse objective) define 

the levels of subsequent treatment needed, as well as the asso-

ciated treatment costs. 

Urban uses 

In urban areas, reclaimed wastewater has been used mainly 

for non-potable applications
2
 such as: 

 • Irrigation of public parks, recreation centres, athletic fields, 

school yards and playing fields, and edges and central reserva-

tions of highways. 

 • Irrigation of landscaped areas surrounding public, residen-

tial, commercial and industrial buildings.  

• Irrigation of golf courses. 

 • Ornamental landscapes and decorative water features, such 

as fountains, reflecting pools and waterfalls. 

 • Fire protection.  

• Toilet and urinal flushing in commercial and industrial 

buildings. 

The disadvantages of urban non-potable reuse are usually re-

lated to the high costs involved in the construction of dual 

water-distribution networks, operational difficulties and the 

potential risk of cross-connection. Costs, however, should be 

balanced with the benefits of conserving potable water and 

eventually of postponing, or eliminating, the need for the de-

velopment of additional sources of water supply. 

Industry  

The most common uses of reclaimed water by industry are: 

 • Evaporative cooling water, particularly for power stations.  

• Boiler-feed water.  

• Process water. 

 • Irrigation of grounds surrounding the industrial plant.  

The use of reclaimed wastewater by industry is a potentially 

large market in developed as well as in developing and rapidly 

industrialising countries
3
. Industrial reuse is highly cost-

effective for industries where the process does not require 

water of potable quality and where industries are located near 

urban centres where secondary effluent is readily available for 

reuse.  

Recreation and landscape enhancement  

The use of reclaimed wastewater for recreation and landscape 

enhancement ranges from small fountains and landscaped 

areas to full, water-based recreational sites for swimming, 

boating and fishing
4
. As for other types of reuse, the quality of 

the reclaimed water for recreational uses should be deter-

mined by the degree of body contact estimated for each use. 

In large impoundments, however, where aesthetic appearance 

is considered important it may be necessary to control nu-

trients to avoid eutrophication. 

Socio-cultural aspects  
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Public acceptance of the use of wastewater or excreta in agri-

culture and aquaculture is influenced by socio-cultural and 

religious factors. In the Americas, Africa and Europe, for ex-

ample, there is a strong objection to the use of excreta as ferti-

liser, whereas in some areas of Asia, particularly in China, 

Japan and Java, the practice is performed regularly and re-

garded as economical and ecologically sound. In most parts of 

the world, however, there is no cultural objection to the use of 

wastewater, particularly if it is treated. Wastewater use is well 

accepted where other sources of water are not readily availa-

ble, or for economic reasons
5
. Due to the wide variability in 

cultural beliefs, human behavior and religious dogmas, accep-

tance or refusal of the practice of wastewater reuse within a 

specific culture is not always applicable everywhere. A com-

plete assessment of local socio-cultural contexts and religious 

beliefs is always necessary as a preliminary step to imple-

menting reuse projects (Cross, 1985). 

Conclusions 

The incorporation of wastewater use planning into national 

water resource and agricultural planning is important, espe-

cially where water shortages exist. This is not only to protect 

sources of high quality waters but also to minimize wastewa-

ter treatment costs, safeguard public health and to obtain the 

maximum agricultural and aqua cultural benefit from the nu-

trients that wastewater contains. Wastewater use may well 

help reduce costs, especially if it is envisaged before new 

treatment works are built, because the standards of effluents 

required for various types of use may result in costs lower 

than those for normal environmental protection. It also pro-

vides the possibility of recovering the resources invested in 

sewerage and represents a very efficient way of postponing 

investment of new resources in water supply
6
. The use of 

wastewater has been practiced in many parts of the world for 

centuries. Whenever water of good quality is not available or 

is difficult to obtain, low quality waters such as brackish wa-

ters, wastewater or drainage waters are spontaneously used, 

particularly for agricultural or aqua cultural purposes. Unfor-

tunately, this form of unplanned and, in many instances un-

conscious, reuse is performed without any consideration of 

adequate health safeguards, environmentally sound practices 

or basic agronomic and on-farm principles.  
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Abstract:  Biomonitoring of waterbody provides an integrated 

and cumulative assessment of its water quality over a 

particular time period. This paper presents a review of 

concepts and use of biomonitoring methods for water quality 

monitoring. The benthic macroinvertebrates are the most 

common indicators of biomonitoring, which can be used 

independently for water quality assessment. This paper 

reviews the various methods of benthic macroinvertebrates 

collection i.e. rapid monitoring and use of artificial 

substratum. The common biomonitoring parameters are 

classified as Biological Monitoring Working Party 

(BMWP) Score (Saprobic Score) and Sequential 

Comparison Index (Diversity Score) are discussed. The 

applications of biomonitoring are proposed to mainly 

include assessment of surface water quality and studies on 

the Biological diversity of surface water. 

Keywords – Water Quality, Biomonitoring, Benthic 

Macroinvertebrates, Saprobic score (BMWP), Diversity 

index, Surface Water 

 

Introduction 
Water is one of the most vital natural resource. Biologically 

and economically water is very precious. Man depends on 

water for production of food, disposal of domestic and 

industrial wastes, generation of energy, transportation, 

industrial production and recreation. To ensure that the water 

quality is being maintained or restored at accepted level, it is 

important that the monitoring is done on regular basis. In 

India, Central Pollution Control Board (CPCB) has derived 

primary water quality criteria (PWQC) as required in the 

designated best uses of surface water bodies to identify 

beneficial uses of water in terms primary water quality criteria 

parameters. 

 It is difficult to monitor water quality only by 

physicochemical methods. To overcome this difficulty, 

biomonitoring techniques are used with various 

physicochemical monitoring. Biomonitoring methods are used 

for research work and study because this method is fast, 

inexpensive; the equipment used is simple and easier in 

sampling. 

Biomonitoring is a science of informing the ecological 

condition of rivers, lakes, canals, streams and wetland by 

examine the organism live there. 

Benthic macroinvertebrates have been useful because they 

have been recognized as being particularly sensitive to 

pollution and to other changes in to the streams. They can be 

used to gauge unseen dangers in the aquatic environment. 

 

 

 

Materials and Methods 

This study involves the various methods for sampling of 

invertebrates i.e. rapid monitoring (kick net, dip net) and use 

of artificial substratum. Artificial substratum helps to colonize 

the Benthic invertebrates in the fabricated cage i.e. sampler, 

which is filled with natural pebbles and immersed in the 

stream for one month. There after retrieving it, the species of 

animals which are colonized on the substratum are collected 

and evaluated for water quality. 

 

Location And Duration Of Monitoring 

Bio monitoring needed to be done during the biologically 

mature period of the year. In Indian scenario, rainfall occurs 

for a limited period of time but with very high intensity. The 

entire aquatic biological system is disturbed because of rapid 

increased flows and flood conditions. After the monsoon the 

aquatic biological system start rehabitating and reestablishing. 

After Gradual succession, “mature” ecosystem establishes. 

This is the right time for biological sampling. 

The sampling time for Biomonitoring is preferably selected in 

the early morning and/or before sunset because many of the 

species of macroinvertebrates avoid the extreme sun light and 

temperature. 

Reference station for these studies should be fixed in the 

upstream where there is no human intervention (disturbances) 

or any anthropogenic pressure and sampling point should be 

downstream of each discharge point identified after the 

complete mixing. 

 

Selection of Monitoring Parameters 

This study involves the use of two known parameters i.e. 

Biological monitoring working - party (BMWP) Score or 

saprobic score and sequential comparison index or Diversity 

score. 

 

Biological Monitoring Working Party (Bmwp) Score Or 

Saprobic Score 

This scoring system was basically evolved for British rivers 

and it was tried with some minor modifications on River 

Yamuna during the pilot study under the indo-Dutch project 

by Central Pollution Control Board, the method was found 

quite suitable for Indian conditions The biological scores 

allocated to groups of organisms by Biological Monitoring 

Working Party (BMWP) Score is as shown bellow 

Table 1 Biological Monitoring Working Party (BMWP) 

Score or Saprobic Score (by CPCB) 

mailto:chaudhari.viralkumar.651@ldce.ac.in
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(Source: CPCB) 

Macroinvertebrates are collected from the different 

surroundings of different water bodies at representative 

locations of water bodies and analysed their score from the 

given table for each particular species. 

Total BMWP site score or Average score per taxon (ASPT) 

Sequential Comparison Index Or Diversity Score 

The methodology involves pair wise comparison of 

sequentially encountered individuals and difference of two 

benthic animals can be observed up to the species level, where 

no taxonomic skill is required. The diversity is the ratio of the 

total number of different animals (runs) and the total no of 

organisms encountered. The ratio of diversity has a value 

between 0 and 1. High diversity of macroinvertebrates always 

supports good water quality. 

DIVERSITY INDEX 

These parameters are included in Biological Water Quality 

Criteria (BWQC), which is reference value given by Central 

Pollution Control Board (CPCB) for water quality 

measurement (assessment), which gives water quality 

characteristics i.e. pollution level, water quality classes and its 

best designated use. We can also compare the results of both 

Primary Water Quality Criteria (PWQC) and Biological water 

quality criteria (BMQC) 

 

Table 2 Biological Water Quality Criteria (BWQC) 

Sr 

No 

Range of 

Saprobic 

Score 

Range 

of 

Diversit

y Score 

Water Quality Water 

Quality 

Class 

Indicato

r 

Colour 

1 7 and 

more 

0.2-1.0 Clean A blue 
2 6-7 0.5-1.0 Slight Pollution B Light 

Blue 3 3-6 0.3-0.9 Moderate 

Pollution 

C Green 
4 2-5 0.4- less Heavy 

Pollution 

D Orange 
5 0-2 0-0.2 Severe 

Pollution 

E Red  
(Source: CPCB) 

 
Conclusion 

Some Macroinvertebrates cannot survive in the polluted water 

and other can survive in polluted water. In an unhealthy 

stream, there may be only a few types of non- sensitive to 

pollution invertebrates are present. In a healthy stream, verity 

of pollution sensitive species as well as non- sensitive to 

pollution invertebrates are present. 

Their taxonomical analysis as described in this study can 

reveal state of water quality. It can be used for the bio 

assessment of water quality at raw water intake points for 

drinking purpose, canal waters, lakes and also for river. With 

this information, appropriate policies and preventive measures 

can be implemented. 
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Abstract: Urban Heat Island effect is affecting peoples’ lives 

very severely. The increased temperature in the urban areas 

is causing many ill effects which are related to man as well 

as to the rest of the ecosystem. It affects the quality of air as 

well as water which makes it difficult for humans. Other 

aquatic species have also been affected with respect to their 

metabolism and reproduction. In this paper we have tried to 

understand the concept of Urban Heat Island (UHI) and its 

causes, effects and mitigation measures like use of high al-

bedo materials, green rooftop, green field development and 

low rise buildings.    

Keywords : Urban Heat Island (UHI),  

 

Introduction: Urban Heat Island (UHI) is becoming more 

and more evident now a days. The term heat island refers to 

an area which has a higher temperature than the surrounding 

rural areas. The first scientific observation of UHI was done 

by Luke Howard in 1833. He studied this effect for the city of 

London. Since then, this topic has gained quite an importance 

and various studies targeting different cities of the world and 

India as well have been carried out. However, it can be ob-

served in all the cities; but the big cities with more population 

and high density have shown a greater increase in temperature 

which makes it more worrisome as more number of people are 

affected because a huge population resides in very small urban 

pocket which is affecting their quality of life very adversely. 

India is urbanising at a very rapid rate. According to census 

2011, 31.16% of India’s population resides in urban areas 

which according to World Bank has become 33% by the year 

2016. UHI effect is more felt in the countries which are domi-

nated by hot climate like India. It gives a sense of comfort if 

the temperature is low but if the temperature is high, it creates 

an environment which is unbearable due to its high tempera-

ture. The annual mean air temperature of a city with 10 lakhs 

people or more can be 1-30C warmer than the surroundings. 

In the evening, the difference can be as high as 120C. It ne-

cessitates more energy consumption for the cooling of our 

houses, buildings etc. which in turn would result in a higher 

release of greenhouse gases and the temperature will rise fur-

ther. So, we need to understand this UHI effect and take the 

remedial measures accordingly. 

Causes of UHI: Many of the human activities are responsible 

for the UHI effects which have been discussed here below: 

1. Decreasing Green Space: Trees if present in ade-

quate number can give a cooling effect. World Health Organi-

zation deals with green spaces, and it states that cities should 

provide with 9 m2 per capita within 15 minutes of walking 

distance from their home place. But Indian cities like Jaipur 

are lagging behind to fulfil this criterion by a huge margin 

which has per capita green space of only 2.30%. 

2. High Compactness: The cities which have higher 

density of people tend to have more temperature difference 

between the urban and the rural areas. More the number of 

people mean more consumption of energy and thus more will 

be the greenhouse gases’ emission. Nowadays, we see a num-

ber of tall buildings which are adding exponentially to the 

density and thus higher UHI effect. 

3. Concrete Jungle: The usual building materials like 

concrete tend to absorb the heat energy from the atmosphere 

and thus make the environment hotter. The albedo of new 

concrete is 0.30-0.40 where as the albedo of aged concrete is 

0.20 -0.30. It means that concrete absorbs around 60% to 80% 

of the total energy radiations incident on it. Therefore, the 

materials which have low albedo are responsible for the high-

er UHI. 

4. Air Pollution: Industries and vehicles tend to pro-

duce very large quantity of greenhouse gases which are main-

ly responsible to trap the energy radiations and thus increase 

the urban temperature. 

5. Luxurious Life Style: The more we rely on ma-

chines, the more energy we are consuming and hence adding 

hugely to the increase in temperature of the city. According to 

the 2008 World Bank development indicators, in 2005 the 

wealthiest 20% of the world accounted for 76.6% of the total 

private consumption. While the poorest 20% accounted for 

only 1.5%. More consumption will lead to more release of 

heat. The trend of using the air conditioners has become very 

common. These absorb the heat from inside of the building to 

outside environment leading to higher atmospheric tempera-

tures. 

Effects of Urban Heat Island: UHI tends to affect the lives 

of people and also the environment in a very drastic manner. 

These have been studied below: 

1. Discomfort to Humans: The increased temperature, 

higher air pollution and greenhouse gases tend produce a 

sense of discomfort to the people and also have a negative 

impact on the human health as well. Children and old age 

people are likely to be affected more as they are more sensi-

tive to any change in the environment. According to the Min-

istry of Earth Sciences of Govt. of India, in the years 2013-

2016, 3402 number of people have lost their lives due to the 

heat wave conditions in the country. 

2. High Energy Requirement: Increased summertime 

temperatures in cities increase energy demand for cooling. 

Electricity demand for cooling increases 1.5-2.0% for every 

1°F (0.6°C) increase in the air temperatures, starting from 20 

to 25°C. It increases the electricity demand by 5-10% due to 

the UHI effect. This effect increases the peak electricity de-

mand during the summer time. 
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3. Decreased Water Quality: The temperature of 

storm-water increases as the roof tops and pavements and 

heated up. According to the tests, pavements that are 100ºF 

(38°C) can elevate initial rainwater temperature from roughly 

70ºF (21ºC) to over 95ºF (35ºC). This increased temperature 

in the water streams is dangerous to the aquatic life, as it af-

fects the metabolism and reproduction of the aquatic species. 

Also, it decreases the level of dissolved oxygen in the water 

which makes it further more difficult for them. 

4. Decreased Air Quality: As discussed earlier, since 

the energy requirement is higher due to the UHI effect, more 

greenhouse gases are released into the atmosphere which de-

grades the quality of air. 

Mitigation Measures: It is very important to take the meas-

ures which can mitigate the effects of UHI. Some of them 

have been compiled here as: 

1. Green Field Development: There should be more 

focus on the development if green fields. If the trees will be 

more, they will help to keep the city temperature low. Also, it 

is seen that the planned Indian cities have more green space 

per capita than the evolved cities. Planned city of Chandigarh 

which was built to replace Lahore has a green space of 55 m2 

per capita. Gandhinagar which is a planned city and also the 

capital of Gujarat has a green cover of 160 m2 per capita. 

These both the cities have far more green space per capita 

than minimum requirement of 9 m2 as per World Health Or-

ganization. Thus, a solution to the UHI effect is to plan our 

cities well which have adequate green space to mitigate the 

increased temperature. 

2. Low Rise Buildings: High rise buildings tend to in-

crease the density of people residing per unit area, so if we go 

for low rise buildings then it would keep as check on the den-

sity and hence also on the increase of the urban temperature. 

These allow the heat to disperse easily as compared to the 

high rise buildings. 

3. Use of High Albedo Materials: We should make 

use of the materials and paints which have a high albedo val-

ue. For example, white plaster and white pigment has albedo 

value of 0.93 and 0.85 respectively. If the albedo is high, the 

absorption of heat radiations will be less and subsequently, the 

temperature will be less. It will also result in the lower energy 

consumptions. 

4. Green Roofs: A green roof or a garden on the roof-

top is a layer of vegetation grown on a rooftop. These provide 

shade and don’t let the heat penetrate into the building easily 

and thus makes them relatively cool when compared to the 

buildings which do not have any green roof. There will be 

savings in the overall energy consumption of the city also. 

Uninsulated rooftops provided with green roof reduce the flux 

of heat by 25% when compared to the building having uninsu-

lated rooftop without green roof. 

5. Cool Pavements: Pavements form a big pie of the 

land-use in the urban areas. If we use materials which do not 

absorb the radiations but reflect it, the temperature of the city 

can be brought down by good margin. The traditional concrete 

used has albedo value of 0.30 to 0.40 but white Portland ce-

ment concrete has albedo value of 0.70-0.80 which will reflect 

most of the radiations incident on it. 
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Abstract: Water is a major source of human survival and all 

the major activities like urbanization, agriculture and pro-

duction depends on it. But because of uneven rainfall and 

consumption of water at a faster rate, scarcity of water has be-

come an alarming situation. With the depletion of water from 

both surface and underground water resources like wells, 

rivers and reservoirs, it is time to implement water 

conservation techniques. Rain water harvesting is a potential 

method and can be implemented for the same. The present 

study focuses on importance of rain water harvesting and 

design of rain water harvesting system for University campus 

of DeenBandhu Chhotu Ram University of Science and 

Technology (DCRUST), Murthal, Sonipat in Haryana to meet 

the demand of water and reduce the pressure on conventional 

source of water supply. The aim of the study is to collect water 

from campus library building and its vicinity and design RWH 

sys-tem for both storage and recharge purpose.  

 

Keywords: Water scarcity, Rain water Harvesting, Recharge 

Tanks, Storage Tanks. 
 
 

1. INTRODUCTION 
 
Water is an important essence to human life and almost all the 
activities like agriculture, production, household works 
depends on it. With growing urbanization, indus-trialization 
and increasing population, the demand of water is further 
exuberated. As most of the surface water available from oceans 
cannot be used for drinking pur-poses and is difficult to filter, 
dependency especially on ground water increases. According 
to a 2016 report by the Indian parliamentary committee on 
restructuring the Central Water Commission and the Central 
Ground Wa-ter Board, the growing dependence on 
groundwater has taken the form of unsustainable over-
extraction, which is lowering the water table and adversely 
impacting drink-ing water security [1]. Depletion of water is a 
result of un-even rainfall, over consumption of water which 
does not provide sufficient time to aquifers for replenish, 
change in climatic conditions, etc. Agricultural activities 
depend mainly on rainwater and as monsoon period in India is 
from June to September, the rain water is available only for a 
limited period. With absence of structures that can store and 
retain the rain water, most of it gets lost as sur-face runoff. 
Along with depletion of water, the problem of quality of 
ground water is also a serious problem. Water is contaminated 
because of addition of sewage, arsenic, flu-oride and uranium. 
Depletion and contamination of water is a serious threat to 
survival of living beings and hence it becomes essential to 
conserve water. 
 

 
Rainwater Harvesting system, an ancient water conserva-tion 
technique is one of the solutions to these problems. The 
process of collection and storage of water along with recharge 
of ground water comes under RWH. The tech-nique is used 
globally and is successful to reduce load and improving quality 
of water. 
 

2. RAINWATER HARVESTING 

 
Rain water harvesting is the technique of collection and 
storage of rain water at surface or in sub-surface aquifers, 
before it is lost as surface run-off. The water collected can be 
used for storage purpose after primary treatment that can 
serve different purpose or can also be used for re-charging 
ground aquifers, it also improves water quality of aquifers. 

 
Kim [2] suggested that RWH system can be used as one of the 
effective measure for recovering natural hydrologic cycle and 
hence enables sustainable development in ur-ban areas. It has 
the potential to reduce load on present water supply system 
and storm water system. Its imple-mentation has the potential 
to improve living standard of humans. Benefits of rain water 
harvesting system: 

 Rainwater is a comparatively clean and totally free 
source of water.

 It can be used as a substitute for other water supply 
sources like groundwater or municipal water.

 It is socially acceptable and environmentally re-
sponsible.

 The RWH system is inexpensive and uses simple 
technologies. The only cost incurred in collection or storage of 
rainwater.

 Reduces soil erosion as surface run-off is reduced

 It reduces the contamination of surface water with 
sediments, fertilizers and pesticides from rainwater run-off 
resulting in cleaner lakes, riv-ers, oceans and other receivers of 
storm water.

 It is used in the areas where water resources are 
insufficient or reducing. 

 It is good for laundry use as rainwater is soft and 
lowers the need for detergents.

 It can be used to recharge groundwater and hence 
can promotes adequacy of underground water.

 It minimizes the runoff which blocks the storm water 
drains. Thus, it can also be used as a pre-ventive measure to 
reduces flood hazards.

 It will decrease load on storm water disposal sys-tem.

 It improves quality of ground water table and hence 
save energy.
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 The land requirement for storage and recharge 
purpose is minimal.

 
Need of RWH System: 
 

 Scarcity and lack of availability of quality water is an 
alarming situation. So there is need to adopt this system for 
self-sufficiency.

 To prevent depletion and pollution of ground water.

 To prevent soil erosion that results from un-checked 
surface runoff.

 As urban water supply system is under tremen-dous 
pressure for supplying water to ever in-creasing population.

 To reduce health problems caused by contamina-tion 
of water.
 

2.1. Rainwater Harvesting Studies around the World 

 

Kahinda et al. [3] defined RWH as the collection, storage and 
use of rainwater for small scale productive purposes. Oweis [4] 
defined it as the concentration of rainwater through runoff 
into smaller target areas for beneficial use. Mati et al. [5] 
defined RWH as the deliberate collection of rainwater from a 
surface known as catchment and its storage in physical 
structures or within the soil profile. Water harvesting is an 
ancient practice that has been in-creasingly receiving 
attention in the world, fueled by wa-ter shortages from 
droughts, pollution and population growth (Meera and 
Ahameed [6]). 
 

Deepak Khare et al [7] have reviewed the impact assess-ment 
of RWH on ground water quality at Indore and De-was, India. 
The impact assessment of roof top improves the quality and 
quantity of Ground Water. The roof top rainwater was used to 
put into the ground using sand filter as pretreatment system. 
This lead to a reduction in the concentration of pollutants in 
ground water which indicated the effectiveness of increased. 
 

Recharge of aquifer by roof top rain water. He observes that in 
certain areas, the amount of total and faceal coli-form were 
observed high in harvested tube well water than normal tube 
well water. The reason of this increase was poor cleanliness of 
roof top and poor efficiency of filter for bacterial removal. The 
author concludes that quality mounting of rainwater 
harvesting is an essential prerequisite before using it for 
ground water recharge. 
 

Venkateswara Rao [8] in his article has reviewed the im-
portance of artificial recharge of rainfall water for Hyder-abad 
city water supply. Rainfall water from the roof tops of the 
buildings recharged through specially designed recharge pits 
in order to augment the ground water re-source in the city. 
This Water meets almost 80% of do-mestic water 
requirements, storm runoff from the public places like roads, 
parks play grounds etc., is recharged through naturally 
existing tank within the city by not al-lowing municipal 

sewage and industrial effluents in these tanks. He finally 
suggests that, wherever natural tanks are not existing, 
community recharge pits are to be con-structed at hydro 
geologically suitable location. 
 

Ravikumar et al [9] describe the roof top rainwater har-vesting 
in Chennai Airport using GIS. They explain the estimation of 
surface runoff using SCS method and design of rainwater 
harvesting structures in Chennai Airport Terminal buildings. 
Thematic maps were digitized in map Info GIS software and 
roof drainage delineation was done in GIS environment. Based 
on the topography and lithol-ogy of airport, the artificial 
recharge structures like re-charge shaft, recharge well and 
recharge pit were de-signed and located. 
 

2.2. Methods of Rainwater Harvesting 

 

RWH by Storage- In this method, Rainwater is stored directly 
in above ground or underground sumps, over-head tanks after 
giving proper treatment and is used di-rectly for flushing, 
gardening, washing etc. 
 

RWH by Recharge- In this method, runoff from roof and 
ground area is used for recharging ground aquifers. The water 
is made to travel to a recharge structure consisting of filtration 
unit, so as to maintain quality of aquifer. The various methods 
of recharging subsurface aquifers are: 
 

 Recharge through recharge pit.

 Recharge through abandoned hand pump.

 Recharge through abandoned dug well/open well.

 Recharge through recharge trench.

 Recharge through shaft.

 Recharge trench with bore.
 

3. AREA OF STUDY 
 

Rain water harvesting system was designed for Deen-Bandhu 
Chhotu Ram University of Science & Technology, Murthal 
(DCRUST), Sonipat, Haryana. It is located near New Delhi and 
is considered as a part of National Capital Region. It is located 
at 28.98’N and 77.02’E and has an average elevation of 224.15 m 
above mean sea level. Sonipat's climate is a local steppe 
climate. There is little rainfall throughout the year and it 
receives its maximum rainfall during monsoon season, from 
July to September. The average annual temperature is 24.9 °C 
in Sonipat. About 610 mm of precipitation falls annually and a 
peak hourly rainfall of about 90 mm (based on 25 year 
frequen-cy) and 15 minutes peak rainfall is 22.5 mm/hr, say, 25 
mm, according to Central Ground Water Board data [10]. The 
soil profile of the area was determined from bore log chart and 
data sheet prepared during soil exploration of University. 
There is firm starta at top 1m, then there is compacted sand 
and compacted clay till 5m depth in dif-ferent regions and 
there after compacted sand. The CGWB (Central Ground 
Water Board) [10] assessed the total groundwater potential to 
be 292 million cubic me-ters (MCM) in 2003 as compared to 
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428.07 MCM in 1983, showing an overdraft and reduction of 
around 130 MCM over the past 20 years. During 60s the 
average ground water was at 2-5 m. In 1977 the water table was 
by and large within 6 m below ground, in 1995 the extent of 
area with water table in the range of 10-20 m has increased 
substantially. However the situation remains so and the water 
table is going further down , in 2002 ground water table 
started increasing to more areas with 20-30 m depth 
particularly in parts of South and West Delhi. RWH is seen as 
a potential measure to check depletion of water table and 
prevents its replenishment. That’s why RWH system was 
designed for University building as a measure to curb this 
problem. 
 

4. DESIGN 
 

RWH system for building is designed for both storage and 
recharge purpose. A part of rain water will be used for storage 
purpose after giving primary treatment process to it & the 
remaining for recharge purpose. Storage water was considered 
from roof top runoff only, whereas runoff from parking, 
landscape and from roof was considered for recharge purpose. 
Figure 1 shows University’s library building and its adjacent 
ground area for which RWH system was designed. 
 

4.1. For Storage Purpose 

 

The RWH system for storage was designed for peak rain-fall 
intensity and runoff from roof top was considered for this 
purpose. For assessment of runoff in rainwater har-vesting 
design, rational formula is universally used. Math-ematically it 
can be defined as- 
 

Q=KiA (4.1) 
 

Where Q is runoff (m
3
/hr), k is runoff coefficient, i is peak rainfall 

intensity (m/hr) and A is area of roof top (m
2
). Table 1 shows the 

area of roof top and adjacent ground area, their respective runoff 
coefficients and runoff con-tribution. Water from roof top 
through various RWH pipes was collected in Holding tanks. A 
part of it was transferred to filtration tanks for primary treatment 
and there after pumped back to Storage tank at roof top that will 
be used for different building purpose. Figure 2 shows a schematic 
representation of water flowing from roof top to treated water 
again transferred back to storage tank. Table 1 shows runoff 
available from different areas. 

 

A total of four Holding tanks each collecting water from eight 
RWH pipes were considered as per design standards from Rain 
Water Harvesting and Conservation Manual, Govt. of India, 
Consultancy Service Organization, Central Public World 

Department [11]. Holding tanks of cross sectional area 1 m
2
 and 

depth 1 m were designed. 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“Figure 1. DCRUST Library Building and Adjacent Ground 
Area” 

 

 

Table 1 Runoff Calculations from Different Area of 
Library Building 

 

 Area 2   Runoff Coeffi-  Runoff 
 

 Type  Area(m )  cients  (m
3
/hr) 

 

            
 

 
Roof 

  

3372 
  

0.85 
  

71.65 
 

 

        
 

 Top 
       

 

           
 

            
 

            
 

 Parking 
5206 

 
0.15 

 
19.53 

 
 

 Green 
   

 

          
 

           
 

 Parking 
  

4661 
  

0.35 
  

40.78 
 

 

        
 

 Pavers        
 

           
 

            
 

            
 

 Grass 
1584 

 
0.25 

 
9.9 

 
 

 Pavers 
   

 

          
 

           
 

 Cheq-           
 

 uered   1464   0.85   26.72  
 

 Tiles           
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“Figure 2. Schematic Representation of RWH for Storage 

Purpose” 
 

A part of water from holding tanks was transferred to 
Filtration tanks designed as per IS 11401 (Part2) for prima-ry 
treatment [12]. Two rectangular slow sand filtration tanks each 

of cross sectional area of 20 m
2
, depth 2 m and rate of 

filtration of 200 l/hr/m
2
 were designed. Figure 3 shows 

filtration tank and Table 2 shows detailed distribu-tion of 
depth of the tank. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

”Figure 3. Slow Sand Filtration Tank for Primary 
Treatment” 

 
4.2. For Recharge Purpose 

 

Water for recharge purpose is made available from runoff from 
roof top and ground areas like parking green, green pavers, 
parking pavers and chequered tiles. Table 1 shows runoff 
available from different areas. Runoff collected from these 
areas passes through de-silting chamber and finally entire 
runoff is diverted into recharge structure. Figure 4 shows 
schematic representation of runoff from different areas to 
recharge structure. 
Provision of Gutter Channel: Gutter channels were pro-vided 
along parking green to collect runoff and divert it to de-silting 
chambers. Cast iron pipes of slope 3%, diameter 160mm and 
width of 250 mm were designed. 
 

Table 2 Depth Distribution of Filtration Tank 

Type 
Size 

range(m 

m) 

Size adopt- 
ed(mm) 

Thick- 
ness(m) 

Free board   0.4 

Coarse 
Sand(Cu=2) 

 2 1.0 

Gravel (1st layer) 6-20 15 0.3 

Gravel(2nd layer) 20-40 30 0.2 

Gravel (3rd layer) 40-65 50 0.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Schematic Representation of Runoff to 
Recharge Structure” 
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Recharge Structure: For roof area more than 2000 m
2
, 

recharge shafts are provided (From Rain Water Harvest-ing 
Manual, Indian Railway Institute of Railway Engineer-ing, 
Pune, August 2006) [13]. Provide a recharge shaft of 10 m 
depth and 2.3 m dia. 
 

In the recharge shaft a filtration unit is provided, so as to filter 
the incoming water and remove the contamination present in 
water, so that it would not affect the quality of ground water. 
Generally, a slow sand filter (Gravity Filter) is provided as 
filter unit. The design of filter is as per Rain Water Harvesting 
Manual, Indian Railway Institute of Railway Engineering, 
Pune, August 2006(2) [12]. Figure 5 shows the details of 
recharge structure and safety grill. Table 3 shows the filter 
media for filtration unit in re-charge structure. 
 

Table 3 Filter Media for Filtration Unit 

 

 Filter   Particle  Size  Thickness 
 

 Media   Size  Adopted  Range (m) 
 

            
 

 
Coars 

  

1-2 mm 
  

2 mm 
  

0.4-0.6 
 

 

        
 

 e Sand 
       

 

           
 

            
 

            
 

 Gravel   5-10 mm  6 mm 0.5-0.7  
 

            
 

 
Boul- 

  

5- 20 cm 
  

10 cm 
  

0.8-1.2 
 

 

        
 

 ders 
       

 

           
 

            
 

            
 

 

Filters are generally cleaned by scrapping of top 30% of coarse 
sand layer by scrapper or racks before the start of a rainy 
season. If needed re-sanding is required, then it should be 
performed. When after repeated scrapings, the sand depth in a 
filter bed has fallen to its minimum de-sign level (0.2- 0.3 m 
above gravel) re-sanding has to be done and the sand depth 
restored to its design level (0.5-0.7 m). 

 

Figure 5. Details of Recharge Shaft and Safety Grill” 

 
 

5. CONCLUSIONS AND DISCUSSIONS 
 

The exponential growth of population in urban area and 
increase in per capita water demand has put severe stresses in 
fresh water resources of the world. It is more prominent and 
critical in semi acid region. Water conser-vation, water reuse, 
and harvesting of water are very im-portant and essential for 
sustainable development. 
 

Rain water harvesting is one of the oldest and commonly used 
technologies in India. Rainwater Harvesting appears to be one 
of the most promising alternatives for supply of fresh water in 
the face of increasing water scarcity and escalating demands 
water harvesting also present an op-portunity for the 
augmentation of water supplies using this technology. There 
are many advantages of rainwater harvesting schemes that 
make it an attractive option for highly urbanized cities such as 
Delhi. Thus, Rain water harvesting system was designed for 
DCRUST library building for storage and recharge purpose. 
With the im-plementation of the rainwater schemes, following 
benefits are likely to achieve- 
 

 Raising of ground water level at the sites.



 Reduction in flooding of roads.



 Water stored after primary treatment can be used to 
meet supply of water for different pur-poses that 
would reduce load on local water sup-ply.



 Prevention of choking of storm water drains.



 Tubewells will be saved from further deepening.



 Quality of underground water will be improved.



 Saving in energy required for lifting ground wa-ter 
would be achieved.
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The following study can be carry forward to estimate cost 
analysis of the project and estimating the efficiency in 
implementation of Rain water harvesting system. Also, rise in 
underground water level over a period of time can be 
monitored after implementation of this project. 
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Abstract :  The growth of the shale gas industry in World 

has raised expectations that other nations could boost 

domestic gas production, leading to lower energy prices and 

improved energy security. Furthermore, sustainability 

implications of shale gas development remain largely 

unknown. In an attempt to find out if and how shale gas 

could be exploited unsustainable way ,this paper reviews the 

economic, environmental, and social aspects of shale gas. 

These include costs ,energy security ,employment, water and 

land pollution, greenhouse gas emissions, earthquakes, and 

public perception. The literature suggests that it is possible 

to develop shale gas in a sustainable way ,but its future will 

depend on the industry being able to address the 

environmental concerns, the political will to see the industry 

through maturity, and public support, with the latter most 

likely being the biggest determinant. 

Key Words :- Economic costs , Energy security , Life cycle 

assessment , Social sustainability , Shale gas 

 

Introduction: 

Recent estimates of large shale as reserves across the global 

have raised expectations for cheap energy and improved 

security of supply, particularly as the consumption f natural 

gas is expected to triple by 2035. It is estimated that shale gas 

could add 7299 trillion cubic feet (tcf) to global gas reserves 

by comparison, conventional gas reserves are estimated at 

6614 tcf.  A critical factor in gas consumption is that 

73.5%ofgas is traded (68%bypipelineand the rest as liquefied 

natural gas (LNG)), which means that there is a high 

dependency on imports for many countries.[5] For example, 

nations such as Japan and South Korea import all their gas 

consumption, whereas the UK relies on imports for 55%ofi its 

demand.[4–6] A high dependency on imports can lead to high 

energy prices. For instance, the 2012 gas prices in Japan and 

the UK were US$15.89and US$8.97 per GJ, respectively.[5] 

By contrast, the price of natural gas in the US, which is almost 

self-sufficient in this fuel, was US$2.62 per GJ.[5] The latter 

is a direct consequence of the exploitation of shale gas in the 

US, which is still the only country to produce it commercially 

on large scale, despite 41 other nations having shale gas 

reserves.[1] As shown in Table 1, 31 of these are or were 

actively looking into exploiting their reserves and are at 

different stages of development. The remaining 11 nations re 

undecided on whether or not to develop shale gas, either 

because their (estimated) resource is small or because their 

conventional gas reserves are much larger (Russia). However, 

shale gas is controversial, with many people being opposed to 

it because of various sustainability issues associated with its 

exploitation and utilization.[7] In many cases, the 

environmental legacy associated with the extraction of gas 

from shale overshadows the economic benefits, including 

groundwater and drinking water contamination as well as 

earthquakes.[8] This is due to combined use of horizontal 

drilling and hydraulic fracturing toe extract it from rock deep 

in the ground, which requires the use of water and chemicals 

(see Figure 1). Social and economic concerns have also been 

raised, including noise, increased traffic, and possible 

conflicts of interest associated with royalties from miner 

The growth of the shale gas industry in the US has raised 

expectations that other nations could boost domestic gas 

production, leading to lower energy prices and improved 

energy security. However, the degree to which the US 

experience is transferable to other countries uncertain. 

Furthermore, sustainability implications of shale gas 

development remain largely unknown. In an attempt to find 

out if and how shale gas could be exploited in sustainable 

way, this paper reviews the economic, environmental, and 

social aspects shale gas. These include costs, energy security, 

employment, water and land pollution, greenhouse gas 

emissions, earthquakes, and public perception. The literature 

suggests that it is possible to develop shale gas in sustainable 

way, but its future will depend on the industry being able to 

address the environmental concerns, the political will to see 

the industry through maturity, and public support, with the 

latter most likely being the biggest determinant. 

Synopsis:- 

What is shale gas?:- 

Basically, it is natural gas – primarily methane – found in 

shale formations, some of which were formed 300-million-to-

400-million years ago during the Devonian period of Earth’s 

history. The shales were deposited as fine silt and clay 

particles at the bottom of relatively enclosed bodies of water. 

At roughly the same time, primitive plants were forming 

forests on land and the first amphibians were making an 

appearance.  

Some of the methane that formed from the organic matter 

buried with the sediments escaped into sandy rock layers 

adjacent to the shales, forming conventional accumulations of 

natural gas which are relatively easy to extract. But some of it 

remained locked in the tight, low permeability shale layers, 

becoming shale gas. 

How is Shale Gas Produced? :- 

Shale gas formations are “unconventional” reservoirs – i.e., 

reservoirs of low “permeability.”   

Permeability refers to the capacity of a porous, sediment, soil 

– or rock in this case – to transmit a fluid. This contrasts with 

mailto:ojhagaurav10@gmail.com
mailto:rpmaheshavari@gmail.com
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a “conventional” gas reservoir produced from sands and 

carbonates (such as limestone).  

The bottom line is that in a conventional reservoir, the gas is 

in interconnected pore spaces, much like a kitchen sponge, 

that allow easier flow to a well; but in an unconventional 

reservoir, like shale, the reservoir must be mechanically 

“stimulated” to create additional permeability and free the gas 

for collection. In addition to shale gas, other types of 

unconventional reservoirs include tight gas (low-porosity 

sandstones and carbonate reservoirs) and coal bed methane 

(CBM – gas produced from coal seams).  

What Challenges are Associated with Shale Gas 

Production? :- “A closer look on it’s all aspects”. 

Air :- 

• Air quality risks from shale oil and gas development are 

generally the result of: (1) dust and engine exhaust from 

increased truck traffic; (2) emissions from diesel-powered 

pumps used to power equipment; (3) intentional flaring or 

venting of gas for operational reasons; and, (4) unintentional 

emissions of pollutants from faulty equipment or 

impoundments.1 

• Natural gas is efficient and clean compared to other fossil 

fuels, emitting less nitrogen oxide and sulfur dioxide than coal 

and oil, no mercury and very few particulates. However, the 

drilling process potentially can release chemicals such as 

benzene as well as methane, a very reactive greenhouse gas. 

Data in this area is lacking and currently under study. 

• The Environmental Protection Agency (EPA) in 2012 

finalized New Source Performance Standards that set the first 

air pollution standards for natural gas hydraulic fracturing 

operations. The new rules, which also include performance 

standards for other modified oil and natural gas operations, 

are slated to become effective in 2015. 

Water :-  

• As with conventional oil and gas development, requirements 

from eight federal (including the Clean Water Act) and 

numerous state and local environmental and public health 

laws apply to shale gas and other unconventional oil and gas 

development. Consequently, the fracturing of wells is a 

process that is highly engineered, controlled and monitored. 

• Shale gas operations use water for drilling; water is also the 

primary component of fracturing fluid. 

• This water is likely to come from rivers, lakes, ponds, 

groundwater aquifers, municipal supplies, reused wastewater, 

or recycled water from earlier fracturing operations. Operators 

are guided by all applicable laws and regulations in water 

acquisition. 

• As much as 10 million gallons may be pumped into a single 

well. Although this amount is relatively small when compared 

to other major water uses (such as agriculture), its cumulative 

effect could impact aquatic habitats or water availability, 

especially where water is a limited resource. 

• A number of studies and publications caution that surface 

and groundwater contamination remains a risk; some studies 

document contamination from above-ground chemical spills, 

leaks, wastewater mishandling and other incidents. How 

significant these risks are over the long term is presently 

unclear and in need of continued study. 

Induced Seismic Events (Earthquakes):- 

• Induced seismic events are earthquakes attributable 

to human activity. The possibility of induced seismic activity 

related to energy development projects, including shale gas, 

has drawn some public attention. 

• Although hydraulic fracturing releases energy deep beneath 

the surface to break rock, studies thus far indicate the energy 

released is generally not large enough to trigger a seismic 

event that could be felt on the surface.1 

• However, waste fluid disposal through underground 

injection can “pose some risk for induced seismicity.”2 

• According to the National Academies of Sciences (NAS), 

accurately predicting seismic event magnitude or occurrence 

is not possible, in part because of a lack of comprehensive 

data on the natural rock systems at shale gas and other energy 

development sites. 

• NAS said further research is required to “better understand 

and address the potential risks associated with induced 

seismicity.” 

Fracture Fluids:- 

• Shale fracture fluid, or “slick water,” is largely composed of 

water (99%); but a number of additives are mixed in with it to 

increase the effectiveness of the fracturing operation. These 

additives vary as a function of the well type and the 

preferences of the operator. 

• Hydraulic fracturing fluids can contain hazardous 

chemicals and, if mismanaged, spills could leak harmful 

substances into ground or surface water. However, good field 

practice, governed by existing regulations, “should provide an 

adequate level of protection” from fracturing fluid risks. 

Surface Impacts (non-water):- 

• There are many local economic and energy benefits from 

shale gas development; there is also an inherent risk of 

increased traffic or other habitat disturbances that could affect 

residents, agriculture, farming, fishing and hunting.1  

• Shale gas development can lead to socio-economic impacts 

and can increase demands on local infrastructure, traffic, labor 

force, education, medical and other services.2  Federal and 

state laws are designed to mitigate the impact of these 

challenges. 

• The rapid expansion of shale gas development and hydraulic 

fracturing has increased attention on potential effects on 

human health, the environment and local wildlife habitat. 

Vegetation and soils are disturbed where gas wells require 

new roads, clearing and leveling. 
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• The degree of surface impacts can be affected by many 

factors, such as location and the rate of development; 

geological characteristics; climatic conditions; the use by 

companies of new technologies and best practices; and 

regulatory and enforcement activities. 

• Advanced horizontal drilling and hydraulic fracturing 

technologies increasingly allow energy companies to access 

far more natural gas with fewer wells and disturbed acres. 

CONCLUSIONS 

After the detailed study it can be briefly stated in general 

terms by reporting that it can’t be done in India in full fledged 

manner because we are lacking of technique due to many 

reasons like over population, many natural habitat lives there 

some of them are endangered species. 

But even though we are having so much problem to extract 

shale gases ONGC is trying to somehow to extract shale gases 

over there but it will took time to extract such a huge amount. 

Dispite of having that much disqualify some how it is good in 

various aspects.     

Shale gas is having a beneficial impact on supplies and 

consumer prices for natural gas, as well as additional 

environmental benefits: 

• Natural gas provides a quarter of overall U.S. energy; 

 • It is used to generate a quarter of the nation’s electricity. 

Net generation from natural gas-fired power plants increased 

35 percent between 2005-2012, coinciding with a continuous 

upsurge in shale gas supplies;  

• Natural gas provides heat for 56 million residences and 

businesses; 

 • It delivers 35 percent of the energy and feed stocks needed 

by U.S. industry; 

• Onshore consists of around 7,000 companies, including 

2,000 drilling operators and hundreds      of service 

companies; 

 

 

 

 

 

 

 

 

 

 

 • It directly employs over 2 million Americans who earn over 

$175 billion in labor income; 

  • Shale gas generates over $250 billion annually in 

government revenue via corporate income taxes; severance 

taxes; royalties on federal lands; sales, payroll, property, use 

and excise taxes;  

• Combined with the continued displacement/ retirement of 

coal power plants, greater shale gas use has helped the U.S. 

achieve approximately 70 percent of the CO2 reductions 

targeted under the Kyoto Protocol as of 2012; and, 

 • According to a 2011 report, the shale gas industry supports 

more than 600,000 American jobs today (growing to 870,000 

jobs by 2015) and contributes $118.2 billion to the nation’s 

Gross Domestic Product. 
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Abstract: In that review paper, we predict the utility of water. 

What kinds of industrial activities which turns fresh water to 

polluted water. Identifying those major pollutants and 

treatments are studied on them. Review about the essential 

factors/conditions required to treat those kinds of wastewater 

in well manner. Basically, dyes containing wastewater re-

quired huge kinds of treatments for fit that water. 

Keywords : Pollutants, Prediction, Treatments, B.O.D., 

Wastewater. 

Introduction 

 

In 21
st
 century water scarcity becomes a global issue arise 

infront of the world. Many fresh water resources replenished 

rapidly and remains are polluted due many kinds of anthropo-

genic activities, conducted in Industries [1]. Industries were 

discharged high toxic or hazardous dyes containing wastewa-

ter either treated or partially treated or sometimes untreated 

[2]. These discharged wastewater responsible for major water 

pollution for flora and fauna in received water body [3].  

These water would consumed by humans, cattles etc. which 

creates carcinogenic, mutagenic impact on their body and 

those wastewater decomposed by using huge quantities of 

oxygen from water [4]. If sudden reduction oxygen is oc-

curred and it takes long time for it to be restored, there may be 

serious pollution [5].  

 

Dyes and Their Characteristics 

 

Dyes are coloured chemicals having ionising, aromatic organ-

ic compounds and as such, these are based fundamentally on 

the structure of benzene.  Like all chemicals, they are similar 

in their reactions to some other chemicals and distinctly dif-

ferent from others and the same rules that apply to sodium 

chloride, acetic acid, Benzidine and a host of others also apply 

to dyes so far their chemical interactions are concerned [6].  

Dyes may be toxic, carcinogenic, mutagenic, tetarogenic or 

harmful to health in some other way [7].  Dyes are broadly 

classified as natural or synthetic.  In ancient time, all the dyes 

used were natural, as synthetic dyes were not produced until 

after the middle-ages.  The dyestuffs came from a variety of 

natural sources.  Some were commonly available, while others 

were quite rare or difficult to produce. 

Some of the common dyes included logwood or quercitron, 

fustic and indigo.  An example of the rare dyes would be co-

chineal and tyrian purple.  Collectively, these substances are 

called dyestuffs were occasionally extracts from plants, mol-

lusks, insects, wood and certain naturally occurring minerals.  

There are many plants which produce dyes, suitable for the 

dyeing process, and many of these have been cultivated at 

large.  Madder and woad were grown in Europe specifically 

for their dyeing properties.  Saffron was also extensively 

grown in Anatolia for its yellow dye.  Probably one of the 

most famous dyes was tyrian purple, from a Mediterranean 

shellfish. The Phoenicians of tyre (in Lebanon) produced this 

very expensive dye long before the age of written history 

started.   

Literature Review  

 

The presence of undesirable compounds has always been un-

acceptable in water for any use. It is, therefore, not at all sur-

prising to note that the undesirable compounds in wastewater 

have now been considered as a pollutant that needs to be 

treated before discharge [8]. Thus, pollutants removal is one 

of the most critical tasks to be faced by various industries [9]. 

Industries are required greater amounts of water and are, 

therefore, a broad source of pollution. In order to implement 

an appropriate treatment process, it is of significant to mini-

mise pollution, and to do that, it is compusary to know its ex-

act phenomena [10].  

Removal of pollutants such as heavy metals and dyes from 

wastewater, so, needed treatments like adsorption, coagula-

tion/flocculation and biological methods [11-13].  

 

Adsorption 

 

Among all treatments the adsorption technique has become 

successful in recent years for wastewater treatment owing to 

its efficiency in the removal of pollutants. Adsorption is influ-

enced by such factors as adsorbate/adsorbent interaction, ad-

sorbent’s surface area, particle size, temperature, pH and con-

tact time. The main benefit of adsorption recently became the 

use of low-cost materials, which reduces the cost of treat-

ments. 

 

Baccar et. al, [11] have analysed on modeling of adsorption 

isotherms and kinetics of a tannery dye onto an activated car-

bon prepared from an agricultural by-product. According to 

them the equilibrium data were perfectly represented using a 

Langmuir isotherm. The maximum monolayer adsorption 

capacity was found to be 146.31 mg g
−1

 at 25°C. The kinetic 

studies indicated that the adsorption process followed a pseu-

do-second-order model. The application of an intra-particle 

diffusion model revealed that the adsorption mechanism of the 

concerned dye is a rather complex process and that diffusion 

is involved in the overall rate of the adsorption process, but it 

is not the only rate-controlling step. The calculated thermody-

namics parameters revealed the spontaneous and endothermic 

nature of the adsorption process. The activation energy, Ea = 

9.50 kJ mol
−1

, could indicate a physical adsorption process. 

Despite the presence of other components in the real effluent, 

the adsorbent was able to remove the target dye. The present 

study indicates that activated carbon prepared from olive-

waste cakes is a promising candidate as a low cost adsorbent 

for the removal of a tannery dye from industrial wastewater. 

 

Uddin, Sujari and Nawi [14] have examined the effectiveness 

of peat coagulant for the removal of textile dyes from synthet-



            International Journal of Engineering Research                                                ISSN:2319-6890 (online),2347-5013(print) 

            Volume No.7, Special Issue 4, pp : 271-273                                                                                             9,10 March 2018 

 

DOI : 10.5958/2319-6890.2018.00148.4                             EPIC@2018 Page 474 

ic aqueous solution and textile wastewater.  Tropical peat soil 

after chemical modificaio was found to be an effective coagu-

lant for clarification of some of the textile dyes from their 

aqueous solution. Results showed that the coagulant could 

remove reactive, vat and disperse dyes from their aqueous 

solution upto 50 mg/l concentration. It was observed that the 

removal of Reactive Blue (RB) 19 and Cibacron Brilliant Red 

(CR) was 99% and 97% respectively, while in case of Vat 

Blue (VB) 14 and Disperse Red (DR) 72, it was 98% and 97% 

respectively. Even though study with 10% alum and PAC 

(Poly Aluminium Chloride) solution showed a 100% removal 

of disperse and vat dyes, both of these materials showed a 

relatively poor removal of the two reactive dyes. 

 

Lakshmi et. al, [15] rice husk ash as an effective ad-

sorbent and evaluation of  the adsorptive characteristics of 

Indigo Carmine dye. According to them the optimum condi-

tions were found to be: pH0 = 5.4, t = 8 h and m = 10.0 g/l. 

The pseudo-second-order kinetic model represented the ad-

sorption kinetics of IC on to RHA. Equilibrium isotherms 

were analyzed by Freundlich, Langmuir, Temkin and Redlich-

Peterson models using a non-linear regression technique. Ad-

sorption of IC on RHA was favorably influenced by an in-

crease in the temperature of the operation. The positive values 

of the change in entropy (ΔS°) and heat of adsorption (ΔH°); 

and the negative value of change in Gibbs free energy (ΔG°) 

indicate feasible and spontaneous adsorption of IC on to 

RHA. 

 

Soni et. al, [16] have worked for adsorptive removal of Me-

thylene Blue Dye from an aqueous solution using Water Hya-

cinth Root Powder As A Low Cost Adsorbent according to 

them, adsorbent prepared from roots of water hyacinth; an 

aquatic weed was used to remove the Methylene blue from an 

aqueous solution. The batch adsorption study was carried out 

by varying the parameters such as pH adsorbent dose, initial 

concentration of dye, and contact time to obtained removal 

kinetic data. At optimum experimental condition maximum 

95% removal of dye was achieved. Equilibrium data were best 

represented by both Langmuir and Freundlich isotherms. The 

maximum dye uptake was found to be 8.04 mg/g.The adsorp-

tion kinetic data are adequately fitted to the pseudo second 

order kinetic model. On the basis of experimental results 

WHRP was found to be an excellent adsorbent for the MB 

removal from wastewater. 

 

Coagulation/Flocculation 

 

In coagulation process flocs formation were occurred when 

added in wastewater, it creates gelatinous liquid which ad-

hered surrounding of particle due that suspended particles are 

combined  each other and with the influence of gravity, it 

would settle down. 

 

Joo et. al, [17] have studied the process decolourisation of 

reactive dyes using inorganic coagulants and synthetic poly-

mer.  A polymeric flocculants were synthesized using cyano-

guanidine and formaldehyde.  This synthetic polymer was 

tested for the (synthetic reactive dye) wastewater and real 

wastewater from a local dyeing industry using jar test.  Floc-

culation and subsequent, reactive dyes cannot be easily re-

moved by conventional coagulation, sedimentation processes 

and aerobic biological wastewater treatment systems have 

limitations in full scale application on account of poor biode-

gradability of the reactive dyes.  Unless the reactive dyes are 

sufficiently removed in the pretreatment process, subsequent 

activated sludge processes could not achieve the regulatory 

standards due to their low biodegradability.  Purpose of their 

study was to determine the applicability of synthetic polymer 

as decolourzation agent in combination with inorganic coagu-

lants for the removal of reactive dye from dyeing wastewater.  

Optimum conditions required for coagulation and flocculation 

such as pH, inorganic coagulant and polymer dosages were 

also investigated. 

Basibuyuk et al. [18] have studied the use of sludge obtained 

from water treatment plant for treatment of dye wastes. Poten-

tial for using this sludge for the treatment of reactive, direct, 

disperse, acidic, and basic dyestuffs by coagulation and sorp-

tion has been investigated in detail. The sludge acted as a coa-

gulant and removed colour with excellent efficiencies in case 

of basic, disperse and direct dyes. The optimum conditions 

were: pH value of 5 and a sludge dosage of 2000 mg/l. Medi-

ocre results were obtained for acidic and reactive dyes. Effi-

ciency of the sludge was also c o mpared with alum and ferric 

chloride for the same group of dyes. The sludge was also used 

as a coagulant to treat the wastewater from a textile industry. 

At dosage varying from 2000-4000 mg/l, the sludge was as 

effective as ferric chloride and alum removing COD. Sorption 

tests have revealed that disperse and reactive dyes could not 

get adsorbed onto the sludge. Langmuir and Freundlich con-

stants were determined for the other three types of dyes. Rate 

constants for adsorption have been determined using the La-

gergren equation. 

 

Chu [19] has investigated that dye removal from textile dye 

wastewater using recycled alum sludge according to them One 

hydrophobic and one hydrophilic dye were 

Used as probes to examine the performance of this process. It 

was found that RAS is a good way of removing hydrophobic 

dye in wastewater, while simultaneously reducing the fresh 

alum dosage, of which. One third of the fresh alum can be 

saved. The back-diffusion of residued dye from the recycling 

sludge is detected but is easily controlled as long as a small 

amount of fresh alum is added to the system. 

 

Moghaddam et al. [20] have analysed decolorization of an 

acidic dye from synthetic wastewater by sludge of water 

treatment plant according to them effect of initial pH, coagu-

lant dose and initial dye concentration on dye removal effi-

ciency were investigated. Results showed that the dye removal 

rates were largely dependent on pH. When the solution pH 

was increased from 3 to 8, the dye removal rates decreased 

from 96.3% to 2.3%. The removal efficiencies of the dye us-

ing 130-350 mg dried sludge/L were more than 90% at initial 

pH =3. With the increase of initial dye concentration in the 

range of 10-200 mg/L, the removal efficiency increased at 

first (from 10-40 mg/L) and then declined. 

 

 Biological Methods 

Application of anaerobic technologies for treatment of textile 

wastewater is being tried for some time now.  Generally, 

wastewater of textile industries is difficult to be treated in 

aerobic plants, due to the high organic load and presence of 

different types of dyes.  Anaerobic treatment can be a solution 
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for both these problems.  It has the capacity to decolourize the 

wastewater and it can handle high organic loads also.  How-

ever, industrial (textile) wastewater presents the additional 

complexity of dealing with unknown quantities and varieties 

of kinds of dyes, as well as low BOD/COD ratios, which may 

affect the efficiency of the biological dacolourization [21].  

Many anaerobic microorganisms are capable of reducing azo 

dyes and as a consequence, produce anaerobically recalcitrant 

aromatic amines [22].  Afterwards, many of these amines ob-

tained as intermediate products, can be readilly mineralized 

aerobically.  Therefore, an anaerobic system followed by 

aerobic treatmant has been proposed as afeasible treatment 

strategy [23]. 

Hamedaani, Sakuri and Sakakibara [13] have done experi-

ments for decolourisation of 12 different azo, diazo and anth-

raquinone dyes.  The study was carried out using a new iso-

lated white rot fungus, strain L-25.  A decolourisation effi-

ciency of 84.9-99.6% could be achieved by application of this 

microorganism for 14 days on an initial dye concentration of 

40 mg/l.   

Chander and Arora [24] have studied the role of some less 

commonly studied white-rot fungi in bidecolourisation of in-

dustrial wastewaters having dyes.  Dichomitus squalens, Dae-

dalea flavida, Irpex flavus and Polyporus sanguineus were 

tested for their potential to decolourize various chromophoric 

groups of eight dyes, employed in different industries. 

Conclusion:  

 

Organic and inorganic pollutants which were discharged into 

the environment as a result of agricultural, domestic and in-

dustrial water activities lead to pollution. The normal treat-

ment operations of these wastewaters were a growing number 

of treatment plants, in way to reduce those pollutants and to 

oxidise the organic material available in wastewater. The pol-

lution is a result of discharge of many organic and inorganic 

materials into the environment. The sources of pollution in-

clude agricultural, domestic and industrial water. Treatments 

such as chemical precipitation, carbon adsorption, ion ex-

change, evaporations and membrane processes are found to be 

effective in treatment of waste and sewage water.  
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Abstract: This project reports the effect of concrete using 

copper slag as fine aggregate replacement. In this project 

work, the concrete grade M40 was selected and IS method 

was used for mix design. The properties of material for 

cement, fine aggregate, coarse aggregate and copper slag 

were studied for mix design. The various strength of 

concrete like compressive, flexural and split tensile were 

studied for various replacements of fine aggregate using 

copper slag that are 0%, 20%, 40%, 60%, 80% and 100%. 

The maximum compressive strength of concrete attained at 

40% replacement of fine aggregate at 7, 14 and 28 days. 

The split tensile strength and the flexural strength were also 

obtained higher strength at 40% replacement level at 28 

days. 

Keywords:-Copper slag, Concrete, particle size distribution, 

Compressive strength; Split tensile strength; Flexural 

strength. 

Introduction 

Concrete is the most commonly used construction material, 

and the demand for it will increase as the demand for 

infrastructure development increases. Unfortunately, Ordinary 

Portland Cement (OPC) production depletes significant 

amounts of natural resources as it is a high energy-intensive 

construction material to produce, third only after the 

production of steel and aluminum. Furthermore, natural 

aggregate constitutes a substantial portion of traditional 

concrete. The natural source of coarse aggregate is crushed 

rock; and fine aggregate is naturally extracted from sand 

quarries. 

Concrete is a composite material that consists essentially of a 

binding medium within which are embedded particles or 

fragments of aggregate. In hydraulic cement concrete, the 

binder is formed from a mixture of hydraulic cement and 

water. 

Different properties of concrete such as Grades of 

concrete(M20, M25, M30 etc),Compressive strength of 

concrete, Characteristic Strength of concrete, Tensile strength 

of concrete, Durability of concrete, Creep in concrete 

Shrinkage of concrete, Unit weight of concrete, Modular 

Ratio of concrete, Poisson’s ratio of concrete.  

Copper slag is an irregular, black, glassy and granular in 

nature and its properties are similar to the river sand. In this 

project Copper slag is an industrial by-product material 

produced from the process of manufacturing copper. Copper 

slag is a by-product obtained during the matte smelting and 

refining of copper. The major constituent of a smelting charge 

are sulphides and oxides of iron and copper. The charge also 

contains oxides such as SiO2, Al2O3, CaO and  MgO  which 

are either present in original concentrate or added as flux. It is 

Iron, Copper, Sulphur, Oxygen and their oxides which largely 

control the chemistry and physical constitution of smelting 

system. For every ton of copper production, about 2.2 tones of  

 

copper slag is generated. the chemical traces such as copper, 

sulphate and alumina present in the slag are not harmful. 

Copper slag is used in the concrete as one of the alternative 

materials. The safe disposal of this waste is a lack, costly and 

causes environmental pollution. The construction industry is 

the only area where the safe use of waste material (copper 

slag) is possible. When it is introduced in concrete as a 

replacement material, it reduces the environmental pollution, 

space problem and also reduces the cost of concrete. 

However, further additions of copper slag caused reduction in 

the strength due to an increase of the free water content in the 

mix. Mixes with 80% and 100% copper slag replacement gave 

the lowest compressive strength value of approximately 80 

MPa, which is almost 16% lower than the strength of the 

control mix. The results also demonstrated that the surface 

water absorption decreased as copper slag quantity increases 

up to 40% replacement; beyond that level of replacement, the 

absorption rate increases rapidly. 

Materials 

Materials are used in concrete such as port-land Cement, 

Natural sand, Copper slag, Coarse aggregate and Water.  

Portland cement is produced by mixing ground limestone, 

clay or shale, sand and iron ore. This mixture is heated in a 

rotary kiln to temperatures as high as 1,600 degrees Celsius. 

The raw ingredients of Portland cement are iron ore, lime, 

alumina and silica. These are ground up and fired in a kiln to 

produce a clinker. After cooling, the clinker is very finery 

ground. Cement is a finely pulverized, dry, material that by 

itself is not a binder but develops the binding property as a 

result of hydration. 

Natural Sand is a naturally occurring granular material 

composed of finely divided rock and mineral particles. River 

sand is one of the world‘s most plentiful resources (perhaps as 

much as 20% of the Earth‘s crust is sand) and has the ability 

to replenish itself. River sand is vital for human well-being & 

for sustenance of rivers. 

Copper slag is an irregular, black, glassy and granular in 

nature and its properties are similar to the river sand. In this 

project Copper slag is an industrial by-product material 

produced from the process of manufacturing copper. Copper 

slag is a by-product obtained during the matte smelting and 

refining of copper. The major constituent of a smelting charge 

are sulphides and oxides of iron and copper. The charge also 

contains oxides such as SiO2, Al2O3,CaO, MgO, which are 

either present in original concentrate or added as flux. It is 

Iron, Copper, sulphur, Oxygen and their oxides which largely 

control the chemistry and physical constitution of smelting 

system. 

Coarse aggregates are components found in many areas of the 

construction industry. They have structural uses such as a base 

layer or drainage layer below pavements and in mixtures like 

asphalt and concrete. maximum size of aggregate is the 

standard sieve size (40mm, 25mm, 20mm, 12.5mm, 10mm) 

https://www.omicsonline.org/scholarly-articles/experimental-study-on-concrete-using-copper-slag-as-replacement-material-of-fine-aggregate-33589.html
https://www.omicsonline.org/scholarly/material-engineering-journals-articles-ppts-list.php
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through which at least 90% of coarse aggregate will pass. 

Maximum size of aggregate affects the workability and 

strength of concrete. 

Water employed in the mixtures was taken from the Indus 

institute of engineering technology, concrete laboratory which 

is tap water. This water was also used in the curing tanks. 

Methodology 

Each mix underwent a series of tests. These tests were chosen 

to assess the individual characteristic of the aggregates as well 

as the workability, strength and durability indicators of the 

concrete. A complete list of the tests is given below particle 

size distribution test, sieve analysis, water absorption test, 

slump test, compressive strength test, split tensile strength 

test, flexural strength test. 

 Illustration 

A mix design for M40 grade of concrete, having moderate 

workability (Slump range 25mm to 50mm) 

Cement:-53 grade (Although, actual 28 days compressive 

strength = 53 N/mm²) 

Fine aggregate:-FM of natural sand = 2.68.FM of copper slag 

= 3.47.Specific gravity for natural sand = 2.74, Specific 

gravity for copper slag = 3.56 

Coarse aggregate:-20mm - Specific gravity 2.75 

Experiment work: 

Particle size distributions were carried out for all fine and 

coarse aggregates used in this project in accordance with IS 

383-1970, Specification for Coarse and Fine Aggregate from 

Natural Sources for Concrete. 

Specific gravity test is used for finding the specific gravity. It 

is carried out by pycnometer tube. 

W1= Weight of the empty clean and dry pycnometer, W2= 

Weight of the pycnometer containing the dry soil, W3= 

Weight of the pycnometer, soil and water, W4= Weight of the  

pycnometer and distilled water; 

Formula used in specific gravity =  

Water absorption test is carried out by  

Water Absorption (% of dry weight) =  

Where; A = weight in g of saturated surface-dry sample and B 

= weight in g of oven-dried sample. 

Slump cone test is a measure of the behavior of a compacted 

inverted cone of concrete under the action of gravity as per IS 

1199. It measures the consistency or the wetness of concrete. 

Compacting factor test of fresh concrete is done to determine 

the workability of fresh concrete by compacting factor test as 

per IS 1199. The apparatus used is Compacting factor 

apparatus. 

Compressive strength is often measured on a universal testing 

machine. By definition, the ultimate compressive strength of a 

material is that value of uni-axial compressive stress reached 

when the material fails completely. 

Ultimate tensile strength (UTS), often shortened to tensile 

strength (TS) or ultimate strength, is the maximum stress that 

a material can withstand while being stretched or pulled 

before failing or breaking. 

Flexural strength, also known as modulus of rupture, bend 

strength, or fracture strength, a mechanical parameter for 

brittle material, is defined as a material’s ability to resist 

deformation under load. The flexural strength represents the 

highest stress experienced within the material at its moment of 

rupture 

Result & Discussion 

 Physical Properties:- 

Table:-1, Physical Characteristics of Fine Aggregates 

Parameters  Specific gravity 

Natural sand 2.74 

copper slag 3.56 

 Water Absorption of aggregates:- 

Table:-2, Water Absorption of Fine Aggregates (%) 

Property Natural 

sand  

Copper 

slag 

Method 

Water 

absorption 

.78 0.40 IS 

 Sieve Analysis and Fineness Modulus:- 

Table:-3, Fineness Modulus for Various Fine Aggregates 

Property Natural 

sand 

Copper 

slag 

Method 

Fineness 

Modulus 

2.68 3.47 Calculation 

 

 Slump value:- slump value increased with the percentage of 

copper slag increases in concrete. 

 Compacting factor:- The value of compacting factor slightly 

increased with the replacement of copper slag in concrete. The 

calculated value of compacting factor was 0.82 for the control 

mixture whereas 0.96 with the 100% replacement of copper 

slag. This is mainly due to the higher specific gravity of 

copper slag which was 3.56 compared with sand which has a 

specific gravity of 2.74. 

 Compressive strength:- The compressive strength of cube 

was found to be 32 N/mm2 at 0% fine aggregate replacement 

and of 31 N/mm2 at 100% fine aggregate replacement of 7 

days. And the compressive strength of cube at 28 days was 

found to be 36 N/mm2 at 0% fine aggregate replacement and 

of 35.5N/mm2 at 100% fine aggregate replacement. The 

maximum compressive strength was found to be at 40% fine 

aggregate replacement of about 43.5N/mm2 at 7 days and of 

48.5 N/mm2at 28 days The compressive strength of concrete 

at 7 and 28 days increased gradually up to 40% fine aggregate 

replacement and then decreased with increase in percentage of 

replacement. 

 Split tensile strength:- The split tensile strength of cylinder 

was found to be 2.45 N/mm2 at 0% fine aggregate 

replacement and of 1.85 N/mm2 at 100% fine aggregate 
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replacement. The maximum split tensile strength was found to 

be at 40% fine aggregate replacement of about 3.09 N/mm2. 

The split tensile strength of copper slag added concrete was 

gradually increased up to 40% replacement and then 

decreased with further fine aggregate replacement. 

 Flexural strength:- The maximum flexural strength of beam 

was found to be at 40% fine aggregate replacement of about 

7.73 N/mm2. The flexural strength of beam showed higher 

strength at 40% fine aggregate replacement. 

Conclusions: 

From the results and discussions, the following conclusions 

were made 

• The workability of concrete increased with the increase in 

copper slag content of fine aggregate replacements at same 

water-cement ratio. 

• Form the results of compressive strength, split tensile 

strength and flexural strength, the concrete shown higher 

value at 40% replacement of fine aggregate using copper slag. 

So it is recommended that 40% of fine aggregate can be 

replaced by copper slag. 

• The replacement of fine aggregate using copper slag in 

concrete re-duce the construction cost due to saving in 

material cost. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• The replacement of fine aggregate using copper slag in 

concrete re-duce the environmental impact due to quarrying & 

aggregate mining. 
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Abstract: Present world is facing the problem of 

environmental degradation which is arising due to many 

factors which include both traditional and modern hazards. 

It has become an uphill task to overcome these causes. This 

paper compiles different remedial strategies to control this 

degradation. It includes restoration remedies like scientific 

solid waste disposal, organic farming and use of vermin-

compost etc. 

Keywords: Deforestation Degradation, Overpopulation 

 

Introduction: A key role of science is to maintain the quality 

of ecosystem. “An ecosystem is a self-regulating group of 

biotic communities of species interacting with one another 

and with their non-living environment exchanging energy and 

matter”. All the biotic and abiotic things occurring naturally 

on earth consist the natural environment. Environment can be 

generally described as the physical surrounding and 

conditions affecting the lives of people and animals. So, any 

degradation in its quality will ultimately affect our health and 

quality of life. Environmental degradation is one of the largest 

threats that are being looked at in the world today. It occurs 

when natural resources are depleted and environment is 

compromised in the form of extinction of species, pollution in 

air, water and soil, and rapid growth in population. 

Environment is being degraded by certain human and natural 

causes which have been enlisted below: 

 

Causes of Degradation: Deterioration or destruction of 

environment can occur in many ways which include: 

1. Overpopulation: This factor is more predominant in 

areas which have low levels of education and unawareness 

towards family planning. Rapid population growth puts strain 

on natural resources which results in degradation of our 

environment. 

2. Vehicular Growth: India has witnessed exponential 

growth in number of vehicles after 1981 which was steady 

until then. 

3. Fossil fuel emission from power plants: Fossil fuel 

based power plants emit contribute heavily to the production 

of smog. According to Central Electricity Authority (CEA), 

coal-powered thermal power plants account for 60.72% of 

India’s total power generation as of Jan 2015. 

4. Electromagnetic radiations: The microwaves from 

cell phone towers can interfere with your body’s own EMFs, 

causing a variety of potential health problems, including  

5. headache, memory loss, cardiovascular stress, low 

sperm count, birth defects and cancer. 

6. Landfill: Landfill sites are generally located near the 

city and pose problems like fly and mosquito breeding and 

also pollute the ground water due to the contamination by 

leachate. 

7. Emission from Industries: Emission of pollutants 

from industries is a big cause for air, water and soil pollution. 

8. Over-exploitation of Resources: Natural resources 

are being consumed rapidly at a rate higher than their rate of 

replenishment.  

9. Deforestation: Deforestation is done at a high rate to 

meet the increased fuel requirements, spread of agriculture 

etc. During the last 8000 years about 45% of earth’s original 

forest cover has disappeared. 

10. Natural Causes: These include earthquakes, 

cyclones, volcanic eruptions, floods, drought and tsunami etc. 

11. Other causes: Poverty, climate change, pollution, 

inadequate sanitation in the households, inadequate solid 

waste disposal, use of pesticides in agriculture fields are some 

of the miscellaneous causes of the degradation. 

Effects of Environmental Degradation: 

1. Economic losses: Degraded environment affects the 

tourism industry and which in turn affects the employment 

generation. We also have to spend a large pie of the budget on 

fighting the diseases posed by the pollution. The World Bank 

estimates that India loses around 3% of its GDP due to air 

pollution. 

2. Loss of Biodiversity: Many of the species like 

Ganges Dolphin, Indian Bustard, Sangai Deer etc. are on the 

verge of extinction due to their habitat loss. The natural 

forests and grasslands, which were the natural homes of 

thousand species including wildlife species, are going cleared 

day by day into agriculture land, pastures and settlements or 

for development projects. 

3. Effect on Human Health: Human health is badly 

affected by the environmental degradation. Areas exposed 

to toxic air can cause respiratory problems like pneumonia 

and asthma. Millions of people are known to have died of due 

to indirect effects of air pollution. 

4. Aesthetics: A bad environment gives a very 

unpleasant look to our surrounding. It can be in the form of 

solid waste in our neighbourhood or in the form of loss of 

wildlife which includes many birds, colourful butterflies 

which have great aesthetic value for human beings. 

5. Temperature Increase: According to an ongoing 

temperature analysis conducted by scientists at NASA’s 

Goddard Institute for Space Studies (GISS), the average 

global temperature on Earth has increased by about 0.8° 

Celsius (1.4° Fahrenheit) since 1880. Two-thirds of the 

warming has occurred since 1975, at a rate of roughly 0.15-

0.20°C per decade. 

Restoration strategy for Environmental Degradation: 

Some of the restoration strategies have been discussed here 

below: 

mailto:kushalthakur18@gmail.com
mailto:samilahmed44@gmail.com
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1. Public Awareness and Family planning: People 

should be aware of and sensitive to environment and its 

problems. Education should impart in learner a value oriented 

thought to take care of environment. They should be 

encouraged to use the different spacing methods to help them 

with family planning. 

2. Efficient Public Transport and e-vehicles: Cities 

should develop an efficient public transport system and also 

encourage the use of electric vehicles by incentivising & some 

policy modifications which support use of electric vehicles. 

3. Scientific Solid Waste Disposal: Malpractice of 

disposing solid waste in landfill sites without scientific 

disposal should be stopped. Disposal of biodegradable and 

non-biodegradable waste should be done accordingly. 

4. Conservation of Wildlife: Wildlife conservation 

should be given top priority which can be both in-situ and ex-

situ conservation. It will also help maintaining the aesthetics 

of the area, thus also benefitting us in economic terms as it 

will result in increased tourism. Projects focussing on specific 

endangered species should be encouraged. 

5. Industrial Waste Management: There should be a 

proper check on the industrial effluents which should be 

monitored periodically and heavy fines should be imposed on 

them if found guilty of environmental pollution. 

6. Encouraging Organic Farming and Vermi-

compost: People should be aware about the benefits of 

organic farming on human health and as well as soil fertility. 

Use of bio-insecticides instead of pesticides and vermi-

compost in place of fertilizers. 
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Abstract : Climate change is an immense threat to the 

existence of  life on the Earth. The issue of climate change is 

a multi dimensional issue and hence, required to be 

addressed in larger context of national interests. According 

to the IPCC 5
th

 assessment report (AR5) released in 2014, 

the world is just left with 1000 Gt of carbon space by 2030 to 

keep the rise in average global temperature less than 2
0
C to 

avert the adverse effects of climate change. To save the 

earth, under the ‘Paris Agreement’, the world has agreed for 

drastic reduction in GHG emissions beyond the year2020. 

Despite the global consensus to reduce GHG emission, it is 

still a contentious issue that how to decide the degree of 

responsibility and how to share the burden of mitigation 

actions. The reduction in GHG emission essentially, involves 

switching the economy on low carbon path. Moving apart 

from traditional energy sources is expensive and thus, 

adversely affect the developmental prospects of a country. 

India’s largest population still deprived of basic human 

needs and development is inevitable to eradicate their 

poverty. For development, energy is a primary essential and 

thus, energy, economic development and Human 

development are interlinked.The present paper is an attempt 

to explore this relationship in context of Indian scenario. 

The present paper also explored the logic behind India’s 

denial to take on binding emission reduction targets under 

the climate change regime.  

Key Words: Climate Change, National Interests, IPCC, 

Carbon Space, GHG, Human Development 

 

Introduction 

In international politics, achieving, maintaining, securing and 

enhancing the national interests is an ultimate goal of foreign 

policy and therefore climate change is not an exceptional. The 

climate change regime is also turning as the conflict of 

national interests of countries despite the unanimous 

agreement over the certainty of climate change and its adverse 

effects on the existence of life on the earth. 

Often, national interests are defined as the goals of foreign 

policy in international relations. However, it is always 

difficult to precisely define and identify national interests of a 

country as they are dynamic in nature and subject to change in 

changing international circumstances. The climate change 

regime is also a battlefield of national interests where each 

country is marching to achieve the common and unanimous 

goal of protecting the earth from getting dangerously warm 

but their  

 

efforts are vary in intensity and predominately guided by their 

enshrined national interests. 

Van Dyke defined national interests “as an interest which the 

states seek to protect or achieve in relation to each other.”
i
 

 

Morgenthau defined as “National Interest is the political 

tradition and the total culture context within which a nation 

formulates its foreign policy”.
ii
 

In its simplest form, the national interest is the perceived 

needs and desires of one sovereign state in relation to the 

world policies, nations competing and opposing each other for 

power .Each country pursue to protect their physical, political, 

economic and cultural identity against intrusion by other 

countries.
iii

  

The definitions mentioned above, collectively draw a 

conclusion that national interests are goals of foreign policy 

that have to be secure, maintain and enhance in relation to 

other countries. India‟s foreign climate policy cannot be 

assumed as working in isolation rather it has to be seen in 

broader context of foreign policy. In context of climate 

change regime, India‟s national interests have not been 

officially disclosed by government and it is difficult to 

explicitely identify and isolate them from the broad spectrum 

of national interests of  the country. However, fair indication 

can be drawn from the Indian position at global negotiations 

under the auspices of the UNFCCC.  

Development 

 Climate change is well established fact and various IPCC 

reports have been proved it beyond any reseoanably doubts 

that it is attributed to anthropogenic emission. The Western 

model of development is GDP driven and economic growth is 

fuelled by intensive use of fossil fuel which resulted in huge 

carbon stock in the atmosphere. The Southern countries, 

which are commonly referred as developing countries, home 

of billions of poor people, still struggling to provide basic 

human needs. For developing countries, economic growth is 

inevitable to provide an essential minimum level of living 

standard. Therefore the issue of climate change is closely 

linked with development and to avert climate change drastic 

reduction in Ghg emission is the only solution. 

Apparently, the equitation looks quite simple but, indeed, very 

complex in nature, especially in context of developing 

countries. 

Mr. Srikant has rightly pointed out in his words “While 

achieving „Development‟ remains as major challenge of the 

developing countries; most of them are not in a position to 

ensure basic need such as food, shelter, clothing and minimum 

„standard‟ of living to all of their citizens. Getting rid from 

poverty, employment, literacy, lack of basic access to primary 

health care and education, free from malnutrition, stabilizing 

population, reduction in infant mortality rate, ensuring safe 

drinking water and sanitation; still remains far off for the 

more than the 90% population of the world today.”
iv
From 

Indian perspective, it was well recognized that development 
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should be the primary concern rather than climate change. 

Mrs. Gandhi said “poverty is the greatest polluter” this 

statement was recognized as the voice of developing countries 

and laid down the foundation stone of India‟s foreign climate 

policy. 

From the beginning of climate change regime, India‟s foreign 

climate policy has been consistently focused on the 

development and economic growth to eradicate poverty and 

for social development. The Former Prime Minister Dr. 

Manmohan Singh Said, “For a poor country like ours, 

development and eradication of poverty is the supreme 

concern. So we have to marry the concern of management of 

global climate with the concern for development, for removal 

of poverty.”
v
  

India is the home of around 17.5% of the world population, 

while accounts only 2.4% of the world surface area. Around 

30% of global poor houses in India; around 24% of global 

population without electricity living in India; around 92 

million people have no access to safe drinking water. In 2011, 

the annual consumption of energy (average) was merely 0.6 

tonnes of oil equivalent (toe) per capita as compared to 

1.88toe of global average in terms of per capita.
vi
 The 

domestic economic and social aspects of development (life 

expectancy, education level and incomes etc.) are denoted by 

Human Development Index (HDI) which globally ranked 

India at 135 positions out of 187 countries with a HDI of 

0.586 in 2013. The Human Development Report released on 

24
th

 july 2014 by UNDP said that India was the lowest 

performing country among the BRICS in all categories except 

life expectancy which was lower in S.Africa due to the HIV 

epidemic. The report placed India under medium human 

development group with HDI 0.614> India HDI 0.586; again 

the South Asian average 0.588 was also greater than India‟s 

HDI.
vii

  

According to the World Economic Outlook (2015) released by 

International Monetary Fund (IMF), in 2014, India‟s GDP 

(nominal) per capita was $1627 compared to $1508 in 2013. 

Despite the fact that India is 9
th

 largest economy of the world, 

it was ranked 145 position on the basis of GDP (nominal) per 

capita due to its huge population around 1026 billion. India‟s 

per capita income is 6.69 times lower in comparision of 

world‟s average of $10880. 

India is 9
th

 largest economy of the world, however, wide 

social and economical disparaties still exists amongst its 

regions and people.Around 30% of population (363 million) 

live in poverty, around 5% of the population(aged 15 year and 

above) have no employement and around 1.77 million people 

is homeless. India has only 917Kwh electricity consumption 

per capita which is barely 1/3 of the world average 

consumption.
viii

  

India is rapidally growing and following key micro 

indiacators denotes the future needs of India with growing 

population and urbanization. 

 

 

 

Table No    1 

Indicators  India2014 India2030 

Population(billion)
a 

1.2 1.5 

Urban 

population(million)
b 

377(2011) 609 

GDP@2011-12 

price(trillion)
c 

INR106.44, 

USD 1.69 

INR 397, USD 

6.31 

Electicity 

Demand(Twh)
c 

776(2012) 2499 

Sources: a-population Foundation of India, b-Un World 

Urbanization prospects, c-Government India. Data quoted in 

INDC. 

 

The predictions are very clear that India will be large in every 

aspect of development and to support this huge requirement of 

development and economic growth, India needs consistent 

and secure energy supply. In fact, economic growth in term of 

GDP is inevitable for the development of every human aspect 

and economic growth depends upon energy availability. Thus, 

economic growth, development and energy security are 

correlated . This correlation is explored in following section. 

 

Energy Development Linkage 

Energy and development are strongly correlated to each other; 

in fact, energy is a prerequisite to the development and 

economic growth. Every aspect of development; housing, 

infrastructure, manufacturing, education, life expectancy, 

health,, mining, transportation, agriculture require energy. 

Energy can be produce from various sources; broadly divided 

into conventional sources like coal, wood and oil (emission 

intensive but cheaply available) and non conventional or 

renewable like solar, hydro and wind ( expensive but nearly 

zero emissions). 

 

The common form of energy which is widely used is 

electricity and largest part of fossil fuel is used to produce 

electricity. Therefore, to explore the linkage data related to 

electric consumption, development (in HDI) and economic 

growth (in GDP) is significant, presented below in a table.  

 

Table No  2.  Correlation of Electric Consumption With 

HDI and GDP(nominal) 2014 

Country E. 

Consumption(Kwh) 

Per Capita* 

HDI** GDP in $US 

per capita*** 

Canada 15546 0.919 50397 

USA 12987 0.918 54596 

Australia 10059 0.937 61219 

Germany 7035 0.924 47590 

France 6938 0.894 44538 

UK 5130 0.908 45653 

S.Africa 4198 0.665 6482 

China 3927 0.734 7589 

Brazil 2601 0.754 11604 

India 806 0.615 1627 

Sources: *Statistctimes; **World Bank; *** World Bank 

 

 The data presented in table no clearly shows that countries 

with higher per capita electric consumption have higher HDI 

and their GDP per capita is also higher. On the other hand , 

developing countries are lower side of  per capita electric 

consumption with lower HDI and per capita GDP. 
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Girish Sant and Ashwin Gambhir has eleobrated these 

correlation as “These linkages are strong but also somewhat 

flexible. It is correctly argued that GDP growth in itself is an 

insuffcient measure of development. Special policies are 

required for eliminating hunger and poverty from the lives of 

large section of the population, however, an increase in GDP 

is an important part of poverty reduction. Productive 

employment is associated with increased income and 

increased consumption of goods and services, both of which 

require increased energy use.”
ix

  

 

It is estimated that in 2030, India‟s population will be around 

1.5 billion and approx 609 million people will live in urban 

areas. In this scenario, consistent energy supply is necessary 

to support India‟s future growth. In Indian perspective, which 

is fairly relevant to other developing countries also, the real 

challenge is associated with the emission of energy sources as 

most of the developing nations heavily rely on the fossil fuel 

for their energy demand. 

 

Development/ Economic Growth and Energy Emission 

Linkages  

It is well established correlation that energy is inevitable for 

the overall growth of a country. The Western model of 

development, which is energy intensive and largely fuelled by 

fossil fuel, mainly responsible  for the climate change. This 

fossil fuel based model of development is commonly followed 

by the most of developing countries including India. Fossil 

fuels are relatively cheap and easily available therefore, 

developing countries not willing or hegiteous to shift on non 

fossil fuel based energy sources due to the excessive cost and 

lack of technology. 

 

India is not exceptional; India is mostly depended on fossil 

fuel for its energy needs. It is anticipated that India will grow 

rapidly in coming years and in the new policies scenario a 

dramatic and fundamental shift in the energy matrix is 

unlikely. 

Table No 3. Primary Energy demand by Fuel in India In the 

New policies Scenario(Mtoe) 

Energ

y 

Sourc

e 

20

00 

20

13 

20

20 

20

30 

20

40 

Share in 

% 

2013-2040 

20

13 

20

40 

Cha

nge 

CA

GR 

Oil 11

2 

17

6 

22

9 

32

9 

45

8 

23

% 

24

% 

282 3.6

% 

N.Gas 23 45 58 10

3 

14

9 

6% 8% 104 4.6

% 

Coal 14

6 

34

1 

47

6 

69

0 

93

4 

44

% 

49

% 

592 3.8

% 

Nucle

ar 

04 9 17 43 70 1% 4% 61 7.9

% 

Rene

wable 

15

5 

20

4 

23

7 

27

4 

29

7 

26

% 

16

% 

93 1.4

% 

Fossil 

Fuel 

Share 

64

% 

72

% 

75

% 

78

% 

81

% 

72

% 

81

% 

8% N.A

. 

Total 44

1 

77

5 

10

18 

11

40 

19

08 

10

0% 

10

0% 

11.3

3 

3.4

% 

 Source: India Energy Outlook, IEA 2015 

It can be concluded from the table that coal will remain at 

central position in energy matrix of India, increasing its 

overall share from 44% (2013) to 49% (2040). India was 3
rd

 

largest producer of of coal in 2012 with 7.0% of global 

reserve.
x
 Coal is an important source of energy and mostly 

used for power generation as production cost is 2.5-3.5 Rs per 

Kwh which is cheapest in comparison of other sources like 

wind (3.5-5.3Rs.) and solar (11-12.5Rs.). In India, coal fired 

power plants produce most of its installed power capacity. 

 

 
Fig. no     1A      Installed Power Capacity by Source  

 

Source: Central Electricity Authority (installed capacity as in 

2017) 

Above figure shows that coal alone produce 58% of India‟s 

installed power capacity which is about 192972MW of total 

installed capacity330861MW.  

The real challenge for India stems from these coal fired power 

plants as coal is highly GHG emission intensive source of 

energy. According to the first Biennial Update Report (BUR) 

submitted by India to the UNFCCC, in2010, India emitted 

2136.84 million tones CO2 eq. GHGs. The largest contribution 

was came from energy sector around 71% (Fig.*** ). The 

energy sector is comprised of mainly electricity generation 

which is largest contributor of GHGs emission due to the 

intensive use of coal as a primary source to produce power. 

Another sectors contributed in total inventory of GHGs are 

agriculture (18%), Industrial process and product use (8%) 

and waste (3%). This is illustrated n figure No 2B 
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 Figure No2B  GHG emissions, by sector, 2010 (values in Gg 

CO2eq) 

 

Source: First Biennial Update Report2015 to the UNFCCC, 

MoEFCC, GoI. 

 

   The energy sector which is vital for economic growth of 

India is comprised of energy industries, manufacturing, 

transport, fugitive and other emission. It is shown in fiure no  

  
Figure No   Distribution of CO2eq emissions (Gg) across the 

energy sector categories in 2010 

 

Source: Biennial Update Report2015 to the UNFCCC, 

MoEFCC, GoI. 

 

Conclusively, it is very clear from above analysis that in 

climate change regime, the right of development is first 

priority of India to eradicate poverty with the sustainable 

economic growth. India is not willing to take any imposed 

mitigation efforts that can interfere with its economic 

development. However, being a responsible member of 

international community, India has pledged to reduce its 

GHGs emission 20-25% of its GDP intensity by 2020 

compared to 2005 level. Before Paris conference, India further 

raised its ambitious goal to reduce the emission intensity of 

GDP by 33-35% by 2030 from 2005 level. 
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Abstract : Our activities affect the environment and. the 

environment affects our health or human being. As the 

number of people on earth increases, our agricultural and 

industrial activities have a greater impact on the 

environment, particular on the atmosphere. It becomes 

necessary to know what are the sources which affect the 

environment. In this paper ,first we introduce five main air 

pollutants such as carbon monoxide (CO), particulate, 

oxides of nitrogen (NOx),  oxides of sulphur (SOx) 

hydrocarbons. Finally, we analyze the air emissions from 

five main sectors that are combustion sources: coal 

combustion, fuel combustion, oil combustion and industries 

waste . The emission factors are based on the present 

activity. With the innovation of processes and the 

implementation of clean production, the factors will 

decrease gradually. The atmosphere has been polluted, so 

far  to take  measures to control air pollution. 

Keywords: carbon monoxide (CO), particulate, oxides of 

nitrogen (NOx),  oxides of sulphur (SOx) hydrocarbons 

 

Introduction 

Air pollution is to be excite by development through the 

growing cities, , rapid growth in economic development, 

industrialization and higher levels of energy consumption and 

increasing traffic. The high infusion of population to the urban 

areas, increase in consumption patterns and industrial 

development have led to the problem of air pollution. 

Currently, in India, air pollution is widespread in urban areas 

where vehicles are the major source  and in a few other few 

areas with a high concentration of industries and thermal 

power plants. 

 

Table no.1  

Hydrocarbon discharge 106t/a 

Source Discharge Source Discharge 

Coal 2.9 Dissolvent 10 

Thermal 

power 

0.2 Burning of 

rubbish 

25 

Industrial 0.7 Burning of 

lumber 

0.7 

Resident and 

commerce 

2.0 Forest fire 1.2 

Petroleum 48.4 Total 88.2 

Petroleum 

refinery 

6.3   

Gasoline 34   

Diesel oil 0.1   

Heavy oil 0.2   

Evaporation 

of oil 

7.8   

 

Also, vehicles contribute exact sense to the total air pollution 

load in many urban and rural  areas. Air pollutants can be 

divided into two main groups—particulate and gaseous. The 

former group includes solid airborne particulates such as dust, 

fly ash, smoke, fog, soot, and fumes. Gaseous pollutants are  

include in carbon monoxide, , oxides of sulphur, hydrocarbon 

and oxides of nitrogen. 

Table no.2  

Source of air pollution  

Pollutants Source 

Carbon 

monoxide(CO) 

Incomplete burning of fossil fuel 

Tobacco smoke 

Hydro carbon Incomplete burning of fossil fuels 

Tobacco smoke, Chemical processes 

Particulate Burning fossil fuels, Construction 

operations 

Industrial waste 

Oxide of 

sulphur (SOx) 

Burning fossil fuels, Chemical processes 

Smelting ores 

Oxide of 

nitrogen(NOx) 

Burning fossil fuels, Oxide of N2 in 

atmosphere 

 

Pollution Through Automobile 

The motor vehicle related to  air pollution in India is serious 

and worsening. During the problem of diesel smoke and 

particulates is the most manifest lead, nitrogen oxide, 

hydrocarbon and carbon monoxide, , and ozone levels exceed  

to the internationally accepted levels in several cities. The 

lead content in gasoline is very high and is the major source of 

lead contain  in the air. The problem continues to worsen as 

the vehicle population, particularly motorcycles and, 

continues to grow and age, three-wheeled auto rickshaws;  

vehicles once introduced into use remain active much longer 

than in industrialized countries. The adverse outcome of air 

pollution are especially rigorous because the life style and 

climate are such that public exposure to high pollution levels 

is very high. 

Table no. 3 

2010 Emission inventory by  (tons/year) 

Tier 1 NOx SO2 PM2.

5 

VOC NH3 

Fuel 

combusti

on 

electric 

utilities 

2,587,2

85 

6,440,6

30 

542,13

8 

54,307 3,239 

Petroleu

m 

138,528 339,890 30,765 388,168 10,517 

Transport 1,511,8

7 

5,345 32,503 54,701 6,441 

Highway 

vehicle 

4,682,9

89 

27,439 91,719 93,283 341,53

2 
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Off high 

vehicle 

3,282,4

82 

219,034 230,62

5 

1,903,5

32 

2069 

 

Pollution Through   Power Plant 

Coal Combustion 

Coal is the most readily available energy source throughout 

the world. Coal  is important to the development of industry 

and power plant , it results in air pollution when burned. 

During combustion, the coal is subject to either or both 

reducing and oxidizing conditions because of the presence of 

carbon, oxygen, and carbon monoxide in the bed. The air 

pollutants from combustion of coal include  SOx , NOx, HC, 

and CO. Amounts of each and every pollutant  are dependent 

on the type of coal, operation of the process and combustion 

process,. The particulates consist mostly of the ash particles. 

They are  also include unburned coal particle  blown out 

during the turbulent combustion. Mainly  pulverized coal-

fired boiler flue gas are contains 2-10ppm , 14.3-15.3% CO2 

,CO and 3.9-5.1% O2. Gaseous emissions of sulphur oxides in  

process of coal combustion are largely SO2 and SO3 and 

gaseous sulfates. On average, 98% of the sulphur present in 

bituminous coal will be emitted from gaseous sulphur oxides, 

whereas somewhat less will be emitted when sub-bituminous 

coal is firing.  

 

Generally firing configuration, boiler size, and boiler 

operations have little effect on the percent conversion of fuel 

sulfur to oxides of sulfur. Nitrogen oxides are produced in the 

combustion process by at least two different mechanisms  

such as the one  is from the nitrogen in the fuel being burnt 

(fuel NOx), other source is from the molecular nitrogen in the 

form of combustion air (thermal NOx).The amount of 

nitrogen in the fuel is very much small compared with the 

combustion air, so that , fuel NOx is a small part of total 

NOx.. Large coal-fired boilers emit more NOx than any other 

combustion source. The combustion paradox is that the size 

increase of boilers will increase nitric oxide but decrease CO 

and HC. Volatile organic compounds (VOCs) and carbon 

monoxide (CO) are the unburned gaseous combustibles that 

are also emitted from coal-fired boilers, but in quite small 

amounts. The VOC and CO emissions per unit of fuel that is 

burned are normally lower from cyclone furnaces than from 

smaller stokers and hand-fired units and pulverized-coal 

where operating conditions are not as well controlled. 

  

Table no. 4 : list of the uncontrolled emission factors from  

different types of furnaces such as particulate, SOx ,NOx , 

CO, and HC 

Furnace  Uncontrolled Emission, g/kg 

coal 

Boiler 

category 

Heat 

input 

106kca

l/hr 

Type Partic

ul 

atem

atte 

ra 

SO

xb 

C

O 

H

Cc 

NO

xd 

Utility 

or large 

industri

al 

＞25 Pulveri

zed 

8A 19S 0.

5 

0.1

5 

9 

Comme

rcial or 

industri

2.5-25 Underf

eed 

2.5A 19S 1 0.5 7.5 

al 

Small 

commer

cial     

or 

domesti

c 

＜2.5 Overfe

ed 

1A 19S 5 5 3.0 

 

Oil Combustion  

The most common liquid fuel is used in utility processes is 

fuel oil derived from crude petroleum. Fuel oils are generally 

classified into distillate kerosene and residual fuel oils. The 

former is generally used for domestic and small commercial 

applications; the oil  is used in utility and industrial boilers. 

Emissions from fuel oil combustion depend on the grade and 

the type and size of the boiler, composition of the oil, the 

firing practices used, and the level of equipment maintenance. 

Properly operated and designed oil-fired boilers produce less 

uncontrolled air pollution emission than coal-fired boilers but 

more than gas-fired boilers. 

 

Table no. 3.2 : Typical uncontrolled emission from oil 

combustion 

Boiler Fuel oil Uncontrolled Emissions, g/l of Fuel 

particula

te 

SOx

a 

C

O 

HC

b 

NOx

c 

Utility or 

large 

      

Industrial Residua

l   

1 19.2

S 

0.4 0.2

5 

0.12 

Commerci

al 

 

Residua

l 

2.75 19.2

S 

0.5 0.3

5 

0.12 

Industrial Distillat

e  

1.8 17.2

S 

0.5 0.3

5 

0.25 

Small 

commerci

al 

      

Domestic Distillat

e 

1.2 17.2

S 

0.6 0.3

5 

0.25 

 

 

Pollution Through Industries 

Due to the wide variety of industrial processes, reliable 

determinations of industrial emissions have been found to 

depend on type of plant and different processing in the during 

working condition. This is very expensive and time 

consuming, as it involves detailed study and testing of specific 

plants and processes. In some cases, data on industrial 

emissions can be obtained by  air cleaning equipment, 

individual plants requesting information on processes, and 

fuel consumption types and quantities of process exhaust. 

Information on air emissions can also be obtain by using 

engineering prediction which are based on the raw materials 

or fuel consumed in a given process. The whole  detailed 

procedure is making an industrial survey which  involves the 

use of a computer card identifying each establishment and its 

location. A detailed information sent to each establishment to 

collect information, , which includes data on plant size, 

operating schedule, fuel usage processes, and solvent usage. 

This procedure may provide more reliable results in pollution. 



            International Journal of Engineering Research                                                ISSN:2319-6890 (online),2347-5013(print) 

            Volume No.7, Issue Special 4, pp : 485-487                                                                                             9,10 March 2018 

 

DOI : 10.5958/2319-6890.2018.00152.6                            EPIC@2018 Page 487 

 

Emission factors, which have been applied to source data to 

yield emission data for particulates ,SOx, NOx, HC, CO, and 

so on, exist for a wide variety of industrial processes such as 

fuel burning, chemical production, manufacturing processes, 

and solvent usage. 

Table no. 5 

Classification of  pollution through industries 

Source 

type 

Category Examples   Pollutants 

Dust 

production 

Process 

Crushing, 

grinding 

screening,demoli

tion milling 

Road mix 

plants 

Urban 

renewal 

Grain 

elevators 

Mineral and 

organic 

particulates 

Manufacturi

ng 

Processes 

Metallurgical 

plants 

Smelters, 

steel mills, 

aluminum 

refineries 

Metal fume, 

Fluorides SOx 

 Chemical plants Petroleum 

refineries, 

pulp mills, 

super 

phosphate 

fertilizer 

plants, 

cement 

plants 

H2S, Sox, 

F,organic 

vapor,particle, 

odors 

 Waste recovery Metal 

scarp 

yards, auto 

body 

burning, 

rendering 

plants 

Smoke, soot, 

organic 

vapor,odors 

Solvent Spray painting Furniture 

and 

appliance 

Finishing 

Organic 

phosphates,chlorin

ated 

 Inks Photograv

ure and 

printing 

hydrocarbons, 

As,Pb 

 Solvent cleaning Dry 

cleaning, 

degreasing 

 

   

Measures to Control  Pollution 

Carbon is most popular forms of air pollution control. This 

type of control involves in the use of a pollution filter, carbon, 

to reduce the amount of pollutants which i are involed in air 

throughout pollution. When in use, these filters absorb 

pollutants helping to clean the air of any possible toxins and 

poison. 

Bio Filtration Process:- Bio filtration is another effective 

type of air pollution control. It uses in bio organism to 

dissolve pollutants often from bacteria and fungi. Industries 

that employ bio filtration systems include food and waste 

plants, and wastewater management facilities pharmaceutical 

companies. While this method of air pollution control works 

rather well, a large space is required in order to operate a bio 

filtration system.  

  

Fuel type : This technique is use for less polluting fuel to 

reduce air pollution. Use of low sulfur fuel rather than high 

sulfur fuel by electric utilities is an example of this method. 

But the low sulfur fuel is much expensive than high sulfur 

fuel. 

 

Natural gas:- This electric utility can be used natural gas 

instead of  fuel. Fuel switching based on air pollution 

forecasts or meteorological conditions or have been used to 

prevent air pollution problem in many areas. 

 

Control device:-The emissions from the plant are passed 

through a control device before releasing to atmosphere. The 

pollutants are removed, transformed or destroyed in the 

control device before discharging into ambient air. 

 

Use of Control Devices 

The major FGD processes are: 

1. Limestone scrubbing 

2. Lime scrubbing 

3. Dual Alkali processes 

4. Lime-spray drying 

5. Wellman-Lord process 

The SO2 is removed by inducing exhaust gases to react with a 

chemical absorbent So that  they pass through a tower. 

 

Conclusion 

In this paper we found that air pollution is very harm to every 

person and our atmosphere. Pollution through automobile and 

power plant are the major source of air pollution such as coal 

combustion , oil combustion and fuel utilities and 

industrialization. We  discuss the gaseous component which 

polluted the atmosphere such as particulates ,SOx, NOx, HC, 

CO. Also provide the method to control the air pollution 

through automobile and power plant such as bio filtration and 

control device, change in fuel ,natural gases. It will help to 

measure the dust particle and gaseous particle which is present 

in atmosphere. The emission factors are based on the present 

processes. With the innovation of processes and the 

implementation of clean production, the factors will decrease 

gradually.  
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 Abstract : Water pollution is the contamination 

of water bodies(e.g. lakes, rivers, oceans, aquifers and groun

dwater).   This form of environmental degradation occurs 

when pollutants are directly or indirectly discharged into 

water bodies without adequate treatment to remove harmful 

compounds. Human activities including industrialization 

and agricultural practices contributed immensely in no 

small measure to the degradation and pollution of the 

environment. Water is essential for the existence of all life 

forms. In addition to household uses, water is vital for 

agriculture, industry, fishery and tourism etc. Increasing 

population, urbanisation and industrialisation has led to the 

decreased availability of water. 

Keywords : lakes, rivers, oceans, aquifers and groundwater 

Introduction 

Water is that chemical substance which is essential for every 

living organism to survive on this planet. Water is needed by 

every cell of the organism’s body to perform normal function. 

Water covers 71% of the Earth’s surface, mostly in oceans 

and other large water bodies, with 1.6% of water below 

ground in aquifers and 0.001% in the air as vapor, clouds and 

precipitation . Water moves continually through a cycle of 

evaporation or transpiration (evapotranspiration), 

precipitation, and runoff, usually reaching the sea. Winds 

carry water vapor over land at the same rate as runoff into the 

sea. Over land, evaporation and transpiration contribute to the 

precipitation over land. Clean, fresh drinking water is 

essential to human and other life.  

 

Table no. 1 

Current Water Quality Data for the Month of July 2017* 

Raw Water Quality    

Non-Carbonate Hardness, ppm 86 

Total Hardness, ppm 380 

Total Hardness, grains per gallon 22.17 

 Ph 7.38 

Treated Water Quality   

Non-Carbonate Hardness, ppm    99 

Total Hardness, ppm 160 

Total Hardness, grains per gallon 9.34 

Ph 9.54 

Chlorine residual, ppm 2.58 

Iron content, ppm 0.19 

Fluoride content, ppm .67 

Turbidity, NTU's 0.09 

    Bacterial Samples 

Samples taken = 60 

Confirmed 

positive samples = 0 

 

Figure 1: Water resources in world 

 

 

                Source Of Water Pollution     

Domestic wastage-   Sewage (or domestic 

wastewater or municipal wastewater) is a type 

of wastewater that is produced from a community of people. It 

is characterized by volume or rate of flow, physical condition, 

chemical and toxic constituents, and its bacteriologic status 

(which organisms it contains and in what quantities). It 

consists mostly of greywater (from sinks, tubs, showers, 

dishwashers, and clothes washers), blackwater(the water used 

to flush toilets, combined with the human waste that it flushes 

away); soaps and detergents; and toilet paper (less so in 

regions where bidets are widely used instead of paper). 

Industrial wastage -Wastes from industry serve as major 

sources for all water pollutants. Many major industries 

contribute significantly to water pollution, but some of the 
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important are the (i)manufacturing (ii) power-generating (iii) 

miningand construction, and (iv) food processing industries 

(Mc Kinney and Schoch 2003).Manufacturing industries like 

chemical, oilrefining, steel etc. contribute many of the 

mosthighly toxic pollutants,  

Agrictural wastage-  These are generated by the cultivation 

of crops and animals. Globally,agriculture is theleading source 

of sediment pollution which includes plowing and other 

activities that remove plant cover and disturb the soil. 

Agriculture is also a major contributor of organic chemicals, 

especially pesticides (Mc Kinney and Schoch 2003). 

Pesticides are widely used in modern agriculture in most 

countries throughout the world and in a large range of 

environments. But environmental monitoring increasingly 

indicates that trace amounts of pesticides are present in 

surface and underground water bodies, far from the sites of 

pesticide application (Voltz et al. 2007). The use of nitrogen 

fertilizers can be a problem in areas where agriculture is 

becoming increasingly intensified. These fertilizers increase 

the concentration of nitrates in groundwater, leading to high 

nitrate levels in underground drinking water sources, which 

can cause methemoglobinemia, the life threatening “blue 

baby” syndrome, in very young children, which is a 

significant problem in parts of rural Eastern Europe (Yasso et 

al. 2001). Some pesticides are applied directly on soil to kill 

pests in the soil or on the ground. This practice can create 

seepage of pesticides to groundwater or runoff to surface 

waters. 

 

Pollution Of Water Treatement 

 Wastewater treatment plants may be wastewater, agricultural 

wastewater or leachate. 

Sewage Treatment Plants  

Sewage treatment plant - A typical municipal sewage 

treatment plant in an industrialized country may include 

primary treatment to remove solid material, secondary 

treatment to digest dissolved and suspended organic material 

as well as the nutrients nitrogen and phosphorus, and – 

sometimes but not always – disinfection to kill pathogenic 

bacteria. The sewage sludge that is produced in sewage 

treatment plants undergoes sludge treatment. Larger 

municipalities often include factories discharging industrial 

wastewater into the municipal sewer system. The term 

"sewage treatment plant" is now often replaced with the term 

"wastewater treatment plant". 

Tertiary treatment- 

 Sewage treatment § Tertiary treatment--Tertiary treatment 

is a term applied to polishing methods used following a 

traditional sewage treatment sequence. Tertiary treatment is 

being increasingly applied in industrialized countries and most 

common technologies are micro filtration or synthetic 

membranes. After membrane filtration, the treated wastewater 

is nearly indistinguishable from waters of natural origin of 

drinking quality (without its minerals). Nitrates can be 

removed from wastewater by natural processes in wetlands 

but also via microbial denitrification. Ozone wastewater 

treatment is also growing in popularity, and requires the use of 

an ozone generator, which decontaminates the water 

as ozone bubbles percolate through the tank, but this treatment 

is energy intensive. The latest, and very promising treatment 

technology is the use aerobic granulation 

 

Industrial wastewater treatment plants 

Two of the main processes of industrial water treatment 

are boiler water treatment and cooling water treatment. A lack 

of proper water treatment can lead to the reaction of solids and 

bacteria within pipe work and boiler housing. Steam boilers 

can suffer from scale or corrosion when left untreated. Scale 

deposits can lead to weak and dangerous machinery, while 

additional fuel is required to heat the same level of water 

because of the rise in thermal resistance. Poor quality dirty 

water can become a breeding ground for bacteria such 

as Legionella causing a risk to public health. 

With the proper treatment, a significant proportion of 

industrial on-site wastewater might be reusable. This can save 

money in three ways: lower charges for lower water 

consumption, lower charges for the smaller volume of effluent 

water discharged and lower energy costs due to the recovery 

of heat in recycled wastewater. 

Corrosion in low pressure boilers can be caused by dissolved 

oxygen, acidity and excessive alkalinity. Water treatment 

therefore should remove the dissolved oxygen and maintain 

the boiler water with the appropriate pH and alkalinity levels. 

Without effective water treatment, a cooling water system can 

suffer from scale formation, corrosion and fouling and may 

become a breeding ground for harmful bacteria. This reduces 

efficiency, shortens plant life and makes operations unreliable 

and unsafe.
[3]

 

Domestic water treatment –Water supplied to domestic 

properties may be further treated before use, often using an in-

line treatment process. Such treatments can include water 

softening or ion exchange. Many proprietary systems also 

claim to remove residual disinfectants and heavy metal ions. 

 

Effect Of Water Pollution 

Water pollution is the contamination of water in water bodies 

such as rivers, oceans, lakes and swamps. This means that one 

or more substances have built up in water to the extent of 

causing problems to people, animal. 
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1. Industrial process: When manufacturers and 

factories are simply allowed to pour toxic chemicals into 

water bodies before treatment, the water becomes polluted. 

The oxygen levels in the water also decreases. The toxic 

chemicals include: lead, sulphiric acid, mercury and used oil. 

2. Inorganic Industrial waste: Inorganic wastes such 

as acids, mercury, lead and heavy metals can destroy the 

normal body processes. The presence of these toxic and 

corrosive substances in water is dangerous to living things. 

Factories and other industries dump waste products into water 

at an alarming rate. 

3. Agricultural fertilizers: By a process known as 

leaching, agricultural chemicals such as fertilizers and 

pesticides can wash into rivers and lakes, poisoning them. 

4. Untreated sewage from households: Dye, lotion, 

soap, hair oil, shampoo, powder, deodorant, moisturizer and 

many other such products also contribute in water pollution. 

These products go to the sewage without any 

treatment. Untreated sewage from households can 

contaminate different water bodies in the process. When 

sewage pipes break, there is a chance that the wastes will 

contaminate drinking water. Sometimes, poorly treated 

sewage is released into water bodies. Domestic cleaning 

products can be very dangerous pollutants. 

5. Garbage: Plastics are non-biodegradable. Mass 

plastics clog water bodies and contaminate water. 

6. Urbanization: Urbanization is a key factor in 

increasing the amounts of water pollution. 

7. Dumping solid waste: Humans often carelessly 

dump their trash in the sea or near rivers. 

8. Oil spills: Accidental oil spills have a devastating 

effect on seas. 

9. Dissolved gases: Polluting gases in the air can 

dissolve into salt and fresh water and pollute it. 

10. Boat fuels: Fossil fuels used in the shipping industry 

are one of the largest causes of both air and water pollution. 

11. Heated water from power plants: Some power 

plants release the heated water into water bodies. This reduces 

the oxygen content in water. Power plants normally use 

heated water to cool their machines. 

Control Of Water Pollution 

1. Stop using harmful chemicals at home: Opt for 

environmentally friendly household cleaners. 

2. Prevent industrial waste reaching water: Dispose 

of industrial waste by burying or neutralizing it instead. 

3. Sewage treatment: Household water should be 

properly treated to make it environmentally safe. Raw sewage 

should never be pumped into water. This may seem like a 

convenient way of disposing of it but it is highly dangerous 

for health. Effective sewage treatment processes should be put 

in place. 

4. Treatment of industrial wastes before 

discharge: Factories should treat wastes before discharge and 

toxic substances should be converted into harmless materials. 

5. Recycle: Recycle domestic and commercial waste 

safely rather than dumping it in the sea or near rivers. 

6. Promote a love for waterways: That way, everyone 

in the community will be motivated to stop pollution. When 

we all work together, we can achieve great things. 

7. Go organic: Organic agriculture uses far fewer 

chemical pesticides and fertilizers. 

8. Adherence to water laws. Laws and legislation 

regarding water pollution should be strictly followed. There 

should be heavy penalties for those who fail to adhere to the 

rules. 

9. Avoid using paper bags: Carry a shopping bag 

whenever you expect to go shopping. This will minimize the 

chances of you using a paper bag. You can also buy a portable 

shopping bag and always have it with you. 

10. Improve oil tanker safety: Avoiding oil spills 

would remove a key cause of environmental pollution. 

11. Routine cleaning: Wells, ands and lakes should be 

regularly cleaned and treated to ensure that they remain safe 

for human use. There should also be system of regularly 

testing pond and lake water. 

Conclusion     

Water is a basic necessity. If water pollution is not controlled, 

this commodity might become a commodity that only few can 

afford. As such, we should all take action from today onward 

reduce water pollution. What is more, we should encourage 

friends and loved ones – and those with power and authority – 

to do the same before it is too late. 
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Abstract : The aims of this study were to determine fluoride 

concentration in drinking water consumed by residents of 

Didwana, Nagaur, Rajasthan and to assess its effect of 

dental and skeletal fluorosis. The study used data obtained 

from revenue department and Public Health and 

Engineering department and all the selected respondents 

were interviewed by a well developed questionnaires and 

physical observation. Water samples collected from 152 

villages of selected blocked revealed that 56.57 percent 

villages have fluoride content higher than the upper limited 

suggested by WHO. Among the studied villages, highest 

concentration (26Mg/L) was reported from the sample 

collected from Chhapri Bari. Further, pounced effect of 

fluoride water drinking was reported on the dental fluorosis 

and 12.31 percent studied respondents have dental problem. 

Dental fluorosis was reported highest in the respondents 

interviewed from Berwa. In case of skeletal fluorosis, trends 

are bit different and it was reported from the 4.9 percent 

respondents. Results of this study are the alarming call for 

the resident of study area and make a strong appeal to 

develop a policy for providing safe drinking water.  

Keywords: Groundwater, Fluoride concentration, Didwana 

block, Dental and Skeletal Fluorosis. 

 

Introduction  

 

Fluoride is a common constitute of ground water, which 

occurs naturally in public water systems as a result of runoff 

from weathering of fluoride containing rocks and leaching 

from soil into groundwater (Saj idn,  e t  a l .  2008 ). High 

fluoride level in the groundwater is a common problem for 

Rajasthan and associated with all districts. A guideline value 

of 1.5 mg/L was recommended by WHO as maximum 

permissible fluoride concentration level in drinking water 

(WHO, 2006). But wide variation in natural water fluoride 

levels was reported from all the districts and these 

concentrations was above and below the optimal range set by 

the World Health Organization for drinking water.  

This abnormal level of fluoride may be because of weathering 

of the fractured hard rock pegmatite veins composing of 

minerals viz. topaz, fluorite fluorapatite, villuamite, cryolite, 

ferro magnesium silicate, etc. (Saxena, V.K. and Ahmad, S., 

2001). Fluoride’s presence in groundwater may be associated 

with the sedimentation processes, since Quaternary sediments 

of the Didwana are rich in micaceous minerals, which contain 

fluoride. Investigation of the chemical composition of fluoride 

bearing waters revealed that waters with excessive fluorides 

usually have high alkalinity and low calcium content. Various 

geochemical factors contribute to excessive incidence of 

fluorides in the ground water. Excessive alkalinity may be 

responsible for the higher incidence of fluoride in the  

groundwater of Didwana.  This block being in semi-arid area, 

Calcium and Magnesium/carbonate concentration are high in 

the soils, therefore groundwater flow is slow and the reaction 

times with these minerals are therefore high which increase 

the hardness of water. The fluoride contents of solution in 

water may increase during evaporation if solution remains in 

equilibrium with calcite and alkalinity is greater than 

hardness. Dissolution of evaporative salts deposited in arid 

zones may be an important source of fluoride (Prasanna, et al., 

2010). 

 

Review of the Literature 
Drinking water is the main source of fluoride intake by 

humans; along with this some fluoride intake is associated 

with consumption of vegetables, fruits, fish, tea, cabbage and 

tooth pest products (Bo, et al., 2003; Jha, S., 2009; Edmunds, 

W.M. and Smedley, P.L., 2013).
 
At low concentration it is an 

essential component for normal mineralization of bones and 

formation of dental enamel, but excessive exposure to fluoride 

can cause a number of adverse effects. Millions of people and 

animals were suffering from the health hazards associated 

with the excessive intake of fluoride intake.  Continued 

consumption of higher fluoride concentrations are associated 

with dental and skeletal fluorosis, osteosclerosis, thyroid, 

kidney changes and cardiovascular, gastrointestinal, 

endocrine, neurological, negative effects if concentration is 

higher than 1.5 mg/l in drinking water (Fisher ,  e t  a l . ,  

1989; Cinar ,  A.  and Selcuk,  M.,  2005; Izuora,  e t  

a l . ,  2011;  Pra tusha,  e t  a l . ,  2011; Jarvis,  e t  a l . ,  

2013)  

Aim of the Study  

The aim of this study was to access the fluoride contamination 

of the groundwater and impact of its exposure on dental and 

skeletal decay in Human population of Didwana block of 

Nagaur district, Rajasthan, India. High fluoride concentrations 

are very critical in arid and semi arid regions of Rajasthan.
 

Very few studies are conducted on the impacts of fluoride 

contaminated drinking water on the human health of the local 

community and general public in Didwana block of Naguar 

district, Rajasthan, India.  

Contentious consumption of fluoride contaminated water can 

cause extreme Dental and Skeletal Fluorosis. Research is 

therefore necessary to provide information and representative 

data to the general public of Didwana block and to evaluate 

Fluorosis risk of the population groups. 

Methodology  

The study was carried out in Didwana block which is located 

in the Northeastern part of Nagaur district of Rajasthan. It is 

located between between 27° 04' 50"   and 27° 30' 29” North 

latitudes and   74° 19' 46" and 74° 50' 34" east longitudes 

(Figure – 1). Water quality of water was access as per norms 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4944599/#ref4
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and guidelines suggested by Groundwater Resources 

Estimation Committee (G. R. E.C., 1997) groundwater 

resources (as on 31.3.2007) of Didwana block of Nagaur 

district, Rajasthan. Data collected by Paliwal (1999) and Khan 

(2000) from 152 villages ground water have been collected 

from revenue department and Public Health and Engineering 

department statistically analyzed. For estimation of health 

hazards, total 16684 volunteer respondents were selected from 

19 villages of Didwana block. Information regarding the 

Dental and Skeletal Fluorosis was collected by a 

questionnaire, an interview schedule to collect information 

from community members and an observation schedule. 

Collected data were analyzed to determine the dental and 

skeletal issues.  

Results  

Data related to water samples collected form 152 village of 

Didwana block of Nagaur District have been analyzed and 

represented in Table - 1. A wide variation in the fluoride 

content (0-10+) was reported among the surveyed villages. 

Among the studied villages, 56.57 percent villages have 

excess fluoride content than the WHO recommended 1.5 

mg/L, this is very critical condition and the resident of these 

villages are in higher risk of fluoride related diseases. Among 

the surveyed villages, 21 villages have F
 -
 value between 5.0 

10.0 Mg/L while 6 villages have above 10.0 Mg/L (Table - 2). 

Among the studied villages highest F
 -

 value was reported 

from the sample collected form Chhapri Bari.  

 

TABLE -  1. DISTRIBUTION OF FLUORIDE IN 

GROUNDWATER IN DIDWANA BLOCK 

OF NAGAUR DISTRICT, RAJASTHAN 

(modified after Paliwal, 1999 and Khan, 2000) 

 

Block 

No. of 

villag

es 

sampl

ed 

No. of villages with range of 

Fluoride content between 

(mg/lit.) 
No of 

village

s with 

excess 

Fluorid

e 

Village 

with 

max. 

Fluorid

e 

(mg/litr

e) 

0 

-

0.

8 

0.

8 

-

1.

6 

1.7

-

2.5 

2.

6 

-

3.

5 

3.

6 

-

5.

0 

5.1

-

6.5 

6.

6 

-

8.

0 

8 

-

1

0 

10

+ 

Didwa

na 
152 36 30 28 17 16 06 08 

0

5 
06 

086 

(56.57

%) 

Chhapr

i 

(26) 

 

 

 

TABLE – 2. EXCESSIVE FLUORIDE PRONE AREAS 

OF DIDWANA BLOCK OF NAGAUR 

DISTRICT, RAJASTHAN (F 
-1

 values 5 

mg/lit and above) 

(G.W.D. RAJASTHAN, 2008; Vyas et al., 2006; Vyas, 

2015) 

 

S.No. 
F 

-1
 

(mg/lit) 

        Name of villages  

1 5.0 to 8.0 

Amarpura, Dabgaon, Dasana chhata, 

Daulatpura, Dinarpura, Khakali, Kharia, 

Khudiawas, Lada Basni, Mawa, 

Morawat, Nimbli Chhoti, Padmariawas 

and 

 Sagu Khurd 

2 
>8.0 to 

10.0 

Barawa, Berwa, Chhapri Chhoti, 

Pandorai, Pawa 

3 
>10.0 to 

15.0 
Pawata, Sherani abad dhani 

4 
>15.0 to 

20.0 
Ganeshpura, Sewa 

5 
>20.0 to 

25.0 
Khari 

6 
>25.0 to 

35.0 
Chhapri Bari 

 

Total 16684 respondent from 19 villages of Didwana block 

have been investigated for Dental Fluorosis. Among these 

12.31 percent respondents have Dental Fluorosis. Highest 

51.97 percent Dental Fluorosis was reported from the studied 

respondents of village Berwa (Table - 3). Contradictory to the 

Dental Fluorosis, the percentage of Skeletal Fluorosis was low 

(4.9%). Among the surveyed villages, highest percentage of 

Skeletal Fluorosis (44.41%) was reported from the village 

Chhoti Chhapri, of Didwana block (Table - 4).   

 

 

 

TABLE – 3.  DISTRIBUTION OF PATIENTS OF 

DENTAL FLUOROSIS IN DIDWANA 

BLOCK OF NAGAUR DISTRICT, 

RAJASTHAN 

(modified after Paliwal, 1999  and Khan, 2000) 

 

Block 

No. 

of 

villag

es 

Samp

led 

and 

analy

zed 

Populat

ion 

survey

ed 

Total 

No. 

of 

patie

nts 

and 

% 

No. of villages 

with patients 

ranging between 

Maximu

m% of 

patients 

Nam

e of 

Villa

ge 
N

il 

0

--

1

0 

1

0-

-

2

0 

2

0-

-

5

0 

5

0-

-

8

0 

80

+ 

Didw

ana 
19 16684 

2053 

 
4 7 5 2 1 

---

- 
51.97% 

Ber

wa 12.3

1% 

 

 

TABLE – 4. DISTRIBUTION OF SKELETAL 

FLUOROSIS IN DIDWANA BLOCK OF 

NAGAUR DISTRICT, RAJASTHAN  

(modified after Paliwal, 1999 and Khan, 2000) 

   

% 

Number of Village with 

number of Patients between 
 

Block 

Survey

ed 

No. of 

Village

/ 

Populat

ion 

No. 

of 

Patie

nts 

A B C D E F Maxim

um 

% of 

Affecte

d 

Person

s 

Villa

ge 

Nam

e 

N

il 

1

--

1

0 

1

0-

-

5

0 

50

--

10

0 

10

0--

20

0 

20

0--

50

0 

Didwa

na 

19 
817 

4.9

% 
9 6 4 - - - 44.41 

Chho

ti 16684 
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Chha

pri 

 

Discussion  

Due to  ar id  c l ima t ic  condit ion and scarc i ty of  

sur face water  resources ;  inhabi tants  o f Rajasthan 

are dependent large ly on groundwater  for  

dr inking and agriculture  purposes;  30 dis tr icts  out  

of 33 distr icts  o f the State  are facing the f luor ide 

problem. 20% of the fluoride -affec ted vi l lages of  

the wor ld are in India .  Out o f 33211 fluoride 

affec ted vi l lages in the country,  Rajasthan has  

16560 vil lages > 50% (Maanju et  al . ,  2003) .  With 

regard to  Fluor ide concentra t ion,  nagaur  dis tr ict  

is  the most  prob lemat ic  dis tr ict  in the sta te .  As 

per  the Bureau of Ind ian Standards (1992)  the  

permissib le  l imi t  of F 
-1

 content  should not  be 

exceed that  the 1 .5Mg/L,  but  in case o f Naguar ,  

most  o f  the Ground water  samples show 

concent rat ion of f luoride much higher  than the  

l imi t  prescr ibed by the  Bureau of Indian 

Standards (1992) .  About 64% vil lages o f the  

Nagaur  dis tr ic t  are endemic to  fluoride re la ted 

problems.  Fluor ides content  o f groundwater  in  

di fferent  l i tho uni t s  in the Nagaur  d ist r ict  

revea led that  ground water  in recent  al luvium are 

r icher  in f luoride content  (Pa liwal,  1999 ,  Khan,  

2000) .  

All  aqui fer  types in Didwana block and  Nagaur  

dis tr ict  as wel l ,  have  shown a  high concentrat ion 

of f luoride in the ground water .  Pal iwal (1999b)  

reported tha t  92.06% samples from the recent  

al luvium, 87.50% samples from the Tert ia ry 

sandstone,  86.36% samples from the Bi la ra  

l imestone,  87.50% samples from the Jodhpur  

sandstone,  77 .78% samples fro m the Aravall i  

phyl l i tes,  71.43% samples from the Pre -Aravall i  

granites  and gneisses and about 93.75% samples  

from the unclass i f ied and intrusive rocks contain  

f luoride more than 2 mi l l igrams per  l i t re  in  

Nagaur  d istr ict .  Groundwater .  Find ing of present  

study are in agreement  wi th the find ings of  

Chaudhary R (2010)  those who reported  fluor ide 

concent rat ion in groundwat er  ranges from 0.30 

ppm to  6 .30 ppm.  High concentra t ion of f luor ide 

crea tes heal th hazards in var ious par ts  o f  Degana,  

Ladnun,  Nagaur ,  Jaya l ,  Makrana and Did wana  

blocks of Nagaur  dist r ict .  Like dist r ic t  data ,  

ground water  samples  o f  Didwana b lock most ly 

show high concentra t ion of  fluor ide and this was  

much higher  than the  l imi t  prescr ibed by the  

Bureau of Ind ian Standards.   

Fluorosis i s  a  very cr i t ica l  disease which 

affec ting mi l l ions o f people across the wor ld  

every year .  Around  the wor ld,  more  than 200 

mi l l ion people (among 25 nat ions)  are suffer  fro m 

f luorosis,  caused mainly due to  excess f luoride in  

dr inking water  (Ayoob,  S and Gupta,  A.K. ,  2006;  

Hong-j ian,  et  a l .  2013; Ghosh e t  a l .  2013) .  I t  

severely a ffec t  the abnormal too th enamel ,  cause  

joint  pain and  deformity of the limbs and spine, along with 

ligamentous calcifications and exostosis formations in patients 

(Nayak, et al. 2009). In present study also, severe Dental and 

Skeletal Fluorosis was reported in the studied respondents. In 

this manner findings of present study are in agreement with 

the findings of Nayak, et al. (2009) and Francisca,  e t  a l .  

(2017) .  The  data obtained from s tudy i s  no t  only 

warning for  res ident  o f  the area  but  i t  i s  a l so  a  

alarm for  the government o f  Rajas than,  

government should make necessary pol icy for  

providing safe and good quali ty water .  Therefore 

study area is recommended for adoption of adequate measures 

for conservation and judicious management of groundwater 

resources. (Quereishi, J. and Vyas, A. 2008 and 2017). 
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Abstract: The development of any country very much 

depends on the electric power rather in case of developing 

country in India more than 90% of GDP depends on total 

power supply out of which more than 61% demands cover-

up by thermal power plants most of power generated by 

combustion of coal the study deals with desolation 

compound of thermal power plant by coal combustion 

known as fly ash. Quality of coal in India very low grade 

produces more than 40% carbon with compare to the 

imported coal thus the production of Fly Ash is high and 

need large areas required for its disposal and management 

but also the Fly Ash becomes major sources of 

environmental pollution.  

Keywords: Coal Combustion, Thermal Power Plant, Fly Ash  

Introduction: 

Thermal power is the main source of power generation and 

raw material used for generation of power are coal, gases  Fly 

ash, also known as "pulverised fuel ash" is a coal combustion 

product that is composed of the particulates that are driven out 

of coal-fired boilers together with the flue gases. Ash that falls 

to the bottom of the boiler is called bottom ash. In 

modern coal-fired power plants, fly ash is generally captured 

by electrostatic precipitators or other particle filtration 

equipment before the flue gases reach the chimneys. Together 

with bottom ash removed from the bottom of the boiler, it is 

known as coal ash. Depending upon the source and makeup of 

the coal being burned, the components of fly ash vary 

considerably, but all fly ash includes substantial amounts 

of silicon dioxide (SiO2) 

(both amorphous and crystalline), aluminium 

oxide (Al2O3)and calcium oxide(CaO), the main mineral 

compounds in coal-bearing rock strata.   

Production of Fly ash Coal is the least efficient of the fossil 

fuels in terms of the amount of energy gained vs. CO2 

released. Burning it also releases numerous toxic chemicals 

and particulates, which can exact a cost on a country's 

population in terms of reduced life expectancy and increased 

health costs. Coal combustion releases nitrogen 

oxides, sulphur dioxide, particulate matter (PM), mercury, 

and dozens of other substances known to be hazardous to 

human health. Coal-fired power plants that sell electricity to 

the grid produce more hazardous air pollution in the U.S. than 

any other industrial pollution sources. Two classes of fly ash 

are defined by ASTM C618: Class F fly ash and Class C fly 

ash. The chief difference between these classes is the amount 

of calcium, silica, alumina, and iron content in the ash. The 

chemical properties of the fly ash are largely influenced by the 

chemical content of the coal burned 

(i.e., anthracite, bituminous, and lignite). 

  

Class F Fly Ash produces by the burning of harder, older 

anthracite and bituminous coal. This fly ash is pozzolanic in 

nature, and contains less than 7%lime (CaO). 

Possessing pozzolanic properties, the glassy silica and 

alumina of Class F fly ash requires a cementing agent, such as 

Portland cement, quicklime, or hydrated lime—mixed with 

water to react and produce cementitious compounds. 

Alternatively, adding a chemical activator such as sodium 

silicate (water glass) to a Class F ash can form 

a Geopolymers. 

 

Class C fly ash produced from the burning of younger lignite 

or sub-bituminous coal, in addition to having pozzolanic 

properties, also has some self-cementing properties. In the 

presence of water, Class C fly ash hardens and gets stronger 

over time. Class C fly ash generally contains more than 20% 

lime (CaO). Unlike Class F, self-cementing Class C fly ash 

does not require an activator. Alkali and sulphate (SO4) 

contents are generally higher in Class C fly ashes. 

The constituents of fly ash depend upon the specific coal bed 

makeup but may include one or more of the following 

elements or substances found in trace concentrations (up to 

hundreds 

ppm): arsenic, beryllium, boron, cadmium, chromium, hexava

lent,chromium, cobalt, lead, manganese, mercury, molybdenu

m, selenium, strontium, thallium, and vanadium, along with 

very small concentrations of dioxins and PAH compounds.  

In the past, fly ash was generally released into the atmosphere, 

but air pollution control standards now require that it be 

captured prior to release by fitting pollution control 

equipment. In the US, fly ash is generally stored at coal power 

plants or placed in landfills. About 43% is recycled, often 

used as a pozzolan to produce hydraulic cement or hydraulic 

plaster and a replacement or partial replacement for Portland 

cement in concrete production. Pozzolans ensure the setting of 

concrete and plaster and provide concrete with more 

protection from wet conditions and chemical attack. 

After a long regulatory process, the EPA published a final 

ruling in December 2014, which establishes that coal fly ash is 

regulated on the federal level as "non-hazardous" waste 

according to the Resource Conservation and Recovery 

Act (RCRA). Coal Combustion Residuals (CCR's) are listed 

in the subtitle D (rather than under subtitle C dealing for 

hazardous waste, which was also considered).  

In the case that fly or bottom ash is not produced from coal, 

for example when solid waste is used to produce electricity in 

an incinerator (see waste-to-energy facilities), this kind of ash 

may contain higher levels of contaminants than coal ash. In 
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that case the ash produced is often classified as hazardous 

waste 

 Chemical composition and classification 

 

 

 

 

 

 

 

 

Impact of Fly ash on Environment:  

According to a report about 195 million tons of fly ash is 

produced up to the year 2017 coal-fired power plants and 

slight amount produce by cement industries. The High 

generation rate of fly ash extremely effects the environment 

and adverse effects on human beings are follows:     

 Groundwater contamination: Since coal contains 

trace levels of trace elements (like e.g. arsenic, barium, 

beryllium, boron, cadmium, chromium, thallium, selenium, 

molybdenum and mercury), fly ash obtained after combustion 

of this coal contains enhanced concentrations of these 

elements, and therefore the potential of the ash to cause 

groundwater pollution needs to be evaluated.  In 2014, 

residents living near the Buck Steam Station in Dukeville, 

North Carolina, were told that "coal ash pits near their homes 

could be leaching dangerous materials into groundwater. 

 

 Spills of bulk storage: Where fly ash stored in bulk 

it is usually practice to store fly ash in wet condition with 

respect to dry conditions to minimize fugitive dust the 

resulting impounds are typical and stable but any breach of 

their dams typically large and stable for long periods, but any 

breach of their dams or bunding is rapid and on a massive 

scale. In December 2008, the collapse of an embankment at an 

impoundment for wet storage of fly ash at the Tennessee 

Valley Authority's Kingston Fossil Plant effect a massive area 

 of 5.4 million cubic yards of coal fly ash, damaging lot of 

properties and flowing into the Emory River and also the  

Cleanup costs may exceed $1.2 billion 

  Contaminants: Fly Ash contains trace 

concentrations of heavy metals and other substances that are 

known to be detrimental to health in sufficient quantities. 

Potentially harmful toxic trace elements in coal include 

arsenic, beryllium, cadmium, copper, lead, mercury effect the 

environment. 

 Exposure concerns: Crystalline 

silica and lime along with toxic chemicals represent exposure 

risks to human health and the environment. Although industry 

has claimed that fly ash is "neither toxic nor poisonous," this 

is disputed. Exposure to fly ash through skin contact, 

inhalation of fine particulate dust and ingestion through 

drinking water may well present health risks. Fly ash contains 

crystalline silica which is known to cause lung disease, in 

particular silicosis. Crystalline silica is listed by the IARC and 

US National Toxicology Program as a known 

human carcinogen.  

Physical Impacts of Fly ash  

A November 2009 report on the effects of coal by 

the Physicians for Social Responsibility (PSR) found that coal 

combustion affects not only the human respiratory system, but 

also the cardiovascular and nervous system. There are a 

number of negative health effects of coal that occur through 

its mining, preparation, combustion, waste storage, and 

transport. Negative health effects from coal use include:  

o Respiratory Effects: Premature death: according to 

a 2004 report by the Clean Air Task Force, fine particulates 

from power plants result in nearly 24,000 annual deaths, with 

14 years lost on average for each death.  

o Coal combustion contributes to smog through the 

release of oxides of nitrogen, which react with volatile organic 

compounds in the presence of sunlight to produce ground-

level ozone, the primary ingredient in smog. Air pollutants 

such as nitrogen dioxide (NO 2) and fine particulate matter 

adversely affect lung development. Air pollution triggers 

attacks of asthma, which now affects more than 9% of all U.S. 

children, who are particularly susceptible to the development 

of pollution-related asthma attacks. There are now tens of 

thousands of hospital visits and asthma attacks each year 

o Nervous System Effects: According to the PSR 

report, the nervous system is also a target for coal pollution’s 

health effects, as the same mechanisms thought to mediate the 

effect of air pollutants on coronary arteries also apply to the 

arteries that nourish the brain. These include stimulation of 

the inflammatory response and oxidative stress, which can 

lead to stroke and other cerebral vascular disease. 

 

o Cardiovascular Effects: Air pollution is known to 

negatively impact cardiovascular health. The mechanisms 

have not been definitively identified, but studies in both 

animals and humans suggest they are the same as those for 

respiratory disease: pulmonary inflammation and oxidative 

stress. Pollutants produced by coal combustion can lead to 

cardiovascular disease, such as artery blockages leading to 

heart attacks, and tissue death and heart damage due to 

oxygen deprivation 

Other effects Reduction in life expectancy 

(particulates, sulphur dioxide, ozone, heavy 

metals, benzene, radio nuclides, etc.),Black lung from coal 

dust, congestive heart failure (particulates and carbon 

monoxide),Non-fatal cancer, osteroporosia, ataxia, renal 

Component Bituminous Sub bituminous Lignite 

SiO2 (%) 20-60 40-60 15-45 

Al2O3 (%) 5-35 20-30 20-25 

Fe2O3 (%) 10-40 4-10 4-15 

CaO (%) 1-12 5-30 15-40 

LOI (%) 0-15 0-3 0-5 
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dysfunction (benzene, radionuclides, heavy metals, 

etc.),Chronic bronchitis, asthma attacks, etc. 

(particulates, ozone),Loss of IQ from air and water pollution 

and nervous system damage (mercury),Degradation and 

soiling of buildings that can effect human health 

(sulphur, acid deposition, particulates),Global 

warming (carbon dioxide, methane, nitrous oxide),Ecosystem 

loss and degradation, with negative effects on health and 

quality of life 

Disposal and market sources of utilisation of Fly ash: 

In the past, fly ash produced from coal combustion was 

simply entrained in flue gases and dispersed into the 

atmosphere. This created environmental and health concerns 

that prompted laws that have reduced fly ash emissions to less 

than 1% of ash produced. Worldwide, more than 65% of fly 

ash produced from coal power stations is disposed of 

in landfills and ash ponds, although companies such as Duke 

Energy are starting initiatives to excavate coal ash basins due 

to the negative environmental impact involved. 

The recycling of fly ash has become an increasing concern in 

recent years due to increasing landfill costs and current 

interest in sustainable development. As of 2015, Indian coal-

fired power plants reported producing 102.54 million tons of 

fly ash, of which 55.69 million tons were reused in various 

applications. If the nearly 47million tons of unused fly ash had 

been recycled, it would have reduced the need for 

approximately (34,900,000 m
3
) of landfill space. Other 

environmental benefits to recycling fly ash include reducing 

the demand for virgin materials that would need quarrying and 

cheap substitution for materials such as Portland cement. 

Several technologies have been developed have been 

developed for proper utilization of Fly Ash under the unit of 

ministry of science and Technology Government of India 

.Many of the following uses are discussed further below. Coal 

ash uses include (approximately in order of decreasing 

importance): 

 Portland cement: Owing to 

its pozzolanic properties, fly ash is used as a replacement 

for Portland cement in concrete. The use of fly ash as a 

pozzolanic ingredient was recognized as early as 1914, 

although the earliest noteworthy study of its use was in 

1937. Roman structures such as aqueducts or the Pantheon in 

Rome used volcanic ash or Pozzolans (which possesses 

similar properties to fly ash) as Pozzolans in their concrete. As 

pozzolan greatly improves the strength and durability of 

concrete, the use of ash is a key factor in their preservation. 

Use of fly ash as a partial replacement for Portland cement is 

particularly suitable but not limited to Class C fly ashes. Class 

"F" fly ashes can have volatile effects on the entrained air 

content of concrete, causing reduced resistance to freeze/thaw 

damage. Fly ash often replaces up to 30% by mass of Portland 

cement, but can be used in higher dosages in certain 

applications. In some cases, fly ash can add to the concrete's 

final strength and increase its chemical resistance and 

durability. Fly ash can significantly improve the workability 

of concrete. Recently, techniques have been developed to 

replace partial cement with high-volume fly ash (50% cement 

replacement). For roller-compacted concrete (RCC) [used in 

dam construction], replacement values of 70% have been 

achieved with processed fly ash at the Ghatghar dam project 

in Maharashtra, India. Due to the spherical shape of fly ash 

particles, it can increase workability of cement while reducing 

water demand. Proponents of fly ash claim that replacing 

Portland cement with fly ash reduces the greenhouse 

gas "footprint" of concrete, as the production of one ton of 

Portland cement generates approximately one ton of CO2, 

compared to no CO2 generated with fly ash. New fly ash 

production, i.e., the burning of coal, produces approximately 

20 to 30 tons of CO2 per ton of fly ash. Since the worldwide 

production of Portland cement is expected to reach nearly 2 

billion tons by 2010, replacement of any large portion of this 

cement by fly ash could significantly reduce carbon emissions 

associated with construction, as long as the comparison takes 

the production of fly ash as a given. 

 Bricks: There are several techniques for 

manufacturing construction bricks from fly ash, producing a 

wide variety of products. One type of fly ash brick is 

manufactured by mixing fly ash with an equal amount of clay, 

then firing in a kiln at about 1000 °C. This approach has the 

principal benefit of reducing the amount of clay required. 

Another type of fly ash brick is made by mixing soil, plaster 

of Paris, fly ash and water, and allowing the mixture to dry. 

Because no heat is required, this technique reduces air 

pollution. More modern manufacturing processes use a greater 

proportion of fly ash, and a high pressure manufacturing 

technique, which produces high strength bricks with 

environmental benefits. Ash bricks have been used in house 

construction in Windhoek, Namibia since the 1970s. There is, 

however, a problem with the bricks in that they tend to fail or 

produce unsightly pop-outs. This happens when the bricks 

come into contact with moisture and a chemical reaction 

occurs causing the bricks to expand.  

In India, fly ash bricks are used for construction. Leading 

manufacturers use an industrial standard known as 

"Pulverized fuel ash for lime-Pozzolan mixture" using over 

75% post-industrial recycled waste, and a compression 

process. This produces a strong product with good insulation 

properties and environmental benefits.  

 Embankment: Fly ash properties are unusual among 

engineering materials. Unlike soils typically used for 

embankment construction, fly ash has a large uniformity 

coefficient and it consists of clay-sized particles. Engineering 

properties that affect the use of fly ash in embankments 

include grain size distribution, compaction 

characteristics, shear strength, compressibility, permeability, 

and frost susceptibility. Nearly all the types of fly ash used in 

embankments are Class F. 

 Soil stabilization: Soil stabilization is the permanent 

physical and chemical alteration of soils to enhance their 

physical properties. Stabilization can increase the shear 

strength of a soil and/or control the shrink-swell properties of 

a soil, thus improving the load-bearing capacity of a sub-grade 

to support pavements and foundations. Stabilization can be 

used to treat a wide range of sub-grade materials from 

expansive clays to granular materials. Stabilization can be 

achieved with a variety of chemical additives including lime, 

fly ash, and Portland cement. Proper design and testing is an 

important component of any stabilization project. This allows 

for the establishment of design criteria, and determination of 

the proper chemical additive and admixture rate that achieves 

the desired engineering properties. Stabilization process 

benefits can include: Higher resistance (R) values, Reduction 

in plasticity, Lower permeability, Reduction of pavement 

https://www.sourcewatch.org/index.php/Benzene
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thickness, Elimination of excavation - material 

hauling/handling - and base importation, Aids compaction, 

Provides "all-weather" access onto and within projects sites. 

Another form of soil treatment closely related to soil 

stabilization is soil modification, sometimes referred to as 

"mud drying" or soil conditioning. Although some 

stabilization inherently occurs in soil modification, the 

distinction is that soil modification is merely a means to 

reduce the moisture content of a soil to expedite construction, 

whereas stabilization can substantially increase the shear 

strength of a material such that it can be incorporated into the 

project's structural design. The determining factors associated 

with soil modification vs. soil stabilization may be the 

existing moisture content, the end use of the soil structure and 

ultimately the cost benefit provided. Equipment for the 

stabilization and modification processes include: chemical 

additive spreaders, soil mixers (reclaimers), portable 

pneumatic storage containers, water trucks, deep lift 

compactors, motor graders. 

 Flow able fill: Fly ash is also used as a component in 

the production of flowable fill (also called controlled low 

strength material, or CLSM), which is used as self-leveling, 

self-compact backfill material in lieu of compacted earth or 

granular fill. The strength of flowable fill mixes can range 

from 50 to 1,200 lbf/in² (0.3 to 8.3 MPa), depending on the 

design requirements of the project in question. Flowable fill 

includes mixtures of Portland cement and filler material, and 

can contain mineral admixtures. Fly ash can replace either the 

Portland cement or fine aggregate (in most cases, river sand) 

as a filler material. High fly ash content mixes contain nearly 

all fly ash, with a small percentage of Portland cement and 

enough water to make the mix flowable. Low fly ash content 

mixes contain a high percentage of filler material, and a low 

percentage of fly ash, Portland cement, and water. Class F fly 

ash is best suited for high fly ash content mixes, whereas 

Class C fly ash is almost always used in low fly ash content 

mixes.  

 Asphalt concrete: Asphalt concrete is a composite 

material consisting of an asphalt binder and mineral 

aggregate. Both Class F and Class C fly ash can typically be 

used as a mineral filler to fill the voids and provide contact 

points between larger aggregate particles in asphalt concrete 

mixes. This application is used in conjunction or as a 

replacement for, other binders (such as Portland cement or 

hydrated lime). For use in asphalt pavement, the fly ash must 

meet mineral filler specifications outlined in ASTM D242. 

The hydrophobic nature of fly ash gives pavements better 

resistance to stripping. Fly ash has also been shown to 

increase the stiffness of the asphalt matrix, improving rutting 

resistance and increasing mix durability.  

 Geopolymers: More recently, fly ash has been used 

as a component in Geopolymers, where the reactivity of the 

fly ash glasses can be used to create a binder similar to a 

hydrated Portland cement in appearance, but with potentially 

superior properties, including reduced CO2 emissions, 

depending on the formulation...  

 Metal matrix composites: Hollow fly ash can be 

infiltrated by molten metal to form solid, alumina encased 

spheres. Fly ash can also be mixed with molten metal and cast 

to reduce overall weight and density, due to the low density of 

fly ash. Research is underway to incorporate fly ash into lead 

acid batteries in a lead calcium tin fly ash composite in an 

effort to reduce weight of the battery. 

 Waste treatment and stabilization: Fly ash, in view 

of its alkalinity and water absorption capacity, may be used in 

combination with other alkaline materials to transform sewage 

sludge into organic fertilizer or bio fuel.  

 Fly Ash as a catalyst: Fly ash, when treated 

with sodium hydroxide, appears to function well as 

a catalyst for converting polyethylene into substance similar 

to crude oil in a high-temperature process called pyrolysis.  In 

addition, fly ash, mainly class C, may be used in the 

stabilization/solidification process of hazardous wastes and 

contaminated soils. For example, the Rhenipal process uses 

fly ash as an admixture to stabilize sewage sludge and other 

toxic sludge’s. This process has been used since 1996 to 

stabilize large amounts of chromium 

(VI) contaminated leather sludge’s in Alcanena, Portugal.  

 Mountaintop Removal: In mountaintop 

removal mining, most common in the Appalachian region of 

the U.S., mountaintops are literally blown off to reach coal 

seams, with the waste products deposited into valleys below, 

causing permanent damage to the landscape and the local 

ecosystem. According to the Sierra Club, this practice has 

"damaged or destroyed approximately 1,200 miles of streams, 

disrupted drinking water supplies, flooded communities, 

eliminated forests, and destroyed wildlife habitat. Coal 

companies have created at least 6,800 fills to hold their 

mining wastes, and the government estimates that if this 

mining continues unabated in Appalachia it will destroy 1.4 

million acres of land by 2020. 

 

Other applications include cosmetics, toothpaste, kitchen 

counter tops, floor and ceiling tiles, bowling balls, flotation 

devices, stucco, utensils, tool handles, picture frames, auto 

bodies and boat hulls, cellular concrete, Geopolymers, roofing 

tiles, roofing granules, decking, fireplace mantles, cinder 

block, PVC pipe, Structural Insulated Panels, house siding and 

trim, running tracks, blasting grit, recycled plastic lumber, 

utility poles and crossarms, railway sleepers, highway sound 

barriers, marine pilings, doors, window frames, scaffolding, 

sign posts, crypts, columns, railroad ties, vinyl flooring, 

paving stones, shower stalls, garage doors, park benches, 

landscape timbers, planters, pallet blocks, molding, mail 

boxes, artificial reef, binding agent, paints and 

undercoating’s, metal castings, and filler in wood and plastic 

products 

Conclusions& Recommendations 

Fly Ash is potentially harmful source of pollution have 

negative effect on natural elements (water& soil) because of 

its Mineral composition as well as morphology and filtration 

properties. Utilisation of Fly Ash has already in varieties of 

construction works But yet more research needed and the 

change with Fly Ash to reutilise it with 100% following are 

the few of the many recommdations that can further enhance 

the utilization level of Fly Ash  

1. M

odernization of Coal based Thermal Power Plant Stations. 

2. T

hermal Power Stations have to ensure the utilization of Fly 

Ash itself. 
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3. T

he use of Fly Ash in Agriculture and waste land improvement 

has large potential.  
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Abstract : A bromo-functionalized 2,6-dimethylphenyl 

phosphate ligand (Dmpp-H2)  (3) was synthesized by using a 

simple methodology and further the Dmpp-H2 was used in 

the synthesis of 4-bromo-2,6-dimethylphenoxy tert-butyl  

phosphonate ester (5) by reacting 3 with Tert-butyl 

phosphoryl chloride (1). The encumberedness of methyl and 

tert-butyl group provides solubility in the ligand systems. 

The all ligands were characterized analytical methods and 

further confirmed by spectroscopic methods. 

Keywords: bromo-functionalized 2,6-dimethylphenyl 

phosphate ligand (Dmpp-H2)  (3) was synthesized by using a 

simple methodology and further the Dmpp-H2 was used in the 

synthesis of 4-bromo-2,6-dimethylphenoxy tert-butyl  

phosphonate ester 

Introduction 

Sterically encumbered ligands are commonly explored to 

stabilize low coordinate metal centers.  Steric bulk can 

support unusual coordination geometries in mononuclear 

complexes. The two-coordinate iron (II) thiolate complexes 

[Fe(SAr
mes

){N (SiMe3)2}] and [Fe(SAr
mes

)2] illustrate this 

application. Two mesityl groups flanking the metal binding 

sites apparently shield them against unwanted oligomerization 

reactions. Control over coordination number and geometry 

can thus be achieved by inter-ligand interactions in the second 

coordination sphere (figure 1.)
1 

S Fe S

 

Figure 1. [Fe (SAr
mes

)2] Ligand
1
 

In an extension of this approach we explored the chemistry of 

sterically more demanding monodentate and polydentate N-

donor ligands. Our goal is to evaluate how variation in steric 

bulk and ligand donor strength would affect the nuclearity and 

coordination geometry of the resulting complexes. 

Olefin polymerization by Ni(II) complexes; by using bulky 

substituents accessing high molecular weight polymer, 

because these bulky substituents are considered to retard chain 

transfer by blocking the axial positions on the metal center. 

By comparison to their Ni (II) counterparts, they are more 

tolerant towards polar reagents.
3
 

R

R

R

R

NN

I

I

I
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Me Me
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n

 

 Figure 2.  Ni (II) catalyst with bulky ligand
3
 

Because of the bulk of the ligands, their complexes are usually 

discrete and often monomeric. As such they are more reactive 

polymeric metal complexes; due to bulk of the complex 

exhibits high catatytic activity. For example the reaction of 

(η3-allyl) palladium complexes with nucleophiles to afford 

allylic alkylation products is of wide ranging synthetic utility. 

One of the most significant aspect of this chemistry is the 

prospect of controlling the chemo-, regio-, stereo-, and 

enantioselectivity of the nucleophilic attack on the allyl 

moiety through appropriate choice of the reaction conditions 

and the ancillary ligands attached to palladium. As a result, 

there is considerable current interest in investigating the 

electronic and steric interactions that govern the selectivity in 

catalytic transformations proceeding through (η
3
-allyl) 

palladium intermediates.
2
 

We are investigating the metal chemistry of PNP 

(Aminodiphosphine)
5-10

 ligands, silanetrioles
17,19,20

, synthesis 

of phosphate, phosphonate
21-22

, and phosphinate ligands. 

Recent literature survey reveals that alkyl phosphonate have 

rich and varied chemistry. A large part of this chemistry still 

remains to be explored with respect to chemical and structural 

properties. As the literature indicates that metal phosphonates 

can be used as potential zeolites and as material exhibiting 

good thermal properties, we plan to synthesize 

alkylphosphonates, and their metal complexes. The objective 

will be to form complexes with ligands which can undergo β-

elimination and hence provide an opportunity to make layered 

one dimentional polymeric structures. Also the phosphonates 

which may not undergo β-elimination are to be studies as 

ligands stabilizing the unusual valency of actinides. This kind 

of coordination gives us the possibility of separating the 

actinides from other ions with similar charge to size ratio. 

Ligands specificity may even be controlled by alkyl 

substituents on the the ligand. 

Results and Discussion 

mailto:ID-ritambharajangir@gmail.com
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Synthesis and spectral studies of Tert-butyl phosphoryl 

chloride (1): Tert-butyl-phosphorylchloride was prepared by 

the procedure given in literature
21-22

. First, we prepared tert-

butyl chloride by SN
1
 reaction of tert-butanol with HCl, to this 

added PCl3 and anhydrous AlCl3, as catalyst to obtain 

compound 1.  

 

Scheme 3. 

This was characterized by 
1
H & 

31
P NMR, elemental analysis 

(Table 1), and mass spectrometry. In 
1
H NMR there is a 

doublet at 1.45 ppm due to phosphorous and proton coupling, 

in 
31

P NMR there is a single peak at 68.62 ppm, which shows 

the compound is formed. In mass spectrometry an M
+
 at 175.0 

(M.Wt. =174.99).  

Synthesis and spectral studies of 4-bromo-2,6-dimethyl 

phosphate (3): Chemistry of 2, 6-dimethyl phosphate has 

been explored to considerable extent by our group and is still 

expected to lead us to some novel aspects of its chemistry. We 

have tried to modified the basic constitution of  2, 6-dimethyl 

phosphate by brominating the starting material 2,6-dimethyl 

phenol (2) by refluxing with N-bromo-succinimide (NBS) in 

acetonitrile by proper work-up
16

, which was characterized by 
1
H NMR (Figure 3) ,elemental analysis (Table 1) and mass 

spectrometry. Presence of single peak in aromatic region at 

7.09 ppm corresponding to aromatic H’s and slight downfield 

replacement of singlet for methyl (-CH3) support the fact that 

electronegative Br functionally is attached to ring at Para 

position. Compound 2 was converted to phosphate derivative 

compound 3, by refluxing 2, 6-dimethyl phenol with POCl3 in 

presence of catalytic amounts of LiCl and subsequent 

hydrolysis, compound 3 was obtained
13-14 

and characterized by 

analytical and spectroscopic techniques. The single peak in 
31

P spectroscopy -5.01 ppm ( Figure 4.) is in agreement with 

the reported value for phosphorous in compound 3, besides 

elemental analysis values are also in good agreement (Table 

1) .In 
1
H NMR spectrum shifting of aromatic singlet and 

methyl singlet, to downfield support that the compound is 

formed. 

 

 

Figure 3. 
1
H NMR of 4-bromo-2, 6-dimethylphenol (2) in 

CDCl3 

Table 1. Analytical data of compounds 1, 2 and 3. 

      

Compounds     

Elemental analysis 

found(Calculated) 

M.P. Yield 

(%) 

C H 

1 22.08 

(21.61)  

3.81 

(4.71) 

109-

110 
o
C 

66 

2 47.80 

(47.79) 

4.15 

(4.51) 

76-78 
o
C 

91 

3 33.05 

(34.19)  

2.96 

(3.39) 

188-

190 
o
C 

43 

  

Figure 4.
 31

P NMR spectrum of 4-bromo-2,6-dimethyl 

phosphate (3) in CD3OD. 
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Figure 5.
   1

H NMR spectrum of 4-bromo-2,6-dimethyl 

phosphate (3) in CD3OD
 

 

Figure 6.
 
EI-MS spectrum of 4-bromo-2,6-dimethyl 

phosphate (9) 

Synthesis of 4-bromo-2,6-dimethylphenoxy tert-butyl  

phosphonate ester: 

 

To a dry ether solution of 4-bromo-2,6-dimethyl phenol, 

triethylamine was added and brought to temperature -78 
o
C. 

To this reaction mixture dry ether solution of tert-butyl-

phosphoryl chloride was added drop wise for two hours at -78 
o
C. During the course of reaction N(Et)3.HCl was appeared as 

white solid. The white precipitate was filtered off to get 

colorless clear solution. Solvent was removed under vacuum 

to get oily colorless compound as crude product. The oily 

material was washed several times with petroleum ether to 

obtain compound 4 in pure form, which was characterized by 
1
H and 

31
P NMR, mass spectrometry (M

+
 peak at 339.08). 

 Compound 5 was obtained by hydrolysis of compound 4 with 

one equivalent of water to form 4-bromo-2,6-

dimethylphenoxy tert-butyl  phosphonate ester. 

 

Figure 7.
31

P NMR spectrum of 4-bromo-2,6-

dimethylphenoxy tert-butylphosphorylchloride . 

 

Figure 8. 
1
H NMR of 4-bromo-2,6-dimethylphenoxy tert-

butyl  phosphorylchloride. (4) 

Experimental Section 

Methods, Materials and Instruments: 

All starting materials have been procured from commercial 

sources and used as received. Methods used for purification of 

solvents and starting materials are similar to those described 

in the literature. All the starting materials and the products 

were found to be stable towards moisture and air, and hence 

no specific precaution has been taken to rigorously exclude 

air. The melting points were measured in glass capillaries and 

reported uncorrected. Elemental analysis was performed on a 

Thermo Finnigan (FLASH EA 1112) micro analyzer. Infrared 

spectra (IR) were recorded on a Perkin Elmer Spectrum One 

Infrared Spectroscopy as KBr diluted disks. The 
1
H, 

13
C and 

31
P NMR spectra were recorded on a Bucker 400 MHz 

instrument using Me4Si as an internal reference for proton. 
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The ESI mass spectra were recorded on Micro mass Q-Tof 

micro mass spectrometer. 

Synthesis of tert-butyl chloride
21-22

: In a separating funnel 

48.3 mL of tert-butyl alcohol with conc. HCl (127.5 mL) was 

added shacked time to time. During 20 min. 2 layers was 

separated, the lower layer discated, washed with 20 ml of 5% 

NaHCO3, dried over CaCl2, distilled to get 
t
BuCl (Bp:50.4 

o
C/0.5 mmHg). 

 

Synthesis of tert-butyl-phosphoryl chloride
21-22 

(1): AlCl3 was 

added to flax containing PCl3 (23.89 g, 173.96 mmo) and 
t
BuCl (16.8 g, 181.48 mmol), shacked for 1h. White powder 

was obtained, dissolved in 150 ml dichloromethane to give a 

clear solution. To this solution, 20 ml of water was added, 

Al(OH)2 was precipitate out, which was filtered and the 

solvent was removed to give white crystalline solid. Yield: 20 

g (66%).Mp.109-110 
o
C. Anal.Calc. for (C4H9Cl2OP), Found 

(calc.): C, 21.61(22.08); H, 4.71(3.81). 
1
H NMR (CDCl3, 

400MHz), δ 1.45 (d, 9H, 
t
Bu-H). 

31
P NMR (CDCl3, 161 MHz) 

68.62 ppm. EI-MS m/z 174.1(M
+
). 

 

Synthesis of 4-bromo-2,6-dimethylphenol
16

 (2): To the 

solution of 2,6-dimethylphenol (16.37 mmol, 2.00 g) in 

acetonitrile (20 mL) was added NBS (17.189 mmol, 3.06 g), 

and it was refluxed overnight. After the completion of 

reaction as indicated by TLC, the reaction mixture was 

concentrated under reduced pressure and residue reconstituted 

in ethyl acetate. The organic solution was washed with water 

and brine. The combined organic extracts were dried over 

Na2SO4 and concentrated in vacuo. The crude residue was 

subjected to column chromatography (eluent: ethyl 

acetate/hexanes) to yield 91%. M.P. 76-78
o
 C

1
H NMR (400 

MHz, CDCl3): δ 7.09 (s, 2H), 4.60 (s, 1H), 2.21 (s, 6H) ppm. 

EI-MS m/z 201.3(M
+
). Anal. Calc. for (C8H9BrO), Found 

(calc.) C, 47.80(47.79); H, 4.15 (4.51). 

 

Synthesis of 4-bromo-2,6-dimethylphosphate (Dmpp-H2)
13-14

 

(3): To the 3.29 g, 16.40 mmol of 4-bromo-2,6-

dimethylphenol was added catalytic amount (50 mg) of LiCl 

(anhydrous) and 10.0 ml of POCl3 and the reaction mixture 

was refluxed for 72 h at 130 
o
C. The reaction was cooled to 

room temperature  under N2 atmosphere, and the contents 

were filtered to remove LiCl, Concentrated under vacuum to 

remove excess of POCl3 , distilled to give 3.14 mmol of 

dichloro derivative, which then hydrolysed with 2 equivalent 

of water in 50 ml of acetone ,stirred for 36h. M.P. 188-190 
o
C 

Yield: (2.0) 43%.Anal. Calc.for ( C8H10BrO4P) Found (Calc.): 

C, 33.05 (34.19); H, 2.96 (3.39). 
31

P NMR (CD3OD, 161 

MHz) δ -5.08 ppm. 
1
H NMR (CD3OD, 400 MHz) δ 7.18(s, 

2H, Ar-H), 2.32 (s, 6H, CH3-H). 

 

Synthesis of 2,6-dimethylphenoxy-tert-butyl 

phosphorylchloride (4): To a dry ether solution of 2.0 g 

(9.950 mmol) 4-bromo-2,6-dimethyl phenol, 1.0g (9.950 

mmol) triethylamine was added and brought to temparature -

78 
o
C. To this reaction mixture dry ether solution of 1.58 g 

(9.950 mmol) tert-butyl-phosphoryl chloride was added 

dropwise for two hours at -78 
o
C. During the course of 

reaction N (Et)3.HCl was appeared as white solid. The white 

precipitate was filtered off to get colorless clear solution. 

Solvent was removed under vacuum to get oily colorless 

compound as crude product. Yield 3.0 g (93%) 
31

P NMR 

(CDCl3, 161 MHz) δ 67.17 ppm. 
1
H NMR (CDCl3, 400 MHz) 

δ 7.07 (s, 2H, Ar-H), 2.20(s, 6H, CH3-H), 1.41 (s, 9H, 
t
Bu-H). 

EI-MS m/z 339.08 (M
+
). The oily material was washed several 

times with petroleum ether to obtain compound 5 in pure 

form. 

Conclusions  

The bromo-functionalized phosphate ligand 3 was synthesized 

and characterized with various analytical and spectroscopic 

methods. Dmpp-H2 was used in the synthesis of 4-bromo-2,6-

dimethylphenoxy tert-butyl  phosphonate ester (5) by reacting 

3 with Tert-butyl phosphoryl chloride (1). The utilization of 

these phosphate and phosphonate ligands to make functional 

D4R-Zn-Cubanes, with the aid of metal acetate and ancillary 

ligands, is being going on in our laboratory. The idea behind 

using bromo functionality on the system, the halogen 

substituents on ligands can be exploited by Suzuki coupling 

for further functionalization of these systems. These systems 

with high encumberedness can lead to formation of highly 

soluble covalently linked 3-dimensional assemblies of D4R-

Zn-cubanes.  
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Abstract: The subsurface water generally includes chemical 

and physical properties, geological environment, natural 

movement, recovery and utilizations.  The groundwater is 

reserved for the sub surface water that occurs beneath the 

water table in soils and geological formations that are fully 

saturated. Not all underground water is ground water it a 

hole is dugs, moist or even saturated soil may be encoun-

tered. Assessment of Chemical characteristics of ground 

water is necessary because the physical and chemical para-

meters of ground water determine its suitability for drinking, 

agricultural, industrial and domestic purposes. The 

groundwater in three district physiographic and hydrologic 

balts the Bhabai the terai and the axial. 

Key Words:  Chemical, Total Dissolved Solids, Electrical 

Conductivity etc. 

 

Introduction: 

Water is the most vital source for all kind of life. The ground 

water is considered to be the most ancient source of water. In 

Bikaner district ground water is the sole source of drinking 

and agricultural uses because there is no perennial and no 

seasonal river in this area. For present study the ground water 

samples were collected from some villages around raisar, si-

tuated at NH-11, District Bikaner. In my research work chem-

ical characteristics like Total Dissolved Solid, Hardness, Al-

kalinity, Calcium, Chloride, and Pathogenic Bacteria were 

analyzed. It is found that some water samples are not suitable 

for drinking and agricultural purpose due to high concentra-

tion of some parameters. The high value of these parameters 

may have health implications and therefore, needs attention. 

Groundwater development dates from ancient times, in the 

Dry region of Asia, There is dense on population and the do-

minance of agriculture resulted in an early development of the 

art of constructing wells and infiltration galleries. 

As regard the technology of constructing tanks as in Ramaya-

na. During that period the tanks were small reservoirs built by 

constructing earthen dams and were among the oldest me-

thods of irrigation through systematic storage of runoff water 

or water diverted from streams. Occurrence of Ground Water 

the main source of water on this earth is rainfall a protein of it 

is penetrated beneath the surface, a portion is evaporated into 

the atmosphere and source of it runs off, a portion which is 

penetrated into the earth is called the Ground Water. The up-

per surface of this Ground Water is called the water table. The 

sub surface occurrence of Ground Water can be divided into 

zone of saturation and aeration. In the zone of saturation all 

the interstices are filled with water. Vadose water, which oc-

curs in zone of aeration and is in a state of downward move-

ment under the influence of gravity, Its movement is called as 

infiltration. 

Ground Water: All the sub surface water reaching a depth 

below which all the pore spaces, openings and other cavities 

of the soil and rock are completely filled with water. In arid, 

semi arid and dry regions, this may be the only source of wa-

ter supply.  

Engineering aspect  

Civil Engineers have to deal with Ground Water in one way 

or another throughout their professional career.  

The stability, Safety and economy of costly structure are all 

influenced with the presence of ground water in and around 

the sites. The consumers can use the water directly by instal-

ling pumping sets aor even hand pumps. The economy, safety 

design and construction of all major engineering projects like 

dams and reservoirs, tunnels and highways are intimately re-

lated to the Ground Water of the area in which projects are 

located. A dam is built across a river primarily to the store 

water in the form of reservoirs. The whole idea become irre-

levant if the foundation on which it is built are made up of 

porous rocks.  

The leaking water may failure at the abutment all tunnels are 

passages either for traffic of one type or are another for the 

conduct of water. The construction of tunnels depend on a full 

knowledge of the Ground Water. Parameters of the rocks in 

and around the proposed alignment of the tunnel. Regarding 

highways and cuts the site is considered unsafe and unstable if 

the water table is very high-some sort of reliable drainage 

system must be provided if the site has to be selected at any 

cost. Groundwater is a major source of trouble for the stability 

of slops. Soil,  

 

creep and solifluction are caused mainly due to Groundwater. 

The lubricant action of water causes massive landslides. A 

rise in the water table to the root zone of Plants causes water 

logging. The root system of crops in water logged areas gets 

decomposed. The rising Groundwater may be reach in some 

undesirable salts this increased salt content of the soil makes 

it most useless for cultivation. 

Site Details: Bikaner is a city in the northwest of 

the state of Rajasthan in northern India. It is located 330 ki-

lometers (205 mi) northwest of the state capital, Jaipur with a 

coordinates 28°01′00″N 73°18′43″E.Bikaner District having 

an total area around 155 km
2
 (60 sq mi) with a total popula-

tion more than 4.3 lakhs. Major sources of water is under-

ground water. 
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“Figure: 1 Site Map” 

Methodology: 

Turbidity:The muddiness of water is caused by the 

suspended and colloidal impurities in water.It can found 

simply by Jackson Turbidity Meter 

Total Solids:suspended solids can be found by heating the 

water and weighing the dry residue left after evaporation of 

water. The suspended solids can found  filtering the water 

sample by WattsMan filter paper and weighing the residue 

left. The difference intotal solids and  suspended solids give 

the dissolved solid. The dissolved solids can also found by 

digital TDS Meter. 

Alkalinity: It essentially absorbs the excess H+ ions and pro-

tects the water body from fluctuations in pH. In most natural 

water bodies in Pennsylvania, the buffering system is carbo-

nate-bicarbonate (H2CO3, HCO3, and CO3). The alkalinity of 

natural water is determined by the soil and bedrock through 

which it passes. 

 

 

 

 

 

 

 

 

 

 

Chloride: ions are found in table salt, in sea water, on skin, 

and in the soil to be monitored by testing the rinse water for 

the presence of chloride ions flushed from the object. The 

simplest method for detecting chlorides uses silver nitrate 

which reacts with the chlorides to form a cloudy white preci-

pitate. 

Results and Conclusions: 

The Permissible limit of Dissolved solid are exceed much 

more then permissible limit. The higher percentage of 

contaminent in drinking or ground water is directly influenced 

by the exess Irrigation,Paddy Farming in area at higher 

rate,use of pesticides,fertilizers.  
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Source        of  
Water Supply  

 Various  
Parameters 

Time of Sample Collection Standards limit (Max.) 

December Febuary Acceptable Allowable 

Well Turbidity 1 p.p.m 1 p.p.m 5 Unit 20 Unit 

Well Hardness 110 p.p.m 140 p.p.m 150-200 ppm 200 ppm 

Well Dissolved Solids(TDS) 293 p.p.m 248 p.p.m 500 ppm 1500 ppm 

Well Dissolved Solids(TDS) 1410p.p.m 1509 p.p.m 500 ppm 1500 ppm 

Well Calcium 65 gms/ltr 76 gms/ltr 75 g/l 200 g/l 

Well Alkalinity (carbonate) 118 ppm 117 ppm 120 ppm 200 ppm 

Well Chlorides 180 ppm 185 ppm 200 ppm 600ppm 

Well Pathogenic Bacteria 0.0001 Nil Nil Nil 
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Abstract: The presented paper is described the air pollutions 

in six major cities in Rajasthan. Maximum pollutants are 

found under the prescribed limit but in some cities PM2.5 and 

PM10 found alarming level. It is increased due to increasing 

the industrialisation in these cities and reducing the forest and 

rain. The underwater level also decreased due to harnessing 

the water in the industries. Therefore, it is required to be 

aware of the population of Rajasthan to reduce the pollutants 

from the environment. It is possible only by increasing planta-

tion and some other major things which are discussed in this 

paper. 

Keywords : EPA, NRDC 

 

1. Introduction 

 

Air pollution refers to the release of pollutants into the air that 

are unfavorable for human health and the globe as a whole. The 

Clean Air Act authorizes the U.S. Environmental Protection 

Agency (EPA) which is recognized by whole world to protect 

public health by regulating the emissions of these harmful air 

pollutants. The NRDC has been leading authority on this law 

since its establishmentin1970. [1] 

EPA has collaborated with Indian Government on a wide range 

of environmental topics like, improving air quality, combating 

climate change, building strong institutions and legal structures, 

and cleaning up E-waste. This collaboration has supported envi-

ronmental outcomes from enhanced air and water quality to 

enhanced enforcement capacity. [2] 

EPA has also engaged with India to support science-based air 

pollution control strategies in Indian cities like Delhi, Noida, 

Mumbai, Chennai, Bangalore, Chandigarh and Pune. From 

2003 to 2010, EPA helped demonstrate technologies aimed at 

reducing air pollution, these are managing air quality and reduce 

vehicle emissions from diesel buses and two-cycle engines. This 

work has done with the cooperation of Indian Ministry of Envi-

ronment and Forests and Government of Delhi, U.P., the State 

of Maharashtra, the Municipality of Pune, as well as other part-

ners. In this regards the consumption of Fuel is reduced and the 

pollution from the vehicles are also reduced drastically. During 

with the visit of Obama, President of America in January 2015, 

the United States and India pledged to cooperate on climate and 

clean energy. In one example through which eagerly India’s 

participation in EPA’s AIR Now-International program, which 

informs the public about the quality of the air they breathe in 

real time. [2] 

The Environmental Law Institute and National Law School of 

India University combinedly published a handbook on “Enforc-

ing Hazardous Wastes Rules in India: Strategies and Techniques 

for Achieving Increased Compliance,” in April 2014 with the 

support of EPA. The handbook provides the tools and rules re-

garding hazardous waste for the officials in India who are seek-

ing to increase local compliance. [3] 

Delhi Government has also closed those industries which have 

not fulfilled the EPA norms in Delhi and the norms are strictly 

followed by the pollution control board. According to the Am-

bient Air Pollution (AAP) report of 2014, Delhi had highest 

concentration of PM 2.5 pollution level which is highest in the 

world, followed by Beijing. [5]. In the month of October to De-

cember it was a serious cause for breathing and the high level of 

particular matters which increasing the lung cancer problems. 

The CO level also increased by 6000 mg/cubic meter which is 

much above of the safe level of 2000 mg/cubic meter in Delhi. 

The air quality index is also increased by 121 as per the report 

of Ministry of Earth Science India. 

The air pollution creates breathing problem when it increases 

from the safe level. Therefore, Rajasthan Pollution Control 

Board (RPCB) implants pollution control measuring equipment 

at some places in Rajasthan, by which we can see the pollution 

control level at these laces at any time. The study is carried out 

to compare the pollution level in morning time between 10 to 11 

AM. The study is very valuable for the researchers for future 

research in the field of air pollution. 

 

2. Material and Methods  

 

The under material and methods includes the site selection, ob-

servations and result and discussions. 

 

2.1 Site selection 

 

The selected sites have higher population density than the other 

places and including bigger industrialization. When the Indus-

tries in Delhi, Indore and other polluted cities were closed by 

Pollution Control Board, then mostly industries shifted to Bhi-

wadi, Alwar, Jaipur, Ajmer and Udaipur on NH-8 and Kota & 

Jodhpur directly connected to rail and Pali for colouring indus-

tries. The RPCB have implanted the online pollution measuring 

equipment’s on these sites. So, the observation can easily be 

done from the website of pollution control board. These places 

are indicated by bullets in the map of Rajasthan in Fig. 1.  

 

2.2 Observations 

 

The observations can be collected from central pollution control 

board (CPCB) website [6]. From this site, the prescribed limit 

and the observation of all six sites of Rajasthan are collected on 

particular day (March 04, 2018) at 11:15 AM. These are shown 

in table 1 as below, and one site (Jodhpur) data are shown in 

Fig. 2. 

 

mailto:shivlal1@gmail.com
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3. RESULT AND DISCUSSIONS 

 

Air pollutants like Oxides of Nitrogen, sulphur and carbon 

along with ozone, ammonia, PM2.5 and PM10 are collected and 

fitted according to the selected site in Table 1. The clarification 

of the pollutants level is also explained by Fig. 3. It is stated that 

Nitric oxide, Nitrogen di oxide, Oxides of Nitrogen, sulphur di 

oxide, ozone and ammonia are found under the prescribed limit 

for all locations. The minimum pollution is observed in Udaipur 

city. As per the criteria of particulate materials the higher to 

lower pollution limit for all six cities is shown by:The PM2.5 

level is observed higher than the prescribed limit in Jodhpur, 

Jaipur, Pali, Ajmer and Alwar. In conventional way the PM10 

level is found higher than the prescribed limit in only Jodhpur 

and Pali.  

 

4. CONCLUSIONS 

 

As we know any city of Rajasthan is not coming under the ten 

top polluted cities in India. The ten polluted cities are Kanpur, 

Gaziabad, Muradabad, Delhi, Agra, Patna, Lukhnow, Noida, 

Gurgaon and Rohtak, [7]. But thousands of industries are 

shifted from these cities to Rajasthan so that the pollution level 

somehow increases. PM 2.5 and PM 10 is not under the pre-

scribed limit in some cities and that’swhy dusty atmosphere is 

observed in these areas. The higher PM may cause of lungs can-

cer, so it is required to control the limit by using the pollution 

control equipment’s in the industry as well as household.  

National Disaster Management Authority (NDMA) has 

issued some guidelines to protect oneself against the ha-

zardous impacts of smog and pollution as follows given by 

[4] 

 Don't step out or pamper in outdoor activities dur-

ing early morning and evening hours due to "se-

vere" levels of air pollution in the city.  

 Try to stay indoors. Go out when it's bright and 

sunny. 

 Circumvent stepping out if you have breathing dif-

ficulty. 

 Avoid smoking. Do not burn garbage. 

 Drink adequate amount of water as it helps in 

flushing toxins from the body. 

 

 

 

 

 

 

 

 
 

    “Figure 1. Selected major Cities in Rajasthan for Com-

parative study for particular day” 
[http://www.cpcb.gov.in/caaqm/mappage/frmrajasthan.aspx?stat

eID=23] 

 

 
“Figure 2.  Current Air Pollution level of Jodhpur [6]” 

 

 

 

Table:1 Pollutant level at different places in Rajasthan 
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“Figure 3. Pollutants of different cities in Rajasthan” 
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Abstract: Environmental pollution is a global problem for 

the past few decades influencing living and non living 

organisms. It is the most formidable dangers that confront 

mankind today. Unfortunately overambitious pursuit for 

technological and industrial progress has created harmful 

consequences. Hence living organisms are responsible for 

multidirectional environment issues but at the same time 

human beings are making stringent efforts to control 

pollution. E-waste is considered hazardous and it possesses 

threat to human health and environment. Medical waste is 

contaminated byproduct of medical treatment or other 

healthcare activity. This paper covers different types of 

environmental pollution, E-waste, Medical waste and their 

preventive measures. 

Keywords: Climate Change, E-Waste, Environmental 

Pollution, Global Warming, Medical Waste 

 

 

1. Introduction 

Environmental pollution is the addition of any substance 

(solid, liquid, or gas) or any form of energy (such as heat, 

sound, or radioactivity) to the environment at a rate faster than 

it can be dispersed, diluted, decomposed, recycled, or stored 

in some harmless form [1]. The major kinds of pollution are 

(classified by environment) air pollution, water pollution, 

and land pollution. Modern society is also concerned about 

specific types of pollutants, such as noise pollution, light 

pollution, and even plastic pollution [2].  

The problem of pollution today is one of the most serious 

problems facing human society. In the past few decades, the 

rapidly growing pollution has started questioning the 

existence of life in the future. All the countries of the world 

are concerned about the losses incurred by it. Until a few 

decades ago, no pollution was taken seriously. It was normal 

for humans to get resources from nature. At that time very few 

people could think that indiscriminate use of resources could 

also bring harm. Whatever nature we take, nature produces 

such resources again. It seemed as if the stock of nature is 

unlimited, it will never end. But as the population started to 

grow, the exploitation of the natural resources increased [3].  

Industrially produced chemicals containing chlorine or 

bromine are damaging the earth's protective stratospheric 

ozone layer. Along with that carbon dioxide, methane, and 

other greenhouse gases are altering the global climate system 

[4]. When climate change occurs; temperatures can increase a 

dramatically. When temperature rises, many different changes 

can occur on Earth. A warmer climate can bring changes that 

can affect our water supplies, agriculture, power and 

transportation systems, the natural environment, and even our 

own health and safety [5]. 

In India, the quantity of ―e-waste‖ or electronic waste has now 

become a major problem. Disposal of e-waste is an emerging  

 

global environmental and public health issue, as this waste has 

become the most rapidly growing segment of the formal 

municipal waste stream in the world [12]. E-waste or Waste 

Electrical and Electronic Equipment (WEEE) are loosely 

discarded, surplus, obsolete, broken, electrical or electronic 

devices [13]. In India most of the waste electronic items are 

stored at households as people do not know how to discard 

them. This ever-increasing waste is very complex in nature 

and is also a rich source of metals such as gold, silver, and 

copper, which can be recovered and brought back into the 

production cycle. So e-waste trade and recycling alliances 

provide employment to many groups of people [14] in India. 

Around 25,000 workers including children are involved in 

crude dismantling units in Delhi alone where 10,000–20,000 

tonnes of e-waste is handled every year by bare hands. 

Improper dismantling and processing of e-waste render it 

perilous to human health and our ecosystem. Therefore, the 

need of proper e-waste management has been realized [15]. It 

is necessary to review the public health risks and strategies to 

combat this growing menace [16]. 

These days computer has become most common and widely 

used gadget in all kinds of activities ranging from schools, 

residences, offices to manufacturing industries. E-toxic 

components in computers could be summarized as circuit 

boards containing heavy metals like lead & cadmium; 

batteries containing cadmium that release highly gases. The 

average 14-inch monitor uses a tube that contains an estimated 

2.5 to 4 kgs of lead. The lead can seep into the ground water 

from landfills thereby contaminating it. If the tube is crushed 

and burned, it emits toxic fumes into the air [6]. 

In country like India, where there is big and complex health 

care system, mixed economy, private and Government 

hospitals working together; while providing services generate 

waste. It is estimated that the quantity of waste generated from 

hospitals in our country ranges between 0.5 and 2.0 

kg/bed/day and annually about 0.33 million tons of waste are 

generated in India [17]. WHO fact sheet reported that from 

total of waste generated by health care activities 20% are 

hazardous [18][19]. 

2. Types Of Pollution: Causes, Effects & Control 

Based on the nature and type of environment affected, 

pollutions are mainly classified as: 

 Air Pollution 

Air is a mixture of various gases in which nitrogen content is 

78 percent, while 21 percent oxygen and 0.03 percent carbon 

dioxide are found and the remaining 0.97 percent contains 

hydrogen, helium, argon, neon, krypton, janan, ozone and 

water vapour it occurs. The above quantity of different gases 

in the air keeps it balanced. It becomes unbalanced when there 

is a slight difference in it and proves harmful to 

https://www.britannica.com/science/energy
https://www.britannica.com/science/radioactivity
https://www.merriam-webster.com/dictionary/environment
https://www.britannica.com/science/air-pollution
https://www.britannica.com/science/water-pollution
https://www.britannica.com/science/land-pollution
https://www.britannica.com/science/noise-pollution
https://www.britannica.com/science/light-pollution
https://www.britannica.com/science/light-pollution
https://www.britannica.com/science/light-pollution
https://www.britannica.com/science/plastic-pollution
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health. Oxygen is essential for respiration. Whenever the 

oxides of carbon dioxide, nitrogen in the air increases, such 

air pollution is called air pollution and this type of pollution is 

called air pollution. The Sources of air pollution are of two 

types- 

Natural sources of pollution are those that are caused due to 

natural phenomena. Ex: Volcanic eruptions, Forest fires, 

Biological decay, Pollen grains, Marshes, Radioactive 

materials. 

Artificial sources are those which are created by man. Ex: 

Thermal power plants, Vehicular emissions, Fossil fuel 

burning, agricultural activities etc.  

The composition of Air is given below: 

Table 1: Composition of Air 

              

Causes of air 

pollution: 

 Smoke and chemicals coming out of industrial units. 

 Gases and dust particles emitting from molecular 

plants.  

 Due to the burning of tree plantation in the jungles, 

burning of coal and burning from oil refineries etc. 

 Use of electrical equipment in household work, such 

as refrigerators, air conditioners etc.  

Control Methods: 

The forest cover should be protected. Adequate forest cover is 

essential for maintaining the quality of air.  Green belts should 

be created. Such areas should be developed around densely 

populated cities. There should be strict restriction for 

establishment of large buildings and industries along the 

Green belt areas. Automobile engines should be replaced by 

electric vehicles. People should be encouraged to use electric 

vehicle, and to avoid vehicles for short distances.  

 

 Water Pollution 

The presence of an external substance in water, which 

changes the natural properties of water in such a way that the 

water becomes harmful to health or its usefulness becomes 

less water pollution. In other words, such water is harmful and 

damages to public health or public safety or to domestic, 

commercial, industrial, agricultural or other medical use or to 

the health and livelihood of animals or plants or to aquatic 

life, is called water pollution. 

Causes of Water Pollution:  

 Humans bathing in rivers, washing clothes, washing 

animals, immersing stool etc. 

 There is no proper management of cleaning and 

sewer.  

 Diversion of waste and dirty water by rivers and 

canals in various industrial units.  

 Immersion in the nearby water source of every 

household material used in the rivers following litter, man-

mortem and traditional practices.  

 Dissolving toxic chemicals and fertilizers in water 

used in agriculture. 

Control Methods: 

Do not flush contaminated drugs, liquids, medications, or pills 

down the drain. Do not use your toilet as a bin. Always use 

environmentally friendly products. Avoid the use of plastics. 

Participate actively in water conservation and pollution 

prevention. 

 

 Soil Pollution 

Soil pollution is defined as, ―contamination of soil by human 

and natural activities which may cause harmful effect on 

living organisms‖. Composition of soil is listed below: 

 

Table 2: Composition of soil 

 

Component % 

Organic mineral 

matter 

45% 

Organic matter 5% 

Soil water 25% 

Soil air 25% 

 

Causes of Soil pollution: 

 Industrial wastes – Disposal of Industrial wastes is 

the major problem for soil pollution. 

Sources: Industrial pollutants are mainly discharged from 

various origins such as pulp and paper mills, chemical 

fertilizers, oil refineries, sugar factories, tanneries, textiles, 

steel, distilleries, fertilizers, pesticides, coal and mineral 

mining industries, drugs, glass, cement, petroleum and 

engineering industries etc.  

 

Effect: These pollutants affect and alter the chemical and 

biological properties of soil. As a result, hazardous chemicals 

can enter into human food chain from the soil or water, 

disturb the biochemical process and finally lead to serious 

effects on living organisms. 

 Urban wastes – Urban wastes comprise of both 

commercial and domestic wastes consisting of dried sludge 

and sewage. All the urban solid wastes are commonly referred 

to as refuse. 

Constituents of urban refuse: This refuse consists of 

garbage and rubbish materials like plastics, glasses, metallic 

cans, fibres, paper, rubbers, street sweepings, fuel residues, 

leaves, containers, abandoned vehicles and other discarded 

manufactured products. Urban domestic wastes though 

Nitrogen 78% 

Oxygen 21% 

Argon Less than 1% 

Carbon dioxide 0.037% 

Water vapour Remaining 

Ozone, helium & 

ammonia 

Trace amount 
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disposed off separately from industrial wastes, can still be 

dangerous. This happens because they are not easily degraded. 

 Agricultural practices – Modern agricultural 

practices pollute the soil to a large extent. With the advancing 

agro-technology, huge quantities of fertilizers, pesticides, 

herbicides and weedicides are added to increase the crop 

yield. Apart from these farm wastes, manure, slurry, debris, 

soil erosion containing mostly inorganic chemicals are 

reported to cause soil pollution. 

 

 Biological agents – Soil gets a large amount of 

human, animal and bird excreta which constitute a major 

source of land pollution by biological agents. 

 Noise pollution 

Noise pollution means an unwanted or undesirable sound that 

leads to physical and mental problems. Noise pollution is 

dependent on the loudness and frequency of the sound. In fact, 

when the sound exceeds its limit, it becomes fatal for human 

and other organisms. The noise intensity is measured in 

decibels or dB. A person can bear the noise up to 85 decibels, 

after which his hearing power can be damaged. 

Causes of Noise pollution: 

 Human sources 

Rapid industrialization, urbanization, use of modern means of 

transport, population growth, and increasing scale of human 

activities are some of the human factors responsible for noise 

pollution. Both types of noise pollution, affect sleep, listening 

ability, physical and mental health. 

 Vehicular Noise 

 The modern means of traffic including vehicles such as 

buses, trucks, scooters, cars, motorcycles, trains, aircraft, 

firecrackers, explosives etc, pollute the atmosphere. Sound of 

other automated vehicles and horn, excessive use of 

loudspeakers for religious purposes also generate jarring 

noise. 

 Industrial Noise 

 Industry-businesses, factories and commercial establishments 

produce a variety of raucous sounds that bump into our ears 

and disturb our mind. Noise pollution is an integral part of the 

industrial environment with heavy machines used in the 

industries; it is on the rise with the increase in industrial 

urbanization. 

 Political Activities 

Noise pollution is also generated by dharna, demonstrations, 

slogans, election propaganda, processions, and rallies 

frequently organized in cities. 

 Fireworks 

Fireworks are another source of pollution. Uncontrolled 

fireworks in festivals, fairs, or crackers after victory in 

matches and elections produce unbearable noise [7]. 

3. E-Waste 

Electronics waste, commonly known as e-waste, is the trash 

we generate from surplus, broken and obsolete electronic 

devices. E-waste or electronics recycling is the process of 

recovering material from old devices to use in new products. 

We are creating e-waste at a rapid rate. Some of the most 

commonly replaced electronics include cell phones, desktop 

computer, portable music players, DVD player, printer, and 

televisions.  

In India, solid waste management, with the emergence of e-

waste, has become a complicated task. The total waste 

generated by obsolete or broken down electronic and 

electrical equipment was estimated to be 1,46,000 tonnes for 

the year 2005, which is expected to exceed 8,00,000 tonnes by 

2012 [13]. However, according to the Greenpeace Report, in 

2007, India generated 380,000 tonnes of e-waste. Only 3% of 

this made it to the authorized recyclers’ facilities. One of the 

reasons for this is that the India has also become a dumping 

ground for many developed nations. The Basel Action 

Network (BAN) stated in a report that 50-80% of e-waste 

collected by the USA is exported to India, China, Pakistan, 

Taiwan, and a number of African countries. 

What happens to devices at the end of their useful life? 

Unfortunately, the majority of these electronic products end 

up in landfills and just a tiny percentage comes back as/in new 

electronic devices. According to a UN study, in 2014 alone, 

41.8 million tons of electronic waste (e-waste) was discarded 

worldwide, with only 10 to 40 percent of disposal done 

properly. 

Electronics are full of valuable materials including copper, tin, 

iron, aluminum, fossil fuels, titanium, gold, and silver. Many 

of the materials used in making these electronic devices can 

be recovered, reused and recycled, including plastics, metals, 

and glass.  In a report, Apple revealed that it recovered 2,204 

pounds of gold —worth $40 million—from recycled iPhones, 

Macs and iPads in 2015. 

Benefits of E-waste recycling 

Recycling e-waste has various environmental and economic 

benefits: 

According to EPA, recycling one million laptops can save the 

energy equivalent of electricity that can run 3,657 U.S. 

households for a year. EPA also states that by recycling one 

million cell phones, we can recover 75 lbs of gold, 772 lbs of 

silver, and 35,274 lbs of copper and 33 lbs of palladium. 

According to the Electronics TakeBack Coalition, it takes 1.5 

tons of water, 530 lbs of fossil fuel and 40 Ibs of chemicals to 

manufacture a single computer and monitor. 

81 percent of energy associated with a computer is used 

during production and not during operation. 

Electronics contains various toxic and hazardous chemicals 

and materials that are released into the environment if we do 

not dispose of them properly. 
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Recycling e-waste enables us to recover various valuable 

metals and other materials from electronics, saving natural 

resources (energy), reducing pollution, conserving landfill 

space, and creating jobs [8]. 

Effects on environment and human health 

Disposal of e-wastes is a particular problem faced in many 

regions across the globe. Computer wastes that are landfilled 

produces contaminated leachates which eventually pollute the 

groundwater. Acids and sludge obtained from melting 

computer chips, if disposed on the ground causes acidification 

of soil.  This is due to disposal of recycling wastes such as 

acids, sludges etc. in rivers. Now water is being transported 

from faraway towns to cater to the demands of the population. 

Incineration of e-wastes can emit toxic fumes and gases, 

thereby polluting the surrounding air [7]. 

4. Medical Waste 

Medical waste is any kind of waste that contains infectious 

material (or material that’s potentially infectious). This 

definition includes waste generated by healthcare facilities 

like physician’s offices, hospitals, dental practices, 

laboratories, medical research facilities, and veterinary clinics. 

Medical waste can contain bodily fluids like blood or other 

contaminants. The 1988 Medical Waste Tracking Act defines 

is as waste generated during medical research, testing, 

diagnosis, immunization, or treatment of either human beings 

or animals. Some examples are culture dishes, glassware, 

bandages, gloves, discarded sharps like needles or scalpels, 

swabs, and tissue. 

Types of medical wastes: 

 Sharps. This kind of waste includes anything that 

can pierce the skin, including needles, scalpels, lancets, 

broken glass, razors, ampules, staples, wires, and trocars. 

 Infectious Waste. Anything infectious or potentially 

infectious goes in this category, including swabs, tissues, 

excreta, equipment, and lab cultures. 

 Radioactive. This kind of waste generally means 

unused radiotherapy liquid or lab research liquid. It can also 

consist of any glassware or other supplies contaminated with 

this liquid. 

 Pathological. Human fluids, tissue, blood, body 

parts, bodily fluids, and contaminated animal carcasses come 

under this waste category. 

 Pharmaceuticals. This grouping includes all unused, 

expired, and/or contaminated vaccines and drugs. It also 

encompasses antibiotics, injectables, and pills. 

 Chemical. These are disinfectants, solvents used for 

laboratory purposes, batteries, and heavy metals from medical 

equipment such as mercury from broken thermometers [9]. 

Treatment and Disposal of Medical Wastes 

 Incineration: Before 1997, over 90% of all 

infectious medical waste was disposed of by incineration. 

Changes to EPA regulations have led providers to seek other 

disposal means. This is still the only method used on 

pathological waste, for example body parts and recognizable 

tissues. 

 Autoclaving: Steam sterilization renders 

biohazardous waste non-infectious. After it’s been sterilized, 

the waste can be disposed of normally in solid waste landfills, 

or it can be incinerated under less-stringent regulation. 

 Microwaving. Another way to render hazardous 

healthcare waste non-hazardous is to microwave it with high-

powered equipment. As with autoclaving, this method opens 

up the waste to normal landfill disposal or incineration 

afterward. 

 Chemical. Some kinds of chemical waste may be 

neutralized by applying reactive chemicals that render it inert. 

This is generally reserved for waste that’s chemical in nature. 

 Biological. This experimental method of treating 

biomedical waste uses enzymes to neutralize hazardous, 

infectious organisms. It’s still under development and rarely 

used in practice. 

5. Conclusion 

The hazardous nature of e-waste is one of the rapidly growing 

environmental problems of the world. The ever-increasing 

amount of e-waste associated with the lack of awareness and 

appropriate skill is deepening the problem. For e-waste 

management many technical solutions are available, but to be 

adopted in the management system, prerequisite conditions 

such as legislation, collection system, logistics, and manpower 

should be prepared. 

There is lack of knowledge about waste management among 

the doctors, which affects the safe practices for managemet. 

The policy makers should undertake vigorous training 

programme for the doctors and the supportive staff, to tackle 

the problem. It is the high time that the subject is included in 

the curricula of the medical education. The research and 

development wings of the Government and private sector 

should be encouraged to produce new technologies that help 

in minimization4 of waste and new waste disposal methods 

that are low cost and non-hazardous.  

Considering the severity of the problem, it is imperative that 

certain management options be adopted to control pollution. 

Governments should be responsible for providing an adequate 

system of laws, controls and administrative procedures for 

hazardous waste management. Companies can and should 

adopt waste minimization techniques, which will make a 

significant reduction in the pollution generated and thereby 

lessening the impact on the environment. An individual can 

play his role by proving himself to be a good citizen. The 

widespread use of polythene bags should be stopped as they 

are one of the main causes of pollution; the option of cloth 

bags is safer. Garbage should be recycled instead of throwing 

https://www.thebalance.com/electronic-devices-source-of-metals-for-recyclers-2877986
https://www.thebalance.com/electronic-devices-source-of-metals-for-recyclers-2877986
https://www.thebalance.com/electronic-devices-source-of-metals-for-recyclers-2877986
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it away. Dry garbage can be used in construction of roads and 

wet garbage can be used as urea in our lawns. Segregate waste 

at source. In conclusion, we need to take part and try to stop 

global warming and other effects on climate change to make 

this world a better place. 
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Abstract:  Pulp and paper industry is considered as one of 

the most polluted industry in the world and also energy and 

water intensive. Paper industry produce huge amount of 

wastewater, hence sludge production is a major issue. 

Conventional sludge management methods such as 

landfilling produce leachate and incineration emits 

greenhouse gases, therefore public opposition and strict 

regulatory pressure have been perceived in many countries. 

Anaerobic digestion a versatile technology for alternative 

disposal options. The aim of this study was to evaluate the 

effect of different inoculum/substrate (I/S) ratio on the 

anaerobic digestion of pulp and paper mill sludge (PPMS). 

A laboratory scale reactor was used to analyses the four 

different I/S ratio varies from 1.0 to 2.5 plus control on VS 

basis were used for this study. The different parameter i.e. 

pH, volatile solid, volatile fatty acid and cumulative methane 

production from different I/S mixture was measured and it 

was observed that the maximum methane production of 

3329 mL was achieved in I/S ratio 2.0. Hence the study 

concluded that I/S ratio of 2.0 was good for better methane 

production.  

Keyword: pulp and paper mill sludge, anaerobic digestion, 

inoculum/substrate ratio, methane. 

1. Introduction  

 Pulp and paper industry is considered as one of the most 

polluted industry in the world [1]. These processes generate 

wastewaters which are then treated by the physical, chemical 

as well as biological treatment. Wastewater treatment plants 

eventually produces pulp and paper mill sludge (PPMS) from 

chemical and biological treatment in large quantities, ranging 

from 0.3 to 1 m
3
 of PS/ton paper produced. In India, there are 

about 759 pulp and paper industry is available. They generate 

1.51 million tonnes of sludge per year [2]. Of this 45-50% is 

made up of organic fraction and contains many kinds nutrient 

component [3]. The traditional management methods such as 

landfilling producing leachate and incineration which emits 

greenhouse gases have come under strong public opposition 

and strict regulatory pressure in many countries. This has 

forced the industry to seek alternative disposal options. 

Growing worldwide energy demand and increasing concerns 

of Energy security and climate change have led to the 

development of alternative energy source like anaerobic 

digestion (AD), which is well renowned technology for 

renewable energy generation through non-oxidative 

metabolism. This renewable source has to augment and 

replace fossil fuel transportation. AD is a microbial- mediated 

process in which trillions of naturally occurring bacteria and 

archaea to do the biodegradation for producing renewable 

energy from discarded organic materials. In this organic 

matter is metabolized to methane (CH4) and carbon dioxide in 

the absence of atmospheric oxygen. The energy recovered 

from AD of pulp and paper mill derived sludge is renewable 

and the effluent can be returned to the agricultural land, 

recovering the remaining organic matter and nutrients. 

AD has unique and integrative potential, simultaneously 

acting as waste treatment and resource management. AD has 

been successfully used for sludge treatments of various kinds 

for example sewage sludge [4], waste activated sludge [5] and 

cow manure [6]. However, very few studies have applied AD 

for PPMS treatment. Lin et al [7] demonstrated that PPMS 

combined with monosodium glutamate waste liquor can 

produce up to 200 ml methane/g volatile solid (VS)added, 

with methane reaching up to 80% of the total biogas 

composition. However this study was conducted at controlled 

temperature of 37
o
 C, that why it’s not favorable for medium 

scale industries.   Soetopo et al., [8] showed that the highest 

biogas methane content from AD of PPMS is 51.5% at the 

rate of 140 ml/g VS in 28 days. Nonetheless, this study was 

accompanied using only sludge from secondary biological 

wastewater treatment. This is also less applicable for most 

industries; PS originating from primary physical-chemical 

wastewater treatment can make up to 98% of sludge 

produced. Thus, this study aims to investigate the rate and 

extent of the anaerobic digestion of different I/S ratio derived 

from primary sludge of pulp and paper wastewater treatment 

under uncontrolled temperature. 

2. Material and Method 

2.1. Substrate and Inoculum 

     The sludge originated from a pulp and paper industry in 

Nagaon paper mill situated at Jagiroad, Assam, India. Sludge 

used in this study was collected from the sludge holding tank 

from primary clarifier that is composed of primary sludge. 

Samples were collected and conserved at 4
o
C before feeding 

to the reactors. Seed sludge (Cow dung) was obtained from a 

nearby farm in Amingaon, IIT Guwahati, India and used as 

inoculum for the BMP assay. 

2.2. Experimental Devices 

     The anaerobic reactor was prepared using 1 L reagent glass 

bottles with rubber corks for closing the bottles. For different 

I/S ratio, 15 batch reactors were used, 12 reactors were fed 

with different amount of PPMS with essential macro and 

micro nutrients in addition of 100 g of inoculum. Rest of the 3 

reactor was used as a control with only 100 g of inoculum, 

macro and micro nutrients. Finally all the 15 reactors were 

made up to 500 mL using distilled water. To maintain 

anaerobic condition nitrogen gas was purged inside all the 15 

reactors. After that, all the reactors were connected to 

aspirator bottles having 1.5 N NaOH and the methane 

produced was measured. The reactors were maintained at 

room temperature approximately 30
o
C. The experiment was 

conducted for 42 days with triplicate. 

2.3. Sampling 

 Sludge of about 40 mL was collected as a sample from 

each reactor once in a week to measure for volatile solids 

(VS) and volatile fatty acids (VFA). VS was analyzed for the 

PPMS using standard protocols according to APHA [9]. VFA 

was measured using DiLalo and Albertson [10] pH titration 

method. Biogas production was measured daily by Water 
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displacement method. The reactors were connected to 

aspirator bottles filled with 6% NaOH to quantify the amount 

of gas produced and measure the amount of NaOH 

replacement due to accumulation of biogas in gas collection 

system.     

3. Results and Discussion 

      Even though temperature was uncontrolled, during the 

course of time steady temperature ranging from 29-33
o
C was 

maintained which indicating mesophilic range. From this 

study it was observed pH values varied in the range 4.8–7.5 

during AD. In order to investigate the role of substrate nature 

different I/S ratio were performed using smaller amount of 

seed culture. In this case, only VS-degradation was monitored. 

A small drop in pH value was observed in all experiments 

during the course of the reaction. However, in all cases, the 

final pH values remain above 6, suggesting low acidogenic 

activity, most likely limited by the rate of hydrolysis. The rate 

of VS-degradation is lower in I/S ratio lower than 1.5 as 

compared to the VS-degradation of I/S ratio 2.0, which was 

the batch test with an appropriate proportion of anaerobic seed 

culture and buffer. This difference might be a consequence of 

lack of nutrition, lower pH and long lag phase due to 

microorganism culture growth. It could be argued that the 

appropriate AD organisms may have been showed I/S ratio 

2.0 has higher methane production when compared to other 

I/S ratio lower than 1.5 and greater than 2.5. The VS reduction 

during the period of anaerobic digestion with different I/S 

ratio was represented in Fig.1.  

Batch wise anaerobic digestion was chosen as the main 

approach for methane production to facilitate the study of 

many variations. The variable of primary interest is the 

amount of methane produced during the course of a batch run. 

In order to analyze this, the volume of biogas was measured. 
Methane production was a visual index to evaluate the 

performance of anaerobic digestion. As shown in Figure 2, the 

methane yield of each I/S ratio were ranked in the order 

2.0>1.5>2.5>1.0 during the period of anaerobic digestion, 

with the duration of 42 days. 

 
Fig. 1 The VS reduction during the period of anaerobic 

digestion with different I/S ratio 

 
Fig 2. The methane yield in the anaerobic digestion different 

I/S ratios 

       Generally, the VFA concentrations during anaerobic 

digestion increased to a peak value due to the degradation of 

organics by acidogenic bacteria and then decreased to a 

minimum due to the methane production by methanogenic 

bacteria. In this test, the VFA concentrations in each I/S ratio 

were ranked in the order 2.5>2.0>1.5. For varied I/S ratio, the 

VFA concentration was much higher than that in I/S ratio 2.5, 

but the methane yield in I/S ratio2.0 was larger than that in 

ratio. Considering VS, VFA and methane production, each I/S 

ratio seemed to go through different pathways for methane 

production. This suggested that methane production in I/S 

ratio 2.0 went from hydrolysis directly to methanogenesis. 

Afterwards, methane was produced through the acetogenesis 

process, explained by the decrease of VFA in I/S ratio 2.0 and 

an increase in methane. The slow production of methane for 

I/S ratio 2.0 as well as the VFA suggested that I/S ratio 2.0 

followed the typical AD pathway of hydrolisis, acidogenesis, 

acetogenesis and finally ending with methanogenesis.  

4. Conclusion 

      Sludge generated from pulp and paper industry also 

contributed a high potential for energy recovery. It was 

observed that the maximum methane production of 3329 mL 

was achieved in I/S ratio 2.0. Hence the study concluded that 

I/S ratio of 2.0 was good for better methane production. 

Uncontrolled temperature also an additional advantage for this 

process which makes it more applicable to medium scale 

industries. 
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Abstract: Electronic waste (e-waste) is one of the fastest 

growing waste streams in the country. Growth of Informa-

tion and Communication Technology sector has enhanced 

the usage of the electronic equipment exponentially. Faster 

obsolescence and subsequent up-gradation of electronics 

product, are forcing consumers to discard old products, 

which in turn accumulate huge e-waste to the solid waste 

stream. Major recycling of e-waste is carried out in the non-

formal sector using primitive and hazardous methods. Ade-

quate legislative measures and cost-effective, environmental 

friendly, technological solution would be needed to address 

the issue. 

Keywords: E-waste, Basel convention, hazardous compo-

nents, recycling, recovery, reuse. 

 

1.  Introduction: 

 

The information and communication technologies (ICT) have 

revolutionized the way we live, work and communicate bring-

ing countless benefits to all its users. The creation of innova-

tive and new technologies and the globalization of the econ-

omy have made a whole range of products available and af-

fordable to the people changing their lifestyles significantly. 

New electronic products have become an integral part of our 

daily lives providing us with more comfort, security, easy and 

faster acquisition and exchange of information. But on the 

other hand, it has also led to unrestrained resource consump-

tion and an alarming waste generation. Both developed coun-

tries and developing countries like India face the problem of 

e-waste management.  

 

The problem of e-waste has become an immediate and long 

term concern as its unregulated accumulation and recycling 

can lead to major environmental problems endangering hu-

man health. It is a hard fact that with the voluminous increase 

in use of these devices to ridge the digital divide, there is also 

an alarming growth of e-waste worldwide.  

 

“Electronic Waste” may be defined as discarded computers, 

office electronic equipment, entertainment device electronics, 

mobile phones, television sets and refrigerators etc. This defi-

nition includes used electronics which are destined for reuse, 

resale, salvage, recycling, or disposal. Others define the re-

usable (working and repairable electronics) and secondary 

scrap (copper, steel, plastic, etc.) to be “commodities”, and 

reserve the term “waste” for residue or material which is 

dumped by the buyer rather than recycled, including residue 

from reuse and recycling operations. Because loads of surplus 

electronics are frequently commingled (good, recyclable, and 

non-recyclable), several public policy advocates apply the 

term “e-waste” broadly to all surplus electronics. Cathode 

Ray Tubes (CRT) are considered one of the hardest types to 

recycle. CRTs have relatively high concentration of lead and 

phosphors (not phosphorus), both of which are necessary for 

the display.   

 

The rapid growth of technology, upgradation of technical 

innovations and a high rate of obsolescence in the electronics 

industry have led to one of the fastest growing waste streams 

in the world which consist of end of life electrical and elec-

tronic equipment products. It comprises a whole range of 

electrical and electronic items such as refrigerators, washing 

machines, computers and printers, televisions, mobiles, i-

pods, etc., many of which contain toxic materials. Many of 

the trends in consumption and production processes are un-

sustainable and pose serious challenge to environment and 

human health. Optimal and efficient use of natural resources, 

minimization of waste, development of cleaner products and 

environmentally sustainable recycling and disposal of waste 

are some of the issues which need to be addressed by all con-

cerned while ensuring the economic growth and enhancing 

the quality of life. 

 

There is a need for e-waste management as e-waste compo-

nents may cause severe health risks and environmental dam-

age, when crude, unscientific methods are applied for recov-

ery of useful components. There is a need to encourage recy-

cling of all useful and valuable material from e-wastes to pre-

serve the natural resources. 

 

 

2.   Composition of E-waste: 

 

E-waste consists of all waste from electronic and electrical 

appliances which have reached their end- of- life period or are 

no longer fit for their original intended use and are destined 

for recovery, recycling or disposal. It includes computer and 

its accessories monitors, printers, keyboards, central 

processing units; typewriters, mobile phones and chargers, 

remotes, compact discs, headphones, batteries, LCD/Plasma 

TVs, air conditioners, refrigerators and other household ap-

pliances.  

 

The composition of e-waste is diverse and falls under „ha-

zardous‟ and „non-hazardous‟ categories. The various parts / 

materials / composition of e-waste may be divided broadly 

into six categories such as  

(i) Iron and steel, used for casings and frames  

(ii) Non-ferrous metals, especially copper used in cables, 

and aluminium  

(iii) Glass used for screens, windows  

(iv) Plastic used as casing, in cables and for circuit 

boards  

(v) Electronic components  

(vi) Others (rubber, wood, ceramic etc.).  
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Iron and steel constitute about 50% of the waste, followed by 

plastics (21%), non-ferrous metals (13%) and other constitu-

ents. Non-ferrous metals consist of metals like copper, alumi-

nium and precious metals like silver, gold, platinum, palla-

dium and so on. The presence of elements like lead, mercury, 

arsenic, cadmium, selenium, hexavalent chromium, and flame 

retardants beyond threshold quantities make e-waste hazard-

ous in nature. It contains over 1000 different substances, 

many of which are toxic, and creates serious pollution upon 

disposal. Obsolete computers pose the most significant envi-

ronmental and health hazard among the e-wastes. 

 

3.  E-waste scenario in India 

 

The Indian information technology industry has a prominent 

global presence today largely due to the software sector. More 

recently, policy changes have led to a tremendous influx of 

leading multinational companies into India to set up manufac-

turing facilities, R&D centres and software development fa-

cilities. The domestic market is getting revived due to 

buoyant economic growth and changing consumption pat-

terns. This growth has significant economic and social im-

pacts. The increase of electronic products, consumption rates 

and higher obsolescence rate leads to higher generation of 

electronic waste (e-waste). The increasing obsolescence rates 

of electronic products added to the huge import of junk elec-

tronics from abroad create complex scenario for solid waste 

management in India. 

 

As there is no separate collection of e-waste in India, there is 

no clear data on the quantity generated and disposed of each 

year and the resulting extent of environmental risk. The pre-

ferred practice to get rid of obsolete electronic items in India 

is to get them in exchange from retailers when purchasing a 

new item. The business sector is estimated to account for 78% 

of all installed computers in India. Obsolete computers from 

the business sector are sold by auctions. Sometimes educa-

tional institutes or charitable institutions receive old comput-

ers for reuse. It is estimated that the total number of obsolete 

personal computers emanating each year from business and 

individual households in India will be around 1.38 million.   

There are 10 States that contribute to 70 % of the total e-

waste generated in the country, while 65 cities generate more 

than 60% of the total e-waste in India. Among the 10 largest 

e-waste generating states, Maharashtra ranks first followed by 

Tamil Nadu, Andhra Pradesh, Uttar Pradesh, West Bengal, 

Delhi, Karnataka, Gujarat, Madhya Pradesh and Punjab. 

Among the top ten cities generating e-waste, Mumbai ranks 

first followed by Delhi, Bengaluru, Chennai, Kolkata, Ahme-

dabad, Hyderabad, Pune, Surat and Nagpur.  

 

The main sources of electronic waste in India are the govern-

ment, public and private (industrial) sectors, which account 

for almost 70 per cent of total waste generation. The contribu-

tion of individual households is relatively small at about 15 

per cent; the rest being contributed by manufacturers. Though 

individual households are not large contributors to waste gen-

erated by computers, they consume large quantities of con-

sumer durables and are, therefore, potential creators of waste.  

   

4.  Effects of e-waste on human health and environment: 

E-waste is highly complex to handle because of its composi-

tion. It is made up of multiple components some of which 

contain toxic substances that have an adverse impact on hu-

man health and environment if not handled properly that is if 

improper recycling and disposal methods are deployed. So 

there is a need for appropriate technology for handling and 

disposal of these chemicals. 

Basel Convention characterizes e-waste as hazardous when 

they contain and are contaminated with mercury, lead, cad-

mium, polychlorinated biphenyl etc. Wastes containing insu-

lation or metal cables coated with plastics contaminated with 

or containing lead, coal tar, cadmium, Polychlorinated Bi-

phenyl (PCB) etc are also characterized as hazardous wastes. 

Also precious metal ash from printed circuit boards, glass 

waste from cathode-ray tubes, LCD screens and other acti-

vated glasses are classified as hazardous wastes. 

Effects of some of the prime hazardous components in of e- 

waste are mentioned below: 

 

5.   Waste Management Strategies: 
The best option for dealing with e-wastes is to reduce the vo-

lume. Designers should ensure that the product is built for re-

use, repair and/or upgradeability. 

 

Stress should be laid on use of less toxic, easily recoverable 

and recyclable materials which can be taken back for refur-

bishment, remanufacturing, disassembly and reuse. Recycling 

and reuse of material are the next level of potential options to 

reduce e-waste. Recovery of metals, plastic, glass and other 

materials reduces the magnitude of e-waste. These options 

have a potential to conserve the energy and keep the envi-

ronment free of toxic material that would otherwise have been 

released. 

It is high time the manufactures, consumers, regulators, mu-

nicipal authorities, state governments, and policy makers take 

up the matter seriously so that the different critical elements 

depicted in Figure 1 are addressed in an integrated manner. It 

is the need of the hour to have an “e waste-policy” and na-

tional regulatory frame work for promotion of such activities. 

An e-waste policy is best created by those who understand the 

issues. So it is best for industry to initiate policy formation 

collectively, but with user involvement. Sustainability of e-

waste management systems has to be ensured by improving 

the effectiveness of collection and recycling systems (e.g., 

public–private-partnerships in setting up buy-back or drop-off 

centers) and by designing-in additional funding e.g., advance 

recycling fees.  

 

Environmentally sound management of recognizes three Rs 

i.e. reduce, reuse and recycle. The aim would be to reduce 

the generation of e-waste through smart manufacturing and 

maintenance, reuse till functioning of electronic equipment 

by someone else and recycle those components that cannot be 

repaired. 

A smart e-waste management system for developing countries 

have to assess the e-waste situation, recognize that e-wastes 

are a complex mixture of hazardous and nonhazardous sub-

stances and materials and need to define the integral e-waste 

management system taking into consideration the market pe-
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netration, life cycle of ICT equipment, financing mechanisms 

etc. 

The main aspects to be taken into account when framing ICT 

waste management guidelines for developing countries are: 

(i) Policy and regulations covering import and export in 

accordance with the rules of each country and with interna-

tional legislation. 

(ii) Defining responsibilities of prime stake holders at 

the level of government, supply chain, consumers of ICT 

equipment and entities for disposal of waste. 

(iii) Extended producer responsibility (EPR) where the 

manufacturer's responsibility for its ICT equipment extends 

throughout the various stages of that equipment's life cycle 

with internalizing the cost of managing the equipment at end 

of life. 

(iv) Responsible information system to have data on ICT 

equipment in market, and to have control on the monitoring 

and future planning. 

(v) Promoting employment and training for the informal 

sector engaged in recycling and recovery of the materials. 

6.  Challenges in e -waste management: 

Following are the some of the major issues that need attention 

while handling e-waste: 

(i) The data for information on e-waste is estimation 

and there is a problem in finding information on imports of e-

waste. Most studies have concentrated on devices like mobile, 

computer and TVs while the domestic appliances also contri-

bute to a considerable proportion of e-waste. There is a need 

to have credible data covering wide range of products across 

sectors. 

(ii) Waste collection, transportation, processing and re-

cycling is dominated by the informal sector. The sector is 

well networked and unregulated. There are serious issues re-

garding leakage of toxins into the environment hampering 

workers‟ safety/health. 

(iii) There is a need for establishment of collection chan-

nels for e-waste from the generator to the recycler. Presently 

as the standards are not followed by the collectors (mainly the 

informal sector), the environmental, health and safety norms 

are hampered. The formal sector having large infrastructure 

and high operational cost finds difficulty in competing with 

the informal sector. 

(iv) The informal sector needs specific attention to be 

handled properly considering the socio economic condition so 

that the solutions for environment friendly management of e-

waste are found to be rational for the stake holders. 

(v) There is a lack of fund and capacity in Government 

for monitoring and enforcement of the regulations. 

(vi) Awareness regarding the hazards of e-waste is low 

because of structural deficiency in implementation of policies, 

poor literacy and poverty of an important major stake holder 

(informal sector). 

(vii) The e-waste management system is mostly manual 

and low tech and the „take back‟ by producers is limited to 

few IT equipment and few formal collection centres. There is 

lack of effort from producers that result in limited implemen-

tation of EPR. In absence of accountability and penalty crite-

ria in the regulation, it is difficult to monitor the EPR activi-

ties. 

    7.  Conclusion 

Most of the e-waste is recycled in India in unorganized units, 

which engage significant number of manpower. There exists 

an urgent need for a detailed assessment of the current and 

future scenario including quantification, characteristics, exist-

ing disposal practices, environmental impacts etc. Institution-

al infrastructures, including e-waste collection, transportation, 

treatment, storage, recovery and disposal, need to be estab-

lished, at national and/or regional levels for the environmen-

tally sound management of e-wastes. Recovery of metals 

from PCBs by primitive means is a most hazardous act. Prop-

er education, awareness and most importantly alternative cost 

effective technology need to be provided so that better means 

can be provided to those who earn the livelihood from this. A 

holistic approach is needed to address the challenges faced by 

India in e-waste management. A suitable mechanism needs to 

be evolved to include small units in unorganized sector and 

large units in organized sector into a single value chain. One 

approach could be for units in unorganized sector to concen-

trate on collection, dismantling, segregation, whereas, the 

metal extraction, recycling and disposal could be done by the 

organized sector. There is an urgent need of generating 

awareness among the people about the best practices for col-

lection mechanism of e-waste, to be followed to avoid dump-

ing of waste in landfills, and to channelize the waste through 

standard methods of e-waste disposal management. 
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S.No.  

 

Hazardous 

components 

Effect of Hazardous components of e-waste 

 

1 Arsenic 

 

Can affect skin and can decrease nerve conduction velocity. Chronic expo-

sure to arsenic may cause lung cancer and sometimes be fatal. 

2 Lead May affect kidneys, reproductive systems, nervous connections. 

May cause blood and brain disorders, sometimes may be fatal. 

3  Barium Can affect heart muscle. 

4  

 

Chromium Can damage liver, kidneys and may cause asthmatic bronchitis 

and lung cancer. 

5  Beryllium May cause lung diseases. 

6 Mercury Affects the central nervous system, kidneys and immune system, 

it impairs foetus growth. May cause brain or liver damage 

7 Cadmium May cause severe pain in the joints and spine. It affects the kidneys and sof-

tens bones. 

8 BFR (Brominates 

flame retardants) 

Can harm reproductive and immune systems, may cause hormonal disorder. 

9 Chlorofluorocarbon 

( CFC) 

May affect the ozone layer. It may cause skin cancer in human and genetic 

damage in organisms. 

10 Polychlorinated 

Biphenyl (PCB) 

 

May cause cancer in animals, can affect the immune system, 

reproductive system, nervous system, endocrine system . PCBs 

persistently contaminate in the environment and cause severe 

damage. 

11  

 

Polyvinyl Chloride 

(PVC) 

PVC contains upto 56% chlorine and when burnt, produces 

Hydrogen chloride gas which in turn produces hydrochloric acid that is dan-

gerous to respiratory system. 

12 Dioxin  

 

These are highly toxic to animals and can lead to malfunction of foetus, de-

creased reproduction and growth rates, affect immune system. 

 
 

“Figure 1 Elements of e-waste management system for India” 

 



            International Journal of Engineering Research                                                ISSN:2319-6890 (online),2347-5013(print) 

                  Volume No.7, Issue Special 4, pp : 521-523                                                                                            9,10 March 2018 
 

DOI : 10.5958/2319-6890.2018.00162.9                             EPIC@2018 Page 521 

 

A Review Paper of Ganga Stream Contamination – Causes and Cure 
 

Divyank Jain, Nikhil Chhipa, Ravi Prakash Maheswari 

Department Of Civil Engineering Department, G.E.C. Banswara (Raj.) 

Email: Rahul.Jain.11583@Gmail.Com, Chhipanikhil27@Gmail.Com, Rpmaheshvari@Gmail.Com 

 

 

Abstract: Water quality deterioration has serious 

implications for the provision of water for drinking, 

irrigation, industry, and is very important determinant of 

public health. The Ganga watercourse, largest stream in 

Bharat, occupies nearly third of the geographical region of 

India, has been thought-about because the most sacred 

stream of Republic of India. Having a rare non secular 

importance for Hindus, the stream Ganga is affected from 

increasing level of pollution from urban and industrial 

areas. The amount of natural contaminants like halide and 

arsenic, and chemical pollutants especially pesticides and 

pesticides and industrial pollutants is high and rising at 

many places in Ganga stream. Today, Ganga has been 

thought of as sixth most impure stream within the world. 

The matter has arisen for the most part as a result of the 

discharge of untreated urban wastes and industrial 

effluents, crimination of dead bodies on the stream bank 

etc., from the cascade of huge and medium cities set on the 

course of Ganga and its tributaries. the employment of poor 

water quality of Ganga stream causes infectious disease, 

cholera, hepatitis, furthermore as severe symptom that still 

be one in every of the leading causes of death of kids in 

Republic of India. Variety of initiatives are undertaken to 

wash the stream together with Ganga action arrange, 

Yamuna action arrange, and constitution of National stream 

Ganga Basin Authority etc. Recently Namami Ganga 

Project has been initiated by the govt. of Republic of India to 

wash the Ganga stream.            

Keywords :      Ganga, Contamination, river, pollution 

  

Introduction: 

Earth is additionally called a blue planet as a result of quite 

seventy fifth of its area is roofed by water. However, 

concerning ninety seven of earth’s water is contained in 

oceans and ocean and water is barely a pair of.7% of the 

whole out there water. Out of this, nearly 3 quarter (75.2%) is 

frozen in Polar Regions and concerning 22.6% is buried as 

H2O. so atiny low proportion of the remaining water is 

accessible in rivers, lakes, soil, etc. results solely a awfully 

little fraction of earth’s water is useful  by the group. The 

Ganga may be a holy and historical stream of Republic of 

India and Bangladesh. The Ganges calls at the be a part of 

Devprayag the Bhagirathi and Alaknanda rivers. The 

Bhagirathi travels at the end of Gangotri ice glaciers, at 

Gaumukh, at associate degree elevation of three, 892 m 

(12,769 ft.). The Bhagirathi is taken into account to be truth 

supply in Hindu culture and therefore the Alaknanda may be a 

longer. it's total length a pair of, 525 kilometer stream rises 

within the western range of mountains within the Indian state 

of Uttarakhand, and flows south and east through the Gangetic 

Plain of North Republic of India and visit Bay of geographical 

area through Bangladesh, it's the longest stream of Republic 

of India and is that the second greatest stream within the 

world by water discharge. The Ganges basin is that the most 

heavily inhabited geographic region within the world, with 

over four hundred million folks and a population density of 

concerning 1,000 settler per square measure (390 /km2). The 

Ganga was hierarchic among the 5 most impure rivers of the 

globe in 2007. The Ganga Action arrange, relates degree 

environmental start up to clean up the stream, has been a 

serious failure so far, lack of fine environmental designing, 

Indian traditions and beliefs, and lack of support from non 

secular authorities. Kumbh may be a one in every of the 

foremost reason of contamination of Ganga stream. 

 

Map 1: Course of Ganga River.  

 

 Causes Of Pollution In Ganga: 

 

 It provides water to drinking purpose and irrigation in 

agriculture concerning four-hundredth of India's population in 

eleven states. when twenty seven years and Rs. one thousand 

large integer expenditure on Ganga stream, it's a vital 

scenario. In contemporary world, it's famed for being 

abundant impure, thirty impure canals flows in Ganga stream 

from Varanasi town among seven kilometers 

i). Excrement by human: 

The river flows through 29 cities in which cities population 

living above ten lakh. A large proportion damp the solid and 

liquid wastes in Ganga river like domestic usage (bathing, 

laundry and public defecation), Sewage wastes, unburnt dead 

bodies through in Ganga river. Patna and Varanasi cities are 

more responsible to water pollution in Ganga and 80 % 

sewage wastes are responsible to water pollution of Ganga. 
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ii). Industrial waste: 

Countless industries lies on the bank of the Ganga stream 

from Uttrakhand to province like chemical plants, textile 

mills, paper mills, chemical plants and hospitals waste. These 

industries area unit twenty person behind to pollution and flee 

solid waste and liquid waste within the Ganga stream. It’s 

terribly dangers to water quality, their chemical properties and 

river line life.  

iii.) Secular issue: 

Festivals area unit vital and heartiest to each person of 

Republic of India. throughout pageant seasons lots of peoples 

come back to Ganga Snans to cleanse themselves. When death 

of the folks dump their asthia in Ganga stream it's a 

convention of Republic of India as a result of they suppose 

that Ganga provides mukti from the human world. Khumbha 

Mela may be a terribly huge pageant of the globe and billion 

peoples come back to Ganga Snans at Allahabad, Hardwar in 

Republic of India. They through some materials like food, 

waste or leaves within the Ganges for belief reasons. 

 

Figure 1: Showing the Ganga stream channel and waste 

discharge volume per day in 2009 (CPCB) from major cities 

of Republic of India  

 Impact of Pollution: 

 

i). River line life: 

The Ganga stream pollution increased  day by day and from 

this pollution marine life are reaching to lost in close to future 

and this impure water disturb the scheme of the stream. And 

irrigation and electricity dams offer struggle to life in their life 

cycle.  

ii). Bio life: 

Some dam’s area unit created on the Ganges basin. Dam’s 

area unit collected a large volume of water and this can be 

hazarding for wild life that area unit getting Ganga stream. 

The Kotli Bhel dam at Devprayag can submerge concerning 

1200 hectors of forest. In Republic of India life has been 

warning that the wild animals can realize it troublesome to 

deal with the modified scenario.  

iii). Groups of people:  

An analysis of the Ganges water in 2006 showed important 

associations between water-borne/enteric unwellness 

prevalence and therefore the use of the stream for bathing, 

laundry, washing, eating, cleanup utensils, and brushing teeth. 

Exposure factors like laundry garments, bathing and lack of 

sewerage, bogs at residence, youngsters defecating outdoors, 

poor sanitation, low financial gain and low education levels 

additionally showed important associations with enteric 

unwellness outcome. Water within the Ganges has been 

related  to getting infectious disease, cholera, hepatitis, 

furthermore as severe symptom that still be one in every of the 

leading causes of death of kids in Republic of India. 

 

Efforts Created For Ganga Clean Up: 

-Past and future actions plans for Ganga cleanup  

A number of initiatives are undertaken to wash the stream 

however did not deliver desired results. Seeable of the 

magnitude of water quality issues within the Ganga basin, 2 

actions arranges were launched by the govt. of India: the 

Ganga action arrange and therefore the Yamuna action plan. 

-The Ganga Action arrange: 

The Ganga Action arrange or GAP was a program launched 

by Rajiv Gandhi in Gregorian calendar month 1986 so as to 

scale back the pollution load on the stream. underneath GAP 

I, pollution abatement schemes were obsessed in twenty five 

Class-I cities in 3 States of U.P., province and province. GAP 

i used to be declared complete on thirty one.03.2000 with 

associate degree expenditure of Rs. 452 crore.  

As GAP I addressed  solely a district of the pollution load of 

Ganga, GAP II was launched bit by bit between 1993 and 

1996, fifty nine cities on the most stem of stream Ganga in 5 

States of Uttarakhand, U.P., Jharkhand, province and province 

area unit coated underneath the arrange and enclosed the 

subsequent tributaries of the Ganges, Yamuna, Gomti, 

Damodar and Mahananda. 

-Yamuna Action arrange: 

Yamuna stream, a serious tributary of stream Ganga, has 

become extremely impure as a result of varied reasons, chiefly 

as a result of discharge of untreated effluent into the stream 

from the cities set on its banks and this has adversely affected 

human health and bio-diversity of the eco-system. to stop 

pollution of the Yamuna stream Yamuna Action arrange has 

been initiated in 1993 by Govt. of India. underneath this 

arrange, twelve cities of Haryana, eight cities of Uttar Pradesh 

and metropolis are designated. it's been determined that 
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metropolis alone contributes around three,296 MLD (million 

litres per day) of waste by virtue of drains out falling in 

Yamuna (Jain et al. 2007). as a result of the low perennial 

flow and therefore the immense amount of waste it receives, 

Yamuna is one in every of the foremost impure rivers of the 

country. the govt. of Republic of India has ready plans to 

reconstruct and repair the sewerage systems and therefore the 

drains that vacant into the stream over succeeding five years. 

 National stream Ganga Basin Authority (NRGBA):  

National stream Ganga Basin Authority (NRGBA) was 

established by the govt. of Republic of India, on twenty 

Gregorian calendar month 2009 underneath Section three of 

the setting Protection Act, 1986. It additionally declared 

Ganges because the "National River" of Republic of India. 

The chair includes the Prime Minister of Republic of India 

and Chief Ministers of states through that the Ganges flows. 

(Rai. 2013-2010).  

-Government cleanup campaign:      

In 2010, it had been declared that "the government has 

initiated a $4 billion campaign to make sure that by 2020 no 

untreated municipal waste or industrial runoff enters the one, 

560-mile stream." A United Nations agency spokesperson 

represented the arrange in 2011, spoken language Earlier 

efforts to wash the Ganga targeting a couple of extremely 

polluting cities and centers and addressed 'end-of-the-pipe' 

effluent treatment there; Mission pure Ganga builds on 

lessons from the past, and can explore the complete Gangetic 

basin whereas designing and prioritizing investment rather 

than the sooner town-centric approach. In 2010 itself, the 

govt. declared the stretch of stream between Gaumukh 

associate degreed Uttarkashi an "eco-sensitive zone".  

Challenges in Ganga cleanup:  

As criticized by India’s Supreme Court, the cleanup of Ganga 

isn't a straightforward task. It’s needed to induce the teachings 

from the failure of Ganga Action Plans. Hence, for cleanup 

the Ganges a bottom-up approach is needed. Specialists 

emphasize that participation of standard folks in distinctive 

issues, finding answers and implementing them is imperative 

for a property solution to the Ganges’s issues. Ultimately, for 

Republic of India to search out a property answer to the issues 

that afflict not simply the Ganges and alternative rivers 

furthermore, it'll want quite a mass movement. Associate 

degree approach that features all communities, no matter their 

religion, is needed. Communities and customary folks ought 

to be concerned as key participants, in cleanup program. 

Unless the millions folk living within the basin wish it to be 

therefore, and can participate in not soiling it within the initial 

place, any theme for cleanup Ganges won't work. During this 

regard, a mass movement to rejuvenate the Ganges is named 

by the govt. of Republic of India. during this mass movement 

program volunteer groups from across the country would be 

concerned in making public awareness and performing arts 

“Ganga seva” (service). 

-Future attainable remedial measures to be obsessed: 

For formulating the current and future pollution management 

programmes and policies within the Ganga basin, in-depth 

information of development of agriculture, use of fertilizers, 

pesticides, location and growth of industries, unfold of human 

settlement , prevailing human use of rivers and social habits, 

development of sewage system in urban communities, water 

provides in urban and rural areas etc. area unit essential.  

The success of cleanup Ganga depends on its adequate 

designing. Success of the project depends on the identification 

of the foremost sources of the pollutions in Ganga and correct 

treatment of an equivalent to be created to prevent pollution 

within the stream. 

 Conclusion: 

This study is devoted to Ganga stream that is flow in northern 

Republic of India and it's a proud to Indian population. This 

study is triple-crown with analysis with previous study on the 

Ganga stream and here positive results to wash Ganga.  
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Abstract:  Nowadays with the speedy pace of technological 

transformation, (Waste Electrical and Electronic 

Equipment) WEEE is changing into a conspicuously rising 

challenge likewise as business chance across the world. It’s 

one in every of the quickest growing waste streams within 

the world. E-waste will have an adverse impact on human 

life and the global environment due to its improper handling 

and therefore the poor government legislation. In India, 

toxic-waste management assumes bigger significance not 

only due to the generation of its own e-waste, however due to 

the dumping of e-waste from developed countries. Because 

of poverty and inequality, lack of appropriate infrastructure 

and procedures for its disposal and recycling, India is 

becoming a global dumping ground for the African and 

Asian Counties.   The main objective of this paper is to 

review the present scenario of E-Scrap in India, like 

magnitude of the matter, health and environmental hazards, 

methodologies used for disposal and recycling, existing legal 

framework, concerned organizations and therefore the 

future perspective of the green Globe.  

Keywords: WEEE, E-Waste, Toxic Waste, E-Scrap, Green 

Globe. 

 

Introduction: 

"E-Waste", Electronic Scrap or "Waste Electrical and 

Electronic Equipment" (WEEE) may be a waste consisting of 

any broken or unwanted electrical or electronic appliance. The 

E-Waste is the extremely major problem and challenge across 

the planet. Throughout the last decade, it’s been assumed that 

the role of providing a forceful leverage to the socio - 

economic and technological growth of a developing 

Countries. The consequence of its client headed growth 

combined with speedy product degeneration and technological 

advances is a new big  environmental challenge. It is an 

emerging problem as well as a good business chance for the 

developing countries, increasing considerably and produces 

both the toxic and valuable materials in them.   

The ratio of the contents of the E-waste including iron, 

copper, aluminum, gold and other is over 60%, while plastics 

account for about 30% and the hazardous pollutants comprise 

only about 2.70% . The Poisonous – Waste is packed and 

shipped from developed countries into the developing 

countries within the name of trade likewise as by paying high 

value. The recycling of this waste creates disaster long-term 

health consequences of constantly being fuels and toxic 

chemicals.  As per the latest World Bank and Census 2011 

report (TimesofIndia - 19
th

 May 2011) 41.8% of total 

population is still below the poverty line due to the Inequality 

and most of them are involving themselves in such a risky and 

dangerous recycling operations of the E-Waste because that is 

a way to make their living. This paper highlights the 

associated issues and strategies to address this emerging 

problem, in the light of initiatives in India. The foremost 

major reason behind this growing challenge is the exponential 

growth within the international ICT developments. According 

to the Census report 2011, during the last decade (2001-2011), 

With 5.9 billion mobile-cellular subscriptions, Figure 1 shows 

the global penetration reaches 87% and 79% in the developed 

and developing world. And Mobile-broadband subscriptions 

have grown 45% annually over the last four years and 

nowadays these mobile, broadband as fixed broadband 

subscriptions are doubled.  

 
Figure 1: Source: http://www.itu.int/ict/statistics 

  

WHAT CONTRIBUTES TO E-WASTE?  
The growing convergence of data , communication and 

entertainment has given a replacement  impetus to the 

Electronics Hardware Sector that includes mainly of four sub-

sectors namely:  Industrial Electronics, Computers and 

peripherals, Communication and Broadcast Equipment and 

Strategic Electronics and Components. E-waste includes all 

types of electronic equipments that have become obsolete or 

are  discarded due to:  Advancement in technology, Changes 

in fashion, style, status or perception, nearing the end of their 

helpful life. Table 1 shows the different sources of the E-

Waste.  

  

Table 2: E-Waste Sources  

Sources of E-Waste  

Household  
Appliances  

Washing machines, Dryers,  
Refrigerators, Air-conditioners, Vacuum 

cleaners, Coffee  

Machines, Toasters, Irons etc.  

Office, Information  

& Communication  

Equipments 

PC’s, Laptops, Mobiles, Telephones, Fax 

Machines, Copiers, Printers etc.  
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Entertainment &  

Consumer  

Electronics  

Televisions, VCR/DVD/CD  

players, Hi-Fi sets, Radios, etc  

Lighting  

Equipment  

Fluorescent tubes, sodium lamps etc. (Except: 

Bulbs, Halogen Bulbs)  

Electric and  
Electronic Tools  

\Drills, Electric saws, Sewing Machines, Lawn 
Mowers etc. (Except: large stationary 

tools/machines)  

Toys, Leisure,  

Sports and  

Recreational  
Equipment  

Electric train sets, coin slot machines, 
treadmills etc.  

Imports  
\Developed Countries (i.e. US,  

UE etc.)  

  

 
Figure 1: Magnitude of e-waste: across the globe: 

 

 

In step with a report by UNEP titled, "Recycling - from E-

Waste to Resources," e-waste generation and its exponential 

growth rate impart data and statistics that had to be analyzed 

by people across the world. Fifty million tons of E-waste is 

produced each year and the amount of e-waste being made - 

including mobile phones and PC’s – might rise by maximum 

amount as 500 percent over ensuing decade in some countries, 

like India.   

 

 MAGNITUDE OF E-WASTE: 

INTERNATIONAL The U.S. is the world leader in 

manufacturing electronic waste, moving away regarding three 

million tons annually. China already produces regarding a pair 

of.3 million tons (2010 estimate) domestically, second only to 

the U.S.. Despite having illegal e-waste imports, India and 

China remains a a serious e-waste merchandising ground for 

developed countries. Environmental Protection Agency 

estimates that solely 15-20% of e-waste is recycled, the 

remaining of these electronics go directly into landfills and it 

will result in the leach of lead into the bottom water inflicting 

issues to the human health.  Electrical waste contains 

hazardous however conjointly valuable and scarce materials. 

Till 60 elements can be found in complex electronics. In the 

U.S., an estimated 70% of heavy metals in landfills generally 

comes from discarded electronics.   

 In USA, it accounts 1% to 3% of the overall 

municipal waste generation.  

 In European Union (EU), e-waste is growing thrice 

quicker than average annual municipal solid waste generation. 

A recent supply estimates that total quantity of e-waste 

generation in EU ranges from 5 to 7 million tons per annum or 

about 14 to 15 kg per capita and is expected to grow at a rate 

of 3% to 5% annually.  

 

 
   

MAGNITUDE OF E-WASTE: INDIA  

Studies thus far reveal that the overall e-waste generation in 

India is approximately 1, 46,180 tons to 3.3 lakh tons per year 

and is expected to touch 4 to 5 lakh tons by 2011 and is 

expected to grow at 10-15% per year. Of theoverall ewaste 

generated within the country, western India accounts for the 

biggest population at 35%, whereas the southern, northern and 

eastern regions account for 30%, 21% and 14%, respectively.   

 Sixty-five cities in India generate more than 60% of 

the total e-waste generated in India.  

 The highest 10 states generates 70% of e-waste in 

India  in order of highest contribution to waste electrical and 

electronic equipment (WEEE) which includes the 

Maharashtra, Tamil Nadu, Andhra Pradesh, Uttar Pradesh, 

West Bengal, Delhi, Karnataka, Gujarat, Madhya Pradesh and 

Punjab. 

  Figure 2 shows the state-wise E-Waste generation in 

India (tons / year).   

 
Figure 2: Source: 

http://www.cpcb.nic.in/docs/EWasteGuidelines-

2007/Frontpage1.pdf  
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 According to a study on e-waste assessment 

conducted  jointly by MAIT and the German government’s 

sustainable development body GTZ, in April 2010, The total 

quantities of generated e-waste in India, during 2007, was 

3,32,979 Metric Tons (MT).and estimated import of e-waste 

was about 50,000 tons. Out of which 1, 44,143 tones was 

available for recycling, but only 19,000 tons was actually 

recycled.  

 India imports nearly 50,000 tons of e-waste yearly.  

  

 E-SCRAP RECYCLING: INDIA  

Due to the recommendations of the ‘Principal Director of 

Audit, Scientific Department, New Delhi’ on the Performance 

Audit Report on ‘Management of Waste in India’, Ministry of 

Environment & Forests (MoEF), made a committee to evolve 

‘Road Map’ for Management of Wastes as well as E-waste 

Management within the Country.  

 As per info. of Central Pollution Control Board 

(CPCB), there are 36,165 industries in our country generating 

about 6.2 million Metric Ton (MT) of hazardous waste per 

anum, of which Land fillable waste is 2.7 million MT 

(49.55%), incinerable 0.41 million MT (6.67%) and 

Recyclable Hazardous Waste 3.08 million MT (43.78%).  

 Only 19 % of total waste has been recycled by the 

formal Sectors and the rest of the E-Waste directly goes to the 

informal sectors.   

  

Due to lack of awareness, the workers are risking their life 

and the environment as well. The valuable fractions are 

processed to directly reusable components and to secondary 

raw materials in a variety of refining and conditioning 

processes. No subtle machinery or personal protective things 

like Masks or Glove is employed for the extraction of 

different materials. All the work is finished by bare hands and 

solely with the help of hammers and screwdrivers. Despite of 

men, women and children are also routinely involved fort 

these work. Waste elements that does not have any resale or 

reuse value are openly burnt or disposed off in open dump 

areas. Pollution issues related with such backyard smelting 

using crude processes are resulting in fugitive emissions and 

slag containing heavy metals which result in health related 

problems.   

 

 

 
       2007              2008              2009              2010             

2011             2012              2013 

Value* of electronic hardware production in India 

 

 IMPACT ON HEALTH   

Electronic wastes will cause widespread Health injury due to 

the emissions of toxic materials, poisonous gases and water 

that is polluted. It contains many valuable as well as harmful 

components: Valuable components embody precious metals 

such as gold, silver, copper, palladium, etc and Harmful 

substances like lead, cadmium, mercury, beryllium, BFR, 

polyvinyl chloride and phosphor compounds and hexavalent 

chromium in one form or the other ,are present in such wastes 

that produces several kind of diseases and pollution with 

health issues. According to N.M. Taphani, Regional Officer, 

Pollution Control Board, this Electronic Waste is extremely 

dangerous for environment and hence shouldn’t be disposed 

with the regular garbage. The Ministry of Environment and 

Forests (MoEF) of the Government of India has developed a 

special guide for these problems and problems created by 

EWaste. However, the workgroup for these divisions are 

presently functional only in Bangalore, Mumbai and capital of 

india. Whereas the density of e-waste within a country is on 

the increament, at present there’s no well equipped e-waste 

recycling plant in India, so only the informal strategies has 

been accustomed to dispose the e-wastes. Table 2 explain the 

different toxic constituents available in E-waste and their 

impact on the health in the form of various diseases.  

 

 IMPACT ON ENVIRONMENT  

Electronic wastes will cause widespread environmental injury 

due to the emissions of harmful(toxic) materials, poisonous 

gases and the contaminated water.   

 India is known as the third biggest greenhouse gas 

emitter with its contribution standing at 5.3 percent behind 

countries like China and the USA, the Govt. mentioned in 

LokSabha on August 22, 2011. "regarding the  current 

information available, the countries which are the biggest 

contributor in the form of percentage term regarding 

greenhouse gas emissions are China 19.5 %, United States of 

America 19.2 %, India 5.3 %, Russia 5.1 %, Japan 3.6 % and 

Germany 2.6 % ," Environment Minister Jayanthi Natarajan 

mentioned.  

 India Today has done survey and resulted that on , 

November 30, 2011 the national ambient air quality standards 

are the normal annual average for PM10 is 60 microgram per 

cubic meter. Since last three years, PM10 in Delhi rise up 

from 198 in 2008 to 243 in 2009 and 259 in 2010 year. Also 

the  cities surrounding Delhi such as Faridabad and Meerut, 

air quality is monitored, observed an increase in PM10 levels .  

The data Available shows that the major concerns for human 

health from exposure to PM10 include respiratory problems , 

damage to lung tissues, heart diseases, and even cancer, and 

premature death. Ironically, other metros appear to have a 

much cleaner ambient air as compared to Delhi. The Mumbai 

has an annual PM10 average of 94 while Kolkata has 98 and 

Chennai has  59 PM10. All The three metros have seen a 

marginal decrease in PM10 levels as compared to the last two 

years. Even the other cities have seen a decrease in PM10 

levels in 2010 as compared to the last year which includes 

Agra, Bangalore, Pune as well as Surat. The only cities to 

have PM10 levels among the national standards are Kochi 

(36), Madurai (47) and Chennai (Madras) 

(59).  
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THE PROSPECT FOR FUTURE EMISSIONS   

World greenhouse gas emissions are expected to gradually 

increase by 1.9 percent per anum between 2001 and 2025. A 

lot  of the increase within these emissions is expected to occur 

in the developing world where rising economies, such as 

China and India, fuel economic development with fossil 

energy.The countries which are developing have their 

emissions expected to grow above the average of the world at 

2.7 percent annually between 2001 and 2025; and surpass 

emissions of industrialized countries close to 2018. The U.S. 

produces lump sum 25 percent of global carbon dioxide by 

burning fossil fuels; primarily as our economy is the largest in 

the world and we meet 85 percent of our energy needs by 

burning fossil fuels. The U.S. is projected to lower its carbon 

intensity by 25 % from 2001 to 2025, and to stay  below the  

average of the world scenerio.    

  

 E-SCRAP STRATEGIES: IN INDIA  

Recycling and reuse of fabric are the next level of potential 

choice to minimise the  e-waste. Recovery of metals, plastic, 

glass and different materials reduces the magnitude of e-

waste.   It’s time that the manufactures, consumers, regulators, 

municipal authorities, state governments, and policy makers 

take up this  matter as serious, so that the various important 

parts represented in Figure 3 is addressed in an integrated 

manner. Sustainability of e-waste management systems should 

be ensured by improving the effectiveness of collection and 

recycling systems available.  

  
Figure 3: Source: 

http://www.swlf.ait.ac.th/UpdData/International/NRIs/Electro

nic%20waste%20management%20in%20India.pdf  

 

The Policy shall address all problems starting from production 

and trade to final disposal, as well as technology transfers for 

the recycling of electronic waste. Clear regulatory 

instruments, adequate to control both legal and illegal exports 

and imports of e-wastes and ensuring their environmentally 

capable management should be in place. The law should 

prohibit the disposal of e-wastes in municipal landfills and 

motivate owners and generators of e-wastes for  proper 

recycling the wastes. Manufactures of products should be 

created financially, physically and legally responsible for their 

products. A public-private democratic forum (E Waste 

Agency) of deciding and downside resolution in Ewaste 

management should be developed. . this might be a unit 

comprising regulative Agencies, NGOs, trade Associations, 

specialists etc. to stay pace with the temporal and spatial  

changes in structure and content of E-waste. This unit is the 

feedback providing mechanism to the govt that may 

sporadically review the present rules, plans and methods for 

E-waste management. The efforts to enhance the case through 

laws, although a very important step area unit typically solely 

with modesty effective attributable to the dearth of social 

control. whereas there has been some progress created during 

this direction below the pressure of NGO’s like inexperienced 

piece and with the support of agencies akin to GTZ, the govt 

within the method of functioning and drafting the methods 

and polices that create harder to bring all the E-Wastes. The 

social control of laws is commonly weak thanks to lack of 

resources and underdeveloped legal systems. Penalties for 

non- compliance and targets for assortment or exercise area 

unit typically accustomed guarantee compliance. 

  

CORRESPONDING RULES:  
E-waste Rules are notified  by the Ministry of Environment 

and Forests (MoEF), Government of India, on the May 12, 

2011. The Rules and principles  have acquire result from the 

May 1, 2012. the principles are applied to each producer, 

client or bulk client concerned within the manufacture, sale, 

and buy and process of electrical and equipment or elements, 

assortment centre, dismantler and recyclers of e-waste. These 

rules ought to be apply to every collection centre, dismantler, 

and recycler of e-waste and shall not apply to   

 Batteries as covered under the batteries rules 2001  

 Micro, tiny and medium enterprises act 2006 (27 of 

2006) and   

 Radioactive waste as lined below the provision of 

atomic energy act 1962(33 of 1962)  

  

 

 RECOMMENDATIONS  

The management of E- waste is also obsessed at 3 levels, viz. 

Legislative, body and Technical measures.   

 There’s an immediate need for strengthening the 

legislative frame work and creating them more stringent. This 

might be done by introducing specific rules/law governing the 

reuse and recycle like  as final disposal of e-waste. Lack of 

tight regulations and awareness, makes dumping a best  

destination for E-waste.   

  Producers of the electronics/electrical equipments 

must be made responsible for end of life management of 

electrical/electronic products. Producers ought to be 

rulebound to take back their products.   

 After the end of product life  and to get it 

recycled/disposed in an environmentally safe manner without 

at any health risk.  

 Amendments to the HW (M,H &T) Rules should be 

created to bring SEZ areas below its extent so as to prevent 

dumping of e-wastes in SEZs.   

 Import of CRT should be banned. A mechanism 

should be established for regulating charity goods and its 

route to its meant destination. Import of equipment should be 

permitted only if new.   

 A comprehensive national inventorization of E-waste 

must  be undertaken on a priority basis.   

 The key to effective E-waste management is an 

efficient collection mechanism of the e-waste. The producers 

of electronic equipment may be mandated to own a 

centralized facility together with a big network for e-waste 

collection of their brand, as extended producer responsibility.   
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 There is a requirement to strengthen the 

infrastructure for management of E-waste at CPCB and SPCB 

level. Development of human, financial and technological 

resources is the necessity of the hour.   

 A core group should be made for management of E-

waste including representatives from MoEF, CPCB SPCB, 

Ministry of Information Technology,  

Manufacturers Associations with few committed NGOs.   

 Testing/Scanning procedure for goods at high sea should be 

established. Port Authority/Customs capability in terms of 

scanning of products at high seas should be enlarged. 

 Success stories of international practices got to be 

analyzed and adopted as per the requirement of the country 

for quick and efficient management of E-Waste.   

  Use of Hazardous substances like Cadmium, 

Mercury, Lead and PCB ought to be reduced with raw 

substance substitution within a given time interval. This being 

a nonstop activity, info must be collected, updated and 

disseminated on a everyday basis.   

 The concept of eco-labeling of electronic products 

needs to be introduced so that consumers can choose to buy 

electronic goods that cause less pollution and which are more 

environment friendly. BIS may be asked to fix these 

criteria/standards.   

 There is a need to have more R & D projects on 

recovery of precious and non ferrous metals in an 

environmental friendly manner.   

 Establishment of a model eco-friendly recycling unit 

integrating all aspects of disassembly and recovery of metals 

and different material is mandated either within the private or 

public sector for understanding various nuances of recycling 

and pollution management and publicize identical. 

  

 ORGANIZATIONAL INVOLVEMENT IN 

INDIA To tackle the Large challenge and convert it into the 

employment chance, Government, NGO’s and varied personal 

organizations trying forward and take initiatives towards this 

direction. The Cerebra Integrated Technology Ltd. (BSE: 

532413),  India’s leading total It solution provider announced 

on 31 August 2010 in Mumbai to setup its unit at Bangalore 

as India’s largest recycling unit with Cemelia Resource 

Recovery Pvt. Ltd. offering environmental restoration solution 

for the electronic, electrical and equip firm. The company will 

be investing Rs. 50 Crore for the proposal unit and aim to 

achieve a organisation  turnover of Rs. 250 Crore in FY 2013 

with a profit percent of 25%. Wipro: The environmentalist 

organization Greenpeace International last September dumped 

some 500 kilograms of electronic waste outside of Wipro’s 

Bangalore headquarters. The activists said that they had 

collected the scrapped Wiprobranded computers from 

recycling yards in Delhi, Bangalore and Chennai. Trishyiraya 

Recycling India Private Limited: TPL is a totally owned 

Indian subsidiary of SIMS Recycling Solutions. SIMS group 

is a USD 8.0 billion corporation having facilities in over 200 

locations across the world. Radha trade (world’s largest and 

quickest growing manufacturing industry - Radha, 2002; DIT, 

2003) HCL, Tata Teleservices, HP and Nokia and plenty of 

different organization are coming up with.  

 

 E-SCRAP FUTURE PROSPECT IN INDIA:   
E-waste, with the speedy scientific progress has been created  

and new frontiers reached with the arrival of the twenty first 

century. Progress has brought with it some issues, viz. big 

quantities of Non-Decomposable Electronic Dump/Wastage; 

this is acquiring monstrous proportions. With regard  to a 

study by the government of India, it’s been found that the 

amount of E waste in the country is growing at 10-15% 

annually  and 95% of it will  yourself end up in urban slums – 

434000 metric tons. According to a new UN report released in 

Bali, Indonesia by 2020, India’s ewaste from old computers 

will jump 500% from 2007 levels, whereas South Africa and 

China will witness a 200-400% rise in computer-related 

waste. The quickly growing mobile telecom in India can  take 

its toll by 2020 once e-waste from discarded phones can  grow 

18 times from 2007 levels, a period during which China is 

estimated to see a seven-fold rise in the electronic waste from 

mobile phones and as result India becoming a worldwide 

dumping ground.  

 According to Central Pollution Control Board during 2005, 

1.347 lakh MT of e-waste was generated within the country . 

that is anticipated to extend to regarding 8.0 lakh MT by 

2012.Considering the expansion rate, the degree of e-waste 

will reach nearly 0.7 million MT by 2015 and 2 million MT 

by 2025.  Figure 4 shows the Estimated Growth of E-Waste in 

India.  

  

Figure 4: Source: http://www.cpcb.nic.in  

  

 FUTURE PROSPECT OF THE GREEN GLOBE 

UN environmental conference in Cartagena, Colombia, 

attended by more than 170 countries in October 2011, has in 

agreement to accelerate a worldwide ban on the export of 

hazardous waste including that sent for recycling, from 

leaving wealthy countries destined for developing countries.  

  

CONCLUSION  

India is able to  play a leadership role on the worldwide stage 

and can emerge as the third largest economy within the world 

after the US and China. Despite a booming economy, India 

ranks poorly on economic condition. Thus India need to 

catch-up in various areas and also need an urgent approach to 

manage the e-waste hazard by technical and policy-level 

interventions, implementation and capacity building and 

increase in public awareness such that it will convert this 

challenge into an opportunity to indicate the world that India 

is prepared to agitate future issues and might set international 

credible standards regarding environmental and health 

problems.   
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Table 3: Source: http://www.ces.iisc.ernet.in/energy/paper/ewaste/ewaste.h tml  

 

Toxic Elements in Electronic Devices and its Impact health  

Components  Toxic   

Constituents  

Effect   

Cathode ray  

Tubes (CRTs)  

/TV  

Lead oxide and cadmium  

And Barium  

(be)  

disabilities, behavioral problems, seizures, coma and even 

death , central and peripheral nervous systems, hemopoietic 

system, genitourinary system, reproductive systems (male and 

female).  

Heart, spleen and Muscle weakness  

Batteries  

(Automotive/Alka 

line/ Button /Nickel-

Cadmium  

Rechargeable/ 

Lithium/ computer)  

Lead-Acid, mercury,  

sulfuric acid, cadmium, poly  

Vinyl  

Chloride(PVC)  

Skin burn, skin allergy, inhaled or ingested, Cancer , fetus, 

neural damage, blood  

system and kidney damage, liver   

Old Refrigerators,  

Heat Pumps and  

Air Conditioners  

Freon, a chemical known as a 

Chlorinated  

Fluorocarbon  

Each molecule of a CFC can destroy over 100,000 molecules 

of the earth’s protective ozone coating , leading increased risk 

of and sunburn, cataracts and skin cancer  

Motor Oil  Toxic oxide  One quart of oil can kill fish in thousands of gallons of water  

Printed Circuit  

Board  

Lead and  

Cadmium  

Skin burn, blood system and kidney damage  

Capacitors and  

Transformers  

Poly  

Chlorinated  

Biphenyls  

inhaled or ingested  

Wires Burning  Dioxins,  

Bromine  

Inhaled or ingested, air pollution, poisonous co2  
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Table 4: explain authorities and their duties regarding EWaste 

Ministry of Environment and forests, 

under the  

Environment  

i. Identification of hazardous wastes as per Rule 3 ii. Permission 

to exporters as per rule 14(3)  

(protection) Act, 1986  iii. Permission to importers as per Rule 13(3)  

Central Pollution Control Board constituted 

under the Water (Prevention and  

Control of Pollution)  

Act, 1974  

i. Coordinate activities of the State Pollution Control Boards and 

ensure implementations of the conditions of imports ii. To Monitor 

the compliance of the conditions of authorization, import and 

export.  

iii. Conduct training courses for authorities dealing with 

management of hazardous  

wastes  

iv. Recommend standards for treatment, disposal of waste, 

leachate and specifications of materials  

v. Recommend procedures for characterization of hazardous 

wastes  

State Pollution Control Boards constituted 

under the Water  

(Prevention and Control of Pollution) Act, 

1974  

i. Grant and renew authorization under rule 5(4) and rule 8  

ii. Monitor the compliance of the various provisions and 

conditions of authorization iii. Forward the application for imports 

by importers as per rule 13(1) iv. To review matters referring to 

identification and notification of disposal sites  

Directorate General of Foreign Trade 

constituted under the  

Foreign Trade  

(Development & regulation) Act 1992  

i. Grant license as per rule 13(5)  

ii. Refuse license for hazardous wastes prohibited for imports 

under the  

Environment (protection) Act,  

1986  

Port Authorities and Customs Authorities 

under the customs Act,  

1962  

i. Verify the documents as per rule 13(6)  

ii. Inform the ministry of Environment and Forests, Govt. of 

India of any illegal traffic as per rule 15 iii. Analyze wastes 

permitted for imports and exports iv. Train officials on the 

provisions of the Harmful Wastes Rules and in analysis of 

hazardous wastes .  
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Abstract: Damage to the Modern high voltage transmission 

limes due to Environmental Pollution is well recognized 

drawback in power system engineering. The damage can 

take several forms , most important of  all is the degradation 

of the Insulators .This paper describes the various pollution 

types that are responsible for pollution flashover and how 

different types of Insulating materials were used to 

overcome the difficulty related to the environmental 

pollution with remedial measures to be taken while working 

with insulators under contaminated environment , because 

the high voltage insulators are the important part of the high 

voltage transmission lines in a country which is going to 

develop UHV power transmission lines. 

Keywords: EHV/ UHV, ESDD, IEC 

 

1. Introduction 

In recent years demand of electricity has 

enlargedsignificantly.Reliability of Modern Extra High 

Voltageand Ultra high voltage Power transmissionsystem 

hasbeen severely affected by Pollution Induced Flash 

overwhich occurs atNominal operating Voltage .Insulation 

design for EHV/ UHV systems isbased on lightning, switching 

overvoltageand also on contamination. Pollutionis one ofthe 

main causes of contamination with arcing within the 

insulators[1] .Thedielectricbegins to fail when the pollutants 

that existin the air willsettle on the surface of the insulators 

anddegrade thesurface of the insulators by making it 

lesshydrophobic. The pollution with humidity of fog,rain and 

dew forms a layer on the insulator’s surface which become 

conducting and facilitates the short circuit to occur .Thus,the 

electrical utility  get affected until there is an adequate 

cleaning or maintenance . In other words ,the electrical 

characteristics gets severely affected degrading the insulators 

performance .Therefore, electrical companies should prevent 

the interruption of the service ,produced by contaminated 

insulators with their performance under polluted environment 

is one of the guiding factors for insulation coordination of high 

voltage transmission lines [3]. These flashovers can create line 

power outages for long durations .The problem of flashover 

with contamination was recognized in the past decades with 

most of the studies and research going today to improve the 

types of insulator’s and materials in insulators manufacturing 

units with the development of high voltage laboratories in 

India and around the world.The possibility of insulator’s 

flashover depends on the type of pollution and the time to 

which the insulators are subjected. During the last few 

years,significant change in the environmental conditions as 

well as industrial developments in various regions contributed 

to more contaminations, which could largely affect the high 

voltage power line insulators. Investigation of such issues 

getting really important for reliable performance of the Power 

Transmission lines. 

 

2. Types of Pollution 

 

The severity of flashover depends on Different types of 

contamination and the source of pollution. An increase in the 

pollution increases the leakage current on the surface of 

insulator for a much probable flashover .The mechanism of 

pollution of insulators mainly governed by  gravity ,wind 

forces ,electrostatic forces,humidity , PM size and chemical 

properties of the insulators . 

 

The following are the types of pollution affecting the 

insulators: 

 
Contaminant Source of Pollution  

 

 

Salt 

 Coastal areas 

 Salt industries 

 Salt from snow melting inHilly 

Terrain. 

 

Cement 

 Cement Plants  

 Construction sites 

 

Fertilizers 

 Fertilizer plants 

 Fertilizers used in cultivated fields. 

 

Metallic 

 Mining  process 

 Mineral handling process  

 

Coal  

 Coalmining process 

 Coal handling Process 

 Coal burning/Brick kiln areas 

 

Defecation   Roosts of Birds 

 

Smog 

 Automobileemissions at  

Highwaysand crossings. 

 Diesel engine emissions at railway 
yards.  

 

 

Smoke 

 Wild fire  

 Industrial burning 

 Agricultural burning 

Table 1: Types of Pollution with their sources [2] 

 

The three main types of the pollutions are highlighted in this 

paper that are: 

 

A. Marine pollution: 

 

The insulators near the marine environment may get 

deteriorated due to the salted dew of the morning in these 

coastal zones. Thus, forming a layer on the surface of the 

insulators.With heat production internal to the insulators or by 

temperature rise of the place, the salt deposition with 
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evaporation of dew occurs on the surface. The layer become 

conducting under humid and rainy weather giving rise to 

flashover of the strings of insulators [2].The severity of 

pollution can be quantified in terms of the Equivalent Salt 

Deposition density (ESDD) in mg/ .  

 

The following table represents the insulator leakage distance 

to avoid flashover According to the IEC 60815 Standards:  

 

ESDD (mg/ ) Site severity based 

on pollution 

Leakage distance  

(inch / ) 

1.  < 0.01 Very light  0.87 

2. 0.01 – 0.04 Light 1.09 

3. 0.04- 0.15  Medium 1.37 

4. 0.15 – 0.40 Heavy 1.70 

5. > 0.40  Very heavy  2.11 

            Table 2: Pollution severity based on ESDD [7] 

 

B. Industrial Pollution: 

 

Now a days ,Environmental pollution become severe with 

industrial revolution  .The emission of pollutants form 

metallurgical, Electric power generating,oil refineries ,cement 

and fertilizer manufacturing industries gets deposited as a 

layer on the insulators surface due to wind, weight and 

electrostatic fields. The typical contaminant sources are smoke 

from agricultural waste, industrial burning, fossil fuels,also the 

dust from different industries. 

 

C. Desert pollution: 

 

In deserts, the insulators are being subjected to the 

contamination from the sand. The predominant pollution 

contents are sand and salty dust in the dry atmosphere. Sand 

storms can cause insulator material erosion. Thus high speed 

winds in the deserts can be considered a major source of 

contamination to the insulators to the nearby areas. 

 

3. Mechanism of Pollution flashover 

 

The pollutants get deposited on the surface of insulators over 

time from   various sources of contamination discussed 

above.During wet conditions such as fog, due, mist and light 

rain the surface of the insulators become conductingwith 

leakage current starts flowing to the ground. Non-uniform heat 

generation over the string causes non uniform drying with wet 

and dry band formations due to non-uniform pollutant 

deposition. The inception of the partial arcs called 

scintillations elongates along the insulators string giving rise 

to the complete flashover. 

 

4. Remedial measures  

 

The effect of the pollution gets reduced with some measures to 

be taken care while working with the insulators such as: 

 Coating: silicone grease, resistive glaze. 

 Live line washing for insulators with substation 

equipment’s. 

 Telescope boom insulator washers are to be used to 

clean insulators before monsoon season. 

 Extension of pin of insulators along the surface 

without sacrificing air clearance and creep age.  

 Special design using different materials that are less 

prone to pollution flashover like Polymer/Non-ceramic 

Insulator (NCI),Ethylene Propylene di-monomer (EPDM), 

Glass instead of ceramics. 

 Development of a novel field control element to 

improve pollution flashover of insulators. 

 

5. Types of insulators used with working experience: 

 

Over the period of time since 1960’s lot of work have been 

done in the field to avoid the problem of pollution flashover 

with ceramic insulators. Three major types of insulators have 

been in service to ensure the reliability of electric supply 

which is discussed below: 

 

A. Ceramic Insulators: 

 

These types of insulators were used since 1830’s have high 

degree of standardization with fairly stable electrical and 

mechanical strength. 

 

Porcelain constitutes quartz and kaolin of first quality. 

Theses insulators are much largely affected by the 

environmental pollution such as: 

 

6. Elimination of the pollution sources 

 

 Burning of agricultural waste. 

 Brick kilns smoke and dust accumulation. 

 Bird dropping on insulators surface. 

 

 
Figure 1: Ceramic insulators [6] 

 

B. Glass Insulators: 

 

In India few of the transmission lines are employed with these 

types of insulators. They are good for remote areas having 

good contamination performance due to self-cleaning 

property. 
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Figure 2: Glass insulators[6] 

 

C. Non Ceramic Insulators: 

 

They are in service since 1960’s used or all transmission 

voltage levels have strong tension but low degree of 

standardization. These types of insulators have a much 

promising performance in case of environmental pollution but 

with mold growth because they get dirty due to strong electric 

field thus becoming low hydrophobic. Bird’s droppings can 

damage the polymer rubber of insulators. 

They have more resistive heating to dry the contaminated 

layer. Contamination flashover performance of NCI insulators 

is far better than the porcelain and EPDM insulators.  

 
                Figure 3: polymer insulators [6] 

 

Research has been going on in the direction to reduce the 

environmental pollution.It is difficult to control and reduce the 

pollution sources such as dessert, marine but the industrial 

pollution can be reduced to a significant limit so as to get a 

better and much reliable environment for the human 

development. 

 

7. Discussion 

 

Reduction in pollution flashover of the insulators depends on: 

type of pollution, types of insulators, and their maintenance. 

Better designs of the insulators using best materials are 

necessary to improve their contamination performance.The 

physical location of the place also affects the insulator 

performance under contamination which varies from place to 

place. Weather conditions of a place also influence in a very 

important way on the growth of the pollution levels in a 

region. Insulators performance significantly changesin the 

severe environmental conditions.  

 

With the development of UHV power transmission networks 

in the country it’s important to study, research and develop the 

insulators for best reliable and economical solution to the 

environmental pollution flashover of insulators. 
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Abstract : Agriculture played a crucial role in the Indian 

economy. It has been the back bone of our economic system. 

It is the major source of food and raw materials but also 

employment opportunities to a very large proportion of 

population. Our 70- 80% of population works under 

Agriculture but not sharing main role in GDP. The 

changing scenario of agriculture in Jabalpur district has 

been studied. The study revealed that agriculture land use is 

decreasing day by day due to various factors like population 

growth, usage of land of agriculture for commercial, 

residential, transportation and recreation purposes. The 

impact of use of chemical fertilizer from 2001 to 2015-16 

has been discussed. Overall crop production has been 

increased in Jabalpur due to wide use of chemical fertilizers, 

various technological inputs like form machinery, use of 

HYV seeds, farmer education, positive role of media, Govt. 

Policies, good irrigation facility. 

Keywords : GDP, agricultural geography 

 

Introduction 

Agricultural geography is one of the most highly developed 

branches of economic geography. Now a day's many 

geographers and economists give attention to study of land 

use efficiency in India and abroad. Agricultural productivity is 

largely depending upon the land use efficiency, so it plays an 

important role in the study of agricultural geography. Land 

use efficiency is defined as the extent to which the net area 

sown has been cropped or resown. The total cropped area or 

gross area sown as percentage to net area sown gives a 

measure of land use efficiency, which really means the 

intensity of cropping. 

Agricultural productivity is largely depending upon the land 

use efficiency. It is generally believed that the land use 

efficiency reflects itself in the yield and the yield figure has 

been used as the quantitative basis for the measurement of 

agricultural efficiency. Land use efficiency is largely depends 

upon fertility of soil, technological development, availability 

of irrigational facilities, use of chemical fertilizers and socio-

economic-condition of farmers in the study region. 

The Study Region 

Jabalpur district is selected for present study purpose. Jabalpur 

District is a district of Madhya Pradesh state in central India. 

The city of Jabalpur is the administrative headquarters of the 

district. The district is   is located at 23°10′N 79°57′E / 

23.17°N 79.95°E. The central point of India is located in 

Jabalpur district. It has an average elevation of 411 metres 

(1348 ft)The area of the district is 5,198  km² with of 

population 2,167,469 (2001 census). Jabalpur District is 

located in the Mahakoshalregion of Madhya Pradesh, on the 

divide between the watersheds of Narmada and the Son, but 

mostly within the valley of the Narmada, which here runs 

through the famous gorge known as the Marble rocks, and 

falls 30 ft. over a rocky ledge (the Dhuan dhar, or misty shoot 

). It consists of a long narrow plain running north-east and 

south-west, and shut in on all sides by highlands. This plain, 

which forms an offshoot from the great valley of the 

Narmada, is covered in its western and southern portions by a 

rich alluvial deposit of black cotton-soil. At Jabalpur city the 

soil is black cotton soil, and water plentiful near the surface. 

The north and east belong to basin of the Son River, a 

tributary of the Ganges and Yamuna, the south and west to the 

Narmada basin. The district is traversed by the main railway 

from Mumbai to Kolkata, and by branches of two other lines 

which meet at Katni junction. As of 2011 it is the second most 

populous district of Madhya Pradesh (out of 50), after Indore.  

Location Map of Jabalpur District 

 

 

Results and Discussion 

The Table 1 reveals that the production of all food crops like 

Rice, Weat, Jawar, Maize increasing year by year with usage 

of chemical fertilizer. The graphical representation is shown 

in figure 1. 

    

 

India Madhya Pradesh 
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 Table -1: Average Crop Yield Information 

Year Rice weat Jawar Maize Gram 

2007 1367 2205 1329 880 2550 

2008 1367 2205 1365 1015 3060 

2009 1370 2210 1370 1020 3065 

2010 1377 2217 1377 1027 3072 

2011 1248 2952 2440 1335 769 

2012 2050 3250 2300 2300 1170 

2013 3649 3825 2545 2800 1500 

2014 3500 3300 1651 2600 1168 

2015 3600 3077 2600 2700 724 

 

 

Figure: The distribution average Yield of various crops in Jabalpur during 2007-2015. 

Source: - District statistical hand book Jabalpur 
 

From the table 2, It can seen that in the year 2000-01the use of 

chemical fertilizer was 19484 metric ton for the area of 

127500. This area as well as quantity of fertilizer is increased. 

This leds to drametically high yield in various crops but at the 

same time they are harzardious for people as wel as 

enviorment. 

 

 

 

 

 

 

Table-2 Usage of Chemical Fertilizer 

Year Chemical Fertilizer (hectare/ metric 

ton) 

Area Quantity 

2000-01 127500 19484 

20005-06 131700 20300 

2010-2011 262360 83214 

2013-14 233576 123516 

 

 

Conclusion: 

The overall crop production has been enhanced due to wide 

usage of chemical fertilizers but its negative impact is more 

on agricultural farm workers because they are directly in 

contact with the use of it. Other than the Impact through food 

commodities is also influence on our environment. Pesticides 

can contaminate soil, water, turf, and other vegetation. 

Surface water contamination is also contaminated by use of 

chemical fertilizer. Pesticides can reach surface water through 

runoff from treated plants and soil. Contamination of water by 

pesticides is widespread. Groundwater pollution due to 

pesticides is a worldwide problem, so appropriate steps should 

be taken by the policy makers to minimise these negative 

impact due to chemical fertilizers and use biochemical 

fertilizer should be promoted at large scale to built 

environment green 
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Abstract : Millions of people using plastic bags for carrying 

goods, food items and many  other things. People use plastic 

bags because they are cheaper in cost. Due to non-

biodegradable nature they cause hazardous negative impact 

on the environment. Disposal of plastic waste which are 

major cause of environment pollution becomes carcinogenic 

to human, birth defects, impaired immunity, endocrine 

disruption, development and reproductive effect. In addition 

to dumping of plastic material into marine, a large number 

of species are known to be harmed or killed which could 

jeopardize their survival, especially since many are already 

endangered by other forms of anthropogenic activities. 

Creating public awareness on the importance of healthy 

environment, mechanism of controlling the generation of 

wastes at the source, alternative disposal ways, establishing 

additional drop-off-areas (land fills) and incineration 

mechanisms, plastic recycling facilities are also 

recommended. 

Keywords: Plastic goods, hazardous plastic waste, 

anthropogenic activities. 

Introduction 

 The word plastic is comes form the greek word 

„plasticos‟ meaning molded or able to be shaped shape by 

heat. Plastic that are made up of polymers having only linear 

C atoms in their long chains. e.g.: poly propylene, poly 

ethene. 

Plastics are a range of synthetic or semi-synthetic 

polymerization products that can be molded into a permanent 

object having the property of plasticity. Plastic are found 

extensive industrial applications. Plastics having a variety of 

properties are available at present. They have low specific 

gravities, ease of fabrication, resistance to low thermal and 

electrical conductivities. Many plastics can take range of 

colour to enable them useful for decorative purposes. 

Plastic materials dumped into the earth prevent the production 

of nutrients in the soil. Because of this, the fertility of the soil 

is reduced and affects the agriculture sector. When its 

persistence in the environment can do great harm. It causes 

immune and enzyme disorders, hormonal disruption leading 

to endocrinal disorders and even infertility and is also 

considered as carcinogenic (cancer). Not only human health, it 

dangerously effects other animal life and alters the 

environment (air & water) sustainability causing hazardous 

pollution. 

Classification 

Plastics can divided into two general categories and they are 

1.Thermoplastics and 2. Thermosetting plastics 

1. Thermoplastics: Thermoplastics have either linear or 

branched structure and can be amorphous or semicrystalline 

materials. Polymeric chains are held together by weak vander 

waal's forces or dipole-dipole forces or hydrogen bonding and 

hence do not have cross-links. Thermoplastic soften on 

heating and harden on cooling because of weak vander waal's 

forces. These plastics can remoulded, reshaped and reused. 

Thermoplastics can be reclaimed from waste .examples for 

thermoplastic are cellulose derivatives, polyamides, 

polystyrene, polyvinyls, polyethylenes,etc. 

2.Thermosetting plastics: Thermosetting plastics have three-

dimensional, cross-linked, networked structures in which the 

polymeric chains are held together by cross-links(strong 

covalent bonds). These plastics donot soften on heating and 

they are hard, strong and more brittle. Thermosetting plastics 

cannot be remoulded and hence cannot be reused.examples for 

thermosetting plastic are phenolic resins(bakelite), 

polyesters(terylene), etc. 

Disposal of Plastic 

When plastics are used, recycled, or disposed of, or left in the 

environment as litter, they break down and release harmful 

chemicals. These pollutants include heavy metals such as 

cadmium and lead, and chemicals such as benzene, dioxins, 

and other pollutants, which all release harmful toxins into our 

air, water, and bodies. Right now, most plastic is being wasted 

sent to landfills or, more likely, incinerators. 

Burning plastic in incinerators releases toxic heavy metals and 

chemicals. Incinerators produce a variety of toxic discharges 

to the air, water, and ground that are significant sources of 

powerful pollutants, including dioxin and other chlorinated 

organic compounds that are well known for their toxic effects 

on human health and the environment. 

Many of these toxins enter the food supply and become more 

concentrated as they move up through the food chain. In 

addition to air and water emissions, incinerators create toxic 

ash—or slag—which contains heavy metals, dioxins, and 

other pollutants. This toxic ash must be land filled, and the 

pollutants present in the ash can then leach into groundwater. 

In fact, garbage incinerators and medical waste incinerators 

are two of the largest sources of dioxin identified by the U.S. 

Environmental Protection Agency. Dioxin is the common 

name for a class of 75 chemicals. It is a toxic waste product 

formed when waste containing chlorine is burned or when 

products containing chlorine are manufactured. Dioxins are 

among the most potent synthetic chemicals ever tested, 

causing cancer and harming our immune and reproductive 

systems even at very low concentrations. 

mailto:Bbamaniya@hotmail.com
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In landfills, leachate is produced when water picks up toxins 

as it seeps through the trash. This trash includes plastics of all 

types, even older plastics that have been proven to be toxic 

but are still in our landfills. Although landfills attempt to 

collect this toxic leachate, it also leaks into ground and surface 

water, releasing pollutants into the environment and causing 

health risks for humans and wildlife. 

Environmental Impacts 

Environmental impacts are wide ranging and can be both 

direct and indirect. Direct impacts occur when marine life is 

physically harmed by marine debris through ingestion or 

entanglement (e.g., a turtle mistakes a plastic bag for food) or 

marine debris physically alters a sensitive ecosystem (e.g., a 

fishing net is dragged along the ocean floor by strong ocean 

currents and breaks and smothers a coral reef). Environmental 

impacts can also be indirect, such as when a marine debris 

cleanup results in ecological changes. 

Toxicity Impact of Plastic Bags And Water Bottles 

Accumulation of plastic bag wastes causes environmental 

pollution that can be manifested in number of ways such as 

deterioration of the natural beauty of an environment 

(Andrady 2003), death and entanglement of marine animals 

(Azzarello and Van Vleet 1987; Hofmeyr et al. 2006; Lithner 

et al., 2009), blockage of sewerage systems of cities and 

towns in developing countries (Adane and Muleta 2011) 

which in turn creates foul smells and favourable habitats for 

mosquitoes and other vectors that could spread various 

diseases like mosquitoes (Ellis et al. 2005), reduce percolation 

of water and proper aeration of agricultural soils which in turn 

results in a reduction of productivities of such fields (Njeru 

2006). 

Furthermore, in several poor and developing countries like 

Ethiopia, plastic bags are frequently used to carry food items 

and plastic water bottles as storage of different beverages like 

water, and soft drinks; food items like oil, milk, honey and 

other local food items and petroleum products such as 

benzene, Kerosene and naphtha. This practice can cause 

serious health problems due to some carcinogenic agents and 

cross contamination by microorganisms (Cliver 2006; Gerba 

et al. 2009; Kontominas et al. 2006; Lin et al. 2009). 

Moreover, it is common to use plastic bags for disposing of 

human and other domestic wastes which makes human health 

more risky as compared to “open” disposal of these wastes 

(Njeru 2006). 

 

 

 

 

 

 

 

The Current Scenario 

Plastic products have become an integral part of our daily life, 

encouraging its production to cross150 million tonnes per year 

globally.1 With its inception in 1957, the Indian plastics 

industry has also shown a significant growth and currently 

employs about 4 million people. It operates more than 30,000 

processing units, of which 85 to 90 per cent are small and 

medium enterprises (SMEs). The utilization of plastics ranges 

from toys to aircrafts, from dolls to hosepipes, from soft drink 

bottles to refrigerators, from gramophone records to television 

sets. Packaging represents the single-largest sector of plastics 

use and accounts for 35 per cent of plastic consumption. 

Conclusions: 

 To raise public awareness, the regional and national 

different levels of educational curriculums must include the 

waste management systems from the grass-roots as 

information resources. In addition to creating public 

awareness on the importance of a healthy environment, 

mechanisms of controlling the generation of wastes at the 

source, alternative disposal ways, establishing additional 

drop-off areas (landfills) and incineration mechanisms, plastic 

recycling facilities are also recommended. Helping 

communities to reduce their exposures to health toxicants will 

increase the likelihood for a healthy society and clean 

environment for the coming generations. 
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Abstract : Municipal solid waste management (SWM) is a 

major challenge for local governments in rural India. One 

key issue is the low priority assigned by the local government 

which is faced with limited financing capacity. . 

Urbanization contributes enhanced municipal solid waste 

(MSW) generation and unscientific handling of MSW 

degrades the urban environment and causes health hazards. 

In this paper, an attempt is made to evaluate the major 

parameters of MSWM, in addition to a comprehensive 

review of MSW generation, its characterization, collection, 

and treatment options as practiced in banswara (rajasthan). 

The current status of MSWM in banswara district and 

important sector of Banswara is also reported.  

Key words: MSW, Urbanization, MSWM 

Introduction 

Solid Waste Management may be defined as the discipline 

associated with the control of generation, collection, storage, 

transfer and transport, processing and disposal of solid wastes 

in a manner that is in accord with the best principles of public 

health, economics, engineering, conservation, aesthetics and 

other environmental considerations. Municipal solid waste 

includes commercial and domestic wastes generated in 

municipal or notified areas in either solid or semi solid form 

excluding industrial hazardous wastes but including treated 

bio-medical wastes. 

Qualitative and quantitative analysis 

Population of Banswara town is 100,128 

Solid waste generated by per person is 500g  

Total no of sectors in Banswara town are 41   

Solid waste in metric tonne=population*500g/100*100 

 

 

Figure no: 1 Site Location Map 

 

 

Figure No: 2 Graph between ward and MSW 
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      Figure No: 3 Graph between ward and Population 

MSW characteristics and composition 

The composition of municipal solid waste is the term that 

describes the distribution of each component of wastes by its 

percent weight of the total. The information is required for the 

selection of suitable treatment and disposal methods. Most of 

MSW containing high percentage of biodegradable wastes e.g. 

food wastes and yard wastes are suitable for composting. 

Similarly if recyclable materials like paper, plastic, 

cardboards, glass are presented in solid waste, these materials 

should be recoverd and recycled. 

Seasonal variation 

The precise composition depends upon the locality, season of 

the year, standard of living; landuse etc.Seasonal variations 

are often large in municipal solid wastes. Many fruit and 

vegetable wastes including bagus from sugarcane, mango 

peelings, melon peelings are all seasonal. Huge volume of 

these seasonal wastes alters the composition of MSW 

significantly.  

 Location of locality 

 Composition of waste also differs from locality. People in a 

particular locality often have similar background in terms of 

incomes, tastes and expenditure. Waste from income group 

localities is usually heavy in paper and packaging, while in 

low income group areas, the predominant constituent is 

usually food waste. 

Nature of activities 

Composition of wastes from commercial areas depends upon 

the nature of activities. Around offices and institutions usually 

paper and packaging are the major components while close to 

vegetable fruit markets, food waste are predominant.Similarly, 

wastes near dairy farms will be high in animal feed and 

manure while in the wastes from slaughter houses bones, 

blood and animal body parts will be commonly found. 

Storage and collection of MSW 

Banswara District is in southern Rajasthan with an area of 

5,999 square kilometers. The collection and disposal of solid 

wastes is the responsibility of Municipal Corporation of 

Banswara.Municipal Corporation has divided the entire town 

area in 3 zones that are zone 1, zone 2 and zone 3. 

The bins are used for both decomposable and non-

decomposable waste (no segregation of waste is performed), 

and the waste is disposed at a communal disposal center. 

Storage bins can be classified as movable bins and fixed bins. 

The movable bins are flexible in transportation but lacking in 

durability, while the fixed bins are more durable but their 

positions cannot be changed once they have been constructed. 

In Banswara city there are 200 no’s of white movable bins for 

combine solid waste and 200 no’s of green/blue bins for 

organic solid waste Storage capacity of white movable 

bin=1000kgStorage capacity of green /blue bin = 20kg 

The collection of MSW is the responsibility of 

corporations/municipalities. The predominant system of 

collection in Banswara town is through communal bins placed 

at various points along the roads, and sometimes this leads to 

the creation of unauthorized open collection points. 

Collection process in Banswara town is mainly done by 

following methods  

 Door to door collection 

 A collection through sweeper, a sweeper who sweeps 

the roads manually is allotted a specific area (around 250 m
2
). 

The sweepers put the road wastes into a wheelbarrow, and 

then transfer the waste to dustbins or collection points. 

 

Transfer and transport of MSW 

Transportation site is Bhandariya village near Banswara. 

Transportation is done by the help of following vehicles like  

S.No. Type No of 

vehicle 

Capacity Description 

1 Auto 12 500kg(0.5tonne) 12*3 trip 

per 

day*500kg*

30days=540

tonne 

/month  

2 Garbage 

truck 

1 9 tonne 9 tonne*2 

trip per 

day*31 

days=558 

tonne 

/month 

3 Jcb 1 - - 

4 Loader 1 - - 

5 tractor 5 2.5 tonne 2.5tonne*3t

rip per 

day*31days

=232.5 

tonne/mont

https://en.wikipedia.org/wiki/Banswara_District
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Amount of MSW generate per month=1330.5tonne 

Amount of MSW generate per day=44.35 tonne 

Segregation/sorting of MSW 

Waste segregation means waste divided into two parts 

 Dry 

 Wet 

Dry –cans, aluminium foils, plastic, metals, glass, paper, 

batteries, dried plants etc. 

Wet-food stuff, vegetable peels etc 

 

Method of sorting/segregation 

 Manual sorting 

 Semi mechanical sorting 

 Mechanical sorting  

In this town sorting is done by only one technique that is 

manual sorting in which all disposable and no   disposable 

solid waste is taking out 

 

MSW disposal and treatment 

Municipal authority shall adopt suitable technology to make 

use of wastes so as to minimize burden on landfill. The 

biodegradable wastes not containing any toxic contaminants, 

shall be processed by composting, vermicomposting, 

anaerobic digestion or any other appropriate biological 

processing for stabilization. It shall be ensured that compost 

shall be free from contamination due to heavy metals, 

pesticides or any other contaminants. 

 Open damping 

In this method the solid wastes collected from the town are 

deposited in low lying areas usually  on the outskirts of the 

town in most of the underdeveloped and developing countries. 

Since the open dumps are uncovered these attract flies, birds, 

insects, rodents and also emit odours.this method is 

unscientific and cause nuisance to the public and subjected to 

fire hazards. 

 Sanitary filling 

A sanitary land fill is a waste disposal location where layers of 

compressed garbage are covered with layers of earth. When 

the facility reaches the end of its life and is full, a cap is used 

to close the top of site. Sanitary land fills are among the most 

popular methods for disposing of waste. Below mentioned are 

the types 

 Trench method 

 Area method 

 Cell method 

   Conclusion and Recommendation for MSW 

It is clear that improper waste management practices have a 

significant impact on the natural environment and sustainable 

development in the Banswara. Thus, awareness about SWM 

impact on sound environmental development and sustainable 

development in seemingly low. Therefore, it is important that 

the SWM should be developed from the primary level. Waste 

storage and primary disposal are the dominant means of 

managing waste. Thus, it has caused significant challenges in 

the study area. Therefore, waste separation from the 

household level, proper storage, more efficient waste 

collection systems, and sustainable recovery and disposal 

practices are identified as needed processes in the study area. 

The informal policy of encouraging the public to separate 

MSW and market it directly to the informal network appears 

to be a better option .The current regulation (MSW rules, 

2000) are very stringent. Norms have been developed to 

ensure a proper MSWM system.Unfortunatly; clearly there is 

a large gap between policy and implementation. Finally the 

study concluded that the lake of resources such as financing, 

infrastructure, suitable planning and data, and leadership, are 

the main problem in MSW.   

 Organize house to house collection of 

garbage by using community bin collection at regular pre-

informed timing and scheduling by using bell ringing. 

 Collection of waste from slums and squatter 

area/localities including hotels/restaurants/office complexes 

and commercial areas shall be devised in consultation with 

municipal authority. 

 Waste from slaughterhouses, fruits and 

vegetable markets, which are biodegradable in nature, shall be 

managed to make use of such waste. 

 Bio medical wastes and industrial wastes 

shall not be mixed with municipal solid wastes as per rules 

specified separately for the purpose. 

 Horticultural and construction/demolition 

wastes/debris shall be separately collected and disposed off 

following proper norms. Similarly, activities relating to dairies 

(milk of cow/buffaloes) shall be regulated in accordance with 

state laws. 

 Plastic waste shall not be burnt. 

Stray animals shall not be allowed to move around waste 

storage facilities or at any other place in city/town, and shall 

be managed as per state law. 

 Municipal authority shall organize 

awareness programs for segregation of waste and shall 

encourage recycling/reuse of segregated materials.Muncipal 

authority shall undertake phased programs to ensure that the 

community is fully involved in waste segregation. 

 Storage facilities to be set up by municipal 

authorities or by any other  agency shall be so designed that 

waste stored is not exposed to open atmosphere and shall be 

aesthetically acceptable  and user friendly. 

 Manual handling shall be carried out under 

proper precaution with due care for safety of workers. 

 Vehicle used for transportation of wastes 

shall be covered. waste should not be visible to public, nor 

expose to open environment. 

     References 

i. Data, M., 1997. Waste disposal in engineered 

landfills .Narosa publishing house, New Delhi, India. 

ii. Jaordar, S.D., 2000. Urban residential solid 

waste management in India. Public works management and policy 

(4), 319-330. 



            International Journal of Engineering Research                                                ISSN:2319-6890 (online),2347-5013(print) 

                  Volume No.7, Issue Special 4, pp : 538-541                                                                                            9,10 March 2018 

 

DOI : 10.5958/2319-6890.2018.00167.8                            EPIC@2018 Page 541 

 

iii. A text book titled as “solid waste management” 

written by IQBAL H. KHAN. 

iv. A text book titled as “prospects and perspective 

of solid waste management” written by B.B.HOSETI. 

v. Bhide, A.D., Shekdar, A.V., 1998. Solid waste 

management in Indian urban centers. International solid waste 

association times (ISWA) (1), 26-28. 

vi. Khan, R.R., 1994.Environmental management of 

municipal solid wastes. Indian journal of environmental protection 

14(1), 26-30. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

vii. Reddy, S., 1998. An integrated economic and 

environmental assessement of solid waste management in India. 

viii. Sudhire, V., Muraleedharan, V.R, Shrinivasan, 

G., 1996.Integrated solid waste management in urban India: a 

critical operational research framework. Journal of socio-

economical planning science 30(3), 163-181. 

ix. Nema, 2004; Malviya et al., 2002 

 

 

 



            International Journal of Engineering Research                                                ISSN:2319-6890 (online),2347-5013(print) 

                  Volume No.7, Issue Special 4, pp : 542-545                                                                                            9,10 March 2018 

 

DOI : 10.5958/2319-6890.2018.00168.X                           EPIC@2018 Page 542 

 

Utilization or Disposal of Fly Ash 
 

Ms. Rajlaxmi Choudhary 

Department of Civil Engineering, GEC Banswara, Rajasthan, India 

E-Mail:- laxmir874@gmail.com 
 

 

Abstract : Electricity generation in the country is and will 

remain predominantly by coal based stations in the near 

future. The Indian coal is of low grade having high ash 

content of the order of 30 - 45%, generating large quantity 

of fly ash at coal/lignite based thermal power stations. At 

present, the Ash utilization is lower than the generation on 

all India basis. As a result, there is surplus ash stock, which 

has been increasing every year. The management of fly ash 

has thus been a matter of concern in view of requirement of 

large area of land for its disposal because of its potential of 

causing pollution of air and water. 

Keywords:-Electricity Generation; Coal; Fly Ash; Thermal 

Power Stations; Utilization; Disposal; Pollution; 

Introduction 

What is fly ash? 

Fly ash is a fine gray powder consisting mostly of spherical, 

glassy particles that are produced as a byproduct in coal-fired 

power stations. This fly ash is pozzolanic in nature, and 

contains less than 7% lime (CaO). It is commonly known as a 

supplementary cementitious material and also known as flue-

ash or simply ash. Since the particles solidify rapidly while 

suspended in the exhaust gases, fly ash particles are generally 

spherical in shape and range in size from 0.5 µm to 300 µm. 

In the short “Fly ash is one of the coal combustion 

products, composed of the fine particles.” 

 The main chemical components present in fly ash are: 

 Silicon dioxide (SiO2) 

 Aluminum oxide (Al2O3) 

 Ferric oxide (Fe2O3) 

 Calcium oxide (CaO) (occasionally) 

Fly Ash Generation  

Fly ash is generated by: 

 Thermal power plants ( generally coal\lignite based 

plants ) 

 Biogas plants  

A large number of technologies have been developed for 

gainful utilization and safe management of fly ash under the 

concerted efforts made by Fly Ash Mission/Fly Ash Unit 

under Ministry of Science & Technology, Government of 

India since 1994. As a result, Fly ash earlier considered to be  

“hazardous industrial waste” material, has now acquired the 

status of useful and saleable commodity. The utilization of fly 

ash has increased from 6.64 million tonne in 1996-97 to a 

level of 107.10 million tonne in 2016-17.  The percentage of 

fly ash utilization during 2016-17 is 63.28%. 

 

Figure 1:-Generated and Utilized Fly Ash (in million tonnes) 
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Figure 2:-Percentage Utilization of Fly Ash 

It may be seen from Figure-1 and Figure-2 above that:   

 The fly ash generation as well as utilization has 

generally been increasing since 1996-97.  

 Fly ash utilization has increased from 9.63% in 1996-

97 to the highest level of 63.28% during 2016-17.   

mailto:laxmir874@gmail.com
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  The fly ash generation has increased from 68.88 

million-ton in 1996-97 to 169.25 million ton in 2016-17 i.e. 

nearly 2.45 times.  

 However, fly ash utilization has increased from 6.64 

million-ton in 1996-97 to a level of 107.10 million ton in 

2016-17 i.e. nearly more than 16 times over the same period.   

 From the Table XVII, it is seen that quantities of fly 

ash generation during 2014-15, 2015-16 and 2016-17 have 

been 184.14, 176.74 and 169.25 million-ton respectively. Fly 

ash utilization during the said three years are 102.54, 107.77 

and 107.10 million-ton. The utilization of fly ash during 2015-

16 and that during 2016-17 are almost same with marginal fall 

during current year i.e. 2016-17. 

Objectives 

Environmental Effects of the Fly Ash  

Fly ash is a “hazardous industrial waste” material which 

affected the our body through to environment. It’s affected: 

 

 Air- air is polluted with the fly ash elements and it is 

hazardous for our life.   

 Water resources like: ponds, lacks, rivers, dams, etc. 

affected with fly ash. 

 Fly ashes having high content of toxis/ heavy metals 

may be used deposited under expert advice. 

 The environment ministry’s expert panel opined that 

the interface between the water and fly ash at the bottom of 

fly ash filled void results in leaching of heavy metals(Si, Al, 

Fe, etc.) into groundwater system as evident by high levels of 

trace elements particularly heavy metals in ground water 

samples collected from sites located close to the ash filled 

voids.   

 It also found out that there is Reduction in recharging 

of groundwater due to fly ash filled mine voids. 

 Ash-filled voids cannot support tree species because 

of poor root system development which in turn results in 

uprooting of trees even by low velocity winds. 

  Further according to a recent study by the Centre for 

Science and Environment (CSE) which is the NGO working 

on environmental issues that fly ash disposal remains a major 

problem with only about 50-60% of the total fly ash generated 

by the power sector being utilized. Around 107.10 million 

tonnes of fly ash was produced across India in 2016-17. 

 

 

Fly Ash Utilization Status as per Notification of 3
rd

 

November, 2009 during the year 2016-17 (target achieved 

/not achieved) 

As per the targets mandated by the MoEF&CC’s notification 

of dated 3rd November, 2009 for fly ash utilization by the 

power stations, a total of 56 stations achieved their target and 

as many as 89 Nos. could not reach the targets, while there 

were 10 stations where no fly ash was generated. 

Fly Ash Utilization or Disposal in Different Areas  

In the financial year 2016-17 it is expected to increase the 

production of fly-ash around 300-400 MT/year. The large 

amount of fly-ash produced if not utilized in right quantity 

will be hazardous to environment. 

The ash utilization has been deliberated at various different 

forum and at all levels at the Central, State Govts., Power 

Utilities, thermal power plants and all concerned user groups, 

agencies etc. All Power Utilities and Thermal Power Plants 

are to plan & implement ash utilization targets, keeping in 

view long term strategies on sustainable basis. 

 The ash utilization is required to be carried out at all the coal 

and lignite based thermal power plants that are emitting ash 

and it needs to be carried out by all projects that are under 

construction, renovation, modernization and those at the 

preliminary stage of investigation and infrastructure 

development within 100km radial distance and if necessary, 

ash utilization may also be carried out beyond 100km radial 

distance. 

 The important areas of ash utilization are indicated below: 

i) Building Sector for use in construction:- 

 bricks, blocks, tiles, cement, concrete, plaster, etc. 

ii) Land reclamation, filling low lying areas, raising 

ground levels. 

iii) Roads, embankments, ash dykes, road blocks, kerbed 

stones, etc. 

iv) Agriculture and wasteland area development. 

v) Hydro Sector, Irrigation, drains, water supply & 

drainage, lining of rivers, tributaries, canals, minors, sub-

minors etc. 

vi) waste treatment and stabilization 

vii) Mine filling. 

viii) Industrial applications & high value areas. 

ix) Roller compacted dams, pavements, roads etc. 

x) Special use for ash e.g., collecting cenospheres from 

floating ash. 
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TABLE-1:- Modes of Fly Ash Utilization During The Year 

2016-17 

S. 

No. 

 

Mode of utilization Quantity of Fly Ash utilized in 

the mode of utilization 

Million-ton Percentage 

(%) 

(1) (2) (3) (4) 

1. Cement 40.5869  23.98 

2. Mine filling 11.7827   6.96 

3. Brick & tiles 14.9110  8.81 

4. Reclamation of low 

lying area 

11.0392   6.52 

5. Ash Dyke Raising 11.8888   7.02 

6. Roads & flyovers 6.1942 3.66 

7. Agriculture 1.9243  1.14  

8. Concrete 0.7647  0.45 

9. Hydro Power 

Sector 

0.0197 0.01 

10. Others 7.9840 4.72 

11. Unutilized Fly Ash 62.1577 36.72 

 Total  169.2534 100.00 

 

It may be seen from Table-1 above that: 

 During the Year 2016-17, the maximum utilization 

of fly ash to the extent of 23.98% of total fly ash generated 

was in the Cement sector, followed by 8.81 % in making 

bricks & tiles, 7.02 % in ash dyke raising, 6.96 mine filling, 

6.52 % in reclamation of low lying area, 3.66 % in roads & 

embankments, 1.14 % in Agriculture, 0.45 % in Concrete, 

0.01 % in Hydro Power Sector, 4.72 % in Others and 36.73% 

remained as unutilized fly ash. 

We want increasing the percentage of fly ash utilization in 

various sector for reducing the garbage, pollution of fly ash 

and to protect our environment. 

 Important Issues Envisaged are as under: 

(i) The disposal of dry fly ash require technological 

innovations of high efficiency electrostatic precipitators, dry 

fly ash collection and storage facility in silos outside the plant 

boundary and facilities for loading into the mode of 

conveyance as well as transportation up to the location of user 

agencies / manufacturing units of cement, bricks, and ash 

based products etc. 

(ii) The use of fly ash in dry form requires fly ash based 

Industries, conversion of fly ash in to fly ash based products, 

availability of ash based products in the markets for use by all 

user groups, agencies, and the people at large.  

(iii)  The use of fly ash and fly ash based products are 

based on proven technology, supported by research and 

development efforts, development of confidence level, 

dissemination of technology, and promotional measures that 

are in progress and have been initiated by the Power Utilities 

and thermal power plants.  

(iv)  The fly ash being used as construction materials 

require inclusion of the same in the technical specifications, 

schedule of rates, analysis of rates, tender documents by 

CPWD, PWD’s, Construction Agencies, Bureau of Indian 

Standards, Roads. Transportation, Highways, Hydro Sector, 

Railways, Mining Sector, etc. These reforms require careful 

consideration.  

(v)  The mining Sector, require identification of 

abandoned mines within reasonable distance and location of 

the thermal power plants.  

(vi) The Agriculture requires research and development, 

dissemination of technology and guidelines for use by all. The 

use of ash in wasteland area developments requires research 

efforts, identification of wasteland areas & dissemination of 

technology. 

(vii)  The Hydro Sector requires construction material 

surveys to investigate the use of ash and ash based products at 

initial stage itself. Roller compacted concrete dam and 

pavements have vast scope of ash utilization.  

(viii) The use of Bottom ash , pond ash , mound ash etc. 

for embankments in Roads etc, requires their engineering 

properties and shear parameters to be tested half yearly and a 

data bank of Engineering properties prepared.  

(ix) Data Management system on Ash generation & 

utilization and software developed to process the ash quality, 

quantity, suitability and availability of ash for various usage’s.  

(x) It is envisaged that there is need of an ash 

management agency for collection, distribution and 

management of ash utilization in various modes and by 

various organizations and construction agencies etc.  

(xi) It is also envisaged that the ash utilization may be 

handled by a separate ash utilization division exclusively 

entrusted with the relevant functions including marking 

aspects and sale of ash and ash based products and also to 

ensure their availability in the markets like other construction 

materials.  

(xii) All ash pond, top roads, access roads, slope 

protection of ash dykes, lining of canals, minors, drains etc. 

may be provided with ash based bricks, blocks, tiles, panels 

etc. or roller compacted pavements. The ash utilization has 

priority over ash disposal in traditional forms. It needs to be a 

continuous activity at the coal/lignite based Thermal Power 

Plants. The provision of facilitation component of expenditure 
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on ash utilization needs to be capitalized and passed on to the 

tariff. The ash utilization needs to be included as part of tariff 

policy. 

Conclusions 

 It is important to protect environment, conserve the 

top soil, and prevent dumping of fly ash from Thermal Power 

Stations on land and to promote utilization of ash in the 

manufacture of building materials and construction activity. 

 It is by virtue of their continuous pursuance & efforts 

that the overall ash utilization has increased in spite of 

increase in capacity addition (MW) and ash generation rate. 

 Fly ash even though it is an environmental pollutant, 

it is an important raw material for various applications. The 

utilization of fly ash in different sectors can help a great 

emphasis on the development of new technology for efficient 

utilization of fly ash. Fly ash utilization programmed must be 

extensively taken up covering various aspects at different 

level to minimize the environmental pollution. There is a 

limited amount of research information on the environmental 

impact of fly ash as an ingredient in the preparation of 

materials.  
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Abstract: In this Communication, authors have been used 

the rural agricultural waste to energy production and its 

effect on reduction of air pollution. In rural areas, wastage 

is available in form of rice husks, sugarcane bagasse (for 

biomass), animal dung (for biogas) etc. It can be utilized in 

form of renewable bio energy to produce electrical energy. 

Biomass producer gas can be used in a hybrid system along 

with diesel to fulfil the power need of rural area with less 

carbon emission. It can be standalone or grid connected 

system. Dual fuel generator with diesel and biogas/syngas is 

a favorable solution for emergency power backup, energy 

crisis and also to reduce pollution. The cost analysis is also 

presented based on load calculation and available waste case 

study.  

Keywords: Environmental Pollution, Distributed generation, 

Diesel generator, Bio energy, Hybrid system. 

 

I. Introduction 

 

The increasing demand for energy, the continuous reduction 

in existent resources of fossil fuels and the growing concern 

regarding environmental pollution have compelled mankind to 

explore new production technologies for electrical energy 

using clean renewable sources such as biogas and biomass 

energy, solar energy, wind energy, etc. 

 

Among the electric power technologies using renewable 

sources are clean, green, silent and reliable, with low 

maintenance costs. Along with these advantages, however, 

electric power production systems using as primary sources 

exclusively solar and wind energy pose technical problems 

due to uncontrollable wind speed fluctuations and to the day 

night and summer winter alternations. As a consequence, in 

continuous region, the power supply continuity of a local grid 

should be backed-up by other reliable and non- fluctuate 

sources of primary energy, such as diesel generator sets. Such 

systems, designed for the decentralized production of electric 

power using combined sources of primary energy, are called 

hybrid systems. Diesel generator sets also used for emergency 

region in conventional sources energy like nuclear plant. 

Diesel generator set used for feed power in isolate region as 

well as an emergency region. The increased interest in using 

of diesel generator sets as the main energy source in isolated 

areas or as an stand by source in the case of renewable-based 

power systems can be observed by the great number of papers 

and studies carried out in this area. The research conducted in 

this domain refers to aspects such as island operations of 

diesel generator sets [3], simulations of diesel/pv/wind hybrid 

power systems [4][5],etc. 

The topic proposed in this paper refers to the development of 

numerical models for the simulation of the operation region of 

diesel generators integrated as a back-up energy source in  

 

 

 

hybrid power systems as back-up energy source. The dynamic 

analysis is completed by the help of Simulation tool. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1: Schematic diagram of project work 

 

II.    Utilization of Biomass as Engine Fuel 

 

As of 31 January 2014, India had an installed capacity of 

about 31.15 GW of non-conventional renewable technologies-

based electricity, about 13.32 % of its total. Total Installed 

Capacity of Bio Energy as of 31,January 2014 is 4479.85 

MW. 

 

Table 2.1: Overview of biomass energy 

Source Type Capacity 

   

Biomass Power and 

Gasi cation Grid-connected 1285.60 MW 

   

Bagasse 

Cogeneration Grid-connected 2512.88 MW 

   

Non - Bagase 

Cogeneration Off -grid 517.34 MW 

   

Rural Biomass Gasi 

er Off -grid 17.63 MW 

   

Industrial Biomass 

Gasi er Off -grid 146.40 MW 

   

 

 

India produces about 600 million tonnes of agricultural 

residues (mainly rice husks, paddy straw, sugarcane waste, 

wheat residues and cotton stalks), of which 300 million tonnes 
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are unutilized and are disposed of by burning in open fields 

thus creating environmental hazards. Diesel engine is capable 

of successful running in duel fuel mode of operation with 

suitable biomass in gasifier. This study presents engine 

performance using rice husk, rice straw, cotton stalks and 

bagasse as biomass fuel in downdraft gasifier in dual fuel 

mode. Power Generation application on 100 % producer gas 

based system Rs. 15 lacs per 100 KW. 

As the engine had to be fuelled with syngas or biogas, the unit 

was fed with laboratory blends contained in specific tanks for 

compressed gasses. In Table 2.2 and 2.3 the standard 

composition and lower heat content for a syngas and biogas 

(anaerobic process) are reported, both derived from standard 

biomass and with the percentage in volume of the different 

components[6]. 

Table 2.2: Standard composition for a biogas (Anaerobic) 

from Biomass 

 

   Others L.H.C 

    MJ=NM
3
 

62.0 35.0 3.0 23.0 

     

 

Table 2.3: Standard composition for a syngas from biomass 

 

     CO Others L.H.C 

       MJ=NM
3
 

7.0 41.0 23.0 20.0 9.0 13.0 

        

 

2.1  Experimental work on engine  

In biomass gasi er (5 kW, Kirloskar, single cylinder, four 

stroke engine with 1500 rpm), biomass was fed through feed 

door and stored in hopper (Fig.2.1). Throat (or hearth) ensures 

relatively clean and good quality gas production. Grate holds 

charcoal for reduction of partial combustion products while 

gas outlet is connected with engine via venturi scrubber, 

separator box cum ne filter and check filter with an air control 

valve to facilitate running of engine in dual-fuel mode[7]. 

 

Table 2.4: Characterization of fuels[4] 

 

 

 

   

 

 

 

 

 

 

 

 

 

Figure 2.1: Schematic arrangement of experimental set up[4] 

 

Dust particle of gas also removed by passing through gas lter. 

To contol of gas valves were provided in passage of gas and 

air ow. A single cylinder naturally aspirated direct injection 

four- stroke diesel engine coupled with generator was used for 

power generation. Dual fuel mode of operation was carried 

out by supplying gas to combustion chamber of engine 

through inlet manifold. Gas control valve is opened gradually 

to feed gas into engine. Also, engine governor control knob is 

closes to dual fuel position, to decrease amount of diesel when 

sound becomes normal. With rotation of gas valve, optimum 

adjustment of gas and diesel is made. 

 

2.2  Result and analysis of energy cost  

As producer gas is increased, there is a decrease in diesel 

consumption. Hence, higher diesel substitution in dual fuel 

mode of operation is achieved opening producer gas valve 

fully so that higher amount of producer gas flow will replace 

higher amount of diesel. Sugar cane bagasse fuel replaced 

maximum diesel (82 %) at 3 kW load followed by cotton 

stalks fuel (80 %). As gas flow is increased in cotton stalks 

fuel, diesel substitution varies from 60.58 - 79.79 %, 

maximum diesel substitution is obtained at full opening of gas 

flow valve. Wood also replaces a little more diesel (80-85%) 

as both fuels have same characterization properties. Sugar 

cane bagasse for producer gas generation in gasifier showed 

maximum diesel substitution (82.1 %) in dual fuel mode. As 

compared to cotton stalks and sugar cane bagasse, diesel 

displacement in case of rice husk as fuel is very less (33.36-

59.74%), because presence of small quantities of C (38.3 %) 

and H (4.5%) and also very high ash content, which creates 

hindrance in producer gas generation. Rice straw gave 

minimum diesel replacement (47%), due to nitrogen present in 

rice straw that dilutes producer gas quality and also ash 

content being very high creating hindrance in production of 

producer gas. Energy costs (Fig. 2)to produce 1 kWh energy 

(at 3 kW load), cost associated with drying, collection, storage 

and transportation of biomass fuels is given as[4] 

 

 

Energy cost (Rs/kWh) = (cost of diesel x diesel consumption) 

+ (cost of biomass x producer gas consumption) 

(2.1) 
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Figure 2.2: Energy cost of fuels[4] 

 

Looking into energy costs, sugar cane bagasse is higher than 

cotton stalks but its diesel replacement is more than cotton 

stalks, because cost of bagasse is higher than cotton stalks. 

Diesel engine generator is capable of successful running in 

dual fuel mode of operation with suitable biomass in gasifier 

because of fuel is already available. To produce 1 kWh of 

energy, 630 ml diesel was used at Rs 19.55. Maximum diesel 

replacement in dual fuel mode of operation using cotton stalks 

in gasifier was 80 %. To produce 1 kWh of power energy, 

cost associated was Rs 4.46. Maximum diesel replacement in 

dual fuel mode of operation using sugar cane bagasse in 

gasifier was 82%. To produce 1 kWh of power energy, cost 

associated was Rs 4.82. Maximum diesel substitution in case 

of rice husk was 60% and to produce 1 kWh of power energy, 

cost associated was Rs 9.00. Maximum diesel replacement in 

case of rice straw was 47 % while to produce 1 kWh of power 

energy, cost associated was Rs 10.97. Hence, power 

generation cost while using biomass is cheaper than 

conventional power generation cost. 

 

2.3  Energy cost analysis  

 

Electricity can be generated using gasifiers either using DG 

set or using suitably modified natural gas engines/ producer 

gas engines. The energy cost(Rs/kWh) analysis of two types 

of mode in generator set are discussed below- 

 

2.3.1 Dual fuel mode  

 

In this the Gasifier is connected to a diesel generator and the 

generator is suitably modified. In this case up to 70 % diesel 

replacements are obtained. To generate 1 unit of electricity .08 

-0.1 liter of diesel and 0.9 kg of wood or 1.4 kg of rice husk 

would be needed. Depending on the costs of these (wood 

chips, rice husk) the fuel cost of generation can be calculated. 

Savings obtained when a gasifier is coupled to a diesel genset 

is determined by this calculation. 

 

The cost of 1 liter of diesel is Rs 55.15 and assumed the cost 

of 1 kg of wood or rice husk is Rs 5. One liter of diesel gives 

3.5 units of electricity. Thus fuel cost of generation for 1 unit 

of electricity (with diesel alone) is around Rs 15.75. For 

generating a unit of power when the generator set is connected 

to the gasifier we need 0.08 -0.1 liter of diesel and 0.9 kg of 

wood or 1.4 kg of rice husk. If we considered the data(for rice 

husk) then using equation 2.1 

 

Energy 

cost(Rs/kWh)= (0.1 * 

55.15) + (1.4 * 5) 

Energy 

cost(Rs/kWh)= 

12.515 

 

the fuel cost of generation for 1 unit of electricity is INR 

12.515. 

 

2.3.2  100% Producer gas mode  

 

Here the Gasifier gets connected to a gas engine generator 

set(modi ed). Biomass produced gas(producer gas) is directly 

given as fuel to generator(no diesel) known as 100% producer 

gas engine. To generate 1 unit of electricity it required 1.3 kgs 

of wood or 1.8 kgs of rice husk. Savings obtained when a 

gasifier is coupled to a gas genset is determined by this 

calculation, using equation 2.1 

 

Energy 

cost(Rs/kWh)= 

(1.3 * 5) + (1.8 

* 5) Energy 

cost(Rs/kWh) = 

15.5 

 

The cost of 1 kg of wood or rice husk is assumed around Rs 5. 

So, the cost of generate 1kWh energy is Rs 15.5. The cost of 

1kWh energy of 100% Producer gas is high because of the 

cost of rice husk and wood is assumed equal to Rs 5. If the 

cost is less of rice husk and wood the cost of 1 kWh is also 

less. 

 

2.4  Sustainability of modified gas engine  

 

Where there is no possibility to connect to the grid (e.g. the 

electric energy supply of households, holiday houses, isolated 

objectives, equipment in industrial sites, electric installations 

for outdoor entertainment events, military equipment, 

telecommunications, etc.), or as emergency regime, as a 

reserve electric power source, in the event of electric power 

blackouts. In emergency regime the diesel generator sets 

usually supply only vital consumers, like re pumps, elevators, 

safety lighting installations, banks, hospitals, government 

buildings, offices, mobile towers, supermarkets and large 

restaurants, hotels, malls, stadiums, airports, fuel stations, 

private houses, and indus-trial sites where specific processes 

do not allow for blackouts, become uncontrollable or generate 

important losses without electric power, etc. Usually, in 

parallel with diesel generator sets, UPS systems are used, with 

a bu er, able to ensure for short periods the continuity of 

power supply for vital consumers, until the diesel generator 

sets are started-up. The minimum combined time necessary 

for the detection of a grid voltage drop, the start-up of internal 

combustion engine, reaching the stabilized regime of the 

generator (frequency and voltage) and the load connection is 

typically at least in few seconds. In the case of power systems 

based on renewable energies, given the fluctuate character of 

unconventional energy sources, diesel generator sets takes on 

particular importance, their role being to ensure the continuity 

of electric power for the local grid during periods when the 

renewable sources of energy become unavailable or 

insuffcient. Advantages of this modified gas engine[9] 

compair to diesel generator is- 
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 Social well being  

 Economic well being  

 Environmental well being  

 Technology well being  

 

III. Discussion 

 

 

Diesel generator set is combination of prime mover, excitation 

system and generator so speed and voltage are required to 

maintain to operate system in stable condition. 

 

ˆ  Diesel generator set increases the reliability of the 

system with renewable sources in case of stand by operation 

and DG also used as primary source of supply electricity to 

vital load and it is reliable for continuous supply to vital load.  

 

ˆ  Normally DG rating are small hence they offer better 

system performance while connected in distributed manner.  

 

ˆ  This is especially suitable in remote areas and villages 

where power quality and reliability is a matter of concern.  

 

IV. Future Scope 

Diesel generator are used as backup supply system but 

 Dual fuel type like diesel and gas (syngas) DG 

engine will impact less on environment and improves 

reliability of system.  

 Use like bagasse, rice husk, wood chips, cotton stalks 

etc different type of fuel to replacement of diesel in DG set so 

per kWh energy cost also reduced.  

 Involving power electronics system to further 

improve the performance of the system.  
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 Abstract : Soil pollution is caused by the presence of 

xenobiotic (human-made) chemicals or other alteration in 

the natural soil environment. Soil contamination can be 

termed as unfavourable alteration of soil by addition or 

riremoval of substances and factors which decrease soil 

productivity, quality of plants and ground water. soil 

pollution is caused by (i) pesticides, herbicides, and 

fumigants (ii) chemical fertilizers and (iii) air pollutants 

washed down from atmosphere through rain. It reduces soil 

fertility, nitrogen fixation, Increases erodibility, Imbalance 

in soil fauna and flora, ecological imbalance, release of 

pollutant gases, increased salinity, clogging of drains, public 

health problems, pollution of drinking water sources etching 

addition, the pollutants will change the makeup of the soil 

and the types of microorganisms that will live in it. If certain 

organisms die off in the area, the larger predator animals 

will also have to move away or die because they've lost their 

food supply. soil pollution can be cured by recycling, 

reforesting and solid waste management.  

Keywords: Soil pollution, Pesticides, Ecological Imbalance, 

Reforesting, Recycling 

 I. Introduction  

The word pollution we hear has become a routine word in our 

mundane and day to day life. This word is tagged in our lives 

not only in schools or college but newspapers and magazines 

are also filled with the news of environmental pollution in 

abundance. So it becomes mandatory to know what exactly is 

it? Pollution occurs when pollutants from various sources 

contaminate our natural surroundings, thereby, affecting our 

normal lifestyles adversely due to the changes which these 

pollutants bring. So these pollutants are the key elements of 

pollution which are found as waste material of different 

forms. It is this pollution which brings imbalance in our 

surroundings and ecosystem which is our biggest life support 

system. The modernization and development which were 

earlier considered as boon to the modern society has turned 

into permanent ailment for the modern man. Along with 

development, pollution has also permanently settled into our 

lives, brought with it global warming and plethora of human 

illness. There are numerous ways in which pollution occurs in 

different forms. Some of these are - air, water, soil, 

radioactive, noise, heat/ thermal and light. Every form of 

pollution has two sources of occurrence; the point and the non 

point sources. It is easy to identify, monitor and control the 

point source,whereas, the non point sources are always hard to 

control. The present paper will deal with soil pollution 

extensively- its reasons, the ill effects it has and the solutions 

which could be adopted to prevent this. 

 

II. Soil Pollution  

Soil pollution as found by Wikipedia is caused by the 

presence of xenobiotic (human-made) chemicals or other 

alteration in the natural soil environment. Soil contamination, 

therefore, can be termed as unfavourable alteration of soil by 

addition or riiremoval of substances and factors which 

decrease soil productivity, quality of plants and ground water.  

It is typically caused by various industrial activities, chemicals 

used in agricultural activities, or improper disposal of waste 

material. The most common and hazardous chemicals which 

are used are petroleum hydrocarbons, polynuclear aromatic 

hydrocarbons (such as naphthalene and benzo (a) 

(Pyrene),solvents,pesticides, lead,and  

Other heavy metals. Contamination is correlated with the 

degree to which industrializationtakes place and the intensity 

to which chemicals are used. It is mainly of two main types; 

negative and positive. 

Negative Soil Pollution  

 

Negative soil pollution includes over usage of soil and 

erosion. Water and air are the two factors responsible for 

Erosion of soil. Water erosion takes place near the hills where 

high speed rivulets and flood removes and washes away the 

top soil. High speed winds also become a source of soil 

erosion also occurs by high speed winds which brings sand 

particles from dry desert. Fertile land is also being converted 

into barren areas by unplanned urbanization, building of road, 

houses or industrial complexes. Rubbish, empty cans, 

garbage, broken furniture, empty bottles, building material, 

sludge, ash, etc. are all dumped outside the towns on vacant 

lands which not only become barren but also make the nearby 

lands so. It is sometimes also called third pollution or 

landscape pollution. 

 

 Positive Soil Pollution 

 

 It is pollution caused by (i) pesticides, herbicides, and 

fumigants (ii) chemical fertilizers and  

(iii) Air pollutants washed down from atmosphere through 

rain.  

 

Agricultural Practices 

 Modern agricultural practices pollute the soil to a large 

extent. With the advancing agro-technology, huge quantities 

of fertilizers, pesticides, herbicides and weedicides are added 

to increase the crop yield. Apart from these farm wastes, 

manure, slurry, debris, soil erosion containing mostly 

inorganic chemicals are reported to cause soil pollution. Some 

of these practices need to be dealt in detail.  

Pesticides and Weedicides  

A number of chemicals have been developed to kill insects 

(insecticides), fungi (fungicides), algal blooms (algaecides), 

rodents (rodenticides), weeds (weedicides or herbicides) in 

mailto:rpmaheshvari@gmail.com
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order to improve agriculture, forestry, horticulture and water 

reservoirs. The most widely used among them are 

insecticides. Most of these insecticides or pesticides are 

broad-spectrum and affect other animals, man and even 

plants. They are, hence, also called biocides.  

(i) Chlorinated Hydrocarbons 

They include DDT (dichloro-diphenyl-trichloroethane), DDE, 

Chlordane, Aldrin, Dieldrin, Endrin, Heptachlor, BHC 

(benzene hexa-chloride), etc. Chlorinated hydrocarbons are 

toxic. Dieldrin is 5 times more toxic than DDT when ingested 

and 40 times more poisonous when absorbed. Endriri is the 

most toxic amongst chlorinated hydrocarbons. Besides, being 

toxic these pesticides are both, persistent and mobile in the 

ecosystem (over dust particles- in air, over organic matter in 

water). The chlorinated hydrocarbons are fat soluble and, 

“therefore/ tend, to’ accumulate inside living organisms. Their 

concentration per unit weight of the organisms also rises with 

rise in tropic level due to the phenomenon of biological 

amplification. DDT and other chlorinated hydrocarbons 

affects central nervous system, cause softening of brain, 

cerebral haemorrhage, Cirrhosis of liver, hypertension, cancer, 

thinning of egg shells in birds, malformation of sex hormones, 

etc. Ecological amplification of chlorohydrocarbons, 

therefore, proves, fatal to higher trophic level animals, 

especially fish and birds. Excessive spray of hard biocides 

sometimes causes an imbalance in prey-predator population. 

For example, in Australia the population of predator Lady 

Bird beetle (Novius cardinalis) declined while that of its prey, 

scale insect (kerya purchasi) increased due to DDT use (Rudd, 

1971). The balance was restored only after DDT spraying was 

stopped. DDT also affects the photosynthetic activity of plant, 

especially phytoplankton.  

 

(ii) Organo-Pesticides They include organo-phosphorus 

compounds (e.g., Malathion, parathion, diazonin, triothin, 

ethion, tetraethyl pyrophosphate or TEPP) and carbamates. 

Organo- pesticides are degradable but being poisonous they 

influence the workers handling them causing sweating, 

salivation, nausea, vomiting, diarrhoea and muscular tremors.  

 

(iii) Inorganic Pesticides The pesticides usually contain 

arsenic and sulphur. Their continued use is poisonous to both 

plants and animal life since the pesticides are of persistent 

nature. 

 

 (iv) Weedicides (Herbicides) The chemicals are used in 

clearing area of forests for building new residential or 

industrial colonies, highways, rail-road, weed control in 

agriculture, horticulture and in forest management. The 

weedicides or herbicides are usually metabolic inhibitors 

which stop photosynthesis and other metabolic activities and 

hence kill the plants. Some weedicides cause death due to 

proliferation of phloem cells so as to block transport of 

organic food. Weeds of Aswan dam in Egypt were controlled 

by weedicides. It not only affected the agricultural fields 

irrigated by that water but also marine fish production in the 

sea where this water was discharged. The phenomenon of 

producing adverse ecological effects of substances or actions 

in later period is called ecological boomerang or backlash. 

 III. Urban Wastes  

 

Urban wastes comprise of both commercial and domestic 

wastes consisting of dried sludge and sewage. All the urban 

solid wastes are commonly referred to as refuse. Constituents 

of urban refuse: This refuse consists of garbage and rubbish 

materials like plastics, glasses, metallic cans, fibres, paper, 

rubbers, street sweepings, fuel residues, leaves, containers, 

abandoned vehicles and other discarded manufactured 

products. Urban domestic wastes though disposed off 

separately from industrial wastes, can still be dangerous. This 

happens because they are not easily degraded. 

IV. Industrial Wastes  

Disposal of Industrial wastes is the major problem for soil 

pollution Sources: Industrial pollutants are mainly discharged 

from various origins such as pulp and paper mills, chemical 

fertilizers, oil refineries, sugar factories, tanneries, textiles, 

steel, distilleries, fertilizers, pesticides, coal and mineral 

mining industries, drugs, glass, cement, petroleum and 

engineering industries etc. Effect: These pollutants affect and 

alter the chemical and biological properties of soil. As a 

result, hazardous chemicals can enter into human food chain 

from the soil or water, disturb the biochemical process and 

finally lead to serious effects on living organisms. 

V. Radioactive Pollutants  
 

Radioactive substances resulting from explosions of nuclear 

testing laboratories and industries giving rise to nuclear dust 

radioactive wastes penetrate the soil and accumulate giving 

rise to land/soil pollution. Ex: Radio nuclides of Radium, 

Thorium, Uranium, isotopes of Potassium (K-40) and Carbon 

(C-14) are commonly found in soil, rock, water and air. 

Explosion of hydrogen weapons and cosmic radiations include 

neutron, proton reactions by which Nitrogen (N-15) produces 

C-14. This C-14 participates in Carbon metabolism of plants 

which is then into animals and human beings. Radioactive 

waste contains several radio nuclides such as Strontium90, 

Iodine-129, Cesium-137 and isotopes of Iron which are most 

injurious. Strontium get deposited in bones and tissues instead 

of calcium. Nuclear reactors produce waste containing 

Ruthenium-106, Iodine-131, Barium-140, Cesium-144 and 

Lanthanum-140 along with primary nuclides Sr-90 with a half 

life 28 years and Cs-137 with a half life 30 years. Rain water 

carries Sr-90 and Cs-137 to be deposited on the soil where 

they are held firmly with the soil particles by electrostatic 

forces. All the radio nuclides deposited on the soil emit 

gamma radiations.  

 

 

VI. Biological Agents  

 

Soil gets a large amount of human, animal and bird excreta 

which constitute a major source of land pollution by 

biological agents. Heavy application of manures and digested 

sludge can cause serious damage to plants within a few years.  

 

 

VII. Fertilizers  

 

Chemical fertilizers added to the soils enter the crop plants as 

well as leach down into water table to become part of 

underground water. Nitrogen fertilization produces toxic 
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concentration of nitrate or nitrite in the leaves and fruits, e.g., 

Spinach, Mustard, and Lettuce. Nitrate containing canned 

food causes corrosion of tin lining of the can, increases tin 

content of food and produces nitrous oxide (N2O) gas. The 

toxicity increases if the drinking water also possesses 

sufficient nitrates. In the alimentary canal, the activity of 

bacteria changes nitrates into nitrites. The latter enter the 

blood and combine with haemoglobin to form 

methaeinoglobin. As a result oxygen trahsport is reduced. It 

gives rise to disease known as methaemoglobinaemia 

(presence of methaemoglobin in the circulating blood). In 

infants-it produces cyanosis, (blue babies due to bluish tint of 

skin). In adults it produces breathlessness. In infants nitrate 

poisoning can be fatal unless and until methylene blue is 

injected in time. Excessive use of chemical fertilizers causes 

soil deterioration through the decrease in natural bacterial 

population (nitrogen fixing, nitrifying, and sulphofying) and 

destruction of crumb structure. The Salt content of the soil is 

also bound to increase with continuous’ use of fertilizers. 

 

 

 VIII. Other Soil Pollutants  

 

Air pollutants and many water pollutants become part of the 

soil. The soil also receives toxic chemicals during the 

weathering of certain rocks. A major part of lead given out in 

the automobile exhaust settles down on the roadside areas and 

becomes part of it. The same enters the food chain. Fluorides 

similarly pass both into pumped water and food chain. Isn 

plants fluorides combine chemically with Mg2+ of 

chlorophyll and hence inhibit photosynthesis, cause abscission 

of leaf and fruit, and hence destroy vegetation. Maize is a 

sensitive indicator in fluoride pollution. In human beings the 

typical symptoms of excess fluorine or fluorosis is the 

mottling of teeth. Later on bone fluorosis follows. The latter 

consists of weak bones, boat shaped posture and knocking of 

knees. Animals grazing over fluoride rich foliage show ill 

health, weak teeth, weak bones and swelling of knee bones.  

 

 

IX. Salination Of Soil 

 

 Increase in the concentration of soluble salts in the soil is 

called salination. Origin or development of saline soil depends 

upon following factors  

 

(i) Poor Drainage of Soil Salts dissolved in irrigation water 

accumulate on the soil surface due to inadequate drainage 

especially during flood. 

 

 (ii) Quality of Irrigation Water: The ground water of arid 

(dry, barren having not enough rainfall to support vegetation) 

regions is generally saline in nature. The irrigation water may 

be itself rich in soluble water and add to salinity of soils.  

 

(iii) Capillary Action: Salts from the lower layers move up 

by capillary action during summer season and are deposited 

on the surface of the soil.  

 

(vi) Excessive Use of Basic Fertilizers: Excessive use of 

alkaline fertilizers like sodium nitrate, basic slag, etc. may 

develop alkalinity in soil. 

  

(v) Salts Blown by Wind: In arid regions near the sea, lot of 

salt is blown by wind and gets deposited on the lands. 

(vi) Saline Nature of Parent Rock Materials: If soil 

develops from saline nature of parent rock materials, soil 

would be saline. India has about six million hectares of saline 

land. About 6,000-8,000 hectares of farm land becomes unfit 

for agriculture every year in Punjab alone. 

X. Effects of Soil Pollution 

 

 Agricultural  

 

• Reduced soil fertility  

• Reduced nitrogen fixation  

• Increased erodibility  

• Larger loss of soil and nutrients  

• Deposition of silt in tanks and reservoirs  

• Reduced crop yield  

• Imbalance in soil fauna and flora  

 

Industrial  

 

• Dangerous chemicals entering underground water  

• Ecological imbalance  

• Release of pollutant gases  

• Release of radioactive rays causing health problems  

• Increased salinity  

• Reduced vegetation  

 

Urban  

 

• Clogging of drains  

• Inundation of areas  

• Public health problems  

• Pollution of drinking water sources  

• Foul smell and release of gases  

• Waste management problems  

 

XI. Environmental Long Term Effects Of Soil Pollution  

When it comes to the environment itself, the toll of 

contaminated soil is even more dire. Soil that has been 

contaminated should no longer be used to grow food, because 

the chemicals can leech into the food and harm people who 

eat it. 

If contaminated soil is used to grow food, the land will usually 

produce lower yields than it would if it were not 

contaminated. This, in turn, can cause even more harm 

because a lack of plants on the soil will cause more erosion, 

spreading the contaminants onto land that might not have been 
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tainted before. In addition, the pollutants will change the 

makeup of the soil and the types of microorganisms that will 

live in it. If certain organisms die off in the area, the larger 

predator animals will also have to move away or die because 

they've lost their food supply. Thus it's possible for soil 

pollution to change whole ecosystems 

XII. Effects of Soil Pollution in Brief  

 

• pollution runs off into rivers and kills the fish, plants and 

other aquatic life  

• crops and fodder grown on polluted soil may pass the 

pollutants on to the consumers  

• polluted soil may no longer grow crops and fodder  

• Soil structure is damaged (clay ionic structure impaired)  

• corrosion of foundations and pipelines  

• impairs soil stability  

• may release vapours and hydrocarbon into buildings and 

cellars  

• may create toxic dusts  

• may poison children playing in the area  

 

XIII. Control of Soil Pollution 

 

 Reusing of materials 

 Materials such as glass containers, plastic bags, paper, cloth 

etc. can be reused at domestic levels rather than being 

disposed, reducing solid waste pollution.  

 

Recycling and recovery of materials  

This is a reasonable solution for reducing soil pollution. 

Materials such as paper, some kinds ofplastics and glass can 

and are being recycled. This decreases the volume of refuse 

and helps in theconservation of natural resources. For 

example, recovery of one tonne of paper can save 17 trees.  

 

Reforesting 

 Control of land loss and soil erosion can be attempted 

through restoring forest and grass cover to check wastelands, 

soil erosion and floods. Crop rotation or mixed cropping can 

improve the fertility of the land.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solid waste treatment  

Proper methods should be adopted for management of solid 

waste disposal. Industrial wastes can be treated physically, 

chemically and biologically until they are less hazardous. 

Acidic and alkaline wastes should be first neutralized; the 

insoluble material if biodegradable should be allowed to 

degrade under controlled conditions before being disposed.  

Improvement in mining techniques and transport of extracted 

materials should be done extensively, so that spread of mine 

dust should be minimised. The area should not be left barren 

and dry. Instead, afforestation should be carried out as soon as 

it becomes feasible. As a last resort, new areas for storage of 

hazardous waste should be investigated such as deep well 

injection and more secure landfills. Burying the waste in 

locations situated away from residential areas is the simplest 

and most widely used technique of solid waste management. 

Environmental and aesthetic considerations must be taken into 

consideration before selecting the dumping sites. Incineration 

of other wastes is expensive and leaves a huge residue and 

adds to air pollution. Pyrolysis is a process of combustion in 

absence of oxygen or the material burnt under controlled 

atmosphere of oxygen. It is an alternative to incineration. The 

gas and liquid thus obtained can be used as fuels. Pyrolysis of 

carbonaceous wastes like firewood, coconut, palm waste, corn 

combs, cashew shell, rice husk paddy straw and saw dust, 

yields charcoal along with products like tar, methyl alcohol, 

acetic acid, acetone and a fuel gas. 
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Abstract : Pollution is a major problem of the world. It is 

like a cancer slowly destroying the planet. It brings health 

hazard to all the people around the globe ,if we take a look 

to our land ,rivers, seas, oceans, and the air we breath we 

can say that the world is not a safe place to live in because 

the cancer or the contamination reached on the highest level 

or stage. climate changes or global  warming is a major 

effect of the pollution .Many suffered respiratory infections 

due to air pollution .Many suffered skin and internal 

infection because of contaminated water. Rapid 

developments all around the planet fueled by greed is a 

major cause of pollution. Increased knowledge and 

development brings increased pollution. 

Introduction  

Nature lovers and environmentalist joined the worldwide 

campaign against this problem. Awareness spread everywhere 

but the result can not be seen anywhere. Everyone from least 

to great contributed to the intense contamination of the 

planet‘s natural resources. Abused of nature can be seen 

anywhere. Why there is an intense contamination of natural 

resources? 

Because man is morally and spiritually corrupt. Some people 

can not withstand to looked or watched videos and photos of 

severe pollution. How can we withstand if God give us the 

privilege to take a look in the intense pollution ?or how can 

we withstand if he will show to us how polluted we are in his 

sight? Natural pollution is dangerous; spiritual pollution is 

most dangerous. Spiritual pollution means uncleanness or 

defilement of man‘s spiritual nature . It is a pollution of the 

spiritual not physical aspect of a man. It is the contamination 

inside man‘s heart. It is a corruption of morality and 

spirituality of man. 

Garbage or waste causes land water and air pollution. 

Spiritually the sins or evils causes spiritual pollution. It is the 

spiritual garbage or waste inside man‘s heart. It contaminate 

man before God. It makes a man undesirable to looked 

spiritually.  

The origin of the spiritual garbage or waste is satan or the 

devil. He is the first sinner. He sins from the beginning. He is 

the father of lies and all wickedness. He pollutes the world 

and spread the contamination from generation to generation  

.He succeed in polluting Adam and Eve but failed to pollute 

Jesus at the wilderness temptation. He desired that all 

believers will be derailed from the path of righteousness. He 

used all ways and means to make every Christian to fall into 

sin and will be polluted like him and will be with him in 

eternal doom. If the spiritual garbage or waste lives in man‘s 

heart ,he is polluted before God even though how clean and 

neat he is physically, Satan is not concerned only on the 

physical aspect of man, the body or the outer shell of the man, 

but he is more concerned on the spiritual aspect of man, the 

spirit and the soul. 

2. Cause  

The world was separated from God because of spiritual 

pollution spiritual separation is one of the effects of spiritual 

pollution. All fall short or separated from God‘s glory because 

all have sinned. All became polluted due to the spiritual 

garbage and waste .Isaiah told his people about the result of 

their sins and iniquities .It separated them from their God. 

God‘s face hid from them because of the spiritual garbage or 

waste they have in their lives. God did not desire to looked at 

them because they were contaminated spiritually .God is holy 

and pure and nothing impure, defiled or polluted can have a 

connection with him. A contaminated heart and spirit cannot 

have a fellowship with God. Adam and Eve disobeyed God 

and they became polluted spiritually ,their sin created 

separation from God. They banished from the garden of Eden 

and from God‘s presence. 

The psalmist knows if he had cherished the spiritual garbage 

or waste in his heart there is no answer to his prayer. If a man 

is contaminated spiritually because of sin there is no answer to 

his prayer. Isaiah told his people why the hand hid face from 

them because of their sins. He is not only showing them that 

the spiritual garbage or waste separates them from their God 

but it will also brings no answer to their prayer. God 

abandoned soul because of his sins, he did not answer him in 

dreams or prophet due to his disobedience. The spiritual 

garbage or waste polluted him before God and brought no 

answer to his prayer. The spirit of man is dead because of the 

spiritual garbage that cause spiritual contamination. God‘s 

breath or the spirit of man is man‘s connection to God Sin 

brings death to the spirit of man and disconnected the 

communion or fellowship with God. 

If we admit ,acknowledge, renounce and turn around from sin, 

we will find forgiveness and mercy from God. He will also 

purify us from spiritual pollution through genuine repentance 

the lamb of God. Jesus can take away the sins and purify 

anyone before God through the learning of his blood that 

poured out in the cavalry. 

 

 The Presence of Negative Creatures 
The second factor affecting the spiritual atmosphere is the 

presence of evil creatures in this world: the presence of Jinn. 

At the time of Adam, the numbers of Jinn were fewer. Not so 

many people lived at the time of Adam. Similarly, with time, 

Jinn multiplied in big numbers. At the time of Adam there 

was less resistance in the spiritual atmosphere and less 

negativity, so people who lived in that era had to struggle less 

than those who came in the time of Abraham. In the time of 

Moses, they had to suffer more. By the time Jesus came the 

spiritual atmosphere was made worse than at the time of 

Moses. Prophet Mohammad came 600 years after Jesus and 

mailto:shulbha1986@gmail.com
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the spiritual atmosphere was worse still. Now, after 1434 

years, you can understand how bad the spiritual atmosphere 

would have become, given the number of Jinn and the number 

of sins. 

Maybe the people of Adam and Abraham did not know of the 

sins we do today. We do the same sins but in a different style. 

The nature of sins is not different at all but there is a big 

difference. At the time of Adam, Abraham, Moses, Jesus and 

Mohammad, people would commit sins and they would 

understand that they are sinners. 

But today we do sins and we think we deserve to do sins. We 

do sins under the banner of spirituality and under religion. 

Today, we are sinners but we don‘t regard ourselves as 

sinners; we think we are saints and we are holy. At the time of 

Prophet Mohammad, people had different understanding of 

being a holy person. 

You are holy when you abstain from everything else and 

negate yourself. 
If you are committing a sin and you understand that it is a sin, 

you are a blessed one. But if you are committing a sin and 

according to your understanding, you are not committing a sin 

and you are doing it because you are holy, then your mind is 

messed up. Because when you have become holy you do holy 

things. Everybody in all religions is doing this: Christians, 

Jews, Hindus, Muslims – everybody. Like, there was a man in 

New Mexico who claimed he was Jesus; there were 175 

women with him and according to his understanding, when he 

would have sex with those women they would see God. One 

man in Israel was arrested because he did the same. Now, 

propagation of the Awaited One is harder than propagation of 

Islam. 1434 years ago, spreading the word of God was not as 

difficult as it is today. Today, people swear at the Lord 

wherever you go. This is because of the ratio of negativity in 

the spiritual atmosphere. What you did 6000 years ago cannot 

be compared with the same act you do today. 

The spiritual atmosphere is polluted with the amount of 

sins committed in an era and the number of Jinn present 

in the era. The ratio of negativity determines the 

steadfastness of individuals on the Truth and excellence of 

faith. 
The followers of Prophet Adam had to cope with relatively 

less resistance in purifying their Selves [ego] and their hearts 

than those in the era of Prophet Abraham, who had to struggle 

a lot more in performance of the same good deed and 

mortification of the Self. 

2.1 The ratio of negativity presently is over 100%. 
The more the spiritual atmosphere is polluted, the less you 

feel inclined to do good deeds or to mortify your Self. It is due 

to the highest ratio of negativity today that people don‘t want 

to purify their Selves. The desire of God‘s love is 

overshadowed by the desire of material gains thanks to the 

fullest ratio of negativity. You enjoy more when you do bad 

than when you do good and it is because bad deeds are well 

supported by the negativity in the atmosphere. Most people 

are married yet they enjoy sex with those not married to them; 

it is because of the negativity in the atmosphere. A holy man 

has God‘s presence in him and he is like a powerhouse of 

light and positivity; people feel inclined to do good when they 

are around him. 

A holy man recycles the atmosphere and renders good 

spiritual oxygen to the suffocating hearts. 
No act of worship can provide you with the amount of light 

and positivity as much as a holy man does. No wonder Rumi 

said, ‗A moment spent in company of a holy man is far greater 

and better than worship of a thousand years.‘ 

The spiritual atmosphere continues to deteriorate. Human 

beings now want money, women and luxury only. 

The ratio of negativity has always gone up with the passage of 

time. It is directly proportional to the nature of the amount of 

sins which people commit; and at the same time it is also 

directly proportional to the number of Jinn who dwell in this 

phenomenal world.These are Spiritual Sciences. What I am 

speaking about is not any knowledge that you can find in any 

celestial book. You will not find this knowledge in books of 

Prophetic Traditions and you will not find this knowledge in 

books of Saints. This knowledge comes from His Divine 

Eminece Lord Ra Riaz Gohar Shahi. 

According to a Prophetic Tradition, ‗The world will be 

covered with darkness in the era that the Awaited One will 

appear in this world. There will be a few lamps lit up in this 

world and those few lamps will be at a considerable distance.‘ 

People who interpret the Holy Scripture think that this 

darkness is referred to physical, phenomenal darkness of this 

world and that these lamps are referred to physical lamps. 

This is wrong. Physical lamps and physical darkness has 

nothing to do with the advent of the Awaited One; there has 

been such darkness in this world before the Awaited One‘s 

arrival and there can be darkness after the Awaited One has 

arrived. It doesn‘t help us understand the Personality of the 

Awaited One. If we interpret this Prophetic Tradition under 

the guidance of His Divine Eminence and dig out the esoteric 

meaning of it, darkness is referred to darkness of the heart and 

lamps are referred to enlightened hearts. There will be a few 

enlightened hearts.The more enlightened hearts are there in 

the world the better the spiritual atmosphere is and the less 

enlightened hearts are there in the world the worse the 

spiritual atmosphere becomes. 

„How does the spiritual pollution affect our spiritual 

journey, our faith and our struggle to purify our hearts 

and mortify our Selves (Ego)?‟ 
We have seven subtleties in our skeleton. Six of them are 

dormant but the seventh, the Self (Ego) is very much alive and 

its origin is the devil. When the body of Adam was created, 

the devil spat at his navel point; there was a germ in his saliva 

which turned into the Self. So, the Self is a germ that has 

come from the devil. This diet can be obtained from any food 

you consume. Negative energy has heating effects. When you 

inhale oxygen, a considerable amount of negativity enters 

your body and it strengthens your Self. The diet of the Self is 

negative energy. Every time you breathe you‘re giving diet to 

your Self. 

All vegetables and fruits need some light before they are 

worthy of consumption. If there is no sunlight available there 

is no fragrance in flowers. If there is no sunlight, there is no 
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taste in any fruit. Sunlight is important and sunlight has 

heating effects; so negative energy is rendered. All kinds of 

meat, including fish have negative energy in them. 

You cannot live without food. When you eat it, it is not only 

strengthening your body but it is strengthening your Self; it‘s 

becoming stronger every day. One thing is very important: 

when there is too much negative energy in this world and our 

Self is absorbing so much negative energy, we want to do bad 

things. If our Self is strong, our Self makes us do bad things. 

His Divine Eminence Lord Ra Riaz Gohar Shahi once said, 

‗The knowledge of spirituality is not suitable for common 

people. Initially it was aimed at those who were very clever 

by mind.‘ 

If we deal properly with consciousness, then we can 

realistically deal with the problems of this world. Otherwise, 

we are just doing patchwork. The cause of all the pollution in 

the world is polluted consciousness, because our minds are 

highly polluted with toxic greed. What is the nature of this 

greed? It can never be satisfied. The Vedic solution is to learn 

how to be content and satisfied with simple things — simple 

living and high thinking. 

3. Spiritual pollution 

It is a spiritual pollution that acts like cholesterol in our soul 

that prevents our hearts from beating in rhythm with Jesus, it 

is a spiritual pollution that chokes our joy and clouds our 

ability to see Christ like black smoke from a burning oil well, 

it is a spiritual pollution in this world that stunts our ability to 

grow and become who Jesus made us to be, it is a spiritual 

pollution that isn‘t a beautiful painting of God‘s glory but 

instead a grotesque spray-painting and graffiti of God‘s 

character. 

Do we believe that this spiritual pollution exists in this 

world and that we breathe it in deeply—BY CHOICE!—every 

day, that we often without realizing it put the mask over our 

faces so that we ONLY breathe in its fumes?In Mexico City, 

the pollution is so terrible that there are tanks set up where 

you can breathe pure oxygen. Jesus also offers us pure 

spiritual oxygen if we would simply breathe Him in deeply, if 

we would fix our EYES on Him and allow Him to fill us with 

His light and purity through His Holy Spirit and His 

Word…You see, it is with our EYES that we breathe in either 

the pollution of this dying, sinful world or the purity of the 

Living Savior… 

. 

That is why Jesus says the eyes are the lamp of the body… 

 Jesus is revealing something powerful to us that we could 

never have figured out on our own! If our eyes are filled with 

darkness our entire bodies will be so filled. And we let in SO 

MUCH darkness through our eyes with the movies we watch, 

the t.v. shows that we RELGIOUSLY follow (ordering our 

lives around watching them!), the social media sites that we 

spend so much of our precious, limited lives soaking up, the 

magazines that we read, etc. Some secular studies show that 

the more time people spend on Facebook, the higher chance 

they have of being depressed and feeling discontent in their 

lives. WOWZA! And yet we Christians somehow think we 

are immune to those Facebook fumes, breathing them in 

deeply for hours each day THROUGH OUR EYES and 

thinking it is a neutral or even beneficial way to spend our 

time!!! 

 The advertising world is a multi-BILLION dollar 

industry whose sole purpose is to get you to buy what they 

sell and whose sole strategy for getting you to buy what they 

sell is to get you to feel unhappy with and unthankful for and 

discontent with what God has already given you, whether 

body or house or car or objects or hair or talents or spouse etc. 

Companies hire these firms and pay them billions of dollars 

not because they MIGHT be effective but because they are 

TERRIBLY EFFECTIVE, not because they have a CHANCE 

of getting people to be discontent but because we are 

GUARANTEED to be discontent if we watch and soak up 

enough of their ads!!!! 

It is great gain to have our character match up more and more 

with God‘s character (godliness) and to have contentment 

with who we are in Christ and what we have been given from 

Christ! This is great gain! I wonder if the opposite is also true: 

―ungodliness with discontentment is great loss.‖ THIS 

GREAT LOSS is exactly what we get over time as we fill our 

minds with the spiritual pollution of this world through hours 

and hours each week of watching t.v. & movies, immersing 

ourselves in social media, and barely spending minutes and 

minutes with Jesus in silence, stillness, and Scripture. Often 

without realizing it we nurse from the tailpipe, from the 

exhaust, of this sinful world. No wonder so few Christians are 

growing, no wonder so many Christians are sick, no wonder 

so many Christians are dizzy and light-headed and discontent 

and chasing what Madison Avenue offers us! 

 Why does the devil focus on t.v., movies, music and the 

internet? Because that‘s where we spend the majority of our 

time! He sets up his pollution-pots all over the information 

superhighway because we are like internet over-the-road 

truckers—we‘re always driving there, mile after drowsy mile! 

The devil fills up these areas with millions of landmines and 

we think we can dance through them unhurt though we have 

blindfolds and clown shoes on! We think we can live in this 

polluted land for dozens of hours per week and not be 

polluted, and this just shows how deep the disease has 

gotten…we are numb to the symptoms and oblivious to the 

causes. 

In the 1920s—50s, the greatest trick of the tobacco 

industry wasn‘t adding addictive chemicals to cigarettes or 

getting people to smoke; it was convincing people that 

smoking cigarettes actually IMPROVED their health…there 

were many doctors who used to PRESCRIBE cigarettes to 

patients for better health! This is what the devil has done to 

us—what we have ALLOWED him to do to us—about the 

vast majority of t.v. shows, commercials, the internet, social 

media, movies, magazines, and music that we consume each 

week. We think they make us healthy when the opposite is 

tragically true… 

 Like the famous illustration: how do you boil a frog? NOT by 

throwing him in a pot of boiling water—the frog will just 
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jump out! But you put him in a pot of luke-warm water and 

slowly heat it up. He doesn‘t even realize he is being cooked 

that way. And we are being cooked, brothers and sisters…or 

really, we are being polluted…And that is how the devil uses 

the majority of t.v., movies, social media, music, magazines 

and books nowadays. We are taught through much of this 

content that sin isn‘t a big deal, that it is not bad and even 

good, that what the Bible CLEARLY calls sin is to be 

celebrated! We have become desensitized to sin and pollution 

like the frog in the slowly heated water. It is the utter height—

or DEPTH!—of our pollution when we call sin good and 

when we call the Bible—or just the parts that we don‘t like—

BAD! We didn‘t change overnight but were polluted slowly 

over time…the devil uses images, pictures, commercials, 

shows, movies, etc. because images—what we see—are very 

powerful. 

.We see situations in movies or t.v. shows–or even in real 

life!–where a person is clearly sinning and there don‘t seem to 

be very many consequences at all, or if there are the results 

are positive and good! This teaches us that sin is not a big 

deal, or even not sin at all! We are disciples of the world 

because we spend so much time with the world, learning its 

ways; we are NOT disciples of Jesus because we spend so 

little time with Him, learning HIS ways… 

 The devil knows the power of these images over time, and 

remember this is what he did back at the beginning to Eve in 

the garden of Eden. Genesis says that after the devil tempted 

Eve, she LOOKED at the fruit, and seeing that it was pleasing 

to the EYES, she took some and ate it. And so here we all are 

in this mess all these years later! The devil appealed to Eve‘s 

EYES, and she trusted her eyes over what God had clearly 

told her (His WORD!). The devil continues this potent attack 

today. 

Images are powerful—this is why God says in the second 

commandment not make any images to worship, even of the 

LORD! Images have power to lead us astray, because what we 

look at with our eyes enters our minds, and our minds are 

directly connected to our actions. That is why Philippians 2 

tells us to have the same ATTITUDE as that of Jesus, because 

if we have His mind/attitude we will eventually have His 

actions; that is why God tells us through Paul to be 

transformed by the renewing, the transformation, the 

cleansing, the un-polluting of our MINDS—and in order to do 

this we need to cleanse what we look at…this is why Hebrews 

says to fix our EYES on Jesus!!! See how this is all so 

beautifully and expertly connected in the Bible!? 

 I learned to be discontented with my body, with my muscles 

(or lack of muscles!). I wasn‘t born discontented—I learned 

it! Pictures of action figure toys prove this–in the 60s, the toys 

were slightly muscular. Now, many action figure toys are 

comically muscular. Growing up, as I saw pictures of 

bodybuilders and other guys in movies, t.v. shows and 

commercials, and on the covers of magazines, as various 

shows subtly taught that to be a man and to be cool and to be 

happy is to look like these guys, I began to look at my very 

normal body and be dissatisfied—even disgusted!—with my 

appearance! What a slick trick!!! But then the OTHER 

extreme is also just as dangerous (though I probably won‘t 

ever have to worry about this): it‘s dedicating our lives and 

time and money and energy to getting our bodies to look like 

those on the covers of magazines and trying to find our 

satisfaction and pleasure in our appearance instead of the 

character of Jesus… 

 We are so concerned with the pollution of the physical 

earth…and within reason, we should be concerned with this! 

But we are so concerned with the pollution of the physical 

earth, though the physical earth is only temporary, and we are 

so UN-concerned with the spiritual pollution that we allow in 

our souls, which will last forever… 

You might say, “Oh come on. It‟s just a t.v. show, it‟s just 

an R-rated comedy, it‟s just a song, it‟s just a magazine! 

It‟s harmless! I don‟t see anything wrong with it!” 

 Carbon monoxide is a colorless, odorless gas…that kills. We 

put detectors in our houses that give off an ear-splitting ring 

when the slightest whiff is detected which our noses and eyes 

are totally blind to. No one calls us legalistic against poison 

when we dutifully set up these alarms–they call us wise! But 

we think we are legalistic when the Holy Spirit & Bible guide 

us to detect and depart from the spiritual poison of this 

world… 

 The spiritual pollution of this world, without the alarm of the 

Bible and the Holy Spirit, is also often odorless and colorless 

and no less deadly to our souls. We not only do not turn on the 

alarms but we keep it locked in the box and on the shelf. ―This 

Book will keep you from sin (POLLUTION!) or sin 

(POLLUTION!) will keep you from this Book‖ (D.L. 

Moody). With us rarely reading and living our the Bible and 

with us breathing deeply from the polluted tail/exhaust pipe of 

this sinful world for hours and hours per day, it is no wonder 

that many of our faith in Christ is dead or in a coma, it is no 

wonder that we are on spiritual life-support…we have 

forgotten or overlooked or ignored the second half of James 

1:27 and are thoroughly polluted by the spiritual carbon 

monoxide of this world. 

4. The Vedic solution to environmental pollution 

Earth is our mother and her natural resources are sacred; they 

are God‘s energy and how we respect and utilize them is what 

will determine the fate of the world. We could be happy with 

the simple things that God provides if we just learn the art of 

using them in harmony with the will of God. The Vedic 

solution to environmental pollution is to change our 

consciousness from being little Ravanas to little Hanumans… 

from exploiting the earth for our own purposes to protecting 

and honoring the earth for God‘s purposes. 

There is no other permanent solution. All other solutions from 

environmental organizations may be good and necessary and 

vital, but we must understand that unless there is a change in 

consciousness, those solutions are not sustainable. Years ago I 

met the environmental minister of India and she questioned 

what good  the mantras of the sadhus were doing for the 

environment. I replied that these mantras clean the heart. If 

you clean the rivers but not the hearts, then people will just 
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pollute the rivers again. You have to clean the rivers and we 

also have to educate people how to find satisfaction in the 

simple, divine gifts that God has given us. 

Mother Earth has a body that is very much like our bodies. 

When there is some problem, she heals herself. But like our 

bodies, if her body is exploited again and again and filled with 

more and more toxins and is never given the time to replenish 

itself, then it can‘t heal itself and the result is serious diseases. 

When Mother Earth gets a disease, the reactions are severe 

earthquakes and tsunamis. It is necessary, therefore, to clean 

the ecology of our consciousness, and the simplest and most 

powerful agent to remove the pollution of our minds and 

hearts and to restore the love, compassion and inner 

satisfaction that we are all longing for is the chanting of God‘s 

holy names. 

4.1   The Ratio Of Negativity In The Spiritual Atmosphere 

The ratio of negativity in the spiritual atmosphere differs from 

time to time. The ratio of negativity was different at the time of 

Abraham from the time of Adam. And it differed in the era of 

Moses from the era of Abraham. 

According to a Prophetic Tradition, ‗There are two angels 

appointed on every human being. One of the angels is 

appointed to keep a record of everything good a man does and 

the other keeps the record of everything bad a man does.‘  So 

these two angels keep a record of your good and bad deeds. 

When you commit a sin, they write it in your book and it will 

be presented to God on the Day of Judgement. But at the same 

time, when you commit a sin, they write it in that book and 

they place a black spot on your heart as well. Now why is the 

record being kept in two different places in two different 

forms? Because when you reach the age of 40, your book [of 

deeds] is sent to God. 

Whether you follow a religion or you don‘t, whether you are 

good or bad, at the age of 40 your book is taken to God. 

According to God‘s understanding, ‗Now he is 40. He must 

have done something good and he deserves to be rewarded.‘ 

This is the time when God thinks you should be given rewards 

for your efforts that you may have made to seek God‘s love. 

The efforts that you may have made to bring spirituality and 

spiritual awareness in your life [will be rewarded]. Maturity in 

men comes at the age of 40. You cannot be the President of 

the USA if you are not 40 years of age. All Prophets declared 

Prophet-hood after 40 because that is when they are sober. 

 5. Solutions  

 

The willingness to do good is directly proportional to the 

spiritual atmosphere. If the spiritual atmosphere is full of 

positive energy, than even bad people want to do good. When 

the ratio of negativity was significantly low at the time of 

Adam, it was easy for them to do good deeds; comparatively, 

the same good act that people of Adam did became harder for 

the people of Abraham. Why? The spiritual atmosphere 

provided more resistance against them because of the [higher 

ratio of] negativity. Negativity at the time of Adam was 

lowest.So the spiritual atmosphere is getting worse every day. 

. 

 „How does the spiritual pollution affect our spiritual 

journey, our faith and our struggle to purify our hearts 

and mortify our Selves (Ego)?‟ 
We have seven subtleties in our skeleton. Six of them are 

dormant but the seventh, the Self (Ego) is very much alive and 

its origin is the devil. When the body of Adam was created, 

the devil spat at his navel point; there was a germ in his saliva 

which turned into the Self. So, the Self is a germ that has 

come from the devil. This diet can be obtained from any food 

you consume. Negative energy has heating effects. When you 

inhale oxygen, a considerable amount of negativity enters 

your body and it strengthens your Self. The diet of the Self is 

negative energy. Every time you breathe you‘re giving diet to 

your Self. 

All vegetables and fruits need some light before they are 

worthy of consumption. If there is no sunlight available there 

is no fragrance in flowers. If there is no sunlight, there is no 

taste in any fruit. Sunlight is important and sunlight has 

heating effects; so negative energy is rendered. All kinds of 

meat, including fish have negative energy in them. 

You cannot live without food. When you eat it, it is not only 

strengthening your body but it is strengthening your Self; it‘s 

becoming stronger every day. One thing is very important: 

when there is too much negative energy in this world and our 

Self is absorbing so much negative energy, we want to do bad 

things. If our Self is strong, our Self makes us do bad things. 

His Divine Eminence Lord Ra Riaz Gohar Shahi once said, 

‗The knowledge of spirituality is not suitable for common 

people. Initially it was aimed at those who were very clever 

by mind.‘ 

His Divine Eminence says, „If you want to keep your heart 

alive and happy with God, and God happy with your 

heart, then keep your Self unhappy.‘ 

You cannot keep both the Self and heart happy at the same 

time. You could like it or dislike it, but this is what spirituality 

is all about.The ratio of negativity and positivity in the 

spiritual atmosphere is a very sensitive issue. How sensitive? 

Your progress [in spirituality] is directly dependent upon the 

effects of this ratio. 

Combating the Spiritual Pollution 
In order to cut down on atmospheric pollution, you plant trees. 

The more trees you have in the area, the lesser pollution. A 

tree gives you an external aid to cut down on the pollution. In 

the daytime, trees release oxygen which helps overcome the 

bad elements in the air. When it goes in the air, it adds to the 

amount of the oxygen already present in the air and the 

pollution decreases. If there are no trees, the air quality will be 

so bad that you will not be able to breathe. 

In a similar fashion, if you want beat the spiritual 

pollution you need to have Saints of God. 

Why? The trees release oxygen and the Saints are connected 

to God; God looks at them and God sends upon them 

Theophanies of God every day. Remember: one Merciful 

Glance of God burns away seven great sins. Right now, 

spiritually, this world is like a toilet. Dirt is falling from the 

sky. You go out and you become dirty. If dirt starts to fall 

from the sky and it doesn‘t stop, you will become accustomed 

to it. For the first few days, you will feel stinky and terrible, 



            International Journal of Engineering Research                                                ISSN:2319-6890 (online),2347-5013(print) 

                  Volume No.7, Issue Special 4, pp : 554-559                                                                                            9,10 March 2018 

 

DOI : 10.5958/2319-6890.2018.00171.X                             EPIC@2018 Page 559 

 

but you have no cure, no remedy and no solution so you will 

convince yourself to become accustomed. But then, somebody 

will come to you and say, ‗Come. There is a very safe place 

for you. Come to the Awaited One. In the time you spend in 

the Awaited One‘s company, you are away from the falling 

dirt.‘  

      You become pure again but the trouble is, you go and 

come back again and become pure. But now there is one 

difference between you and others. They do not know about 

the cleanliness, they will develop an urge to come back here. 

What will happen to you? When there is enough purity in your 

heart, you will be given the armour of purity. Your heart will 

be connected to the Awaited One Lord Ra Riaz Gohar Shahi‘s 

heart. When you go out with the umbrella of Lord Ra Riaz 

Gohar Shahi‘s Merciful Sight, you are safe. It is like dirt is 

falling on people but you are holding an umbrella, so you are 

protected. 

Without the Merciful Glance it is difficult to remain a good 

person and remain a pure heart. 
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Abstract : The major downside facing the Indian 

transportation and power sector is that the increasing costs 

of the fossil fuels. The increasing fuel costs have an 

instantaneous impact upon the Indian economy. As fossil 

fuels costs climbs higher, the look for different modes of 

transportation is required. Pluggable hybrids square 

measure proving to be an entire new thanks to store and 

consume mass amounts of energy from the Indian 

installation. This paper focuses on the importance of use of 

pluggable hybrids in Republic of India and infrastructure 

necessities for a similar. This paper shall additionally 

discuss the challenges for implementation of pluggable 

hybrids in Republic of India. The paper shall facilitate to 

supply Associate in Nursing insight upon a good launch 

within the Indian landmass. 

Index Terms—PHEV’s (Plug In Hybrid Electric Vehicle), 

Fossil fuels, Green fuel, Economic impact 

Introduction 

India’s efforts to develop Associate in Nursing economical 

good grid will possess the subsequent few pre-requisites these 

embrace the ability system ought to absolutely meet user’s 

demand for electricity, optimize the allocation of power 

resources, make sure the security, reliableness and economy 

of electricity provide, meet environmental constraints, and 

meet the electricity market development. good Grid ought to 

settle for the range of fresh energy  generation, optimize the 

structure power capability, promote  certainty and intermittent 

characteristics of the distributed diversification of the ability 

provide structure, and improve the  proportion of low-carbon 

energy in energy structure, whereas  improve the consistency 

and reliableness of the grid. because the unrenewable  energy 

power generation, good Grid cannot develop while not the 

support of energy storage.  Distributed energy storage units of 

PHEVs will function a complement  of the ability grid to 

alleviate tension of the ability provide and improve network 

reliableness. With development of technology, their 

production to take advantage of the growing electrical vehicle 

market [3]. Following fig shows block diagram of Plug In 

Hybrid Electric vehicle.  

   

 

 

 

 

 

 

 

 

 

Fig 1: Block Diagram of Plug In Hybrid Electric Vehicle 

PHEV’s will any scale back investment and in operation 

prices of power grid. Statistics showthat rider vehicles square 

measure, on average, place and idle for concerning twenty 

three hours each day. throughout this point, the battery within 

the rider vehicles will act as distributed mobile storage unit of 

power grid. and also the battery power will feed back to the 

grid once the ability provide is scarce in grid. With the event 

of electrical vehicles, V2G and its functions in good grid 

attracts additional and additional attention. 

 

Plug in Hybrid Electric Vehicles 

Plug-in electric vehicles are growing in popularity due to 

increasing governmental regulations on industries and public 

opinion to reduce greenhouse gas emissions and move toward 

more sustainable technologies. Therefore, many automotive 

companies have already started to expand PEVs offer 

numerous advantages over conventional fuel based vehicles 

such as; more efficient motors, low emissions, less reliance on 

fossil fuels, energy storage for grid surplus and vehicle-to-grid 

(V2G) capability for supporting grid during peak times. PEVs 

can come in many variants such as all-Battery Electric 

Vehicles (BEVs) and Plug- In/Hybrid Electric Vehicles 

(HEVs/PHEVs) which combine battery powered electric 

motor propulsion (for short intercity driving) with 

conventional fuel based internal combustion engines (for long 

range cruising). The latter hybrid PEV type is currently the 

most popular. PEVs are anticipated to be charged in public or 

corporate car parks, electric charging stations, or at a 

customer’s premises. Therefore, in order to support PEVs in 

the near future, an electric vehicle network complete with 

charging stations and infrastructure to support residential PEV 

charging is necessary. This will be an important function of 
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newly developing smart grids proposed to modernize century 

old distribution system design for future energy requirements 

[3] . Typical PEV battery capacities presently range from a 

few kWhs to over 50 kWh. In order to charge these batteries 

in a time period similar to filling the tank of a fuel based car, 

it is expected that most PEVs will have multiple charging 

modes allowing slow to rapid charging. Lithium-ion titanate 

batteries are showing promise with their lightweight, energy 

dense and rapid recharge capability [3].With a suitable battery 

charger, it may be possible to recharge these batteries in 

approximately 10 minutes with 95% of full charge. For 

example, the newly released Mitsubishi iMiev PEV offers 

home charging from 15A 240 V (Australia) power supply. 

The battery charger itself is built into the PEV. The iMiev 

offers the quick charge facility using a special socket supplied 

from a rapid charge unit such as those to be installed in 

charging [3].  

 

 
Fig 2: Vehicle sale growth in India 

 

The PHEVs can be further split up into the following 

categories: 

 On-Road Highway Speed Vehicles An On-Road 

Highway Speed Vehicle is  an EV capable of driving on all 

public roads and highways. Performance of these On-Road 

vehi- From the above representation it may be seen that the 

cles is similar to Internal Combustion Engine vehicles.  Indian 

transport sector does have an extremely high potential 

 City Electric Vehicles Traditionally, City Vehicles 

have when it comes to an implementation of Hybrid electric 

vehicle been BEVs that are capable of driving on most public 

and its smart grid application in India. roads, butgenerally are 

not driven on highways.  

 Top speed is typically limited to 55 mph.  

Neighborhood Electric Vehicles (NEVs) Neighborhood. 

 

 

Fossil Fuel Consumption Pattern In The Indian Vehicles 

 posted at thirty five mph or less. The fuel 

consumption additionally has gone up exponentially 

contemplate electrical vehicles (NEVs), additionally called 

Low Speed Vehicles (LSVs) square measure BEVs that 

square measure restricted to twenty five mph and square 

measure al- The Indian transport sector showed an incredible 

lowed in sure jurisdictions to work on public streets growth 

considering the traffic within the past ten years. 

-Road Highway Speed Vehicles There are 

ering this growth. The oil consumption went up from 2130000 

variety of business electrical vehicles, as well as com- 

(bbl/day) in 2001 to 33000 (bbl/day) in 2012 mercial trucks 

and buses. These vehicles are found as both  BEVs and 

PHEVs. 

 

 Indian Transport Sector Scenario 

Roads ar the foremost necessary mode of transportation in 

Republic of India nowadays. They carry nearly ninety % of 

the country’s traveler traffic and sixty five % of its freight. 

The density of India’s road network -- at zero.66 metric linear 

unit of road per sq. metric linear unit of land [1].The urban 

population in Republic of India has big from {ten %|one-

tenth|tenth|tenth part|common fraction|simple fraction} in 

1901 to forty percent in 2013. Nearly seventy % of the urban 

population is found in Metropolitan cities .This serious 

concentration of population in an exceedingly few centers has 

resulted within the enlargement of cities in density yet as 

space. With the rise in population and economic activities the 

travel demand has augmented several folds. The inadequate 

conveyance and therefore the straightforward availableness of 

finance facilities for personal vehicles have resulted in 

augmented vehicle possession levels and their usage. Further, 

the changes in urban type and therefore the oil consumption 

increase pattern that is accompany structure in terms of lad 

use, density of population and connied by the value rise of the 

fuels has result in the planners to centration of activities have 

modified the travel pattern[5]. get hold of for numerous 

alternate means that to scale back the fuel will .The following 

Pi chart illustration shows the yearly sumption and therefore 

the promotion to the employment of Hybrid electrical vehicles 

category-wise growth in vehicle sales in Republic of India 

vehicles within the Indian landmass. but the implementation 

of this technology will associate with several challenges to be 

long-faced by the facility sector and transport sector in 

Republic of India. 

 

Challenges For Phev Implementation In India   

The PHEV technology since Its beginning sets a serious 

disadvantage of augmented 

 price as a results of that it finds  lower acceptance within the 

majority of class financial gain cluster of Indian 

population.The increase in charging station demand is sure to 

be very high that comes with its own drawbacks. 

The battery charging times or all vehicles ar appx. 1 hour, 

therefore this results in a lower acceptance as compared to the 

standard fuelled vehicles. 

  
Fig 3: Exponential oil consumption growth in India  
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The increase in demand-generation gap that is already quite 

high within the Indian power sector is sure to worsen if there's 

a rise within the use of PHEVs. 

Considering the Indian population the number of load of 

power grid are going to be very high throughout the height 

load periods. 

Infrasturcture Requirement For Phev Implementation 

 Overnight charging facilty in unit garages  

 

 Overnight charging facility in flat complexes.  

 

 Opportunity charging at industrial facilities 

 Dedicated charging stations setup just like fuel 

stations 

 Charging facility at industries and IT parks. 

 

The Infrastructure demand for PHEV implementation those 

involves an oversized quantity of capital investment this is 

often quite balanced out by future edges to the facility system. 

 

Conclusion 

 

Due to increasing costs of fossil fuels want for various supply 

of energy for transportation arises.  The PHEVs do hold an 

honest scope for development within the Republic of Indian 

landmass considering its edges and ar because of get enforced 

in India considering the challenges mentioned during this 

paper. 
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Abstract:  Construction industry is growing rapidly and new 

technologies have evolved very fast to cater different 

difficulties in the construction industry. Among all materials 

used in the construction industry concrete is main material 

for construction puposes. Billions of tons of naturally 

occurring materials are mined for the production of concrete 

which will leave a substantial mark on the environment. 

Nowadays recycling of waste and industrial by products 

gaining popularity to make concrete environment friendly 

material and the concrete can be called as Green Concrete.  

Green concrete is a revolutionary topic in the history of 

concrete industry. This was first invented in Denmark in the 

year 1998. This review paper will give us a brief idea about 

as well as advantages and disadvantages about green 

concrete. 

 

Key Words — Concrete, Green Concrete, Recycled 

Aggregates, Quarry Dust, Recycled Aggregate Concrete, 

Cement, Fine Aggregate, Coarse Aggregate. 

 

INTRODUCTION: 

 

The size of construction industry all over the world is growing 

at faster rate. The huge construction growth boosts demand for 

construction materials. Aggregates are the main constituent of 

concrete. Due to continuously mining the availability of 

aggregates has emerged problems in recent times. To 

overcome this problem, there is need to find replacement to 

some extent. Nowadays, there is a solution to some extent and 

the solution is known as “Green Concrete”. Green concrete 

has nothing to do with color. It is a concept of thinking 

environment into concrete considering every aspect from raw 

materials manufacture over mix design to structural design, 

construction, and service life. Green concrete is also cheap to 

produce because, waste products are used as partial substitute 

for cement, charges for the disposal are avoided, energy 

consumption in production is lower, and durability is greater. 

Waste can be used to produce new products or can be used as 

admixtures so that natural resources are used more efficiently 

and the environment is protected from waste deposits. 

 

IMPACT ON ENVIRONMENT DUE TO CONCRETE: 

 

 About 0.9 tons of carbon dioxide is produced for 

every 1 ton of cement produced. Carbon dioxide is one of the 

green house gas which is responsible for global warming. 

 Major ingredient in the production of concrete is 

aggregates without aggregates it is impossible to produce 

concrete. Aggregates are mined from the rock mines and the 

rate with which concrete is produced there will be significant 

reduction in naturally occurring materials. 

 Disposal of construction and demolition waste has 

become a major problem these days, according to the report of 

Technology, Information, Forecasting, Assessment Council 

the total amount of waste from construction industry is 

estimated to be 12 to 14.7 million tons per annum. Out of 

which 7.8 million tons are concrete and brick waste. Because 

of increasing problems of these wastes many countries have 

started researches to use these materials as source. 

 

REPLACEMENT MATERIALS FOR GREEN 

CONCRETE: 

 
USE OF RECYCLED AGGREGATES: 

 

Construction and Demolition disposal has emerged as a major 

problem in all over the world. In USA, approximately 135 

million tons of Construction and Demolition waste is 

generated annually. Wastes’ arising from construction and 

demolition constitutes one of the largest streams within the 

European Union and many other countries. It is now widely 

accepted that there is significant potential for reclaiming and 

recycling demolished debris for use in value added 

applications to maximize economic and environmental 

benefits. As a result recycling industries grew up. Many 

governments throughout the world have now introduced 

various measures aimed at reducing the use of primary 

aggregates and encouraging reuse and recycling, where it is 

technically, economically, or environmentally acceptable. 

Recycling industries in many parts of the world converts low 

value waste into secondary construction material such as 

aggregate grades, road materials and aggregate fines. While 

accepting the need to promote the use of Recycled Concrete 

Aggregate (RCA) in wider applications, it must be 

remembered that the aggregate for concrete applications must 

meet the requirements set in relevant specifications for its 

particular use. The gap between these interests has to be 

reduced in steps that are manageable and the use of RCA in 

structural concrete has to be promoted gradually. Similarly 

considerable attention is required to the control of waste 

processing and subsequent sorting, crushing, separating and 

grading the aggregate for use of the concrete construction 

industry. In addition, there is an urgent need for legislative or 

regulatory measures to implement sustainable Construction & 

Demolition waste management strategy and encourage 
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recycling for use in value added applications. A number of 

different processes are possible for the crushing and sieving of 

Construction & Demolition waste. Such material often 

contains foreign matter in the form of metals, wood, 

hardboard, plastics, papers etc. Hence, a process scheme has to 

be adopted which removes large pieces of these materials, 

mechanically or manually, before crushing and thorough 

cleaning of the crushed product. 

 It has been reported that there is a loss in 

compressive strength of concrete when recycled aggregates 

are used for production of concrete as direct replacement to 

natural aggregates. 

 Therefore it can be used as partial replacement to 

natural aggregates. 

 The lower compressive strength recorded for 

concrete produced with recycled aggregate was due to higher 

water cement ratio, which was required to facilitate mixing 

due to absorption of the recycled fine particles. 

 Recycled aggregate concrete will have higher water 

absorption than conventional concrete, it is mainly due to 

adhered mortar with recycled aggregates. 

 Recycled aggregate concrete will have slightly higher 

drying shrinkage; this is mainly because of increase in 

water/cement ratio. 

 Recycled aggregate concrete has better resistance to 

carbonation it is mainly due to porous recycled aggregates and 

presence of old mortar attached to crushed stone aggregate. 

 Recycled aggregate concrete provides better 

resistance to freezing and thawing than concrete produced by 

mixing natural aggregates. 

 The key engineering and durability properties of 

RCA concrete are similar to corresponding Normal Aggregate 

Concrete, providing the mixes are of equivalent strength 

achieved through adjustment in the w/c ratio 

 Overall, the practical benefits resulting from the 

current work are not only on environmental and economical 

fronts, but they could also provide the construction industry 

with technical information on a marketable product, which is 

presently under- utilized. 

 

USE OF QUARRY DUST: 

 

Common river sand is expensive due to excessive cost of 

transportation from natural sources. Also large-scale depletion 

of these sources creates environmental problems. As 

environmental transportation and other constraints make the 

availability and use of river sand less attractive, a substitute or 

replacement product for concrete industry needs to be found. 

River sand is most commonly used fine aggregate in the 

production of concrete poses the problem of acute shortage in 

many areas. Whose continued use has started posing serious 

problems with respect to its availability, cost and 

environmental impact. In such a situation the Quarry rock dust 

can be an economic alternative to the river sand. Quarry Rock 

Dust can be defined as residue, tailing or other non-voluble 

waste material after the extraction and processing of rocks to 

form fine particles less than 4.75mm. Usually, Quarry Rock 

Dust is used in large scale in the highways as a surface 

finishing material and also used for manufacturing of hollow 

blocks and lightweight concrete prefabricated Elements. Use 

of Quarry rock dust as a fine aggregate in concrete draws 

serious attention of researchers and investigators. In the recent 

past good attempts have been made for the successful 

utilization of various industrial by products (such as fly ash, 

silica fume, rice husk ash, foundry waste) to save 

environmental pollution. In addition to this, an alternative 

source for the potential replacement of natural aggregates in 

concrete has gained good attention. As a result reasonable 

studies have been conducted to find the suitability of granite 

quarry dust in conventional concrete. The utilization of Quarry 

rock dust which can be called as manufactured sand has been 

accepted as a building material in the industrially advanced 

countries of the west for the past three decades. As a result of 

sustained research and developmental works undertaken with 

respect to increasing application of this industrial waste, the 

level of utilization of Quarry Rock Dust in the industrialized 

nations like Australia, France, Germany and UK has been 

reached more than 60% of its total production. The use of 

manufactured sand in India has not been much, when 

compared to some advanced countries. 

 The durability of quarry dust concrete under sulphate attack 

is higher compared to conventional concrete. 

 The durability of quarry dust concrete under acid action is 

also better than conventional concrete. 

 The effects of quarry dust on the elastic modulus property 

are good with conventional concrete containing natural sand. 

 The fine quarry dust tends to increase the amount of super 

plasticizers needed for the quarry mixes in order to achieve the 

rheological properties.  

Replacement of natural sand with Quarry Rock Dust, as full 

replacement in concrete is possible. However, it is advisable to 

carry  out trial casting with Quarry Rock Dust proposed to be 

used, in order to arrive at the water content and mix proportion 

to suit the required workability levels and strength 

requirement. However, more research studies are being made 

on Quarry Rock Dust concrete necessary for the practical 

application of Quarry Rock Dust as Fine Aggregate. 

 

ADVANTAGES OF GREEN CONCRETE: 

Green concrete has manifold advantages over the conventional 

concrete. Since it uses the recycled aggregates and materials, it 

reduces the extra load in landfills and mitigates the wastage of 

aggregates. Thus, the net CO2 emissions are reduced. The 

reuse of materials also contributes intensively to economy. 

Since the waste materials like aggregates from a nearby area 

and fly ash from a nearby power plant are not much expensive 

and also transport costs are minimal. Green concrete can be 

considered elemental to sustainable development since it is 

eco-friendly itself. Green concrete is being widely used in 

green building practices.   

It also helps the green buildings achieve LEED and Golden 

Globe certifications. Use of fly ash in the concrete also 

increases its workability and many other properties like 

durability to an appreciable extent. One of the practices to 

manufacture green concrete involves reduction of amount 

cement in the mix, this practice helps in reducing the 

consumption of cement overall. The use waste materials also 

solve the problem of disposing the excessive amount industrial 

wastes. 
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 Much change is not required for the preparation of 

green concrete compared to conventional concrete. 

 Reduces environmental pollution. 

 Saves energy, emissions and waste water. 

 Have good thermal and acid resistance. 

 Compressive and split tensile strength is better with 

some materials compared to conventional concrete. 

 Reduces the consumption of cement overall. 

  Green concrete is economical compared to conventional 

concrete. 

 

DISADVANTAGES OF GREEN CONCRETE: 

 Structures constructed with green concrete have 

comparatively less 

 Life than structures with conventional concrete. 

 Compressive strength and other characteristics are less 

compared to conventional concrete. 

 Water absorption is high. 

 Shrinkage and creep are high compared to conventional 

concrete. 

 Flexural strength is less in green concrete. 

 

CONCLUSIONS: 

 

 There is significant potential in waste materials to produce 

green concrete. 

 The replacement of traditional ingredients of concrete by 

waste materials and by products gives an opportunity to 

manufacture economical and environment friendly concrete. 

 Partial replacement of ingredients by using waste materials 

and admixtures shows better compressive and tensile strength, 

improved sulphate resistance, decreased permeability and 

improved workability. 

 The cost per unit volume of concrete with waste materials 

like quarry dust is lower than the corresponding control 

concrete mixes. 

 A detail life cycle analysis of green concrete by considering 

various parameters is very much necessary to understand the 

resultant concrete properties. 
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Abstract : This certain processing and use in road 

construction. The materials as a result we are required with 

useful and valuable information about plastic materials. 

Plastic materials have many advantages over 

conventional/traditional materials and methods. This paper 

will conduct a study on recycling plastic waste and use it 

with bitumen to lay roads in our country and compare with 

the environmental and economic conditions Some of these 

materials are relatively cheaper and easily available and 

provide more strength as compared to traditional road 

materials. My paper will come up with useful information 

and creating awareness amongst the learner in the industry 

regarding waste material. So that one can have a step 

towards further detailed information about these materials 

and thus be able to implement on field which will definitely 

improve the level of construction in India. 
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Introduction 

Plastic waste is everywhere in today’s lifestyle. Generally It is 

used for packaging, protecting, serving, and even disposing of 

all kinds of consumer goods. With the industrial revolution, 

mass production of goods started and plastic seemed to be a 

cheaper and effective raw material. Today, every vital sector 

of the economy starting from agriculture to packaging, 

automobile, building construction, been virtually 

revolutionized by the applications of communication or 

InfoTech has plastics. Plastic in different form is found, which 

is toxic in nature. It is commonly collected both urban and 

rural areas. It creates Stagnation of water and associated 

hygiene problems. Plastic waste hazard to the environment 

.Plastic waste can be reused productively in the construction 

of road.   

The passage of tyres up to and down from the crossing. Both 

options help protect wetland haul roads from rutting by 

distributing the load across the surface. But the use of plastic-

waste has been a concern for scientists and engineers for a 

quite long time. 

 

Review of literature 

The director of the Central Road Research Institute (CRRI) 

said that bitumen mixed with plastic or rubber improves the 

quality and life of roads. The deputy director of the CRRI said 

that polymers mixed with bitumen increased the construction 

cost up to six per cent, but increased the longevity of roads 

manifold. The performance studies carried out on the roads 

constructed in Tamil Naduindicated satisfactory performance 

with good skid resistance, good texture value, stronger and 

less amount of progressive unevenness over a period of time. 

The experimentation carried out by CRRI also indicated better 

Stability value, indicating higher strength, less flow and more 

air voids. 

 

 

Definition 

A material that contains one or more organic polymers of 

large molecular weight, solid in its finished state and at some 

state while manufacturing or processing into finished 

articles,can be shaped by its flow 

 

 

Types of plastics 

1. Thermosets. 

2. Elastomers. 

3. Thermoplastics 

 

Why use of plastics 

Polymers provide following properties. 

1. Durable & corrosion resistant. 

2. Good insulation for cold, heat & sound saving energy and 

reducing noise pollution. 

3. It is economical and has a longer life. 

4. Maintenance free. 

5. Hygienic & problems. 

6. Ease of processing/ installation. 

7. Light weight. 

  

Specification of Plastic waste 

Plastic waste use 

1. Films (carrybags, cups) up to 60μthickness. (PE, PP, PS).  

2. Hard foams any thickness. 

3. Soft foams (PE&PP) any thickness. 

4. Laminated plastic up to 60μ thickness.  

 

Process 

 Plastic waste is ground and made into powder; 3 to 4 % 

plastic is mixed with the bitumen. Plastic that increases the 

melting point of the bitumen and makes the road hard its 

edibility during winters resulting in its long life. There is a 

Use of shredded plastic waste acts as a strong “binding agent” 

as tar making the asphalt last long. By combination plastic 

with bitumen the ability of the bitumen to withstand at high 

temperature increases. The plastic waste is melted  

and then mixed with bitumen in a particular ratio. Normally, 

blending takes place when temperature is about 45.5°C but 

when plastic is mixed, it remains stable even at 55°C. The 

experimental tests at the laboratory level proved that the 

bituminous concrete mixes prepared using the treated bitumen 

binder. Another important observation was that when the 

bituminous mixes prepared using the treated binder could 

withstand adverse soaking conditions under water for longer 

duration. 

 

Advantages and disadvantages  

 

Advantages 

1. It increases strength of road 

2. Provides Better resistance to water & water stagnation. 

mailto:jeeyaram1996@gmail.com
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3. Absence of stripping & potholes. 

4. High binding & good bonding of the mix. 

5. Better soundness property. 

6. Maintenance cost of road will be negligible. 

7. No effect of UV radiation on road 

 

Disadvantages 

1) Cleaning process -Toxic present in the co-mingled plastic 

waste start leaching. 

2) During the road laying process-the presence of chlorine 

will definitely release noxious gas. 

 

How much Plastic? How many Roads? 

Each 5-member family’s use of 5 gm plastic bags a week, all-

India = 52,000 tons a year. Assume 50% of this is available 

for roads.1.5 tons plastic goes into average 1 km road. So 

resurfacing just 35,000 km of roads a year will absorb all this 

littered waste. This is just 3.5 % of India’s 1 million km 

surfaced roads. (1.1 million km more roads are un-surfaced). 

 

Conclusion 

 

The overall conclusion of this paper is that Plastics waste will 

increase the melting point of the bitumen. The use of the new 

advance technology not only increases strength of the road but 

also increased the road life as well as it will help to improve 

the environment surrounding and also creating a source of 

income. Plastic roads would  be a benefit for India’s hot and 

extremely humid climate, where temperatures frequently cross 

50°C and heavy rains create destruction, leaving most of the 

roads with big potholes. It is hoped that in near coming 

generation we will have strong, durable and eco-friendly roads 

which will relieve the earth from all type of plastic-waste. 
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Abstract: To determine the effective hydrodynamic radii of 

small uncharged molecules in dilute aqueous solution, 

Einstein’s classical theory of viscosity can be employed. The 

radii thus obtained are considered as hypothetical sphere 

whose hydrodynamic behavior is the same as that of the 

solute molecule along with that solvent which is too firmly 

bound to the solute in viscous shearing process. Einstein’s 

formula is recuperated as a first-order asymptotic extension 

of the effective viscosity in the volume fraction. The formula 

is applied to molecules having comparable size to that of 

water.Determining the viscometric radii of Glycine in 

solution with Urea(aq) from Einstein’s equation, an attempt 

has been carried out to obtain empirical correction for 

Stokes-Einstein diffusion equation.  

Keywords: 

Viscosity, Einstein’s equation, solute-solvent interactions, 

hydrodynamic radius, temperature dependence 

INTRODUCTION:  

The methods such as molecular model or crystallographic 

studies available for determining size of small uncharged 

molecules in solution using do not allow for solvation of 

molecules in solution. Electrostriction between solute and 

solvent molecules introduces an additional theoretical 

drawback to calculations based on the partial molal volume of 

solute in aqueous solution. Einstein's effective viscosity 

relation has been proved by Minton and Grupi[1] for a dilute 

suspension of binary and ternary mixtures of Non-associating 

proteins[2].  

MATERIAL AND METHOD: 

0.01M aqueous solution of Urea (minimum assay 99%, 

Qualigens) was prepared by w/v. Solutions of Glycine 0.103m 

to 1.012 m (precision of ±1x10
-4

g on electronic digital 

balance) were prepared with Urea(aq). Density was measured 

by precalibrated bicapillary pyknometer (error±0.06%), 

viscosity by precalibrated Ostwald’s 

viscometer(error±0.07%), sound speed by Ultrasonic 

interferometer (Mittal Enterprises, New Delhi, Model F-81) 

working at a fixed frequency of 2 MHz up to an accuracy of 

±0.04%were measured at constant temperature in a 

refrigerated water bath maintaining temperature up to 

±0.1°C[1-3]. The experimentation is carried out at 

temperature 298 K, 308 K and 318K in order to have precise 

information on the interactions in the solution. 

Einstein's classical hydrodynamic treatment of viscosity has 

been employed for the determination of the effective  

 

hydrodynamic radii of small amino acid Glycine molecules in 

dilute aqueous solution of Urea (urea in aqueous is considered 

as solvent). Einstein’s theory proposes the effect of solute 

particles in viscous flow of to distort the stream-lines of 

solvent flow, thereby introducing a rotational quality. This 

obstructing action increases the energy dissipated at constant 

shear velocity and also the coefficient of internal friction or 

viscosity. 

The viscosities (η) of the solutions of Glycine with Urea(aq) 

enhances with the increase in concentration of amino acids at 

all temperatures and lessen with the ascending temperature 

(Table 1). The increase with concentration can be explained as 

the molecular association between solute and solvent. 

Thermal energy influences the bond strength, hence η decline 

with the rise of temperature. 

When rigid uncharged spheres are randomly dispersed in an 

incompressible medium, the viscosity of the pure solvent is 

increased according to the relationship: 

)5.21(0  
    

     ……….(1)

  
 

Where η= the viscosity of the solution,  η0= the viscosity of 

the pure solvent, 

and    = the volume fraction of the solvated solute 

molecules.  

Einstein states for very small rigid spheres suspended in a 

liquid, the coefficient of viscosity increases by a fraction that 

is equal to 2:5 times the total volume of the spheres suspended 

in a unit volume, provided that this total volume is very 

small[3]. 

Einstein’s theory was developed on the assumption that the 

solute molecule is large compared to the solvent molecules. 

The application of this treatment to molecules whose sizes are 

comparable to that of water represents a considerable 

extrapolation to infinite dilution. 

The formula above should be interpreted as a first-order 

calculation in an infinite asymptotic expansion of the true 

effective viscosity in powers of the volume fraction[4]. 

Einstein used this method in his original paper to determine 

the radius and hydration of sucrose, a molecule whose radius 

is only three times greater than that of water. The validity of 

Einstein's theory has been experimentally confirmed for 
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suspended particles with radii as small as 50 
0

A [5]. Several 

modifications have been developed for more concentrated 

solutions[6]. Mooney realized that, at higher concentrations, 

the empirical data for relative viscosity appear to follow more 

of an exponential function of concentration. Correlations 

between relative viscosity ηr and volume fraction were 

modified accordingly and various empirical relations were 

given by Krieger and Dougherty , Mooney, ELiers , Quemada  

and Robinson[7]. 

The effective hydrodynamic radius may be defined as the 

radius of a rigid uncharged sphere which exhibits the same 

hydrodynamic behavior as the solvated molecule in solution, 

thus including that water of hydration which is too firmly 

bound to participate in the viscous shearing process.  

In the present experiments, the problem of concentration 

dependence has been avoided by extrapolation of the reduced 

viscosity to infinite dilution. At very low concentrations an 

average value of the reduced viscosity has been used[8].  

The equation then becomes 

      

      …...(2)

  

 

Where C is the concentration of solute in molar units.  

The effective hydrodynamic radius (r, in cm) is thus expressed 

as  

      

               ……(3)

  

    

 

Where N is Avogadro’s number 

 

RESULTS AND DISCUSSIONS: 

Viscosities measured over the concentration range from 

0.01M to 1.02 M are given in Table 1 together with the 

calculated hydrodynamic radii.  

As can be seen from our data, the effective hydrodynamic 

radii show very little dependence on concentration. 

S. 

No. 

Conc. mol 

kg
-1

 

Viscosity 

[η/(x10
-3

 Ns m
-2

)] at 

Effective 

Hydrodynamic 

radius in 
o

A  

298 K 

1 0.0000 0.8799 ---- 

2 0.1030 0.8925 2.804 

3 0.2060 0.9028 2.716 

4 0.3090 0.9131 2.685 

5 0.4119 0.9203 2.605 

6 0.5149 0.931 2.615 

7 0.6179 0.9445 2.661 

8 0.7209 0.9668 2.79 

9 0.8239 0.9892 2.881 

10 0.9269 1.0044 2.893 

11 1.0298 1.0193 2.9 

    

S. 

No. 

Conc. mol 

kg
-1

 

Viscosity 

[η/(x10
-3

 Ns m
-2

)] at 

308 K 

Effective 

Hydrodynamic 

radius in 
o

A  

1 0.0000 0.715 ---- 

2 0.1030 0.7324 3.3498 

3 0.2060 0.7442 3.156 

4 0.3090 0.7522 2.9888 

5 0.4119 0.7638 2.9729 

6 0.5149 0.775 2.9565 

7 0.6179 0.7863 2.9468 

8 0.7209 0.8051 3.0263 

9 0.8239 0.8239 3.0833 

10 0.9269 0.8347 3.0595 

11 1.0298 0.8456 3.0411 

    

S. 

No. 

Conc. mol 

kg
-1

 

Viscosity 

[η/(x10
-3

 Ns m
-2

)] at 

318 K 

Effective 

Hydrodynamic 

radius in 
o

A  

C
C

m

c

/5.2
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li 0
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1 0.0000 0.6019 ---- 

2 0.1030 0.6231 3.8017 

3 0.2060 0.6336 3.4542 

4 0.3090 0.6434 3.3046 

5 0.4119 0.6533 3.2282 

6 0.5149 0.6647 3.2071 

7 0.6179 0.6764 3.1983 

8 0.7209 0.6918 3.2379 

9 0.8239 0.7076 3.2722 

10 0.9269 0.7152 3.2233 

11 1.0298 0.7228 3.1836 

The effective hydrodynamic radii also depend on temperature 

(Table 1).  

To conclude the increase in the effective hydrodynamic radii 

with increasing temperature is consistent with a increased 

degree of molecular hydration. Second, the relatively small 

magnitude of the temperature effect on the effective 

hydrodynamic radii suggests that long range solute-solvent 

interactions are of second order importance for this 

compound.  

The increasing hydrodynamic radius with higher temperatures 

can be explained as the solvent structure disrupted by 

increased thermal agitation and neglected or minimum 

disordering effect of the solute particle[9,10]. The increasing 

values with temperature also suggest that long range solute-

solvent interactions are also important in the parameter we 

have computed. 
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Abstract: Environment pollution is a wide-reaching problem 

and it is likely to influence the health of human populations 

is great. This paper provides the insight view about the af-

fects of environment pollution in the perspective of air pollu-

tion, water and land/ soil waste pollution on human by dis-

eases and problems, animals and trees/ plants. Study finds 

that these kinds of pollutions are not only seriously affecting 

the human by diseases and problems but also the animals 

and trees/ plants. According to author, still time left in the 

hands of global institutions, governments and local bodies to 

use the advance resources to balance the environment for 

living and initiates the breathed intellectuals to live friendly 

with environment. As effective reply to contamination is 

largely base on human appraisal of the problem from every 

age group and contamination control program evolves as a 

nationwide fixed cost-sharing effort relying upon voluntary 

participation (Sharp & Bromley, 1979).  

 

Keywords: Environment Pollution; Air Pollution; Water Pol-

lution; Soil Pollution; Land Pollution; Remedies 

 

Introduction:The significance of environmental factors to the 

health and well-being of human populations’ is increasingly 

apparent (Rosenstock 2003; World Health Organization 

[WHO], 2010b). Environment pollution is a worldwide prob-

lem and its potential to influence the health of human popula-

tions is great (Fereidoun et al, 2007; Progressive Insurance, 

2005.). Pollution reaches its most serious proportions in the 

densely settled urban-industrial centers of the more developed 

countries (Kromm, 1973). In poor countries of the world more 

than 80% polluted water have been used for irrigation with 

only seventy to eighty percent food and living security in in-

dustrial urban and semi urban areas. (Mara &Cairncross, 

1989). Industry, clustered in urban and semi-urban areas sur-

rounded by densely populated, low-income localities, contin-

ues to pollute the environment with impunity (Government of 

Pakistan, 2009). Over the last three decades there has been 

increasing global concern over the public health impacts attri-

buted to environmental pollution (Kimani, 2007), Human ex-

posure to pollution is believed to be more intense now than at 

any other time in human existence (Schell et al, 2006). Pollu-

tion can be made by human activity and by natural forces as 

well (Fereidoun et al, 2007; The Encyclopedia of the Atmos-

pheric Environment, n.d). Selfish private enterprise and their 

lack of awareness of public well-being and social costs (Cart-

er, 1985) and natural disasters (Huppart& Sparks, 2006) e.g. 

volcanic ash from Iceland (World Health Organization 

[WHO], 2010a) are the one of the main reason of pollution. 

British Airways (1993) expresses their concern about envi-

ronment in their general goal 'to be a good neighbor, con-

cerned for the community and the environment. This implies 

that, businesses now adopted this responsibility as part of their 

overall business strategy; which should match their broader 

business goals (Pearce, 1991). 

At present, the adoption of environmental auditing in any 

economic sector is voluntary but future legislation could well 

make it mandatory. (Goodall, 1995). Sharp & Bromley (1979) 

posit that pollution control program evolves as a nationwide 

fixed cost-sharing effort relying upon voluntary participation. 

Interestingly, Goodall (1995) refers tourism as the potential to 

damage the environment. There is no doubt that excessive 

levels of pollution are causing a lot of damage to human & 

animal health, plants & trees including tropical rainforests, as 

well as the wider environment.(Tropical Rainforest Animals, 

2008). According to Fereidounet at (2007), Tehran is one of 

victim cities in terms of environmental pollution. Gautam et al 

(2009) nominated Indian cities, among the most polluted cities 

in the world. Carter (1985) found pollution in formally known 

Czechoslovakia (now Czech Republic and Slovakia) a serious 

issue which ultimately affects soils and vegetation. As Debar-

televen (1992) postulates that environmental pollution and 

degradation are serious problems in Eastern and Central Eu-

rope. Kan (2009) originated the fact about China that, it has 

environmental problems, including outdoor and indoor air 

pollution, water shortages and pollution, desertification, and 

soil pollution, have become more pronounced and are subject-

ing Chinese residents to significant health risks. 

Environmental pollution is tangled with the unsustainable 

anthropogenic activities, resulting in substantial public health 

problems. (Khan, 2004).McGeehin et al, (2004) reported that 

U.S. population from infectious diseases to diseases such as 

cancer, birth defects, and asthma, many of which may be as-

sociated with environmental exposures. There is virtually no 

check on some 8,000 industrial units in USA that are contri-

buting to high rates of pollution (Kaufman, 1993). Environ-

mental health problems are not simply a conglomerate of con-

cerns about Radiological health, water and wastewater treat-

ment, air pollution control, solid waste disposal, occupational 

health, etc (Lynn & Metzler, 1968). The Linton (1967), Spil-

haus (1966) and Tukey (1965) made attempt to detail many of 

the specific environmental health problems which confront 

contemporary man. 

Air Pollution 

 The air we breathe is an essential ingredient for our 

wellbeing and a healthy life. Unfortunately polluted air is 

common throughout the world (EPHA, 2009) specially in 

developed countries from 1960s. (Kan, 2009). South of Pol-

and (Krześlak&Korytkowski, 1994), Ukraine (Av-

deev&Korchagin, 1994), China (Kan, 2009), and Pakistan 

(Government of Pakistan, 2009; Khan, 2010) even famous 

crowded cities and countries are facing air pollution. Polluted 

air contains one, or more, hazardous substance, pollutant, or 

contaminant that creates a hazard to general health (Health 

and Energy, 2007). The main pollutants found in the air we 

breathe include, particulate matter, PAHs, lead, ground-level 
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ozone, heavy metals, sulphur dioxide, benzene, carbon mo-

noxide and nitrogen dioxide (European Public Health Al-

liance, 2009). Air pollution in cities causes a shorter lifespan 

for city dwellers (Progressive Insurance, 2005). Holland et al, 

(1979) illustrated that British scientists concluded that particu-

late and related air pollution at high levels pose hazards to 

human health. According to Mishra (2003) rapid growth in 

urban population, increasing industrialization, and rising de-

mands for energy and motor vehicles are the worsening air 

pollution levels. He added other factors, such as poor envi-

ronmental regulation, less efficient technology of production, 

congested roads, and age and poor maintenance of vehicles, 

also add to the problem. He further added that air pollution is 

caused of ill health and death by natural and man-made 

sources, major man-made sources of ambient air pollution 

include tobacco smoke, combustion of solid fuels for cooking, 

heating, home cleaning agents, insecticides industries, auto-

mobiles, power generation, poor environmental regulation, 

less efficient technology of production, congested roads, and 

age and poor maintenance of vehicles. The natural sources 

include incinerators and waste disposals, forest and agricul-

tural fires (European Public Health Alliance, 2009). 

Water pollution 

 The water we drink are essential ingredients for our 

wellbeing and a healthy life. Unfortunately polluted water and 

air are common throughout the world (European Public 

Health Alliance, 2009). The WHO states that one sixth of the 

world’s population, approximately 1.1 billion people do not 

have access to safe water and 2.4 billion lack basic sanitation 

(European Public Health Alliance, 2009). Polluted water con-

sists of Industrial discharged effluents, sewage water, rain 

water pollution (Ashraf et al, 2010) and polluted by agricul-

ture or households cause damage to human health or the envi-

ronment. (European Public Health Alliance, 2009). This water 

pollution affects the health and quality of soils and vegetation 

(Carter, 1985). Some water pollution effects are recognized 

immediately, whereas others don’t show up for months or 

years (Ashraf et al, 2010). Estimation indicates that more than 

fifty countries of the world with an area of twenty million 

hectares area are treated with polluted or partially treated pol-

luted water (Hussain et al, 2001) including parts of all conti-

nents (Avdeev&Korchagin, 1994; Carter, 1985; Kan, 2009; 

Khan, 2010; Krześlak&Korytkowski, 1994; Wu et al, 1999) 

and this poor quality water causes health hazard and death of 

human being, aquatic life and also disturbs the production of 

different crops (Ashraf et al, 2010; Scipeeps, 2009). In fact, 

the effects of water pollution are said to be the leading cause 

of death for humans across the globe, moreover, water pollu-

tion affects our oceans, lakes, rivers, and drinking water, mak-

ing it a widespread and global concern (Scipeeps, 2009). A 

drinking water contained a fluoride content ranging from 5.26 

to 26.32 milligrams per liter and this is too high as compared 

to the World Health Organization’s standard of 0.6 to 1.7 mil-

ligram per liter (Rizvi, 2000). According to Ashraf et al 

(2010), 

In present scenario due to indstrialization and increased popu-

lation, the drains of Pakistan carry the industrial and munici-

pal effluents that are ultimately carried that polluted water to 

the canals and rivers. The untreated industrial and municipal 

wastes have created multiple environmental hazards for man-

kind, irrigation, drinking and sustenance of aquatic life. The 

drainage water contains heavy metals in addition to biological 

contaminations. This water pollution infected our food in ad-

dition to groundwater contamination when used to irrigate 

crops. 

Pakistani cities are facing tribulations of urban congestion, 

deteriorating air and water quality and waste management 

while the rural areas are witnessing rapid deforestation, biodi-

versity and habitat loss, crop failure, desertification, land de-

gradation, clean drinking water, noise pollution, sanitation 

(Government of Pakistan, 2009). 

Land/ Solid waste Pollution 

Improper management of solid waste is one of the main caus-

es of environmental pollution (Kimani, 2007). Land pollution 

is one of the major forms of environmental catastrophe our 

world is facing today (Khan, 2004). As Bulgaria and the Slo-

vak Republic, heavy metal industries have produced wastes 

that are deposited into landfills without special precautions 

(Lenkova&Vargova, 1994; Spassov, 1994). Cucu et al (1994) 

posit that approximately half of the population lives in the 

vicinity of waste sites that do not conform to contemporary 

standards in Romania. Czech Republic’s coal and uranium 

mines have produced serious pollution problems, and much of 

the solid industrial waste containing heavy metals is disposed 

of, without pretreatment, in open dumps (Rushbrook, 1994). 

Harvath&Hegedus (1994) concluded as the worst pollution of 

Hungary comes from open cast mines, lignite-based power 

plants, chemical factories, and the aluminum industry. The 

Silesia district in the south of Poland has severe contamination 

from mining and industry (Krześlak&Korytkowski, 1994). 

Avdeev&Korchagin (1994) conceived soil pollution are criti-

cal issues in Ukraine. World Bank (2002) found Particulate 

matter is the most serious pollutant in large cities in South 

Asia. 

Effects of Dying Environment on Human, Animals and 

Plants 

 Environment dying is global perilous point which 

catastrophically the human, animals and plants. Air pollution 

results are Cancer (Ries et al. 1999; European Public Health 

Alliance, 2009), neurobehavioral disorders (Blaxill 2004; 

Landrigan et al. 2002; Mendola et al. 2002; Schettler 2002; 

Stein et al. 2002), cardiovascular problems (European Public 

Health Alliance, 2009; Tillett, 2009), reduced energy levels 

(Colls, 2002), premature death (European Public Health Al-

liance, 2009), asthma (Brauer et al, 2007; Gehring et al, 2002; 

Jacquemin et al, 2009; Mannino et al. 1998; McConnell et al, 

2006; Modig et al, 2006), asthma exacerbations (D'Amato et 

al, 2005; Heinrich &Wichmann, 2004; Künzli et al, 2000; Nel, 

2005;), headaches and dizziness (Colls, 2002), irritation of 

eyes, nose, mouth and throat (Colls, 2002), reduced lung func-

tioning (Colls, 2002; Gauderman et al, 2005), respiratory 

symptoms (Colls, 2002; Vichit-Vadakan, 2001), respiratory 

disease (European Public Health Alliance, 2009; Firkat, 

1931), disruption of endocrine (Colls, 2002; Crisp et al, 1998) 

and reproductive and immune systems (Colls, 2002; European 

Public Health Alliance, 2009). London Fog episode of 1952, 

where a sharp increase in particulate matter air pollution led to 

increased mortality among infants and older adults (Woodruff 
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et al, 2006). High air pollution levels have been linked to in-

fant mortality. (Fereidoun et al, 2007). Air pollutants can also 

indirectly affect human health through acid rain, by polluting 

drinking water and entering the food chain, and through glob-

al warming and associated climate change and sea level rise. 

(Mishra, 2003). Associations between particulate air pollution 

and respiratory disease are reported in Meuse Valley, Bel-

gium, in December 1930 (Firkat, 1931), an episode in Donora, 

Pennsylvania, in 1948 (Ciocco& Thompson, 1961) and the 

most notable occurring in December 1952 (Logan, 1953). 

According to Gardiner (2006) acid rain destroys fish life in 

lakes and streams and kill trees, destroy the leaves of plants, 

can permeate soil by making it inappropriate for reasons of 

nutrition and habitation, unwarranted ultraviolet radiation 

through the ozone layer eroded by some air pollutants, may 

cause skin cancer in wildlife and damage to trees and plants, 

and Ozone in the lower atmosphere may damage lung tissues 

of animals and can prevent plant respiration by blocking sto-

mata (openings in leaves) and negatively affecting plants’ 

photosynthesis rates which will stunt plant growth; ozone can 

also decay plant cells directly by entering stomata. 

Polluted drinking water or water polluted by chemicals pro-

duced waterborne diseases like, Giardiasis, Amoebiasis, 

Hookworm, Ascariasis, Typhoid, Liver and kidney damage, 

Alzheimer’s disease, non-Hodgkin’s Lymphoma, multiple 

Sclerosis, Hormonal problems that can disorder development 

and reproductive processes, Cancer, heart disease, damage to 

the nervous system, different type of damages on babies in 

womb, Parkinson’s disease, Damage to the DNA and even 

death, meanwhile, polluted beach water contaminated people 

like stomach aches, encephalitis, Hepatitis, diarrhoea, vomit-

ing, gastroenteritis, respiratory infections, ear ache, pink eye 

and rashes (Water Pollution Effects, 2006). Loss of wild life is 

directly related to pollution (Progressive Insurance, 2005) and 

according to Water Pollution Effects (2006) on animals i) 

Nutrient polluted water causes overgrowth of toxic algae ea-

ten by other aquatic animals, and may cause death; it can also 

cause eruptions of fish diseases, ii) Chemical contamination 

can cause declines in frog biodiversity and tadpole mass iii) 

Oil pollution can increase susceptibility to disease and affect 

reproductive processes and negatively affect development of 

marine organisms and it can also a source of gastrointestinal 

irritation, damage to the nervous system, liver and kidney 

damage iv) Mercury in water can cause reduced reproduction, 

slower growth and development, abnormal behavior and death 

v) Persistent organic pollutants may cause declines, deformi-

ties and death of fish life and Fish from polluted water and 

vegetable/ crops produced or washed from polluted water 

could also make impact on human and animal health. More 

sodium chloride (ordinary salt) in water may kill animals and 

plants, plants may be killed by mud from construction sites as 

well as bits of wood and leaves, clay and other similar mate-

rials and plants may be killed by herbicides in water (Ko-

paska-Merkel, 2000). For tree and plants water pollution may 

disrupt photosynthesis in aquatic plants and thus affecting 

ecosystems that depend on these plants (Forestry Nepal, n.d). 

Soil pollution effects causes according to tutorvista (n.d) are 

cancer including leukaemia and it is danger for young children 

as it can cause developmental damage to the brain furthermore 

it illustrated that mercury in soil increases the risk of neuro-

muscular blockage, causes headaches, kidney failure, depres-

sion of the central nervous system, , eye irritation and skin 

rash, nausea and fatigue. Soil pollution closely associated to 

air and water pollution, so its numerous effects come out as 

similar as caused by water and air contamination. TNAU 

Agritech Portal (n.d) soil pollution can alter metabolism of 

plants’ metabolism and reduce crop yields and same process 

with microorganisms and arthropods in a given soil environ-

ment; this may obliterate some layers of the key food chain, 

and thus have a negative effect on predator animal class. 

Small life forms may consume harmful chemicals which may 

then be passed up the food chain to larger animals; this may 

lead to increased mortality rates and even animal extinction. 

CONCLUSION: 

It appears that polluted environment is global an issue and 

world community would bear worst results more as they al-

ready faced. As effective response to pollution is largely 

based on human appraisal of the problem (Kromm, 1973) and 

pollution control program evolves as a nationwide fixed cost-

sharing effort relying upon voluntary participation (Sharp & 

Bromley, 1979). Education, research, and advocacy, are lack-

ing in the region as preventive strategy for pollution. 

(Fitzgerald, 1998) especially in Asia. At present the adoption 

of environmental auditing in any economic sector is voluntary 

but future legislation could well make it mandatory (Goodall, 

1995) and still time available to use technology and informa-

tion for environmental health decision. Policymakers in de-

veloping countries need to design programs, set standards, and 

take action to mitigate adverse health effects of air pollution. 

Healthy people mean human resources are the main object of 

any successful business or country. These societal beneficial 

efforts need to carefully adapt available knowledge from other 

settings, keeping in mind the differences in pollutant mixtures, 

concentration levels, exposure patterns, and various underly-

ing population characteristics. 
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Abstract:Solid waste management is become a critical issue 

in Indian metros as well as rural areas. A challenge for the 

authorities in developing countries as the rate of generation 

of waste is very high. The impact of urban area's culture on 

the rural areas (villages) and improvement in paying capaci-

ty ?of rural people causes more solid waste generation in the 

villages. .Any development and change of lifestyle of the 

urban people attract the rural people leading to generate 

village solid waste The high waste generation rate is due to 

rapid industrialization & technical societal developments. 

Waste generated at rural places creates major problems to 

environment pollution i.e. air pollution, water pollution. Soil 

pollution. Now a day presently it is not only the urban prob-

lem but also the village problems too. Hence there is a ur-

gent need of the efforts to overcome these problems. This 

paper focuses on the problems associated with the manage-

ment of solid waste and the options for treatment. ( and de-

signing a system to treat solid waste in a environmental 

friendly approach effectively.) 

 

Keywords – Solid waste, Energy generation, Segregation. 

Recyclable, Disposal of waste. 

Introduction :Solid waste is a material , that is not useful and 

does not represent any economic value to its owner. To im-

prove the quality of life of rural population, the management 

of village solid waste need to be improved(3). Different ac-

tivities like food habit , living standard and earning capacity 

of people create more solid waste in Indian villages. Now a 

day, transportation facility is easily available for rural people, 

so they are well connected with urban areas causes the impact 

of living standard of urban people on the rural people(2). 

The rapid urbanization and change life style has increased the 

waste load and thereby pollution loads on the urban environ-

ment to unmanageable and alarming proportions. The existing 

waste dumping sites are full beyond capacity and under unsa-

nitary conditions leading to pollution of water sources, proli-

feration of vectors of communicable diseases, foul smell and 

odors, release of toxic metabolites, unaesthetic ambiance and 

eye sore etc. It is difficult to get new dumping yards. A con-

straint of land availability, dense population, environmental 

fragility and expectation for management of solid wastes re-

lies on an overly centralized approach.  

In earlier days, municipal wastes, comprised mainly of biode-

gradable matter, did not creates much problem to the commu-

nity as the quantity of wastes generated was either recycled/ 

reused directly as manure or was within the assimilative ca-

pacity of the local environment. The biodegradable waste of 

the urban centers was accepted by the suburban rural areas for 

composting in the agricultural field. With increasing content 

of plastics and non-biodegradable packaging materials, mu-

nicipal wastes became increasingly unacceptable to cultiva-

tors. As a result, the excessive accumulation of solid wastes in 

the urban environment poses serious threat. Similar scenario is 

now emerging in rural areas as well due to the urban-rural 

continuum, Now, dealing with waste is a major challenge. 

In village level the solid waste increases due to agricultural 

waste, Domestic waste, Animal waste. The objective of rural 

solid waste management is to collect waste at the source of 

generation, Recovery of the recyclable materials for recycling, 

conversion of organic waste to compost and secured disposal 

of remaining waste .Depending on the physical state of waste , 

it is categories in to municipal waste, hazardous waste , medi-

cal waste ,and radioactive waste( 1). 

         Photo-1                              Photo-2 

 

 

 

 

 

Photo-3                               Photo-4 

Fig. 1 Photographs of solid waste generation in metros, dump-

ing sites, not proper disposal of solid waste and its effect on 

environment 

Literature Survey :The different aspects for literature survey 

are, generation of solid waste, Treatment of solid waste and 

management of solid waste. 

Generation of solid waste Over last ten years, the handling of 

waste – Including reuse and recycling, collection, treatment, 

and disposal is improving in cities , but is limited in rural 

areas. The quantity of municipal solid waste generated de-

pends on a number of factors such as food habits, standard of 

living, degree of commercial activities and seasons. Data on 

quantity variation and generation are useful in planning for 

collection and disposal systems. Indian cities now generate 

eight times more MSW than they did in 1947. Because of in-

creasing urbanization and changing life styles [14]. The rate of 

increase of MSW generated per capita is estimated at 1 to 

133% annually [15-16]. MSW generation rates in small towns 

are lower than those of metro cities, and the per capita genera-

tion rate of MSW in India ranges from 0.2 to 0.5 kg / days. It 

was also estimated that the total MSW generated by 217 mil-

lion people living in urban areas was 23.86 million t/yr in 

1991, and more than 39 million ton in 2001 [18-22]. The Cen-
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tral Population Control Board (CPCB) has conducted a survey 

of solid waste management in 299 cities and has given the 

data (Table - 2) of waste generation for different cities. From 

above survey is clear that whatever are the issues discussed 

uptil are related to only urban areas and the metropolitan ci-

ties, i.e. MSW management, generation of solid waste, and 

treatment of solid waste. So it also important to concentrate on 

village level areas solid waste management. 

Table 1 gives the quantities of solid waste in Vietnam.  (Ref.2) 

Municipal Solid waste generation ( tons/yr)  

1) National    12800.00 

2) Urban areas   6400.00 

3) Rural areas   6400.00 

Hazardous waste by Industries   128,400 

Non hazardous waste generation   2510,00 

Hazardous health care waste generation   21000 

Hazardous waste generation from agriculture  8600 

Amount of stockpiled agriculture chemicals   37000 

Municipal Solid waste generation by each person( kg/day) 0.4 

1)National      0.7 

2)Urban      o.3 

3)Rural Collection of waste (% of waste generated )  

1) Urban areas    71% 

2) Rural areas    <20% 

3) Among Urban poor     10-20% 

No of solid waste disposal facilities  

1) Dumps and poorly operated landfills  74 

2) Sanitary landfills    17 

Capacity for hazardous  waste treatment (%)  50% 

Sources of VSW In Indian Villages2.2 Sources of VSW 

In Indian Villages - In village level major solid waste  sources 

are the  residential, Institutional, and agricultural activities. 

Table No. 2 Sources of VSW In Indian Villages 

 

1. In VSW wih increasing content of plastics and non- 

bio degradable packaging materials , It becomes unacceptable 

to cultivators. 

2. Basically VSW is divided into four types. Dry waste 

,Weight waste, Raw material, ( mud, drainage, waste, silica) 

and medical waste. 

Dry waste are generated by the households, commercials and 

institutional establishments and Agri waste. Weight waste ( 

garbage, food waste) is generated due to household, small 

hotels, markets. Raw materials quantity in VSW is major, 

because in villages open drainage system is there, At the time 

of cleaning major raw material is collected which is consists 

of mud and silica. Medica waste is very small quinty because 

one or two dispensaries are there. Agri waste mainly consists 

of grass, remaining food of cattles, Cattles dung ( depen on 

the animals quinty). In this way VSW consists of Organic and 

Inorganic waste. 

Generation of VSW  

The generation of solid wste in villages is in between 50 gm/ 

cap/ day to 250 gm/ cap/ day. 

Rural (Peri urban or urban outgrowth)-150 to 250 gm/ cap/ 

day. 

Rural (Remote/ Tribal )-50 to 150 gm/ cap/ day. ( 3) 

Treatment of solid waste: 

The technology options available for processing the Municipal 

Solid Waste (MSW) are based on either bio conversion or 

thermal conversion. The bio-conversion process is applicable 

to the organic fraction of wastes, to prepare compost or to 

generate biogas such as methane (waste to energy) and resi-

dual sludge (manure). Various technologies are available for 

composting such as aerobic, anaerobic and vermin-

composting. The thermal conversion technologies are incine-

ration with or without heat recovery, pyrolysis and gasifica-

tion, plasma pyrolysis and pelletization or production of 

Refuse Derived Fuel (RDF). A brief account of these technol-

ogies is essential for evaluating their efficiency, applicability 

and impacts. He also suggested diff.processes for MSW. i.e 

.composting, Bio-waste period fuel, vermi composing, Incine-

ration plasma pyrolysis.(Ref.1) 

India is facing the problems related to resources required for 

disposal of MSW. i.e. Land, segregation machinery. and the 

technical expertise necessary to deal with the disposal of 

MSW. Waste dumps or open burning continue to be the prin-

cipal method of waste disposal in India. These methods causes 

several accidents are continuous source of emission of harm-

ful gases and highly toxic liquid leachate..He discussed some 

other methods are composting, Incineration, gasification tech-

nology ,RDF plants, Land filling,(Ref.3) 

Thermo chemical treatment process are an essential compo-

nent of a sustainable integrated MSW management system. 

Thermal process made the energy value of solid waste into 

different types such as electricity and heat processes. The 

main thermo chemical process are combustion, pyrolysis and 

gasification.(Ref.10). 

Management of municipal solid waste 
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Sustainable waste management systems through the adoption 

of Integrated Solid Waste Management (ISWM) are analyzed 

as a probable solution towards solving the hazards and com-

plexities posed by current waste management problems. Exist-

ing literature inclusive of all available sources of information 

used to analyses current waste management systems in the 

country, (Ref.7). 

The need to form regulatory institutions for inspection of solid 

waste management practices. To create the incentives for mi-

nimization of solid waste.To establish hazardous waste man-

agement system for each economic zone. In line with a grow-

ing concern about sanitation issues, embracing both solid and 

liquid waste management system in urban and rural areas. It is 

a need to promote sanitation strategy and action plan for coun-

try, which will provide a clear basis for planning, funding, and 

implementing projects and activities in a more integrated way. 

(Ref.2) 

In India there is no any scientifically planned source for se-

gregation except for industrial waste where due to organized 

nature of sector. Those materials are only segregated 

Which have relatively higher economic return in the recycling 

market. The unsafe and hazardous conditions under which the 

segregation and sorting takes places are well known. The 

waste collection efficiency is very low in high economic ci-

ties. some amount of solid waste is left on the street and is 

dumped in low lying areas, canals, rivers.(Ref.3). 

Hierarchy of sustainable waste management- In villages 

every family collects the solid waste and dump openly near 

the house called it as ( ukirda) which is generated in house 

and by the animals and Agri activity. There is no any well 

established system for collection and treatment of solid waste 

which has become a serious problem for rural environment 

and effects on the rural life style. Following figure shows dif-

ferent options hierarchy of Solid waste management at village 

level. 

 

 

 

 

 

 

 

Fig.1 Hierarchy of sustainable waste management 

The hierarchy shows (Fig.1) that the waste reduction and 

reuse of the waste materials are the better options for mini-

mizing the generation of waste, But it is not possible upto zero 

level. Once the waste is generated it need to be collected, re-

cycling, composting and remaining for waste to energy for 

effective waste handling. The last option is open burning and 

unsanitary landfills (1). 

Problems Associated With Solid Waste Management At Vil-

lage Level 

Collection and storage of solid waste : Most of villages solid 

waste is collected traditionally. In this method every family 

collect the solid waste separately near the house. There is no 

any segregation of solid waste. Total land engaged for this 

purpose is more and it became a non -productive. Solid waste 

dumped openly in this method on the common areas, so ani-

mals scattered anywhere. Local authority has no sufficient 

sourcefor purchasing the vehicles. As well as high mainten-

ance cost of vehicles. so collection of solid waste becomes a 

crucial step in management of solid waste at village . 

Treatment and Disposal of S.W. –At metros the treatment 

and disposal of S.W. plants are well established. At village 

level that much awareness is not in people and Government is 

also not serious about village level problem, so government 

not giving the funds. 

Lack of Awareness of people- In India literacy is near about 

50% to 60% that is the major obstacle for solid waste man-

agement. People generates solid waste and throw it in living 

areas openly, on the roads, near the water sources. So it be-

comes very difficult to collect and process it. There is lack of 

awareness in people about the effect of solid waste on envi-

ronment and health. 

Solution For Solid Waste Management At Village Level 

Collection and storage of solid waste 

In urban areas collection of solid waste by the vehicles be-

cause the quantity is more , But in rural areas that much quan-

tity is not generated, so use the small vehicles having load 

carrying capacity is upto 4 to 5 tons. 

•Use the manual system for solid waste. collection by using 

small trolleys,bullock cart. 

•To provide separate low yield land for 50 to 100 families for 

storage of Solid waste. 

•It is necessary to collect the solid waste from door to door. 

Segregation of solid waste 

For metropolitan cities automated big capacity units are used 

for segregation purpose. But at villages less generation of sol-

id waste scale down that units up to capacity 100 to 200 

tons/day. 

•House segregation (organic& inorganic/recyclable/non re-

cyclable) 

•House storage( separate bins) 

•To motivate the people, give the financial support for segre-

gation of recyclable items. 

Treatment and Disposal of S.W. storage purpose. Above all 

units are very high capacity. We can design the small units for 

village  level for generation of electricity having capacity 1to 

2 mega watts, due to this   every  village become  independent 

for electricity  

•Recycling of waste ( inorganic material)-Major recycling 

S.W.at village level is papers, polythene bags, plastic, and few 

metal parts ( Agri related parts). 

In urban areas treatment is done on the solid waste  and gen-

erate the electricity, production of ice, and for cold 
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Non recyclable waste- This waste could be disposed by se-

cured land filling operation. 

 Filling of low yield land 

 No risk of ground water and surface water pollution. 

 Compaction of fill 

 Earth cover after filling. 

 Land reclamation 

 Landscape development 

 Use of land for horticulture, playground, recreation 

park. assimilative 

 Conversion of organic waste to compost 

 Household level composting by organic waste con-

verter 

 Vermi composting 

 Energy generation from S.W. & production of ice, 

cold storage 

To create the awareness 

school level about Importance of solid waste and its effect on 

environment. and remedies. 

ss of people and organize vari-

ous camps, poster exhibition ,documentary films and the cam-

paigning at weekly markets. 

m-

panchayat and other social workers to establish a proper sys-

tem to collect the solid waste every day. 

storage of solid waste. 

active participation in all the activities related to solid waste 

management. 

linary action against these people , who are not 

following the rules and regulations. 

PROPOSED OPTIONS FOR TREATMENT OF VILLAGE 

SOLID WASTE (VSW)- 

Recycling: It is plays an important role in reducing the impact 

of VSW on environment and public health. It is knows n that 

95% elements of the solid waste impacts on the environment 

and human life before it discarded. In villages there is a tradi-

tional method for collection of recycling material from door to 

door by a informal traders called as ( kabadiwala) and then 

they are separated that material like metal, plastics, rubber, 

leather, papers etc. But 100% separation of this material is 

very tedious and time consuming job. So, remaining residues 

can be used for RDF and WTE plants to avoiding landfilling. 

Aerobic Compositing : 

Sources of village organic waste are household waste food 

waste from a small restaurant, vegetable markets, animal, 

waste these water are used for compost and it is used for agri-

cultural fields .Organic composts consist of rich nutrients like 

nitrogen, phosphorus &potassium & Other micronutrients. 

But the quality of compost product depends upon the quality 

of the organic waste. In this waste there is mixed waste so 

compost quality becomes low & less useful. And has the po-

tential to introduce to heavy metal into the human food chain 

so this contaminated compost is not for agriculture use there-

fore it is not an option for sustainable management (1). 

Anaerobic composting : In this process microorganism break 

down organic materials such as cattle’s waste,(cow dung) 

manure & sewage sludge in the absence of the oxygen. It is 

also called asbiomethaniation. The energy which created in 

this method in the form of biogas and compost as liquid resi-

dual. Biogas consists of methane (ch4) & carbon dioxide 

(co2) can be used for fuel and the liquid slurry is used for or-

ganic fertilizer .Again contamination of the feed disturbs the 

process for village level. Small type of biogas plant are possi-

ble and best option for sustainable solid waste management, 

but it is depends upon the solid waste generated by family and 

animal waste. 

Waste to energy combustion (WTE) : In this prossess vil-

lage solid waste is used for creating a energy like electricity, 

steam. The VSW in enclosed in device for combustion and the 

residue will be an ash.It is the best option for the handling of 

the mixed village solid waste because the residue of this 

process (bottom ash) contains inert inorganic materials and 

minerals, which could be used for construction material. This 

process decreases the volume of wastes, which is useful to 

prolong the life of landfill for many years. The VSW should 

be composted after all, possible recycling and composting has 

been done. The input of this process should be the rejects 

from material recovery. So it is best option for sustainable 

VSW. 

Sanitary Landfilling-The remaining waste is sanitary land-

fill. It is the last option for VSW. Following three conditions 

are necessary to fulfil it. 

a)Compaction of waste b) Daily covering of waste (with soil 

or other material) c) Control and prevention of negative im-

pacts on public health and the environment. 

Comparision- Anaerobic composting is better option as com-

pared to aerobic composting, because the residue of the Anae-

robic composting is again used for the agricultural use. i.e. 

compost. If we compare above both option with the waste to 

energy.WTE is the best option for village solid waste treat-

ment because the mixed solid waste can be used as input for 

the energy generation. So major volume of VSW is consume 

in this process. (use Word Style "FE_Table_Footnote"). Do 

NOT modify the amount of space before and after the title as 

this allows for the space above and below the table to be in-

serted upon editing. 

 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Best options hierarchy of Solid waste management at village 

level 
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CONCLUSION 

Probable solutions for solid waste management at village lev-

el: 

1) Collection and storage of solid waste 2) Segregation of 

solid waste 3) Treatment and Disposal of S.W. 

4) To create the awareness So after above study following 

options are very beneficial for the VSW treatment. Aerobic 

composting is the traditional method,Anerobic composting is 

not well in practice due to initial cost. WTE is the better op-

tion in this energy crises, WTE fulfills the need of electricity 

of village and steam generation for the other use.So first man-

ufacture the proto type model for treatment of VSW is neces-

sity to face this problem. 

1.Waste to energy is the better option in this energy crises 

because 80% of village solid waste is used as fuel for Energy 

generation. 

2.Waste to energy fulfills the need of electricity of village and  

steam generation for the other  use. 

3.Development of proto type model for treatment of VSW is 

necessary.  
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Abstract: Water pollution levels in many developing 

countries remain significantly higher than in the developed 

world. While such pollution is often a byproduct of 

economic activity, it also imparts a health burden on the 

population. We study this health burden in the context of 

domestic water pollution in India’s rivers, focusing on infant 

mortality as a measure of health outcomes. In particular, we 

quantify two impacts: The mortality burden of river 

pollution in the district of its measurement; and the 

persistence of that burden in neighboring, downstream 

districts. To avoid endogeneity problems, we construct an 

instrument for water quality in a given Indian district using 

water quality upstream of that district. Two-stage least 

squares (2SLS) regression reveals a positive district-level 

association between one-month infant mortality and the 

concentration of fecal coliforms in river water. This 

association strongly holds for both national demographic 

surveys that we use to compile infant mortality data. We 

interpret the association to be causal: The average effect of 

a one-percent increase in fecal coliforms is an additional 3-5 

deaths per 100,000 births in a given month. In comparison, 

the corresponding downstream infant mortality impact is 

approximately 1-2 deaths per 100,000 births. 
Keywords : Water pollution, Demographic, Health Survey 

 

I. Introduction 

River pollution imposes geographically-widespread costs: The 

burden of reduced water quality is felt not just by the 

community in the immediate vicinity of its production, but by 

a continuum of downstream communities as well. The 

socially-efficient level of water quality at a given point along 

a river therefore depends on the associated welfare impacts at 

both that point and all affected points downstream (Oates, 

2001, Lipscomb and Mobarak, 2007). 

We set out to quantify and compare such impacts in the 

context of Indian rivers. India is currently characterized by 

alarmingly high levels of domestic water pollution in its 

surface waters (Central Pollution Control Board, 2013) and 

expensive clean-up policy whose effects have been ambiguous 

(Greenstone and Hanna, 2012). This characterization, coupled 

with extensive data on water quality levels all over the 

country, creates an opportune setting for a study of water 

pollution and health. In particular, we focus on infant 

mortality, given the vulnerability of infants to toxins and the 

large loss of life represented by that measure. 

Since a comparison of overall pollution and health outcomes 

in Indian districts is susceptible to omitted variable bias, we 

use the geography of rivers to isolate exogenous variation in 

water pollution. Our basic strategy is to instrument for water 

quality in a given district with water quality upstream of that 

district. The intuition for this instrument is that upstream 

“decisions” to pollute have downstream health consequences 

due to the flow of rivers but are uncorrelated with all other 

determinants of health. 

 

We thus construct a two-stage least squares (2SLS) estimator 

for the relationship between domestic water quality and infant 

mortality. Our instrumental-variables results quantify the 

within-district externality – i.e., the association of infant 

mortality in a district with river water quality in that same 

district. Meanwhile, our reduced-form results quantify the 

persistence of water quality impacts in downstream districts. 

Our findings indicate that the pollution-mortality relationship 

is strongly positive and significant in the first month of life. 

Furthermore, this relationship holds even when pollution is 

compared with mortality in the next district downstream. The 

predictive, within-district effect of a one-percent increase in 

fecal coliforms is an additional 3-5 deaths per 100,000 births 

in a given month, or a 0.09-0.14% rise in the probability of 

neonatal (first-month) mortality. The corresponding effect in 

downstream districts is 1-2 deaths, or a 0.03-0.09% rise the 

likelihood of neonatal mortality. Strikingly, these results hold 

for two entirely different samples of Indian children – those 

with mothers surveyed for the District-Level Household 

Survey II (DLHS-2; 2002-2005), and those with mothers 

surveyed for the Demographic and Health Survey II (DHS-2; 

1998-2000). 

Methodologically, we contribute a novel identification 

strategy that is replicable in any country where river water 

quality is monitored. Empirically, we provide three findings 

that contribute to the general understanding of river 

pollution‟s relationship with infant mortality (IM) in India. 

First, we quantify a mortality impact of acute, one-month 

shocks to domestic water quality. Second, we show that the 

first month of life is by far the most risky for infants when it 

comes to water quality and safety. Third, we confirm the 

persistence of the mortality burden in downstream 

communities, suggesting that the downstream IM externality 

is as much as one-third the size of the within-district 

externality. Taken together, the size and downstream 

persistence of water pollution‟s harm should be strong 

motivation for discussion of new policies to improve water 

quality and protect Indian infants. 

 

II. Existing Literature 

 

Our research agenda is founded upon three assertions: First, 

that water pollution exposure is bad for health, and in 

particular for infant survival; second, that the current level of 

river water quality in India is socially inefficient; and third, 

that water pollution persists at dangerous levels even at 

significant distances downstream of its incidence. 

The first assertion is backed by a long literature in 

epidemiology, starting with John Snow (1854). Snow was the 

first to correctly suggest that the cause of the “Broad Street 

cholera outbreak” in London was caused by leakage of 

sewage (in the form of fecal bacteria) into a public well. Since 

then, epidemiology research has advanced to produce 

evidence linking water pollution to a host of pathogens (E. 
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coli, rotavirus, etc.) and illnesses (cholera, diarrhea, etc.) 

(Fewtrell and Bartram, 2001). Furthermore, it is not just 

drinking of contaminated water that conveys a health burden; 

Cifuentes et al (2000) identify irrigation to be a link between 

water pollution and health, while Carr (2001) highlights 

bathing, food, and person-to-person contact as modes of 

disease transmission from polluted water. 

The recent economics literature zeros in on the causal impacts 

of water pollution. Program evaluation has linked various 

public health-type initiatives – such as water filtration and 

chlorination (Cutler and Miller, 2005), piped water access 

(Gamper-Rabindran et al, 2010), spring protection (Kremer et 

al, 2011), deep-water tube wells (Field et al, 2011), 

privatization of water provision (Galiani et al, 2005), and 

general sanitation projects (Watson, 2006) – to infant health 

impacts. Moreover, two recent developing-country studies 

link water pollution directly to health outcomes. Ebenstein 

(2010) finds that a one-grade deterioration in Chinese river 

water quality is associated with a 9.7% increase in digestive 

cancer incidence. Brainerd and Menon (2011) find that a ten-

percent increase in agrichemical levels in Indian rivers during 

the month of conception is associated with an 11% (15%) 

increase in the likelihood of one-year (one-month) mortality. 

To provide further context, Appendix Table 1 summarizes the 

findings of these articles. 

Among works focusing on air pollution, Currie and Neidell 

(2005) rely on a detailed set of fixed effects to uncover a 

causal link between air quality and infant health outcomes in 

Los Angeles; Chay and Greenstone (2003) use instrumental 

variables to determine the infant health impacts of air 

pollution reductions caused by a U.S. economic recession; and 

Currie and Walker (2011) employ a difference-in-differences 

specification to assess whether the introduction of E-ZPass 

automated tolls affects infant wellbeing. In a developing-

country setting, Jayachandran (2009) estimates that 

Indonesian forest fires in 1997 are associated with 15,600 

„missing‟ children. 

The second assertion – that Indian surface-water quality levels 

are socially inefficient – is legitimized by economics-type 

research coming directly out of India. In this vein, there are 

several existing estimates of the impact of water pollution on 

health and welfare. Dasgupta surveys a sample of Delhi 

households and their water quality and then estimates a health 

production function from the data. She finds a per-household 

cost of diarrheal illness (in terms of treatment cost and man-

days lost) of 1,094 Rupees per year (for context, Delhi‟s 

population was about twelve million as of 2009). Brandon and 

Homman (1995) estimate the impact of domestic water 

pollution on a broader swath of illnesses. They find that 

providing clean water supply and sanitation to the whole of 

India would avoid between 3 billion and 8 billion U.S. dollars 

of foregone earnings. In particular, they suggest that 59% of 

annual environmental costs in India are 

incurred by surface water pollution. In addition to these types 

of revealed preference studies, there are several contingent 

valuations of water pollution in the Indian literature. 

Markyanda and Murty (2000), for instance, survey households 

within one kilometer of the Ganga River and record an 

average willingness-to-pay of 582 Rupees for bathing-quality 

river water. 

Finally, our third assertion is backed by the strand of 

economics research devoted to regional environmental 

spillovers. This literature focuses primarily on how incentives 

for pollution abatement depend on the spatial incidence of the 

associated environmental benefits (Gray and Shadbegian, 

2004, Helland and Whitford, 2003). Early work by Sigman 

(2002, 2005) on interstate and international water quality 

spillovers finds evidence of free-riding: River pollution 

monitors upstream of state and country borders have worse 

water quality than other monitors, all else equal. Lipscomb 

and Mobarak (2007) more recently exploit county-splitting in 

Brazil to identify the same free-riding phenomenon, and they 

find that water pollution increases by 2.3 percent for every 

kilometer closer a river gets to an exiting border. Our research 

builds on these studies by connecting the phenomenon of 

upstream free-riding to downstream water quality and health 

impacts. 

The primary challenge faced in the literature on both the 

pollution-health nexus and regional environmental spillovers 

is the endogeneity of pollution exposure. Pollution is not 

randomly assigned. This means that an ordinary least squares 

regression of health outcomes on pollution levels across 

regions and time may be biased due to omitted time-varying 

factors such as income or infrastructure (in health or 

sanitation, for instance). It also means that upstream and 

downstream water quality may be correlated in time and space 

through more than just river flow. The research detailed above 

employs a combination of experimental variation, fixed 

effects, and instrumental variables to try to circumvent this 

problem of bias. In what follows, we do the same, utilizing 

panel data and the natural flow of rivers to isolate exogenous 

variation in water pollution levels in our sample. 

III. THE INDIAN CONTEXT 

Water pollution in India is overwhelmingly an issue of 

domestic sewage. While industrial water pollution (Central 

Pollution Control Board, 1989) and agricultural water 

pollution (Brainerd and Menon, 2011) are present, it is 

domestic water pollution that is most prevalent. The Central 

Pollution Control Board (CPCB, 2013) reports that the total 

sewage load among Indian cities with at least 50,000 

inhabitants is 29,129 million liters per day (MLD), while 

current installed capacity to treat is a mere 6,190 MLD – a 

78.7% shortfall. A World Bank (2006) study on sanitation in 

India underscores the country‟s problems. Urban areas are 

plagued by unreliability: Blocked sewers and non-functioning 

pumping stations lead to raw sewage overflow into rivers. 

Meanwhile, rural areas suffer from low access: Only 35% of 

the rural population had access to basic sanitation as of 2006. 

Water quality is monitored and regulated by the Ministry of 

Environment and Forests (MoEF), the CPCB, and the 

associated State Pollution Control Boards. Early 

environmental legislation (beginning in the 1970s) has given 

way to an extensive water quality monitoring network, which 

includes 1,019 monitors along rivers, lakes, ponds, and wells 

in India. Surface water quality at these monitors is judged by 

its “Designated Best Use” (DBU) according to standard 

pollution metrics, as displayed below in Table 1. 

 

Notes 

Source: Ministry of Environment and Forests. "Water Quality 

Criteria for Designated Best Use Classification of CPCB: 
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Factsheet." 11/6/2009. 

<http://pib.nic.in/newsite/erelease.aspx?relid=53897> 

In 1985, the Indian government launched the Ganga Action 

Plan (GAP) to clean up the Ganga River, India‟s longest. By 

1987, the precise goal of GAP was crystallized: Restore the 

Ganga River to the „Bathing Class‟ standard, as defined by the 

DBU classification in Table 1 (National River Conservation 

Directorate, 2013). In the ensuing three decades, GAP was 

extended first to other rivers in the Ganga Basin, and later to 

rivers all over India. Currently, 190 towns in twenty states 

along 41 rivers are regulated under what is now known as the 

National River Conservation Plan (NRCP), India‟s flagship 

water pollution cleanup policy. NRCP has the stated objective 

of “interception, diversion, and treatment” of sewage 

(Government of India, 2003); it is therefore a program 

focused mainly on domestic pollution. To that end, 4,704 

MLD of sewage treatment capacity have been created since its 

inception in 1985 (MoEF, 2013). New infrastructure for 

intercepting and diverting sewage towards treatment plants 

has accompanied these capacity expansions. Furthermore, 

improvements to riverside bathing ghats, crematoria, toilets 

have also been a part of NRCP interventions (MoEF, 2013). 

Unfortunately, the policy has been panned in the media for 

reasons such as poor inter-agency cooperation, funding 

imbalances across sites, and inability to keep pace with 

growing sewage loads (Suresh, 2007). Using data from the 

water quality monitors described above, Greenstone and 

Hanna (2012) find that NRCP has had no statistically-

significant impact on surface water quality. 

IV. DATA 

 

A. Pollution Data 

 

For our own work, we use the same water quality data as 

Greenstone and Hanna (2012). These data were originally 

gathered from a combination of CPCB online and print 

records and are a subset of the universe of data collected 

under India‟s national monitoring program. We limit our 

analysis to the sixteen years between 1986 and 2004; this is 

because our infant health data only extend to 2004, while we 

do not have access to pollution data from before 1986. These 

sixteen years of data cover 472 unique monitors along 139 

rivers, yielding 39,731 total monitor-month observations with 

non-missing domestic pollution measures1. 66 of these rivers 

have more than one monitor; the greatest number of monitors 

along a single river is 29, on the Ganga River. All pollution 

monitors are mapped below in Figure 1. 

Figure 1. Pollution Monitors along Indian Rivers 

 

Notes 1. Black points denote river pollution monitors. 

 

As many as 46 different measures of water quality are 

recorded at these monitoring stations, but only a few measures 

are consistently recorded over the whole sample timeframe2. 

Among these, we choose to focus primarily on Fecal 

Coliforms (FCOLI), since it is the best indicator of domestic 

water pollution specifically. FCOLI measures the 

concentration of water-borne bacteria in units of Most 

Probable Number per 100 ml (MPN). It is exclusively caused 

by human and animal waste, so it is not an indicator of 

industrial pollution. Finally, it is not in and of itself a threat to 

health, but it is highly correlated with the presence of 

organisms that are a health hazard. In analysis, we use a 

moving average of FCOLI over the current month and the two 

months prior, in order to fill in some of the gaps in our panel. 

Additionally, we take the 

 

Monitors record pollution at either the monthly or quarterly 

frequency. 

 

These are: Fecal Coliforms; Total Coliforms; Biochemical 

Oxygen Demand; Chemical Oxygen Demand; Dissolved 

Solids; pH; Alkalinity; Conductivity; Hardness; Turbidity; 

Total Dissolved Solids; Calcium; Chlorine; Magnesium; 

Sodium; Sulfates; and Nitrogen. 

 

logarithm of this moving average, since FCOLI appears to be 

log-normally distributed in our data (see Appendix Figure 1 

for this distribution). 

Though our water pollution data are recorded at the monitor 

level, we use district averages for our main regression 

analysis. This is because we can only identify the location of 

infants at the district level; we do not know where, within a 

district, each infant lives. However, in our tests of instrument 

validity, we are able to utilize monitor-level measurements. 

Thus, Table 2 below displays summary statistics for river 

pollution at both the monitor-month and district-month level. 

Our primary independent variable, the logarithm of FCOLI, 

takes a mean value of 5.5-5.7 but has a long right tail. Its 

maximum value of 14.56 (corresponding to 2.1 million 
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organisms per 100 ml) is reached in fourteen months by a 

monitor along the Sabarmati River in Ahmadabad, Gujarat. 

 

 
 

 
 

 

Column (1) provides statistics compiled from monitor-month 

observations, while Column 

 

(2) provides statistics compiled from district-month 

observations. 

 

Pollution values are computed as the moving average of the 

current month and the three previous ones. 

 

Health Data 

 

In quantifying the health cost of the inter-district pollution 

externality, we choose infant mortality as our metric. This 

choice is motivated by several considerations. First, 

epidemiology research shows that infants are highly 

susceptible to water-borne pathogens (Fewtrell and Bartram, 

2001). Second, infant mortality is a very significant measure 

of life lost, especially in India, where infant mortality rates 

remain high relative to the global average (United Nations, 

2011). Third, the measure has the advantage of limiting 

concerns about prior exposure to 

= pollution, as noted by Chay and Greenstone (2003). Fourth, 

we have two long, panel datasets of infant survival outcomes 

in India, whereas we have only a small number of repeated 

cross-sections of other health variables, such as diarrhea 

incidence and low birth weight. 

Our infant health data come from two national demographic 

surveys. The first of these is the Reproductive and Child 

Health II (RCH-2) module of the District-Level Household 

Survey II (DLHS-2), conducted in two phases from 2002 to 

2005. In this module, mothers report age and survival for all 

of their children, which allows for creation of a “pseudo”-

panel of birth-month observations. In all, there are 1,393,431 

births from 1967 to 2004 in RCH-2. After merging with our 

pollution data, we have 264,375 births with matched pollution 

data from 1986 through 2004. From this sample, we expand 

out each birth to create an observation for each month of life 

up to the first of three events: (a) death; (b) one year of 

survival; or (c) the month of survey. This procedure nets us 

2.65 million child-month observations with pollution and 

survival data. 

We similarly create a panel of child-month observations from 

the National Family Health Survey 

(NFHS-2) module of the Demographic and Health Survey II 

(DHS-2), which was carried out from 1998 to 2000. 268,834 

total births from 1961 to 1999 in NFHS-2 are cut to 39,125 

with matched pollution data from 1986-1999. After expanding 

out to child-months in the same fashion as with RCH-2, we 

are left with 388,301 observations containing both pollution 

and survival data. Summary statistics for infants from both 

surveys are provided below in Table 3. 

Among RCH-2 children born between 1986 and 2004 with 

non-missing pollution data, the probability of dying in the first 

month is 0.039 (0.037 for NFHS-2). This translates to 39 (37) 

deaths per 1,000 live births. The corresponding one-year 

infant mortality rate, in both samples, is 57 deaths per 1,000 

live births. In comparison, the United Nations (UN) 

Population Division reports India‟s IM rate to be 60.6 for the 

years 2000-2005 (UN, 2011). However, the conventional 

infant mortality rate is not our precise dependent variable; 

what we study is instead the acute probability of an infant‟s 

death in each month of its first year of life. That variable is 

summarized in the Table 2 row labeled “1[Died this month]”. 

Its mean in both samples is 0.006, which corresponds to a 

0.6% average likelihood of death over all child-months in our 

merged sample. 

 
 

Column (1) provides statistics from the RCH-2 survey 

module, while Column (2) provides statistics from the NFHS-

2 survey module. 

All statistics are compiled from samples composed only of 

infants in districts for which there is matching pollution data. 

Stats for the variable "1[Died this month]" are calculated 

across child-months; stats for the other two variables are 

calculated across children (not child-months). 

 

 

C. Other Data 

We include severable types of variables as controls in many of 

our regression analyses. The main body of these controls are 

cross-sectional survey answers about birth, mother, and child 

characteristics taken from RCH-2 and NFHS-2. We add to 

that climate data graciously provided by Sam Asher and Paul 

Novosad. These include monthly, gridded rainfall averages 
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from the University of Delaware and air temperature averages 

from the Indian Meteorological Institute. We use the climate 

grids to interpolate rainfall and temperature values at each 

monitor location. Finally, we employ a dummy variable for 

the incidence of major river cleanup policy (NRCP, described 

above in Section III). Table 4 below provides a full list of 

control variables employed in our regression analyses. 

 

 

D. A Note on Water Source 

Ideally, we would augment our pollution and health data with 

detailed, time-varying information on individuals‟ usage of all 

the types of water available to them. This information would 

greatly aid us in explaining the mechanism underlying any 

relationship identified between river pollution and infant 

mortality. Unfortunately, the only data we possess on water 

usage at the individual level is a cross-sectional answer to the 

question “What is your primary source of drinking water?”, 

available in both RCH-2 and NFHS-2. The data provided by 

this question do not say anything about drinking water choices 

made before the date of survey; they do not speak to 

secondary (i.e., alternative) drinking water choices; and they 

do not reveal anything about non-drinking water usage, such 

as bathing, irrigation, and food preparation. 

We nonetheless display „primary drinking water source‟ 

statistics (for RCH-2; the corresponding statistics for NFHS-2 

are qualitatively similar) below in Figure 2. Notably, only 1.2 

percent of infants are from households citing „Rivers‟ as their 

primary source of drinking water. On its own, this statistic 

suggests that drinking river water is not likely to be the 

primary mechanism through which river pollution is related to 

infant health. However, the aforementioned caveats about 

these data mean that we cannot rule out the mechanism of 

drinking river water. 

 

 

Figure 2. Primary Drinking Water Source, RCH-2 

Notes 

1. The counts above are taken from all births, rather than all 

households. 

IV. Methods 

We seek to causally link domestic river pollution to infant 

mortality. We are interested in both the “within-district” 

relationship – i.e. how river pollution in a given district affects 

infant mortality in that same district – and the downstream 

spillover – i.e. how much the mortality impact persists in the 

next district downstream of pollution incidence. For both of 

these relationships, we require a dataset that links upstream 

and downstream observations on water quality. Thus, the first 

step in our analysis is to pair every pollution monitor in our 

dataset with an “upstream” counterpart. Since there are 

frequently several monitors along a given river, we have some 

flexibility with respect to the choice of upstream monitor. Our 

goal in choosing is to strengthen both the relevance and the 

validity of the instrument. Relevance is an issue because water 

pollution decays over time; water quality 500 km upstream, 

for instance, is not a good instrument for downstream 

pollution because little to no pollution will persist after a 

distance of 500 km traveled. Validity is an issue because water 

pollution exhibits spatial correlation: Two monitors that are 

very near each other may be highly correlated for reasons 

having nothing to do with river flow. 

These concerns prompt us to bound the distance between 

upstream-downstream pairs. The lower bound mitigates the 

spatial correlation issue, and the upper bound ensures monitor 

pairings for which it is reasonable to expect upstream 

pollution to persist downstream. In practice, we use the 

following algorithm, for each monitor in our dataset: 

Identify the river on which the monitor resides. 

Follow that river upstream until it enters a new district3. 

Find the next monitor upstream. If its distance from the 

original monitor falls within [ ,  ], assign it as the upstream 

monitor. If it is not, continue upstream  until a monitor is 
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found that is.4 If no monitor is found within [ ,  ], drop that 

monitor from the sample. 

In the above algorithm, we vary the value of between 20 and 

100 km and the value of between 200 and 300 km. We then 

test the relevance and validity of the instrument with each 

range permutation and choose the range that is empirically 

most promising. 

The first stage of our two-stage least squares (2SLS) 

estimation strategy, which captures regional water pollution 

spillovers, is described by Equation 1: 

 

 

Here, denotes average pollution at monitor in year and month 

. (  −1)     thus denotes the average pollution in the same 

month at the next monitor upstream. is a vector of monitor-

level time-varying covariates – rainfall and air temperature 

interpolated at each monitor location, in practice. Finally, is a 

vector of monitor-pair fixed effects, is a vector 

Without this step, district-aggregated pollution may be 

mechanically correlated with its upstream analog due to some 

monitors being used in both the downstream and upstream 

calculations. 

If a river splits during this algorithm, then the original monitor 

is given two upstream assignments – one for each river arm – 

and the values at these two upstream locations are averaged. 

of year-month fixed effects, and is a vector of state-year fixed 

effects. The first vector of fixed effects controls for the time-

invariant components of monitor-pair-specific water-quality 

determinants – such as local soil quality and natural resource 

endowment. The second controls for those determinants of 

water quality which vary from month to month but affect the 

whole country in the same way – such as national trends in 

economic output and technological development. The third 

controls for annual determinants of water quality that are 

specific to states – such as state-year shocks to the economy. 

The model in Equation 1 will capture the average pollution 

spillover at downstream locations in our sample, as long as we 

control for all other (non-river) factors that jointly determine 

upstream and downstream water quality. Instrument relevance 

requires that 1 in Equation 1 is positive and statistically 

significant. Importantly, we can estimate Equation 1 at the 

monitor level as shown and at the district level as well. 

To assess the validity of our upstream instrument, we 

construct a test that takes advantage of the logic of river flow. 

Consider the simplistic diagram below, with three towns 

situated along a single river: 

 

 

 

 

 

 

According to our identification strategy, water quality in Town 

1 can be predicted by water quality in Town 2 or in Town 3; 

they are both upstream of Town 1. If our upstream assignment 

is valid, then, conditional on control covariates, Town 3 water 

quality is only correlated with Town 1 water quality through 

the flow of the river. But in that case, the entire pollution 

spillover from Town 3 to Town 1 is captured by Town 2 water 

quality levels. Thus, instrument validity requires that both (a) 

Town 1 water quality is correlated with Town 3 water quality, 

and (b) conditional on Town 2 water quality, Town 1 water 

quality is uncorrelated with Town 3 water quality. In 

mathematical terms, the dual condition is 

 

 
 

The advantage of using this condition as a test of validity is 

that it follows logically from the physical laws of river 

flow. Its disadvantage is that it is a difficult condition to 

satisfy – as soon as measurement error is introduced into 

the data, it becomes likely that water quality in Town 2 will 

not purge all of the correlation between water quality in 

Towns 1 and 3. 

We test the degree to which this condition holds by estimating 

two regression equations5: 

 

 
 

The coefficient 2 should be positive and statistically 

significant, while the coefficient 2 should be a statistical zero. 

If this test is passed, then our estimate of 1 in Equation 1 can 

be interpreted as the average magnitude of the per-unit river 

pollution externality. 

With a valid instrument, we can focus on quantifying and 

comparing the health impacts of river pollution at different 

relative locations. It is, however, important to note households 

may adapt to variations in river water quality, depending on 

the visibility of such variation. They may switch their primary 

water source, or change their investment in water treatment, 

or even possibly migrate away. Our estimates should thus be 

interpreted as lower bounds on the dose-response mortality 

effect of water quality shocks. 

Because we do not know the location of infants within 

their listed district, each infant can only be assigned its 

district-aggregated measures of pollution and weather. The 

within-district mortality impact of river pollution is thus 

captured by the following 2SLS model: 

 

As with Equation 1, estimation of Equations 3.1 and 3.2 can 

be done at both the monitor- and district-level. 
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Above, is a dummy variable for infant mortality which varies 

with district , infant , year , and month . remains a vector of 

climate variables, varying by district and month. is a vector of 

demographic characteristics at the infant, mother, and 

household levels (the precise characteristics are listed in 

Table 2 above). Meanwhile, the reduced-form analog of the 

IV model above captures the downstream impact of river 

pollution: 

 
 

If the mortality risk imparted by water pollution varies with 

age, such variation will be obscured by the models described 

by Equations 4.1/4.2 and Equation 5. We are particularly 

interested in modeling age-specific mortality risk in light of 

the numbers in Table 3 of Section IV above: In both of our 

survey samples, the majority of infant mortality in the first 

year comes in the first month of life (approximately 65%). 

To examine the possibility of a pollution-health relationship 

that varies with age, we add an interaction term to the IV and 

reduced-form systems above. This interaction takes the form 

× 1[      = 1     ℎ] – a single term that is non-zero only for 

neonates (infants in their first month of life). Age (in months) 

fixed effects are added to complete the specification. 

 

RESULTS 

A. Pollution regressions 

The first results we show are basic estimates of the first stage. 

Table 5 below displays point estimates of Equation 1 at both 

the monitor level and district level. We show only the results 

using upstream bounds of [50 km, 300 km] (Panel A) and [75 

km, 300 km] (Panel B), for which our empirical results are 

soundest. Results with the other ranges considered are, 

however, qualitatively similar. All regressions employ year-

month, monitor-pair, and state-year fixed effects, controls for 

rainfall and air temperature, and standard errors clustered at 

the monitor-pair level. Columns 1 and 3 reflect Equation 1 as 

is, at the monitor and district levels, respectively. 

Column 2 adds an interaction term to allow the association of 

upstream and downstream to vary with distance. The un-

interacted distance term is subsumed by monitor-pair fixed 

effects; that is why it is not shown in Table 5. 

 

The dependent variable in all regressions is (downstream) 

Log(FCOLI). 

All regressions include total rainfall and average air 

temperature as controls, as well as fixed effects by monitor-

pair (or district) , year-month, and state-year. 

All regressions cluster standard errors by monitor-pair. 

Pollution values are computed as the moving average of the 

current month and the three previous ones. 

 

The results in Table 5 show that our first stage is very 

relevant: The magnitude of the upstream coefficient is large 

and its significance is high. According to column 1, a one-

percent rise in upstream FCOLI is associated with a 0.259-

percent rise in downstream FCOLI. Meanwhile, column 2 

shows that this association weakens as the distance between 

two monitors increases: The sign on the interaction term is 

negative and significant. Together, the pollution coefficients 

above are a first check on the validity of our identification 

strategy. If our identification is coming from actual pollution 

flow (as we desire), then increasing distance should be found 

to weaken the upstream-downstream relationship6. Indeed it 

does, according to Table 5. 

However, off-river spatial correlation might be expected to 

have a similar relationship with distance. 

The next results we show are from the test of validity 

proposed in the preceding section. Table 6 below displays 

point estimates for Equations 1, 3.1, and 3.2 in columns 1, 2, 

and 3, respectively. For this table, the pollution sample is 

restricted to all monitor-months for which there is non-

missing data at downstream, 1st-upstream, and 2nd-upstream 

locations. Control variables, fixed effects, and clustering 

choices are exactly the same as in Table 5 above. 

 

 

The sample is restricted to all monitor-months for which there 

is pollution data at downstream, 1st-upstream, and 2nd-

upstream locations. 

 

The dependent variable in all regressions is (downstream) 

Log(FCOLI). 

 

All regressions include total rainfall and average air 

temperature as controls, as well as fixed effects by monitor-

pair (or district) , year-month, and state-year. 
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All regressions cluster standard errors at the monitor-pair 

level. 

 

Pollution values are computed as the moving average of the 

current month and the three previous ones. 

 

Recall that we are looking for evidence that (a) both first-

upstream pollution and second-upstream pollution are 

predictors of downstream pollution; and (b) second-upstream 

pollution loses its predictive strength once first-upstream 

pollution is included in the same regression. Table 6 provides 

just this evidence. Columns 1 and 2 indicate that both 

measures of upstream pollution are significant predictors of 

downstream levels, regardless of whether the lower bound is 

50 km (Panel A) or 75 km (Panel B). Further, the second-

upstream coefficient has a smaller magnitude than the first-

upstream coefficient. This makes sense, since second-

upstream monitors are significantly further away from 

downstream monitors than their first-upstream counterparts. 

Column 3 depicts the results of regressions with both 

upstream monitors as explanatory variables, yielding exactly 

the result we would like to see. The first-upstream coefficient 

remains highly significant and decreases only negligibly in 

magnitude, while the second-upstream coefficient loses both 

its size and significance. Put another way, second-upstream 

water quality is not correlated with downstream water quality 

conditional on first-upstream water quality. This result 

suggests that our instrument does what we want: It isolates 

upstream pollution that drives downstream pollution only via 

the transmission of pollutants along rivers. 

More than simply validating our instrument, the results of 

Table 6 contribute to the economics literature on regional 

pollution spillovers. Column 6 provides hard evidence that 

upstream pollution spills over into downstream districts, 

suggesting a very real cost to the free-riding pollution 

behavior identified by Sigman (2002, 2005) and Lipscomb 

and Mobarak (2007). As yet, however, this cost is expressed 

in terms of changes in water quality, which are difficult to 

value. This, of course, is exactly why we estimate 2SLS and 

reduced-form models of infant health – such analysis 

translates water quality costs into human health terms. 

Admittedly, infant mortality is only a partial measure of 

human health costs, and human health is in turn merely one 

component of the total costs of water pollution – ecosystem 

health, recreation, and non-use values being some of the 

others. Nonetheless, infant mortality carries with it a huge 

swath of life-loss for a particularly vulnerable sub-population. 

 

B. Health regressions 

 

Table 7 displays our main estimation results for econometric 

models of infant mortality. For this table, we use RCH-2 as its 

infant mortality sample, since that survey is by far the larger 

one. Columns 1 and 2 correspond to an OLS model where 

downstream infant mortality is regressed on downstream 

pollution. Thus, upstream pollution is omitted from 

consideration entirely in these regressions; this is our “naïve” 

estimator. Columns 3 and 4 correspond to our IV model and 

thus depict estimates of Equations 4.1 and 4.2. The IV 

estimator is key for identifying the within-district negative 

externality of river pollution. Finally, columns 5 and 6 

correspond to our reduced-form (RF) model and thus show 

estimates of Equation 5, which captures the spillover of 

pollution-induced harm at downstream districts. 

An observation here is a child-month; however, pollution and 

weather values reflect district-averages as mentioned earlier, 

since children are identified only by their district of origin and 

not their village. All regressions include year-month, state-

district, and state-year fixed effects, standard errors clustered 

at the district level, and weights provided by DLHS-2. 

Columns 1, 3, and 5 represent estimation results from models 

that do not allow the pollution-health relationship to vary by 

age. In contrast, columns 2, 4, and 6 represent models that 

allow for a different pollution-health relationship among 

neonatal infants. 

 

 

An observation is a child-month. 

 

Pollution and weather values are aggregated to the district-

level for matching with infants. 

 

The dependent variable in all regressions is 1[Died this 

month]. 

 

All regressions include fixed effects at the year-month, state-

district, and state-year levels and the full set of controls. 

 

All regressions cluster standard errors at the district level and 

use sampling weights provided by DLHS-2. 

 

Pollution values are computed as the moving average of the 

current month and the three previous ones. 

 

The first observation we make about the results in Table 7 is 

that the point estimates in columns 1, 3, and 5 are very small 

and statistically insignificant7. That is, the average association 

between fecal coliforms concentration and infant mortality 

over our whole sample is very weak. Omitted variable bias 

does not explain this finding, since the point estimates are 
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insignificant even with quasi-random variation in water 

quality and a large set of controls and fixed effects. However, 

In fact, we are unable to estimate standard errors (SEs) for our 

OLS point estimates. Removing state-year fixed effects allows 

SE computation and confirms that none of the pollution 

coefficients are statistically significant. 

columns 2, 4, and 6 separately identify a pollution-health 

association for neonates, and the results here suggest a quite 

strong and statistically significant relationship. Column 2 

point estimates still tell us nothing, but this is not surprising, 

given our endogeneity concerns. The IV serves the precise 

purpose of removing this endogeneity, and when we look at 

its results (in Column 4), we see that domestic river pollution 

imparts a significant mortality burden in the first month of 

life. The RF (in column 6) utilizes the same exogenous 

variation as the IV and shows that the mortality burden of 

river pollution persists well-downstream of the pollution‟s 

measurement. 

The second observation we make about Table 7 pertains to 

magnitudes: Taken together, the OLS, IV, and RF results in 

columns 2, 4, and 6, respectively, exactly match our ex ante 

hypotheses. Consider identification concerns: The 

conventional wisdom about the non-random assignment of 

pollution says that the dose-response impact of pollution on 

health is likely to be biased downwards, because pollution 

may be positively correlated with economic activity and 

urbanization. Our empirical results are consistent with this 

reasoning, yielding much larger health impacts with the IV 

specification than with OLS. Also consider the logic of river 

flow: Since water pollution decays with river flow and time, 

one would predict that the downstream impact is smaller in 

magnitude than the within-district health impact. Indeed, we 

find exactly that, with IV point estimates (3.676 and 3.557 in 

Table 7) being relatively much larger than corresponding RF 

point estimates (1.272 and 1.256). 

Because of the details of our econometric specification8, these 

point estimates have the interpretation of “average number of 

neonatal deaths, out of 100,000 births, associated with a one-

percent rise in fecal coliform concentration.” Thus, the IV 

results in Table 7 imply that 3.5 additional children die within 

one month of birth when FCOLI rises by one percent, and the 

RF results imply a corresponding marginal mortality burden 

of about 1.2. Another way to describe these results is in terms 

of elasticities, which we provide in the italicized rows of 

Table 7. The implied within-district elasticity of neonatal 

mortality with respect to FCOLI is 0.09, and the downstream-

district analog is 0.03. These may seem small as absolute 

numbers, but they only reflect small changes in domestic river 

pollution. In fact, the logarithm of fecal coliforms (our 

In particular: We define the infant mortality dummy as a 

0/1000 variable for numerical tractability in our tables. 

key explanatory variable) varies tremendously from month to 

month in our data: The sample-wide standard deviation of 

Log(FCOLI) is 2.84, as Table 2 shows. 

We are lucky to have not one but two large samples of infant 

survival outcomes with which to work, so we can test the 

robustness of our main results by repeating our analysis with 

NFHS-2 substituted for RCH-2. Everything in this second 

analysis is the same as in our first analysis, with the exception 

of a small number of control variables which are only 

available from one survey or another (see Table 4 for a list of 

these variables). NFHS-2 results are displayed below in Table 

8. The qualitative results are exactly the same: Increases in 

domestic river pollution are associated with a very 

statistically-significant rise in neonatal (one-month) mortality, 

and this association persists at districts downstream of 

pollution measurement. The implied elasticities actually rise, 

from 0.09 to 0.13 in the IV model, and from 0.03 to 0.05 in 

the RF model. 

 

Table 8. Health Regression Results, NFHS-2 

 

 

An observation is a child-month.  

Pollution and weather values are aggregated to the district-

level for matching with infants. 

The dependent variable in all regressions is 1[Died this 

month]. 

All regressions include fixed effects at the year-month, state-

district, and state-year levels and the full set of controls. 

All regressions cluster standard errors at the district level. 

Pollution values are computed as the moving average of the 

current month and the three previous ones. 

 

VI. DISCUSSION 

Our instrumental variables analysis (Tables 7 and 8) identifies 

a strong correlation between domestic river pollution and 

infant mortality. The logic of our “upstream” instrument for 

pollution and the empirical evidence provided by our first-

stage tests (Tables 5 and 6) suggest that this correlation is 

causal: Rises in domestic water pollution impart a mortality 

burden to infants. This is important because the academic 

literature contains few causal estimates of the water pollution–

health relationship directly. While there are many studies of 

interventions that identify ways to improve health via the 

channel of water quality, there is a dearth of knowledge on 

how harmful water pollution actually is, particularly in 

developing countries. We think our research advances the 

frontiers explored by the two most similar studies to ours. 

Ebenstein (2012) finds river water quality to be associated 
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with adult cancer mortality in China but does so cross-

sectionally, with pollution data from 2004 and mortality data 

from 1991-2000. Brainerd and Menon (2012) find river 

pollution to be associated with infant mortality in India – our 

exact setting – but focus specifically on agricultural pollution 

and can only match infants to state-average pollution (we are 

able to match at the district level). 

One particular finding of note from our analysis is that the 

first month of birth is by far the most dangerous when it 

comes to river pollution. In fact, we find no evidence of a 

strong relationship existing between mortality and pollution in 

months two through twelve of a child‟s life. Our neonatal 

(first-month) mortality impact, however, is large and robust. 

This should not be surprising, given both our summary 

statistics on mortality and the widespread belief that the first 

month is the most fragile period of an infant‟s life. This belief 

is bolstered by empirical evidence going back to at least Chay 

and Greenstone (2003), who find a similarly strong impact on 

neonatal mortality in the context of air pollution in the United 

States. Meanwhile, two recent studies focus on Indian 

neonatal mortality in the context of water pollution. Brainerd 

and Menon (2011) find a significant impact of agricultural 

pollution; Spears (2012), studying the impacts of rural 

sanitation (which is intimately related with domestic water 

pollution), does not. 

Though we hope our numerical estimates are clear of bias, we 

acknowledge that measurement error prevents us from 

precisely calibrating the water pollution–health dose-response 

function. We do not know where infants live, nor do we know 

how infants interact with water; this means 

we cannot know their precise exposure to water pollution. 

Additionally, the magnitudes we find are net of behavioral 

adjustment, such as water-source switching. We believe our 

results are likely to underestimate the true dose-response 

function, because (1) some (if not most) of our sample does 

not actually consume river water, and (2) some households are 

liable to switch away from rivers to alternative water sources 

when river pollution rises. 

A further caveat of our results is that we cannot definitively 

make a case for a particular mechanism by which river 

pollution imparts a neonatal mortality burden. Drinking water 

is the most likely channel ex ante, but, as we noted in Section 

IV, only 1.2% of RCH-2 infants come from households whose 

primary source of drinking water is rivers at the time of 

survey. As explained in Section II, the epidemiology literature 

provides evidence that bathing, eating, irrigation, and person-

to-person contact can all transmit disease. However, we do not 

have the data to study these modes of transmission directly. 

Understanding the mechanism of the river pollution–health 

relationship is a top priority for our future research. 

One final aspect of our research that we wish to highlight is 

the finding of spillovers of both pollution and mortality in 

downstream districts. Our discussion of pollution spillovers in 

Section 

highlights the presence of both theoretical and empirical 

evidence of free-riding in the context of river water quality, 

but no attempt has ever been made to quantify the costs of 

such free-riding. The results of our reduced-form regression 

analysis do just that, albeit in partial fashion (the costs of 

water pollution are not solely health-related, and infant 

mortality is an incomplete measure of health costs). The fact 

that pollution measured in one district kills infants living 50 -

300 km further downstream should be strong incentive for 

policy dialogue across district borders. Even if zero water 

pollution is not the optimal policy, the incentive to free-ride 

on pollution cleanup and the associated health costs identified 

here make it highly unlikely that the current levels of water 

quality are socially efficient. 

 

VII. CONCLUSION 

Water pollution remains a public health problem today in spite 

of major policy, spending, and improvements to water supply 

and sanitation. This holds true especially in India: The 

National 

River Conservation Plan has engendered billions of dollars in 

expenditures to reduce domestic pollution into India‟s rivers, 

yet we nonetheless find that a one-percent rise in domestic 

river pollution in a given district-month has a causal impact of 

3-5 additional neonatal deaths per 100,000 births. This finding 

is convincingly robust – it holds for each of the two major 

national surveys of Indian health that we use in our analysis. 

Furthermore, pollution has health impacts that spill over into 

downstream districts: We find an additional 1-2 neonatal 

deaths per 100,000 births in the district downstream of 

pollution‟s measurement. 

These findings only begin to uncover the details of the water 

pollution–health relationship, but they shed light on several 

important aspects to consider for policymaking to improve 

public health. First, domestic (and not just industrial) 

pollution into rivers (and not just groundwater) has a real 

health cost. Second, infants appear to be very vulnerable to 

water pollution in their first month of life, and not very much 

at all in the remainder of their first year. Third, there is a 

geographic mismatch between the production of pollution and 

the incidence of its external health costs, which implies a need 

for cooperation and bargaining across jurisdictional borders. 
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Appendix Table 1. A survey of results from recent studies of water quality and infant health 

 

 

Author Year  Locale 

Proxy for 

Pollution Outcome Variables Findings 

Cutler and Miller 2005 U.S.A. Clean water 1-year mortality Introduction of water filtration 

  technology  and chlorination systems is 

    associated with infant mortality 

    reductions that explain 75% of 

    overall infant mortality changes 

    between 1900 and 1936. 

Galiani, Gertler, 

and 2005 Argentina Privatization of child mortality, 

Privatization of water provision 

is 

Schargrodsky  water services aged 0-5 associated with an 8% decrease 

    in child mortality. 

Watson 

2006 U.S.A. 

Indian Sanitation 1-month, 1-year 

A 10% increase in the number 

of 

 reservations improvements mortality sanitation projects is associated 

    with 50 fewer infant deaths per 

    100,000 births three years after 

    project completion. The effect is 

    

driven by non-neonatal 

mortality. 

Ebenstein 2010 China Water quality digestive cancers A 1-grade deterioration in water 

  grade  quality is associated with a 9.7% 

    increase in digestive cancer 

    incidence. 

Gamper-

Rabindran, 2010 Brazil Piped water 1-year mortality Provision of piped water is 

Khan, and 

Timmins  provision  

associated with 1.25 fewer 

deaths 

    per 1,000 live births at the 90th 

    percentile of baseline 1-year 

    mortality and only 0.55 fewer 

    deaths at the 10th percentile. 

Kremer, Leino, 2011 Kenya Spring protection diarrhea among Spring protection is associated 

Miguel, Zwane   children aged 0-3 with a 25% drop in diarrhea 

    incidence among children aged 

    0-3. 

Field, Glennerster, 2011 Bangladesh Fecal 1-year, 2-year, 5- 

An additional year of exposure 

to 

and Hussam  contamination year mortality high-risk water sources is 

    

associated with a 27% increase 

in 

    the probability of 1-year infant 

    mortality. 

Brainerd and 2011 India Fertilizer 1-month, 1-year A 10% increase in agrichemical 

Menon  agrichemicals mortality 

levels in the month of 

conception 

    is associated with an 11% (15%) 

    increase in the likelihood of 1- 

    year (1-month) mortality. 

 

Notes 

 

1. The studies shown here are merely a subjective sample of the greater economics literature on water quality and health. 
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Appendix Figure 1. Histogram for Log(FCOLI)   
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Notes 

1. FCOLI values are computed as the moving average of the current month and 

the three previous ones. Logarithms are applied afterwards.   
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Abstract: Air pollution are basically the foreign material in 

the air—can be manmade or occur naturally, and are 

concentrated where people are concentrated. Pollution is 

injurious to health and its prevention places an economic 

burden on the citizen. Further emission reductions from 

automobiles, and transportation measures and programs 

will be more difficult to accomplish, but the challenge has 

been presented. The decision is up to the citizenry as to 

whether there shall be clean air for all—and at what price. 

Air pollution has been a menace in recent years posing 

serious threats to environmental and social wellbeing. 

Government, authorities and industry have been at the 

forefront to tackle air pollution with the help of policy 

reformation and technological innovation. The aim is to 

understand the innovation activity in the technology domain 

and the different ways to observe patterns in relation to 

diffusion of innovation in different jurisdictions. We 

emphasizes on prominent indian company active in air 

pollution control measure dewy innovative technology 

business and R&D practices. Paper highlights various 

countries on the priority list of industry technologies for 

protection and exploitation of developed technologies. 

Suggestions for future adopted technologies for air pollution 

control adopted under Indian criterion is also suggested. 

 

Keywords : NMVOCs, methane, Air pollution, 

 

Introduction :   

MAJOR PRIMARY POLLUTANTS GENERATES BY 

HUMAN ACTIVITY 

Nitrogen oxides (NOx) - especially nitrogen dioxide are 

emerges from high temperature combustion. Nitrogen dioxide 

is the chemical compound with the formula NO2. It is one of 

the several nitrogen oxides. 

Carbon monoxide (CO)- It is a product by incomplete 

combustion of fuel such as natural gas, coal or wood. 

Vehicular exhaust is a major source of carbon monoxide. 

Volatile organic compounds - VOCs are an important outdoor 

air pollutant. In this field they are often divided into the 

separate categories of methane (CH4) and non-methane 

(NMVOCs). 

Particulates, alternatively referred to as particulate matter 

(PM), atmospheric particulate matter, or fine particles, are 

tiny particles of solid or liquid suspended in a gas. In contrast, 

aerosol refers to particles and the gas together. Human 

activities, such as the burning of fossil fuels in vehicles, 

power plants and various industrial processes also generate 

significant amounts of aerosols. 

Persistent free radicals connected to airborne fine particles 

could cause cardiopulmonary disease. 

Chlorofluorocarbons (CFCs) - harmful to the ozone layer 

emitted from products currently banned from use. 

 

 

Odors — such as from garbage, sewage, and industrial 

processes 

Radioactive pollutants - produced by nuclear explosions, 

nuclear events, war explosives, and natural processes such as 

the radioactive decay of radon. 

 

      Secondary pollutants include: 

Ground level ozone (O3) formed from NOx and VOCs. 

Ozone (O3) is a key constituent of the troposphere. It is also 

an important constituent of certain regions of the stratosphere 

commonly known as the Ozone layer. 

Peroxyacetyl nitrate (PAN) - similarly formed from NOx and 

VOCs. 

MEASURES TO CONTROL AIR POLLUTION. 

 

Activated carbon is one of the most popular forms of air 

pollution control. This type of control involves the use of a 

pollution filter, carbon, to reduce the amount of pollutants that 

are allowed to escape into the air. When in use, these filters 

absorb pollutants helping to cleanse the air of any possible 

toxins. 

Biofiltration is another effective type of air pollution control. 

It uses microorganisms, often bacteria and fungi, to dissolve 

pollutants. Industries that employ biofiltration systems include 

food and waste plants, pharmaceutical companies, and 

wastewater management facilities. While this method of air 

pollution control works rather well, a large space is required 

in order to operate a biofiltration system. Many industries do 

not have this amount of available space, so this method is 

often disregarded. 

Change in Fuel: This technique involves the use of less 

polluting fuel to reduce air pollution. Use of low sulfur fuel 

instead of high sulfur fuel by electric utilities is an example of 

this method. Remember that low sulfur fuel is much more 

expensive than high sulfur fuel. 

The other choice for an electric utility can be the use of 

natural gas as a fuel. Fuel switching based on meteorological 

conditions or air pollution forecasts have been used to prevent 

air pollution problem in many areas. 

Use of oil with low ash content or natural gas for a dryer at an 

asphalt plant to reduce particulate matter is another example 

of this method. Introduction of compressed natural gas, 

propane, ethanol and oxygenated fuels for automobiles have 

helped in the reduction of air pollutants 

Nuclear power plants are relatively pollution free when 

compared to the coal fired power plants. However, they have 

been subjects of controversy in their overall environmental 

impact. 

Improve Dispersion: This approach is based on the concept 

that dilution of air contaminants before they reach ground will 
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lower the concentrations to which the population is exposed. 

The use of this approach for industry is discouraged by the US 

EPA. 

The emissions from the plant are passed through a control 

device before releasing to atmosphere. The pollutants are 

removed, destroyed or transformed in the control device 

before discharging into ambient air. 

The scrubbing or flue gas desulphurization (FGD) processes 

can be classified as (i) Throwaway or regenerative processes 

or (ii) wet or dry processes. 

 

USE OF FUELS 

Table 1 

 
 

USE OF CONTROL DEVICES 

 

The devices are discussed in the following sections. 

The major FGD processes are: 

 Limestone scrubbing Lime scrubbing 

 Dual Alkali processes Lime-spray drying 

 Wellman-Lord process 

The SO2 is removed by inducing exhaust gases to react with a 

chemical absorbent as they pass through a tower. 

 

CONTROL OF VOC 

 

Control and treatment of VOC and organic hazardous air 

pollutant emissions are generally accomplished by 

Adsorption, Incineration, Condensation Gas absorption. 

This is one of the most commonly used methods, especially 

for controlling emissions from small sources. It can be 

physical adsorption or chemisorptions. The later is rarely used 

for the VOC emission control because, it involves a less-

reversible chemical bonding of the adsorbate (pollutant) and 

the adsorbing solid ( packing) and is relatively expensive. 

Physical adsorption uses the Van der Waals force, giving the 

advantage of reversibility and regeneration due to the weaker 

bonding of the gas and adsorbent material. The adsorbed 

material can be either recovered or incinerated. Regeneration 

is usually accomplished by heating or 

extraction/displacement. Activated carbon is a commonly 

used adsorbent. 

 

FUTURE ADOPTED TECHNOLOGIES FOR AIR 

POLLUTION CONTROL ADOPTED UNDER INDIAN 

CRITERION 
 

The following items are commonly used as pollution control 

devices by industry or transportation devices. They can either 

destroy contaminants or remove them from an exhaust stream 

before it is emitted into the atmosphere. 

 

Nox Control 

Low NOx burners 

 

Selective catalytic reduction (SCR) 

Selective non-catalytic reduction (SNCR) Catalytic converter 

(also for VOC control) 

Scrubbers 

Baffle spray scrubber 

Cyclonic spray scrubber 

Spray tower Wet scrubber 

VOC control 

Catalytic converters Biofilters 

Absorption (scrubbing) Cryogenic condensers Vapor recovery 

systems 

Acid Gas/SO2 control 

Wet scrubbers Dry scrubbers 

Flue-gas desulfurization 

Mercury control 

Sorbent Injection Technology 

Electro-Catalytic Oxidation (ECO) K-Fuel 

 

 

CONCLUSION 

 

From this it is clear that we have numerous ways of 

controlling air pollution. The only thing require is to use it 

inappropriate form. This paper represents the different 

technologies that are employed in various industryand the use 

of different fuels that are immanent for the solution of air 

pollution.Air pollution involves spate of pollutants which 

creates a lot of chronic and acute diseases in human being so 

we have to put the foreign particles within the constraint of 

standard limit. So we have come under a conclusion that the 

best technologies given for controlling NOX,VOC,SO2, 

Mercury are given in the above article. 
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Abstract—Solid wastes may be defined as useless, unused, 

unwanted, or discarded material available in solid form. 

Semisolid food wastes and municipal sludge may also be 

included in municipal solid waste. The subject of solid 

wastes came to the national limelight after the passage of the 

solid waste disposal act of 1965. Today, solid waste is 

accepted as a major problem of our society. In the United 

States over 180 million tons of municipal solid waste (MSW) 

was generated in 1988. At this generation quantity, the 

average resident of an urban community is responsible for 

more than 1.8 kg (4.0 lbs.) of solid waste per day. This 

quantity does not include industrial, mining, agricultural, 

and animal wastes generated in the country each year. If 

these quantities are added, the solid waste production rate 

reaches 45 kg per capita per day (100 lb. /c.d.). To introduce 

the reader to the solid waste management field, an overview 

of municipal solid waste problems, sources, collection, 

resource recovery, and disposal methods are presented in 

this paper. Greater emphasis has been given to the design 

and operation of municipal sanitary landfills, regulations 

governing land disposal, and leachate generation, 

containment and treatment methods. 

Keywords :Community, density, generation, landfills, 

population, solid waste. 

 

I. INTRODUCTION 

 

Municipal solid waste (MSW) includes wastes such as 

durable goods, nondurable goods, containers and packaging, 

food wastes yard wastes, and miscellaneous inorganic wastes 

from residential, commercial, institutional, and industrial 

sources. Example of waste from these categories include 

appliances, newspapers, clothing, food scarps, boxes, 

disposable tableware, office and classroom paper, wood 

pallets, and cafeteria wastes. MSW does not include wastes 

from sources such as municipal sludge, combustion ash, and 

industrial non-hazardous process wastes that might also be 

disposed of in municipal waste landfills or incinerators. 

Determining actual MSW generation rates is difficult. 

Different studies report a wide variation as they use different 

components. Many times industrial and demolition wastes are 

included in municipal solid wastes. Reference [1] has 

estimated that a total of over 180 million tons of MSW was 

generated in the United States in 1988, and that the generation 

is rising at a rate of slightly over 1 percent each year. This 

estimate is based on a material flow model utilized by [2], and 

is generally referred to as the EPA/Franklin model [1], [3]. 

Most of the increase in the MSW generation rate is due to 

population growth. However, each person is also generating 

more waste on an average. It is estimated that, without source 

reduction, MSW generation will increase to 200 million tons  

 

 

or 1.9 kg/c.d (4.2 lb. /c.d) by the year 1995, and 216 million 

tons or 2.0 kg/c.d (4.4 lb. /c.d) by the year 2000. Based on 

current trends and information, EPA projects that 20 to 28 

percent of MSW will be recovered annually by 1995. A  

 

successful solid waste management system utilizes many 

functional elements associated with generation, on-site 

storage, collection, transfer, transport, characterization and 

processing, resource recovery and final disposal [4]. All these 

elements are interrelated, and must be studied and evaluated 

carefully before any solid waste management system can be 

adapted. It is a multidisciplinary activity involving 

engineering principles, economics, and urban and regional 

planning. 

 

II. SOURCES AND CHARACTERISTICS 

 

Municipal solid waste (MSW) or urban solid waste is 

normally comprised of food wastes, rubbish, demolition and 

construction wastes, street sweepings, garden wastes, 

abandoned vehicles and appliances, and treatment plant 

residues. Quantity and composition of MSW vary greatly for 

different municipalities and time of the year. Factors 

influencing the characteristics of MSW are climate, social 

customs, per capita income, and degree of urbanization and 

industrialization. The composition of MSW as collected may 

vary greatly depending upon geographical region and season. 

The typical moisture content of MSW may vary from 15 to 40 

percent depending upon the composition of the waste and the 

climatic conditions. The density of MSW depends upon the 

composition and degree of compaction. The uncompacted 

density of MSW is around “150 kg/m
3
 (250 lb. /yd

3
).” The 

density of collected solid waste is “235-350 kg/m
3
.” The 

energy content of MSW as collected is “9,890 kJ/kg (4,260 

BTU/lb.)”. Information of chemical composition of the 

organic portion of MSW is important for many processes such 

as incineration, composting, biodegradability, leachate 

generation, and others. The ultimate analysis of the organic 

fraction of MSW is in terms of the constituents carbon, 

hydrogen, oxygen, nitrogen, sulfur and ash. 

 

III. COLLECTION AND TRANSPORT 

 

Solid waste collection and transport involves storage at the 

generation and pick-up points, pick up by the crew, trucks 

driving around the neighborhood, and truck transport to a 

transfer station or disposal point. The collection is difficult, 

complex and costly. Collection of solid waste typically 

consumes 60-80 percent of the total solid waste budget of a 

community. Therefore, any improvement in the collection 

system can reduce overall cost significantly [5]. 

 

A. Onsite Storage and Handling 
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In single family residential areas solid waste storage is 

handled by residents and tenants. Commonly used containers 

are plastic or galvanized metal containers, and disposable 

paper or plastic bags. The plastic or galvanized containers are 

75-150 liter size with tight covering. The single use paper or 

plastic bags are generally used when curb service is provided 

and the homeowner is responsible for placing the bags along 

the curb. In high-rise buildings the waste is picked up by the 

building maintenance personnel, or special vertical chutes are 

provided to deliver the waste to a central location for storage, 

processing, or resource recovery. A recent development is to 

provide underground pneumatic transport systems to move 

waste to a central location for onsite storage, processing, or 

resource recovery. Apartment districts utilize stationary 

container systems into which the residents drop the solid 

wastes. Solid wastes from commercial buildings are collected 

in large containers that may be stationary or transportable. 

 

B. Collection of Solid Waste 

 

In residential areas, the most common collection methods 

are curb or alley, setout-setback, and backyard carry. In curb 

or alley service, the residents carry the single-use plastic bags 

and containers to the curb or collection point, and then return 

the empty container after pickup. Setout service utilizes a 

crew that carries the containers to the collection point. A 

separate collection crew empties the containers and residents 

return the empty containers. In setout-setback service, a third 

crew returns the empty containers. In backyard carry service, 

the collection crew transfers the solid waste into a wheeled 

barrel, and then unloads it into the collection truck. The 

containers remain in the backyard. Many communities have 

instituted regulations for separation of solid wastes at the 

source by residents. Components such as newspapers and 

cardboard, aluminum, mixed glass, and food wastes from 

restaurants have been separated at the source. Although the 

concept is good, the participation of the public drops quickly. 

Also, the price of recycle material fluctuates greatly, and it is 

often more expensive to recycle waste material. All these 

factors are considered for instituting a mandatory separation 

and recycling program. There is, however, much interest in 

recycling these days due to mounting pressures of decreasing 

landfill sites, environmental concerns, economic incentives, 

and political support. The usual vehicle for residential 

collection of solid wastes is the manually rear or side-loaded 

compaction truck operating with a crew of two or three, 

including the driver. The typical truck is 14 to 18 m
3
 (15 to 20 

yd
3
), and can carry 4 to 5 tons of wastes to the disposal site or 

transfer station. Reference [6] reported features of new trucks 

that are equipped with an electronic control system for 

efficient operation and information storage and retrieval. 

Large self-loading compactor vehicles are equipped to 

centers, and then replace the empty ones for reuse at the site. 

Other container trucks provide container exchange service. 

They are equipped to carry an empty storage container to a 

collection point, pick up a full container and transport it to a 

 

central location or disposal site, then replace the empty 

container at a new location. The frequency of solid waste 

collection in most communities is once or twice per week. 

The daily truck routes are fixed and balanced to provide a fair 

days work. Several methods are used to optimize the route. 

Reference [7] has developed heuristic routing rules. 

 

 

IV. TRANSFER STATION AND TRANSFER 

 

If the disposal site is too far from the city, the time spent by 

the crew of the pickup truck in unproductive travel becomes 

excessive. As a result, it may be uneconomical to use 

collection trucks for travel to the disposal site. Transfer 

stations are therefore established at convenient locations, and 

one-person trailer or large trucks, 27 to 46 m
3
 (35 to 60 yd

3
) or 

larger, are used to transfer wastes to the disposal site. 

Reference [8] reported that long-haul trailer units are more 

economical if average round-trip haul distance is more than 50 

km (30 miles). Among the important considerations in 

planning and designing a transfer station are location, type of 

station, access, and environmental effects. At the transfer 

station, partial or complete solid waste processing such as 

sorting, shredding, compacting, baling, or composting may be 

provided. The objective is to reduce the volume, alter the 

physical form, and recover usable materials. It is important 

that the transfer station be located as near as possible to the 

generation center. Good access roads as well as secondary or 

supplemental means of transportation are necessary. Also, the 

site must be environmentally acceptable. If more than one 

transfer station and disposal sites are used, then optimum 

allocation of wastes from each transfer station to each disposal 

site will be necessary. This is a classical problem in the field 

of operations research. Several mathematical models can be 

used to achieve economical solid waste allocation to the 

transfer stations and distribution to the disposal sites. 

References [3], [9], [10] provided examples to optimize solid 

waste allocation and distribution. 

 

V. RESOURCE RECOVERY AND RECYCLING 

 

Many components of municipal solid wastes can be reused 

as secondary material. Among these are papers, cardboard, 

plastic, glass, ferrous metal, aluminum, and other nonferrous 

metals. These materials must be separated from MSW before 

they can be recycled. In this section, material recycling, and 

separation methods are first briefly presented, followed by 

bioconversion and refuse derived fuel (RDF) methods. 

 

A. Material Recycling 

 

The thrust of much state and local legislative action in mid-

1980s was to encourage recycling of various components of 

municipal solid waste. Many have been made in the area of 

recycling, but not have been very successful. There are several 

reasons such as recycled material may contain increased 

levels of foreign materials that could interfere with product 

quality, uncertainty of supply and price variation of secondary 

material, methods of quality control of recycled material are 

not developed as for virgin materials. Many components of 

MSW are currently recycled. Among these are paper and 

paper products. These products are 
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recycled in manufacturing building materials such as roofing 

felt, insulation and wallboard, and are also used to 

manufacture cartons and containers. Plastic is recycled to 

produce insulating material, sheets, bags, and structural 

material. Energy is recovered from combustion of organic 

wastes. Other components of MSW (1990) estimate that 

approximately 13% of MSW is currently recycled, and a 14 

percent fraction is incinerated. 

 

B. Separation Methods 

 

The separation of material is performed by the users at the 

source, or separated from mixed refuse at a central processing 

facility. Material separation at the source involves users 

separating the material into different components, followed by 

transporting from the point of generation to a secondary 

material dealer. Unfortunately, active household response for 

separation at the source has been very poor. As a result, effort 

has been directed toward separation of MSW at a central 

facility. Handpicking is a long-used form of separation of a 

few components of solid wastes. In this operation, a conveyor 

moves the solid waste pass by a group of workers who pick up 

the designated components by hand. This method of 

separation is costly, and only a few bulky components, such 

as bundled newspapers and cardboard, can be separated. A 

mechanized material recovery method provided by [11] 

utilizes shearers that break open the bags and liberate cans and 

bottles. Trammel screens separate cans, glass and other 

inorganic material. The organic material is shredded and 

passed through air classifiers, which separate the components 

desired for recovery of fibers for paper making or for 

producing refuse derived fuel. Magnetic and 

electromechanical systems separate ferrous and nonferrous 

metals. 

 

C. Bioconversion 

 

Bioconversion of the organic fraction of municipal solid 

waste into a number of products including sugar, ethanol, and 

protein compost, has been reported in the literature by [4], 

[10]-[13]. 

 

1) Sugar 

 

The recovery of fibers from paper has cellulose as major 

constituent. The cellulose is hydrolyzed into sugars. The 

hydrolysis of cellulose produces glucose and mixtures of 

other sugars. Hydrolysis of paper fibers is achieved under low 

pH, or by enzymes. The hydrolysis reaction is given by 

Equation: 

 

(C6H10O5)n + nH2O 

H2SO4 

nC6H12O6 

3447 kN/m
2
 (500 psi)   

 150-180
0
C  

 or  

 Enzyme  

 

 

2) Ethanol and other fermentation products 

 

Microorganisms can produce alcohols and short-chain 

organic acids. These products have commercial value in the 

industrial chemical market. Some of these fermentation 

reactions are given by equations 

 

C6H12O6 + 2H2O 2CH3CH2OH + 2H2CO3 

 

2CH3CH2OH + 2H2O 2CH3COOH + 4H2 

 

CH3COOH + H2O CH4 + H2CO3 

 

4H2 +H2CO3 CH4 + 3H2O 

 

 

Many researchers have investigated the production of 

commercial quantities of these products using paper fibers 

recovered from municipal solid wastes. However, the cost of 

production and recovery of these products in a relatively pure 

state from MSW is much greater than the cost of producing 

the raw materials. 

 

3) Protein 

 

Earlier research conducted by the Denver Research 

Institute suggested that fibers produced from waste paper can 

 

be converted to protein using a fast-growing-hydrocarbon-

cellulose digesting organism. The organism is Candia utilis 

culture, commonly called Torula yeast. The protein thus 

produced is usable by livestock [12]. Another concept, 

reported by [11], is to utilize processed organic wastes as the 

feedstock for a rapidly expanding population of red 

earthworms. This process is called annelidic recycling. The 

organic component is converted into a rich fertilizer in the 

form of worm of worm castings, the excess worms are dried 

into high-protein food supplement in animal food. Another 

similar concept is to breed flies and recover larvae as a protein 

source for animal feed supplement. 

 

 

VI. INCINERATION AND ENERGY RECOVERY 

 

Incineration of MSW is practiced to reduce waste volume 

and recover energy. The batch-fed incinerators built in the 

1930s and 1940s reduced the volume but were major 

contributors of air pollution problems. Most of these 

incinerators have been shut down or replaced by newer 

designs. The newer incinerators utilize innovative technology 

to produce steam more efficiently and reduce air pollutants to 

greater extent. The capital and operating costs, however, are 

quite high. Reference [8] reported capital cost about $120 

million per 1000 tons of daily capacity, and operating cost of 

$15 to $30 per ton, for cities over 300,000 populations (1987 

dollars). The unit cost of incinerators for smaller cities is even 

larger. The high cost of installing the air pollution control 

equipment forced municipalities to seek cheaper methods such 

as sanitary landfills for solid waste disposal. Due to stricter 

regulation on landfilling, and rapidly diminishing capacity, 

there is renewed interest in incinerator design and 

construction. Reference [9] reported that in 1978 there were 

only 56 facilities that remained active in United States. Today 
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there are more than 100 facilities in operation, and over 100 

more are in the planning and construction stages. 

 

VII. REFUSE-DERIVED FUEL (RDF) 

Solid wastes may be burned directly in incinerators (a 

process called mass-burning) or converted to more 

efficientrefuse-derived fuel (RDF). The solid waste is 

processed by means of size reduction and material separation 

techniques to obtain a product which has a substantial heat 

value. Physically, shredded and air classified organic fraction 

of solid wastes are burned along with a fossil fuel such as 

coal. Many boilers need only minor modifications to accept 

such fuel. Also, the shredded and air classified solid wastes 

can be made densely into cubes or pellets that are suitable for 

many thermal conversion processes such as incineration, 

gasification, and pyrolysis. Many communities have built 

refuse-to-energy plants that are fast replacing sanitary 

landfills. The steam is used for heating and for driving 

turbines to produce electricity. Reference [14] has reported 

that there are 190 municipal waste combustor plants in the 

USA. Of these, 142 facilities are waste-to-energy combustors. 

The total processing capacity exceeds 31.4 million tons of 

MSW per year. These facilities do not include RDF-

processing plants or simple incinerators. There are also 

approximately 49 waste-to-energy combustors planned or 

under construction. 

 

 

VIII. DISPOSAL BY LANDFILLING 

 

The volume of municipal solid waste is greatly reduced by 

incineration, conversion processes or resource recovery. In all 

cases, there is a residue that must be disposed of so that it no 

longer creates a nuisance or hazard to the society. Engineering 

principles must be followed for site selection and design of 

ultimate-land disposal methods. An acceptable land disposal 

method of MSW and residues utilizes sanitary landfills. 

Sanitary landfilling is the most common method of solid 

waste disposal in the United States. It is economical, and 

applies to all components of MSW. Proper site selection is 

perhaps the most difficult part of disposal by landfilling. The 

operation involves compaction of solid wastes in layers, then 

covering with a layer of compacted soil at the end of each 

day‟s operation. In recent years, special care has been 

required in site selection, refuse compaction, cover 

application, leachate collection and treatment, and site 

monitoring. 

 

IX. CONCLUSIONS 

 

The quantity of MSW generated is increasing rapidly due to 

increasing population and change in lifestyle. The current 

MSW crisis should be approached holistically; while planning 

for long term solutions, focus on the solving the present 

problems should be maintained. The Government and local 

authorities should work with their partners to promote source 

separation, achieve higher percentages of recycling and 

produce high quality compost from organics. While this is 

being achieved and recycling is increased, provisions should 

be made to handle the non-recyclable wastes that are being 

generated and will continue to be generated in the future. 

Policy to include waste-pickers in the private sector must be 

introduced to utilize their low cost public and environmental 

service and to provide better working conditions to these 

marginalized populations. 
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Abstract : Biomedical waste (BMW) is generated in hospitals, 

research institutions, health care teaching institutes, clinics, 

laboratories, blood banks, animal houses and veterinary 

institutes. Hospital waste management has been brought into 

focus in India recently, particularly with the notification of the 

BMW (Management and Handling) Rules, 1998. This study 

was conducted in Sharda hospital, Greater Noida with the aim 

to find out bacteriological profile of BMW with study of 

practices being followed in management and disposal of this 

waste with standard procedure. Total 500 cases of biomedical 

waste samples were taken in the study for bacterial culture, 

136 samples of biomedical waste showed growth of bacterias. 

Pseudomonas species was the predominant bacteria isolated 

from these cultures. This study also suggests about the 

optimum practice which is to be followed in management of 

biomedical waste. 

Key Words: Biomedical Waste, Bacteriological Profile, 

Management 

 

Introduction: Biomedical waste is represented by solids, 

liquids, sharps and laboratory waste, which is generated as the 

result of healthcare activities for both human beings and 

animals. It is dangerous due to its high harmful potential, not 

only for people, but also for the environment, if it is not 

properly managed. For this reason, medical waste sterilization is 

an important process to eliminate risks associated with handling 

and transport. This important advancement moreover provides a 

guarantee to hospital administrations that are responsible for 

such waste for as long as it presents a danger. Biomedical waste 

can be classified into four big categories: clinical waste, 

laboratory waste, non-clinical waste and kitchen waste. 

Infectious or hazardous hospital waste represents only a small 

part of the total medical waste; yet, because of ethical questions 

and potential health risks, it is a focal point of public interest. 

Most hazardous and toxic waste is coming from clinical and 

hospital. Only a small amount is from domestic or industrial 

sources. 

Among all these types, the first two categories at least 

should represent a serious concern for everyone who is 

implicated in healthcare activities. For this reason, all medical 

units should have proper medical waste treatment equipment. If 

not, all kind of accidents can happen and healthy people can 

become ill, just because they were not careful enough and they 

mishandled medical wastes. In this way, infections and 

pollutants can spread easily and affect a large number of people. 

 

In the 1980s and 1990s, concerns about exposure to 

HIV and Hepatitis B Virus (HBV) led to questions about 

potential risks inherent in medical waste. Thus hospital waste 

generation has become a prime concern due to its  

 

 

multidimensional ramifications as a risk factor to the health of 

patients, hospital staff and extending beyond the boundaries of 

the medical establishment to the general population. [1, 2] 

Hospital waste refers to all waste, biologic or non biologic that 

is discarded and not intended for further use. Medical waste is a 

subset of hospital waste; it refers to the material generated as a 

result of diagnosis, treatment or immunization of patients and 

associated biomedical research. [3] BMW is generated in 

hospitals, research institutions, health care teaching institutes, 

clinics, laboratories, blood banks, animal houses and veterinary 

institutes. Hospital waste management has been brought into 

focus in India recently, particularly with the notification of the 

BMW Rules, 1998, makes it mandatory for the health care 

establishments to segregate, disinfect and dispose their waste in 

an eco-friendly manner. [4] The issue of indiscriminate BMW 

management in India has attracted the attention of the highest 

judicial body at the level of Hon’ble Supreme Court of India, 

from time to time issued instructions regarding management of 

Bio-Medical Waste.[5] In persuasion to the directive of the 

Court, the Ministry of Environment and Forests, Government of 

India notified the Bio-Medical Waste (Management and 

Handling) Rules on 27
th

 July 1998; Accordingly all the hospitals 

in the public and private sector are now bound to follow these 

rules to evade legal actions. [6] 

 

Material and Methods: 

In the present study bacteriological profile of the samples like 

pus from used dressing material, IVline, catheters, urine are 

some of the biomedical waste material from patients admitted in 

the different wards in Sharda Hospital; Greater Noida from Jan-

2010 till Dec-2010 was studied retrospectively. The 500 

bacterial isolates from patients admitted in ICU, Gynecology & 

Obstetric, Surgery, Orthopaedics, were taken in account .The 

samples taken for study were transported immediately to the 

Microbiology Laboratory for culture of the sample on routine 

culture media and incubation at 37°C for overnight [7] . Any 

micro organism grown on culture was also taken in account of 

bacteriological profile of biomedical waste. 

 

Results and Discussion: 

Total 136 cases shows isolates of bacterias from biomedical 

waste culture, out of these 40(29.4 %) isolates were of 

Pseudomonas sp. ,31(22.79 %) cases of Escherichia coli, 

25(18.38 %)cases of Staphylococcus aureus, 12(08.82 %) cases 

of coagulase negative Staphylococcus,12(08.82%)cases of 

Klebsiella sp.,08 (5.88 %)cases of Proteus vulgaris, 05(3.67%) 

cases of Enterococci,03(2.20%) cases of Citrobacter 

species(Table:-1). 
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Bacteria isolated from biomedical waste also included resistant 

strains of variety of bacterias. It is required that bacterias 

isolated should be disposed of properly to prevent spread of 

infection in other patients and community. 

 

Potential Implication of Biomedical Waste: 

Biomedical waste causes risk to healthcare workers, waste 

handlers and Public. Improperly contained contaminated sharps 

pose greatest infectious risk associated with hospital waste. 

There is also theoretical health risk to medical waste handlers 

from pathogens that may be aerosolized during the compacting, 

grinding or shredding process that is associated with certain 

medical waste management or treatment practices. Physical 

(injury) and health hazards are also associated with the high 

operating temperatures of incinerators and steam sterilizers and 

with toxic gases vented into the atmosphere after waste 

treatment. There may be increased risk of nosocomial infections 

in patients due to poor waste management. Improper waste 

management can lead to change in microbial ecology and spread 

of antibiotic resistance. 

 

Non-Hazardous Waste: 

This constitutes about 85% of the waste generated in most 

healthcare set-ups. This includes waste comprising of food 

remnants, fruit peels, wash water, paper cartons, packaging 

material etc. [10] 

 

Provisions of the Law: 

Safe disposal of biomedical waste is now a legal requirement in 

India. In accordance with BMW Management and Handling 

rules, it is the duty of every “occupier” i.e. a person who has the 

control over the institution or its premises, to take all steps to 

ensure that waste generated is handled without any adverse 

effect to human health and environment. The hospitals, nursing 

homes, clinics, dispensaries, pathological laboratories etc., are 

therefore required to set in place the biological waste treatment 

facilities. 

It is however not incumbent that every institution has to have its 

own waste treatment facility. The rule also envisages that 

common facility or any other facilities can be used for waste 

treatment. However it is incumbent on the occupier to ensure 

that the waste is treated with in a period of 48 hours. This rule 

have six schedules as briefed in Table: 2. [6] 

 

Hazardous Waste: 

 

Potentially Infectious Waste: 

 

Over the years different terms for infectious waste have been 

used in the scientific literature, in regulation and in the guidance 

manuals and standards. These include infectious, infective, 

medical, biomedical, hazardous, red bag, contaminated, medical 

infectious, regulated and regulated medical waste. All these 

terms indicate basically the same type of waste, although the 

terms used in regulations are usually defined more specifically. 

 

[12] It constitutes 10% of the total waste which includes: 

 

1) Dressings and swabs contaminated with blood, pus and 

body fluids. 

2) Laboratory waste including laboratory culture stocks of 

infectious agents 

3) Potentially infected material: Excised tumours and 

organs, placenta removed during surgery, extracted teeth etc. 

4) Potentially infected animals used in diagnostic and 

research studies. 

5) Sharps, which include needle, syringes, blades etc. 

6) Blood and blood products. [10] (Table: 3, 4) 

7) Steps in Waste Management 

8) Washing of hands with soap and warm water after 

handling BMW. Also, washing of all areas of body with soap 

and water that you may have come into contact with biomedical 

waste, even if we are not sure that body actually touched the 

biomedical waste. 

9) Keeping all sores and cuts covered. Immediately replace 

wet bandages with clean, dry bandages. 

10) Wear disposable latex gloves when handling BMW. 

Discard the gloves immediately after use. 

11) Wear an apron or another type of cover to protect clothes 

from contact with the waste. If clothes become soiled, put on 

fresh clothes, and take a shower, if possible. Launder or throw 

away clothes soiled with biomedical waste. 

12) Promptly clean and disinfect soiled, hard-surfaced floors 

by using a germicidal or bleach solution and mopping up with 

paper towels. 

13) Clean soiled carpets. First blot up as much of the spill as 

possible with paper towels and put the soiled paper towels in a 

plastic lined, leak-proof container. Then try one of the 

following: 

14) Steams clean the carpet with an extraction method. 

Scrub the carpet with germicidal rug shampoo and a brush. Let 

the carpet dry, and then vacuum it. 

15) Never handle syringes, needles, or lancets with hands. 

Use a towel, shovel, and/or broom and a dustpan to pick up 

these sharp objects. Dispose of them in a plastic soda pop bottle 

with a cap. Tape down the bottle cap. Then throw the bottle in 

the trash. 

 

Rules and Regulations Governing the Disposal of 

Biomedical Waste: 

 

1. Biomedical  waste  Storage  and Containment: 

Sort and separate BMW from other waste at the point where 

the waste is created. Keep it away from direct contact with 

humans, animals, insects, and environmental elements, such as 

rain and wind. Limit access only to people who are trained and 

authorized to handle this waste. 

 

Sharps must be contained in leak-proof, rigid, puncture-

resistant, break-resistant containers which are labelled and 

tightly lidded during storage, handling, and transport. 

 

For BMW, excluding sharps, dispose of the waste in leak-proof 

plastic bags strong enough to prevent ripping, tearing, breaking, 

or bursting under normal conditions of use. Rigid plastic, single-

use, or approved multiple-use marked containers may also be 
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used. BMW that is held in plastic bags should additionally be 

placed in another leak-proof container such as disposable or 

reusable pails, drums, or bins during storage or transport. Secure 

bags or containers to prevent leakage or expulsion during 

storage. 

 

The container holding the BMW should be conspicuously 

labelled with the international biohazard symbol and the words 

"Biomedical Waste" (or words that clearly denote BMW). 

 

2. Disposal: 

 

• BMW must not be compacted or placed into the regular 

garbage before it is decontaminated. 

 

• Trash chutes must not be used to transfer BMW. 

 

• BMW, except sharps, must be treated or delivered to a 

BMW storage/treatment operator within fourteen (14) days, 

unless otherwise approved by the health officer. 

 

• Sharps waste must be disposed of or be transported to a 

storage treatment facility within ninety (90) days starting from 

the time the sharps container is sealed. 

 

Expenditure in Biomedical Waste Management: 

The cost of construction, operation and maintenance of system 

for managing waste represents a significant part of overall 

budget of a hospital, if the BMW handling rules have to be 

implemented in their true spirit. Self-contained on-site treatment 

methods may be desirable and feasible for large healthcare 

facilities, but not be practical or economical for smaller 

institutes. 

 

An acceptable common system should be in place which will 

provide regular supply of color coded bags, daily collection of 

infectious waste, and safe transportation of waste to offsite 

treatment facility and final disposal with suitable technology. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion: 

 

Safe and effective management of waste is not only a legal 

necessity but also a social responsibility. Lack of concern, 

motivation, awareness and cost factor are some of the problems 

faced in the proper hospital waste management. Clearly there is 

a need for education as to the hazards associated with improper 

waste disposal. Lack of apathy to the concept of waste 

management is a major stymie to the practice of waste disposal. 

An effective communication strategy is imperative keeping in 

view the low awareness level among different category of staff 

in the health care establishments regarding BMW management. 

Proper collection and segregation of BMW are important. At the 

same time, the quantity of waste generated is equally important. 

A lesser amount of BMW means a lesser burden on waste 

disposal work, cost-saving and a more efficient waste disposal 

system. Hence, health care providers should always try to 

reduce the waste generation in day-to-day work in the clinic or 

at the hospital. 
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Table-1: Bacteriological Profile of Biomedical Waste: 

 

Bacteriological Profile 

No. of cases (%)  

(n=136) 

   

Coagulase negative 

staphylococci 12(8.82) 

Enterocooci  05(3.67) 

Escherichia 

coli  31(22.79) 

Staphylococcus aureus 25(18.38) 

Klebsiella 

sp.  12(8.82) 

Pseudomona

s sp.  40(29.4) 

Proteus  

Vulgaris  08(5.88) 

Citrobacter  

sp.  03(2.20) 

Table 2:   

Schedule  Contents  

Schedule I  

Classification   of   biological   waste   

in   various 

  categories (Table 3). 

Schedule II 

 

Color coding and types of containers 

to be used for 

 each category of biomedical waste 

(Table 4)   

Schedule 

III  

Proforma of the label to be used on 

container / bag 

Schedule 

IV 

 

Proforma   of   

the 

label   for   transport   of   

waste 

 container / 

bag 

 

   

Schedule V  

Standards for treatment and disposal of 

wastes 

Schedule 

VI  

Deadline for creation of waste 

treatment facilities 

Table 3: Categories of Biomedical Wastes & Methods of their 

Disposal: 

Category Waste Type Treatment and Disposal Method 

Category 

1 

Human Wastes (Tissues, organs, 

body parts Incineration @/ deep burial * 

Category 

2 Animal Waste Incineration @/ deep burial * 

Category 

3 

Microbiology and Biotechnology 

waste Autoclave/microwave/incineration@ 

Category 

4 Sharps 

Disinfection (chemical treatment)+/autoclaving/microwaving 

and mutilation shredding** 

Category 

5 

Discarded Medicines and Cytotoxic 

Drugs 

Incineration@/ destruction and drugs disposal in secured 

landfills 

Category 

6 Contaminated solid waste Incineration@/autoclaving / microwaving 

Category 

7 

Solid waste (disposable items other 

than sharps) 

Disinfection by chemical treatment+ microwaving/autoclaving 

& mutilation shredding* 

Category 

8 

Liquid waste (generated from 

laboratory washing, Disinfection by chemical treatment+ and discharge into the 

drains cleaning, housekeeping and 

disiunfecting activity)   

Category 

9 Incineration ash Disposal in municipal landfill 

Category 

10 Chemical Wastes 

Chemical Treatment + and discharge  in to  drain  for liquids 

and  secured  landfill for 

solids   

@ There will be no chemical treatment before incineration. 

Chlorinated plastic shall not be incinerated. 

 

* Deep burial shall be an option available only in towns with 

population less than 5 lakhs and in rural areas. 

 

+ Chemical treatment using at least 1% hypochlorite 

solution or any other equivalent chemical reagent. It must 

be ensured that chemical treatment ensures disinfection. ** 

Mutilation/shredding must be such, so as to prevent 

unauthorized reuse. 
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Table 4: Colour Coding of Bags of Waste Management System:  

Color Coding Type of Container 

Waste 

Category Treatment Option 

Yellow Plastic Bag Cat 1,2,3,6 Incineration / deep burial 

Red 

Disinfected container / 

plastic bag Cat 3,6,7 Autoclave/microwave/chemical treatment 

Blue/white,transl

ucent Plastic bag/ Puncture proof Cat 4,7 

Autoclave/microwave/chemical treatment and 

destructing shredding 

Black Plastic bag Cat 5,9,10 Disposal in secure landfill 
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Abstract:The process, which transforms the data from 

spectral radiance to  spectral reflectance, is 

knownasatmosphericcorrection,compensation,orremoval.Hy

perionimagesaretherich sourceofinformation 

containedinhundredsnarrowcontiguous 

spectralbands.Thereare 

numberofatmosphericagentswhichcontaminatethecontentofv

ariousbandsinformation. 

TogetthecompleteadvantageofHyperiondataitisrequiredtoappl

yatmosphericcorrection 

sothattheinfluenceofatmosphereontheEarthobservationdatac

anberemoved.Primary 

typeincludescenebasedandradiationtransmissionmodelbased

algorithms.Majorscene 

basedalgorithmsareIARandELM.MODTRANisverypopulara

ndeffectiveatmospheric transmissionmodelfor 

correctingmutispectralandhyperspectraldata.MODTRANbas

ed FLAASH algorithmsavailable  inENVIareveryeffective  

forHyperion dataatmospheric 

correction.InthispaperIAR,ELMandFLAASHavailablein  

ENVIhasbeenappliedfor 

atmospherecorrectionofHyperiondataandcomparativeanalysi

siscarriedout. 

 

KeyWords:IAR-InternalAverageReflectance,ELM-

EmpiricalLineMethod,MODTRAN- 

MODerateresolutionatmosphericTRANsmission,FLAASH-

Fast Line-of-sightAtmospheric Analysisof 

SpectralHypercube. 

 

1.Introduction 

Hyperionsensorisahyperspectralimageron-

boardofEarthObservatio-1(EO-1)satellite. 

The process, which transforms the data from spectral radiance 

to  spectral reflectance, is 

knownasatmosphericcorrection,compensation,orremoval. 

 

1.1HyperspectralData-Hyperion 

 

The data of  EO-

1arearchivedanddistributedbytheUSGSCenterforEarthResour

ces 

ObservationandScience(EROS)andplacedinthepublicdomain. 

Thereare242spectral 

bandsrangingfrom356to2577nm.Outofwhichonly198bandsarec

alibratedandhence canbeusedforfurtherprocessing. 

Thespatialresolution of Hyperionis30  meter.Each 

Hyperionsceneiscollectedasanarrowstrip,coveringagroundarea

approximately7.7 km in the across-trackdirection,and42kmor 

185kmin thealong-trackdirection(dependingonthe 

originaldataacquisitionrequest).  

TheproductisdistributedbyUSGS,andthelevelone 

product,whichisonlyradiometricallycorrected,isavailable(Pearl

man,etal.,2003;USGS, 

2004a). 

 
 
 

 
 

Fig.1Hyperion’sSwathWidthandLength,      (USGS,2004b) 
 
 
1.2ConceptsofAtmosphericCorrection 

RadiationenteringasensorisclassifiedasinFig.2.Atmosphericcorr

ectionistheprocessing to eliminateS2,S3 

andcloudsandGaseousabsorptionwhichare 

contaminatingtheobserved pixels. 

 

1.3NeedofAtmosphericCorrectionforEO-

1HyperionImages 

EO-1 Hyperion hyperspectral images are the rich source of 

information contained in 

hundreadsnarrowcontiguousspectralbands.Therearenumberof 

atmosphericagentswhich contaminate thecontent of  various 

bands information. To getthe complete advantage of 

Hyperiondataitisrequiredtoapplyatmosphericcorrectionsothat 

some bandswhichcontain 

usefulinformationandcontaminatedbyatmosphericagentsthatca

nberetrieved. 

 

Theatmosphericcorrectionisoftenconsideredasa criticalpre-

processingsteptoachievefull spectralinformation  

fromeverypixelespecially with hyperspectral 

data.Inhyperspectral 

imageanalysissomeapproacheshasbeenimplementedusingspectr

allibraryorfieldspactra. If atmosphericcorrectionis 

notappliedthenthereis markedlydifferencebetweenobserved 

spectral radianceand spectral library orfield  spectra. These 

differences  may negatively influence the accuracy to  which 

the image  analysis has been carried out based on an 

independentspectrallibraryorfieldspectra(PerryE.Metal.,2000). 

 

Chauhan,  2008,  has   studied  several  hyperspectral  

atmospheric  correction  approaches 

developedduringthelasttwo 
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decades,outofthatsomeapproachesareappliedtocorrecting 

Hyperiondatainthisresearchwork. 

Fig.2:RadiationEnteringaSensor 

Where,S1:Radiancetobeobserved, 

S2:Radiancefromatmosphericdispersion(Neighboringeffect) 

S3:PathRadiance 

 

2AtmosphericCorrectionApproaches 

 

Atmosphericcorrection 
maybeappliedbycollectinginformationfromscene(image)orby 
modelingradiationtransmissionthroughatmosphere. 
 
 
2.1SceneBasedEmpiricalApproaches 

 

These approaches are based on the radiance values at present 

in the image (i.e. scene) 

therefore they are known as scene based empirical 

approaches. IAR, F F C a n d E L M  

approachesarecommonlyusedbyvariousresearchers. 

 

2.1.1InternalAverageRelative(IAR)Reflectance 

 

TheInternalAverageRelative(IAR)Reflectance 

approach(Kruse,F.A.,1988)calculatesthe 

averagespectrumofascene.Thespectrum 

ofanypixelinthesceneisthendividedbythe 

averagespectrumtoestimatetherelativereflectance 

spec t rumforthepixel. This approach 

doesnotneedanyfieldmeasurementsofreflectancespectraofsurfa

cetargets.Thisapproach 

ismostlyapplicableforimagingdataacquiredoveraridareaswitho

utvegetation. 

 

2.1.2EmpiricalLineMethod(ELM) 

 

Theempiricallineapproach(KarpouzliE.andMalthus,T, 

2003)calculatesthesurface 

reflectancebasedonthefieldmeasurementof 

referencepixelsandregressionanalysis.This 

methodassumesthattheradianceandreflectedvaluesforeachwav

elengthchannelofthe sensorarelinearly  related.Therefore 

theimagingspectrometer  dataarelinearlyregressed againstthe 

field-

measuredradiancespectratoderivethegainandoffsetcurves.Theg

ainand offsetcurvesarethenapplied 

tothewholeimageforthederivationofsurfacereflectance 

valuesfortheentirescene. 

2.2RadiationTransportModelsbasedapproach 

 

Thescenebasedapproachesdiscussedabovearenotgenerallypro

ducingverygoodresults,as the 

linearityassumption,whichpresumesuniformatmospherictrans

mission,scatteringand 

adjacencyeffectsthroughoutthescene,maynotbeaccurate.Inradi

ationtransportmodeling 

effortsaremadeto understandandremovetheeffectsof 
majoratmosphericprocesseswith radiationsuchas 
absorptionandscattering.Veryeffectiveand 
latestatmospherictransmission modelis 
MODerateresolutionatmosphericTRANsmission(MODTRAN
).MODTRANisan 
algorithmandcomputermodel,whichisdevelopedbythe, 
A i r Force Research Laboratory(AFRL)  in  collaboration 
w i t h Spectral  Sciences,  Inc.(SSI).MODTRAN  calculates 
atmospherictransmittanceandradianceforfrequenciesfrom0to5

0,000 cm
- 1 

atmoderatespectralresolutionof1cm
- 

1
.MODTRAN’sinternalminimumspectralresolutionof1cm

-

1
whichcorresponds 

toaspectralresolutionofabout0.625nmattheuppermostwavelen
gth(Ientiluccietal., 2008). The latestmodelis MODTRAN 
4 whichis t h e newlyreleased 
radiativetransfermodelwhichprovidesaccuracyrequiredforthepr
ocessingof hyperspectral 
imagery.ThereforeFLAASHaMODTRAN4basedapproach 
isdiscussedinfurthersections. 

 

2.2.1FastLine-of-

SightAtmosphericAnalysisofSpectralHypercubes(FLAAS

H) 

 

FLAASHisanefficientcorrectioncodebasedonMODTRAN 

4 thathasbeendeveloped collaboratively 

b y SpectralSc iences , Inc. and the Air Force Research 

Laboratory; with assistance from the Spectral Information 

Technical Applications Center (SITAC) (Adler- 

Goldenetal.,2008).FLAASHisavailable 

intheResearchSystemsInc.ENVIsoftware 

package.FLAASHoperatesinthe0.4–

2.5 mspectralrange(KruseF.A.,2008). 
 
 

3.ImplementationofAtmosphericCorrectionAlgorithms 

 

Hyperiondataiscorrectedusingvariousalgorithmsavailableindiff
erentsoftware’s. 
 
 

3.1 SceneBasedEmpiricalApproaches 

 

Itisveryeasytoapplyscenebasedempiricalapproachesastheyrequi
reeithernilorverylessinputparameters. 

 

3.1.1IAR 

 



                 International Journal of Engineering Research                                                ISSN:2319-6890 (online),2347-5013(print) 

                  Volume No.7, Issue Special 4, pp : 603-606                                                                                             9,10 March 2018 

 

DOI : 10.5958/2319-6890.2018.00182.4                              EPIC@2018 Page 605 

 

Thisis particularlyeffectiveforreducinghyperspectraldatato 

relativereflectancein anarea 

wherenogroundmeasurementsexistandlittleis 

knownaboutthescene.It worksbestforarid 

areaswithnovegetation.IARReflectancecalibrationisusedtonorm

alizeimagestoascene averagespectrum.Anaveragespectrumis 

calculatedfromtheentiresceneandis usedas the 

referencespectrum,whichis thendividedintothespectrumat 

eachpixelof theimage.IAR algorithmavailablewithRSI-

ENVIisimplementedonHyperiondataandresultsareanalyzed. 

 

3.1.2ELM 

 

EmpiricalLine calibration 

isusedtoforcespectraldatatomatchselectedfieldreflectance 

spectra.AlinearregressionisusedforeachbandtoequateDNandre

flectance.  Thisis equivalentto 

removingthesolarirradianceandtheatmosphericpathradiance.Th

efollowing 

equationshowshowtheempiricallinegainandoffsetvaluesarecalc

ulated. 

 

Reflectance(fieldspectrum)=gainxradiance(inputdata)+offset 

 

ENVI'sempirical  

linecalibrationrequiresatleastonefield,laboratory,orotherreferen

ce 

spectrum;thesecancomefromspectralprofilesorplots,spectrallibr

aries,ROIs,statisticsor 

fromASCIIfiles.Inputspectrawillautomaticallyberesampledtom

atchtheselected data wavelengths.If morethanonespectrumis 

used,thentheregressionforeachbandwillbe 

calculatedbyfittingtheregressionlinethroughallof thespectra.If 

onlyonespectrumis used, 

thentheregressionlinewillbeassumedtopassthroughtheorigin(ze

roreflectanceequals 

zeroDN).Thecalibrationcanalsobeperformedonadatasetusinge

xistingfactors.  For 

atmosphericcorrectionfieldspectracollectedduringfieldstudyis 

usedandrelativeimage 

spectrahasbeenfindoutbygeoreferencingthelocationsoffielddata

collected. 

 

3.2RadiationTransportModelsbasedapproach 

 

3.2.1AtmosphericCorrectionusingFLAASHinENVI 

 

FLAASHsoftwareisaMODTRANbasedpackage.Withseverald

efinedatmospheremodels 

andaerosolmodels,theuserinterfaceissimplified.Theinputsrequir

edarerequiredareInput radiance  image,  Atmospheric  

parameters,  Sensor  and  Ground parametersand  Scene 

parameters.InputradianceimageisENVIstandardimageandcont

ains196calibratedbands only outof 224 bandswithoriginal 

Hyperion dataasnoncalibrated bands  settozero. Atmospheric 

parametersinclude Atmospheric model, Aerosol model and 

Initial visibility (km).SensorandGround parameterinput  

includes sensortype, flying height andground 

elevationwhichistheaverageelevationofthestudyareacanbeobta

inedfromtopographical 

map.SceneparametersincludeSceneCenterLocation,FlightDate

andFlightTime(GMT) whichcanbeobtainedfrom“.met”file. 

Thenatmosphericallycorrectedimageisgenerated 

andinadditiontoitcloudmaskandcolumnwaterimagehasbeengen

erated. 

 

4.ResultsandDiscussion 

 

Hyperionscene 

includingtheLonarcraterandsomeotherpartsofMahekarandBuld

ana 

districtof Maharashtrastateis 

appliedforatmosphericcorrection.Theimageusedis 

EO1H1450462008007110KF.  “EO1” standsfor the satellite   

EO1 and “H” stands for 

Hyperion.Thenumbers,145and046,aretheWRSpathandrowresp

ectively.2008istheyear of 

imageacquisitionwhile007istheJuliandayofacquisition.Thefirst

“1”following“007” 

indicatesthattheHyperionsensorison.Thesecond“1”indicatesth

attheALIsensorison. 

Thefollowing“0”,indicatesthattheACsensorisoff.“K”isacodefo

rthepointingmode, 

and“F”isthecodeforthescenelength.Therearethreefilesreceived

withthedistributed 

scene,themetadata(.met),theimage(.L1R),andtheheaderfile(.hdr

).Theimagefileis storedinBILorder. 

 

Scenebasedandradiationtransportmodelbasedapproachesare 

appliedfor atmospheric correctionandportionof 

theimagewhereatmosphericattenuationis appreciablethatis 

shown inthefig.3andcomparativeanalysisiscarriedout. 
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Fig.3:AtmosphericcorrectionofHyperiondatausingscene&mod

elbasedapproaches 

 

Imageinfig.3showsthatoriginal datahasmuchmoreatmospheric 

attenuation overthis portionoftheimage.IAR 

approachaverageoutthe reflectance 

valuesoverthescene,therefore imageappearsassmoothimage.  

ELMresultisnotgood maybeduetospectrausedfor calibrationis 

spectracollectedforvariouscropsandit is 

suggestedtousedarkandbright regions for calibration. Result of 

FLAASH appears very good and it  corrects data for 

atmosphericscattering,atmosphericabsorptionandadjacencyeffe

ct. 
 
 
References 

i. Adler-

GoldenS.,Berk,A,,Bernstein,L.S.,Richtsmeier,S.,Acharya,P.K.,andMat

thew, M.W.,Anderson,G.P, Allred,C. L., 

Jeong,L.S.,andChetwynd,J.H.,(2008),“FLAASH,A 

MODTRAN4AtmosphericCorrectionPackagefor HyperspectralData  

Retrievaland Simulations”,downloadedin September,2008from, 

ftp://popo.jpl.nasa.gov/pub/docs/workshops/98_docs/2.pdf. 

ii. Chauhan,2008,UnpublishedSeminarreportforpartialfulfillm

entofDoctorofPhilosophy,atCSRE,IITBombay. 

iii. IentilucciE. J., (2008),UsingMODTRANPredictingSensor-

ReachingRadiance,ChesterF. CarlsonCenterfor 

ImagingScience,RochesterInstituteof Technology, 

www.cis.rit.edu/~ejipci/Reports/Modtran_lab.pdf,downloadedonAug

ust,2008. 

iv. KarpouzliE.  and  Malthus, T.,  (2003). The empirical line 

method for the atmospheric 

correctionofIKONOSimagery,InternationalJournalofRemoteSensing, 

vol:24, no:5, pp.1143-1150. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

v. Kruse,F.A.,(1988),Useofairborneimagingspectrometerdatat

omapmineralsassociated with hydrothermally  altered rocks in the 

northern  Grapevine  Mountains,  Nevada   and 

California,RemoteSensingofEnvironment,vol.24, pp.31-51. 

vi. Kruse F. A., (2008), Comparison   of ATREM, ACORN, 

And FLAASH Atmospheric 

CorrectionsusinglowaltitudeAVIRISdataof Boulder,Co,USA, 

http://www.hgimaging.com/FAK_Pubs.htm,downloadedonSeptember,

2008. 

vii. Pearlman,J.S.,Barry,P.S.,Segal,C.C.,Shepanski,J., 

Beiso,D.,Carman,S.L.,(2003). Hyperion, a  Space Borne Imaging 

Spectrometer, IEEE Transactions on Geosciences and 

RemoteSensing,vol.41,no.6,pp.1160-1173. 

viii. PerryE.M.,WarnerT. andFooteP.,(2000),Comparisonof 

atmosphericmodelingversus empirical line fitting for mosaicking 

HYDICE imagery, International Journal of  Remote 

Sensing,vol:21,no.4,pp.799-803. 

ix. USGS,2004a.EarthObserving1,downloadedonMay,2009,fr

om,url:http://eo1.usgs.gov/ 

x. USGS,  2004b,  EO-1,  User  Guide  version  2.3,  

downloaded  on  May,  2009,  from, 

eo1.usgs.gov/documents/EO1userguidev2pt320030715UC.pdf. 

http://www.cis.rit.edu/~ejipci/Reports/Modtran_lab.pdf
http://www.hgimaging.com/FAK_P
http://www.hgimaging.com/FAK_P
http://eo1.usgs.gov/


                 International Journal of Engineering Research                                                ISSN:2319-6890 (online),2347-5013(print) 

                  Volume No.7, Issue Special 4, pp : 607-611                                                                                             9,10 March 2018 

 

DOI : 10.5958/2319-6890.2018.00183.6                             EPIC@2018 Page 607 

A Practical Study on Hospital Waste Management: GoodPractices to be im-

plemented in Cameroonian Hospitals 
 

Stuti Srivastava
1
, Ankur Kulshreshtha

2
 

1
ESIC, Dabok, Udaipur 

2
Department Of Mechanical Engineering, Government Engineering College, Banswara 

 

Abstract: Hospitals generate and reject material regularly, 

and improper management of these wastes leads to public 

health hazards, environmental pollution, and aesthetic ap-

pearance. Most hospitals in Cameroon are not efficient in 

handling wastes when compared to those in developed coun-

tries such as the United Kingdom. Both government and 

private ones have an outdated environmental management 

system. The hospital managers have very little accountability 

to government and they are not very worried about the issue. 

This paper raises the fact that there is no proper treatment 

facility for clinical waste in Cameroon, following research 

recently carried out. Awareness regarding the hazards of 

medical waste is lacking both in public as well as in related 

professionals and workers. Therefore, the possibility of get-

ting infected for patients, workers, waste collectors and visi-

tors is very high. Improvement of waste management in the 

clinics and hospitals is urgently needed both for combating 

occupational health hazards as well as to safeguard the en-

vironment. 

Keywords :Hospitals,material,Cameroon 

 

Introduction 

Hospital waste is special in that it has a higher potential for 

infection and injury than other types of waste. Clinical waste 

is generated during the diagnosis, treatment or immunisation 

of human beings or animals as well as in research activities in 

these fields, or in the production or testing of biological sam-

ples. The absence of proper waste disposal has been posing 

serious health hazards 

Solid hospital waste can be classified into different types de-

pending on their source: 

Clinical waste as infectious waste 

The Health and Safety Commission [1] defines clinical waste 

as: 

-Any waste which consists wholly or partly of human or ani-

mal tissue, blood or other body fluids, excretions, drugs or 

other pharmaceutical products, swabs or dressings, or sy-

ringes, needles or other sharp instruments, being waste which 

unless rendered safe may prove to be hazardous to any person 

coming into contact with it. 

-Any other waste arising from medical, nursing, dental, vete-

rinary, investigation, treatment, care, teaching or research, or 

collection of blood for transfusion, being waste which may 

cause infection to any person coming into contact with it. 

Equally, The clinical waste project group project (Secretary of 

State for the environment and Secretary for Wales 1995), has 

agreed on a definition of healthcare waste that distinguishes 

between two kinds of waste-household hospital waste and 

healthcare risk waste. 

Household waste 

This is generally classified as municipal waste and includes 

waste from kitchen - food left over; packaging material; hand 

towels, wrappings, disposable cups, flowers, aerosols, empty 

cans and non clinical sharp broken bottles, waste papers, emp-

ty glass bottles, tin cans, used batteries; paper etc. Some of 

these items such as batteries, expired medicines, broken glass 

etc. are hazardous in nature and can harm the rag pickers on 

being mixed with the domestic waste. In Cameroon, clinical 

wastes often do not get proper attention in terms of storage, 

segregation, collection, transportation, treatment and disposal 

and they continue to be dumped in open garbage bins in most 

parts of the country and are often disposed of along with other 

municipal waste components. Almost all the health care facili-

ties are disposing every kind of waste (hazardous, infectious, 

sharps etc) in nearby municipal dustbins without any pre-

treatment whatsoever. An unhealthy and hazardous environ-

ment exists in and around these facilities, affecting patients, 

staff and visitors. Scavengers who collect waste from dustbins 

are at risk from sharps, pharmaceuticals and chemicals, and 

from direct contact with infectious materials. Unlike in the 

United Kingdom, recycling of wastes is flourishing and many 

useful constituents are retrieved, segregated and recycled by 

the informal sector.  

Procedure 

The following approaches were undertaken in both countries 

UK and Cameroon: The questionnaires, inspections of some 

hospitals were done; photographs were taken to show the dif-

ference between two waste management systems in terms of 

handling, storage, and disposal options, inspection of some 

treatments and disposal sites, informal interviews of personnel 

related with health care waste management system. 

From these responses, a number a good practice case studies 

were identified and they illustrate examples that can be 

adopted by Cameroonian hospitals. 

Cameroon 

The types of bins used in hospitals here are generally not ade-

quate. Government hospitals, private and mission ones dis-

pose of their waste either clinical or household in plastic bins 

with cover, without any protection. Also, hospitals have few 

pedal bins, which are sometimes very small and waste con-

tainers are usually not labelled. When labelled the name of the 

hospital instead of the type of waste (clinical or household) 

appears on the container. The distribution of the bins is also to 

be addressed because it is mostly done per ward and rarely per 

room. The collection of waste is being done daily everywhere 

either by the sweepers or sanitation staff, at the points of gen-



                 International Journal of Engineering Research                                                ISSN:2319-6890 (online),2347-5013(print) 

                  Volume No.7, Special Issue 4, pp : 405-409                                                                                             9,10 March 2018 

 

DOI : 10.5958/2319-6890.2018.00183.6                             EPIC@2018 Page 608 

eration such as treatment- room, wards, laboratory. Segrega-

tion of waste is almost absent and where this is practised, it is 

not properly done. Therefore, bloodied bandages, cotton 

swabs, and syringes and other infected wastes are commonly 

found within other households, in unprotected plastic bins as 

mentioned earlier. In few facilities, there is a resistant con-

tainer only for the collections of needles even though not ap-

propriate. Electric needle distracter to discard used needles or 

the safety box provided by the WHO are used in some places. 

In all the hospitals no policy is recognized and health and 

safety issues, completely neglected. Storage areas are general-

ly open and waste waiting to be transported to the dumping 

site is readily available to insect and rodent vectors (such as 

flies, mosquitoes, and rats) and scavenging animals (Figure1). 

 

Figure 1: Example of open storage area for wastes. 

Final disposal options 

In Cameroon, there are no proper landfill sites but a variety of 

disposal options such as: 

Open dumps 

They are, uncovered areas used to dump solid waste of all 

kinds. They are characterised by uncontrolled and scattered 

deposit of waste, which is untreated, 

uncovered and not segregated (Figures 1 and 2). This is the 

breeding ground for flies, rats and other insects that spread 

diseases as it is now acknowledged that certain categories of 

hospital (or clinical) waste are among the most dangerous of 

all wastes arising in the Community (Bradshaw et al [4]). 

The rainwater run-off from these dumps contaminates nearby 

land and water. 

Most of the hospitals dispose of their wastes through this op-

tion. 

 

Figure 2: Example of open dump. 

Safe burial in the hospital premises 

Some of the health-care establishments use minimal pro-

gramme for waste management practice in form of safe burial 

of waste that is the only viable option available at the time. 

Dumping sites 

These sites are generally located in urban areas where large 

amount of waste is generated and has to be dumped in com-

monplace. In Cameroon, all types of waste is dumped in those 

sites and when water seeps through them it gets contaminated 

and in turn pollutes the surrounding area. 

Causes of inadequate waste management 

There are number of reasons for the inadequate waste man-

agement in Cameroon, and some of the most common are 

listed below. 

 

 

 

 

 

Figure 3: Infected wastes dumped in front of the incinerator 

building. 

First of all, there is a lack of awareness about the inherent 

hazards caused by improper health care waste management 

and the absence of training of the staff. 

Poverty is also an important factor due to insufficient alloca-

tion of resources (financial and human). In one of the biggest 

governmental hospitals, there are only two people in charge of 

the collection of waste and one to operate the incinerator. 

Infected waste is sometimes dumped in front of the incinera-

tor building for many weeks in this hospital, because of short-

age of money for the petrol (Figure 3). Additionally improper 

control of the management process and poor land filling tech-

nology may cause water pollution in the form of leachate. It is 

important to mention the absence of a monitoring programme 

for dumping sites as well as a national policy for the man-

agement of health cares wastes. The motivation of the staff in 

terms of salaries is also to be pointed out because the rate of 

pay is very low. 

Consequences of the improper management of wastes 

Staff working on waste treatment sites is exposed to many 

diseases due to the poor personal equipment including chronic 

diseases such as respiratory ones, cancers, due to the exposure 

to dust and hazardous compounds. 

Also they may have accidents such as bone and muscle dis-

orders resulting from the handling of heavy containers as well 

as infecting wounds due to the contact with sharps objects. 

During the author’s visit in one the biggest government hos-

pitals, the waste manager reported the case of his worker who 

died few months ago, from HIV infection that he may have 

had while handling waste. 
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It is equally important to mention that waste treatment and 

disposal sites can also be a hazard to the neighbourhood and 

farms, and an improperly operated incineration plant can 

cause air pollution. 

 

Figures 4 and 5: Example of incineration sites close to the 

farms and human settlements. 

Normally, these treatment sites should be at a safe distance 

from all human settlement and plantations. Furthermore in 

Cameroon, the recycling reuse process is absent or when it is 

practised, poor. There is no segregation of recyclable items at 

the point of generation. 

Waste management in the United Kingdom 

The waste management system is well organised. This study 

reveals that in the country, there is a national legislation for 

the control of hospital wastes. 

All clinical wastes are collected in yellow containers whereas 

households are in black plastic bags. There is a label either on 

the pedal bins and plastic bags. WHO [3] recommends that 

most appropriate way of identifying the categories of health-

care waste is by sorting the waste into colour-coded plastic 

bags or containers. 

The aim of this safe and efficient hospital waste management 

is that following use each item for disposal should be segre-

gated into an appropriate disposal container at the point of 

use. Bins are distributed almost everywhere: in wards, rooms, 

toilet, corridors, etc. 

Segregation-at-source 

This is practised at each point of generation as follow. In-

fected dressing, sharps, catheters, wound drains, etc are col-

lected in pedal bins lined with yellow plastic bags that are 

marked with biohazard label (Figure 6). 

 

 

 

 

 

 

 

Figure 6: Pedal bin lined with yellow plastic bag. 

 

 

Figure 7: Pedal bin lined with black plastic bags 

Households such as flower, paper and plastic packaging are 

collected in black bags lined in pedal bin (Figure 7). 

Waste suitable for recycling: aluminium, glass and plastic 

drink containers; newspaper magazines, paper-cup etc are 

collected in blue carton or in green container (Figure 8). 

 

Figure 8: Recycling point. 

Waste handling 

There are written procedures for all the steps in hospital waste 

management and the staff is trained to follow these proce-

dures. Sharps should be disposed of directly into clearly 

marked sharp containers (Figure 9). 

 

 

Figure 9: Sharps container. 

Single -use disposable containers are available in a range of 

sizes with lids, which lock on seal the container. These con-

tainers should never be filled to the top. The lid should be 

closed when the full line marked on the outside of the con-

tainer is reached and this is usually around two-thirds to three-

quarters full. When disposable sharp containers are full and 

have been sealed, they are put into the clinical waste bins. 
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Transport and storage within the hospital 

Wastes are removed from clinical areas and ward several 

times daily by porters as soon as they are full. Also, the indi-

vidual mobile garbage bins is wheeled or taken on trolleys or 

in purpose-built structure to store waste. The storage area is 

dry, lockable, secure against rodents, have insect controls and 

appropriate wash-down and cleaning facilities (Figure 10). 

 

Figure 10:Storage area in a ward. 

The basic cleaning equipment includes brooms, shovels, dis-

infectant, granular chlorine compound for blood spillage and 

hypochlorite for cleaning up, and sand in plastic bag for use 

with the spill kit. Equally, the basic protective clothing kit 

includes boots, disposable thick gloves and overalls. 

Disposal and treatment options 

Incineration 

This option is adopted for the treatment of infected waste, and 

the ash is taken to the landfill site. Most of the health facilities 

do not get incinerator on site but everything is well organized 

in a way that there are regional incinerator plants. 

 

Sanitary landfills 

An alternative to landfills which will solve the problem of 

leaching to some extent is a sanitary landfill. They are more 

hygienic, built in a methodical manner, and are characterized 

by the controlled and organised deposit of wastes, which is 

then covered regularly (daily) by the staff present on site. An 

appropriate engineering preparation of the site and a favoura-

ble geological setting (providing an isolation of wastes from 

the environment) are required. 

These are lined with materials that are impermeable such as 

plastics and clay, and are also built over impermeable soil. 

Constructing sanitary landfills is very costly and they are hav-

ing their own problems. Some authority claim that often the 

plastic liner develops cracks as it reacts with various chemical 

solvents present in the waste. The rate of decomposition in 

sanitary landfills is also extremely variable. This can be due 

to the fact that less oxygen is available as the garbage is com-

pressed very tightly.  

 

Figures 11 and 12: A landfill site. 

In The UK, the whole process of waste management is strictly 

regulated in order to protect human health and the environ-

ment. All leachate discharges to groundwater, surface and 

marine waters are controlled under the Water Resources Act 

1991 (England and Wales). Additionally, the waste manage-

ment licence holder has to ensure protection of the environ-

ment from his operation and show that financial provision has 

been made to remedy any environmental damage that may 

result, Barron [2]. 

Recycling 

To gain the maximum benefit from waste minimization by 

recycling, effective segregation - at source is practised and 

understood by all staff. Typical products, which may be able 

to be successfully recycled, include paper from administrative 

offices, records and stores Departments (bins clearly mark as 

“clean paper for recycling” taken to central point when full), 

cardboard cartons in which various clean stores are received 

and aluminium cans. 

In conclusion, replication of successful practices and imple-

mentation of pilot activities is advantageous in providing ne-

cessary information to local governments for effective hospit-

al waste management. 

The transfer and application of locally appropriate technolo-

gies and enforcement mechanisms should be considered to 

address diverse situations and issues, and stressed the impor-

tance of the roles of the public and private sector, as well as 

capacity building of local governments. 

Basic requirements for improvement in Cameroon 

These include the proper methods of waste disposal which 

have to be undertaken to ensure that it does not affect the en-

vironment around the area or cause health hazards to the 

people living there. At the household-level proper segregation 

of 

waste has to be done and it should be ensured that all organic 

matter is kept aside. 

First of all, an assessment of the situation as well as aware-

ness rising is important. Also, a legal framework and a policy 

should be set and, has to be implemented locally. Additional-

ly, there is a need for the training and behavioral change of 

the staff. It is equally important to prepare and implement 

hospital-specific action plans for collection, handling, storage, 

transport, treatment and disposal of hospital waste. Further-

more, availability of equipment is important to be mentioned 

and for this concern, The Ministry of Public Health should: 



                 International Journal of Engineering Research                                                ISSN:2319-6890 (online),2347-5013(print) 

                  Volume No.7, Special Issue 4, pp : 405-409                                                                                             9,10 March 2018 

 

DOI : 10.5958/2319-6890.2018.00183.6                             EPIC@2018 Page 611 

Promote greater awareness among the staff of the need to 

manage waste, equipment of health-care facilities properly 

and consider the scope for promoting the use of benchmarks 

of performance and good practice in health and safety man-

agement, against which Hospitals can monitor their own per-

formance. Equally, The Government should encourage the 

creation of recycling centres all over the country and of mu-

nicipal incinerators located reasonably close to hospitals. 

When health-care waste is delivered to the incineration plant, 

the packaging should be checked to ensure that it is unda-

maged. Open burning of bio-medical waste should be strictly 

avoided. Pollution control devices should be used for technol-

ogy produces toxic emissions. The design parameters and 

maintenance of such treatment and disposal technology 

should be as per the prescribed standards. Ministry of Public 

Health and of Environment, and other local authorities who 

are responsible for the job should communicate in order to 

stop this hospital waste menace. Also, policies should be for-

mulated which would involve Non GovernmentOrganizations, 

community based organizations and the private sector in 

waste management 
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Abstract: Medical centers including hospitals, clinics and 

places where diagnosis and treatment are conducted 

generate wastes that are highly hazardous and put people 

under risk of fatal diseases. Although the understanding of 

medical waste management and control techniques is 

important, technical elective courses that are offered in 

undergraduate chemical, civil or environmental engineering 

place less emphasis on this area of education. In this paper, 

the meaning of medical waste, the risks of exposure, medical 

waste management regulatory acts, medical waste 

management procedures and control techniques are 

presented. The contents presented in this paper served as a 

supplementary material in an under-graduate elective 

course on waste management and as an educational guide 

for medical staff training on waste handling. 

 

Keywords: Medical Waste; Medical Waste Act; Waste 

Management and Control 

Introduction 

Waste in general is any substance (solid, liquid, or gas) that 

has no direct use and is discarded permanently. A waste is 

considered hazardous if it exhibits any of the characteristics 

such as being flammable, reactive, explo-sive, corrosive, 

radioactive, infectious, irritating, sensiti-zing, or bio-

accumulative [1]. Medical waste is limited to infectious, 

hazardous, and any other wastes that are gen-erated from 

health care institutions, such as hospitals, clinics, dental 

offices, and medical laboratories [2]. The management of 

medical waste has been of major concern due to potentially 

high risks to human health and the en-vironment. In the past, 

medical wastes were often mixed with household wastes and 

disposed in municipal solid waste landfills. 

 

Hassan et al., 2008 [3] report a survey on Bangladesh 

hospitals that generate a total of 5562 kg/day of wastes, of 

which about 77.4% are non-hazardous and about 22. 6% are 

hazardous. The average waste generation rate for the surveyed 

hospital is 1.9 kg/bed/day or 0.5 kg/pa-tient/day. The study 

reveals that there is no proper, sys-tematic management of 

medical wastes except in a few private hospitals that segregate 

their infectious wastes. Some cleaners were found to salvage 

used sharps, saline bags, blood bags and test tubes for resale 

or reuse. In Bangladesh, proper medical waste management is 

a new phenomenon and government of Bangladesh is trying to 

develop a new and modern approach to deal with the medical 

waste properly. Project in Agriculture, Rural In-dustry, 

Science and Medicine (PRISM-Bangladesh), a reputed 

national NGO in Bangladesh, with the financial support from 

Canadian International Development Agency 

(CIDA) has recently developed a disposal facility for low cost 

medical waste treatment and management in Dhaka City. 

 

Similarly, the generation of medical waste in Korea has been 

increasing in quantity and variety, due to the wide acceptance 

of single-use disposable items (e.g. gloves, plastic syringes, 

medical packages, bedding, tub-ing, and containers) [4]. In 

recent years, increased public concerns over the improper 

disposal of medical waste have led to a movement to regulate 

the waste more sys-tematically and stringently by the Korea 

Ministry of En-vironment. Waste minimization and recycling 

are still not practiced, thus significant amounts of medical 

wastes are to be disposed. Incineration is the main method of 

medical waste treatment in Korea. 

 

In the United Arab Emirates (UAE), there are over 800 clinics 

and hospitals that generate hazardous medical wastes [5,6]. 

The main method of medical waste treat-ment in most 

countries of the Middle East is incineration; however, other 

techniques that produce less pollution are now being 

introduced. The literature shows numerous case studies on the 

mismanagement of medical wastes as described above for 

illustration purpose. 

 

The objective of this paper is to introduce readers about the 

medical waste management regulatory acts, definition of 

medical wastes, risks of exposure, medical waste management 

procedures and control techniques. 

 

Medical Waste Tracking Act And Definitions 

The Medical Waste Tracking Act (MWTA, 1988) is the first 

act to regulate medical wastes [7]. It was imple-mented after 

life-threatening incidents occurred due to the lack of proper 

medical waste disposal systems. One example of such incident 

was on June 1987 when 12 children in Indianapolis, Indiana, 

played with vials they found in a dumpster outside a medical 

office. The vials were filled with blood, and two of them were 

infected with AIDS. After medical wastes were found 

washing up on several East Coast beaches, USEPA (US 

Environ-mental Protection Agency) prompted US Congress to 

enact the MWTA in 1988 [8]. The Act required EPA to create 

a two-year medical waste demonstration program. 

 

For the purpose of the demonstration program, the MWTA: a) 

defined medical waste and those wastes to be regulated; b) 

established a cradle to grave tracking sys-tem utilizing a 

generator initiated tracking form; c) re-quired management 

standards for segregation, packaging, labeling and marking, 

and storage of the waste; and d) established record keeping 

requirements and penalties that could be imposed for 

mismanagement. According to MWTA medical waste is “any 

solid waste that is gener-ated in the diagnosis, treatment, or 

immunization of hu-man beings or animals, in research, or in 

the production or testing of biologicals” [8,9]. 
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The World Health Organization (WHO) has classified medical 

waste into different types: a) Infectious: mate-rial-containing 

pathogens in concentrations high enough to cause diseases on 

exposure. This includes waste from surgery, lab cultures, used 

dressings, and others. b) Sharps: disposable needles, syringes, 

blades, broken glasses. c) Pathological: tissues, organs, body 

parts, hu-man flesh, blood and body fluids. d) 

Pharmaceuticals: drugs and chemicals that are returned, 

spilled, expired or contaminated. e) Chemical: waste resulting 

from diagno-sis, or cleaning material. f) Radioactive: waste 

contami-nated with radioactive substances used in diagnosis 

and treatment of diseases. g) Pressurized containers including 

gas cylinders; and h) Substances with high heavy metal 

content: broken mercury thermometers, blood pressure 

gauges. Infectious, pathological and sharps are the most 

dominant types of medical waste [10]. 

 

The definition of medical waste excludes waste con-taining 

microbiological cultures used in food processing, urine, 

saliva, and nasal secretions unless they contain blood. Like 

any household and office, medical facilities also generate 

general wastes such as paper and plastic that are not 

dangerous to human beings [9]. Medical waste such as sharps 

(i.e. needles, syringes, scalpels, etc.) can endanger human in a 

non-infectious way. 

 

Depending on the institutions, the quantities of medi-cal 

wastes produced vary [11]. Households are consid-ered to be 

small quantity generators, while hospitals are considered to be 

large quantity generators (>100 kg/ month or more of medical 

waste). Medical wastes in-cluding infectious and sharp wastes 

account for about 35% of the total waste generated in 

hospitals. The re-maining 65% of the wastes are non-

infectious. Unlike industrial wastes which vary depending on 

the type of processes or sectors (i.e. chemical, petroleum, 

municipal etc.), medical waste compositions remain more or 

less the same. 

 

Regardless of its quantity and where it is generated, medical 

waste has serious sometimes fatal effects on exposure. 

Medical staff, janitors, medical center visitors and patients are 

exposed to the risk of infection and dis-eases as a result of 

exposure. Thus, medical waste haz-ards and risks exist not 

only for the waste generators and operators, but also for the 

general community including children who play near disposal 

areas. The possible ex-posure pathways include direct contact, 

airborne trans-mission, contaminated water sources and the 

environ-ment in general. 

 

Medical Waste Management Techniques 

There are several methods to minimize the hazards re-sulting 

from medical waste [10]. 

 

3.1. Segregation 

Segregation is useful since it prevents the contamination of 

non-hazardous waste by the hazardous waste and making the 

whole waste stream hazardous. Thus, this method will reduce 

the toxicity and the volume of the waste stream. Moreover, 

segregation makes it easier to transport the waste. Waste is 

segregated depending on the quantity, composition, and the 

disposal method of the waste stream. 

 

3.2. Separating Different Categories of Medical Wastes 

In medical centers, infectious and pathological waste, and 

sharps are placed in different containers. The con-tainers are 

labeled as “biohazard”, closed, water tight and of uniform 

color for each type of medical waste through-out the medical 

center. The size of the containers de-pends on the volume of 

waste generated and the contain-ers used are easy to handle 

and transport. For used nee-dles specially designed containers 

are used. 

 

The system for segregation, packaging, labeling and marking 

involves separating the medical waste into cate-gories, as 

described. The packaging is done in colored bags [12]. For 

example, yellow plastic bags are used for infectious medical 

waste that is meant to be disposed by means of incineration or 

deep burial in landfill. However, if they are to be treated by 

autoclave or microwave, they are placed in red plastic bags or 

containers. In steam autoclaving, the waste is decontaminated 

by the effects of the saturated steam at elevated temperatures 

and high pressure. This method is not applicable for 

pathological, chemotherapy and radioactive wastes. 

 

Hazardous waste packaged in either blue or white transparent 

bags is usually treated 

by autoclave, micro-wave, chemical treatment and shredding, 

or by landfill-ing. As for labeling and marking, medical 

wastes are popularly known to have the bio-hazard symbol. 

Both the packaging and labeling are adopted worldwide. The 

dif-ference is in treatment methods [12]. 

 

3.3. Disinfection 

In order to reduce the toxicity of some medical wastes, 

chemical disinfectants (i.e. chlorine dioxide, sodium hy-

pochlorite, or per acetic acid) are sometimes used. For solid 

wastes, disinfection is effective if only waste mate-rials are 

shredded. In some cases, the disinfectants them-selves are 

hazardous, thus it is not recommended for treating 

pharmaceutical, chemical and some types of in-fectious waste. 

 

3.4. Incineration 

Incineration is the process of destructing waste by burn-ing it 

at elevated temperatures in furnaces. The process removes 

hazardous materials, reduces the mass and volume of the 

waste and converts it into ash that is harmless. Incineration is 

suitable for wastes that are 60% combustible. Incineration is 

suitable for pathological and infectious waste or sharp wastes. 

Incinerators exist in several different types; each type has a 

specific function. A mobile incinerator called “drug 

terminator” is used for disposal of pharmaceuticals. A diesel 

fired medical waste incinerator called “MediBurn” treats 

pathological and infectious waste in small medical facilities, 

and laborato-ries [13]. This unit is portable and easy to 

operate and it can incinerate everything from laboratory waste 

to ani-mal remains. 
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The advantage of incineration process is that the vol-ume of 

the waste that will remain for disposal will be reduced by 50 - 

400 times [14]. Incineration has a sig-nificant advantage of 

decreasing the volume of the wastes; however its 

disadvantages include high costs, smoke generation and 

pollution risks. Incinerators used in hospitals produce more 

furans and dioxins than incin-erators used in municipality. 

This higher concentration of furans and dioxins are due to a) 

frequent startups and shutdowns; b) less stringent emission 

controls; c) poor combustion control (e.g., waste mixing and 

oxygen con-trols); and d) differences in the waste feed 

composition as compared with municipal solid waste [15]. 

Incinera-tors are usually built with a chimney to reduce the 

smoke and its effect on pollution. Moreover, incinerators are 

usually located at least 100 m away from the medical center in 

order to reduce the effect of smoke. A pit below the 

incinerator is usually available in order to collect the ashes. 

Incineration is one of the most efficient methods of 

disinfecting medical waste. 

 

3.5. Disinfection by Plasma 

In this process, low temperature plasma which is pro-duced by 

the plasma generator using air as working fluid organizes a 

combustion process. The medical waste is constantly mixed, 

thus it maximizes the heat and mass exchange which saves 

any energy loss. The heat pro-duced is used as an additional 

heat source in the process. This technology eliminates the 

formation and release of irregular forms of NOX and high-

toxic substances (i.e. dioxins) into the atmosphere. Another 

main advantage is that it has low consumption of energy 

compared to other mineralization (i.e. combustion) processes 

[14]. 

 

3.6. Emerging Technology 

A new technology for management of hazardous medical 

waste that transforms the regulated medical waste into 

municipal solid waste is recently introduced. This method 

involves shredding and grinding the infectious medical waste 

bags via sharp cutting blades that are in-stalled within the 

vessels. The blades rotate around 1750 revolutions per minute 

and the volume of the shredded waste is reduced by 80% [16]. 

The steps included in the process are loading, shredding, 

heating, sterilization, cooling, draining, vacuum and 

unloading. The whole process is enclosed in a compact system 

and there is no intermediate handling of the waste within the 

process. Due to the compact size, this system can easily be 

used for on-site treatment of the waste and installed in hospi-

tals. This will reduce the transportation costs of the medical 

wastes. In terms of environmental aspects, it is a clean and 

chemical-free technology and does not have any hazardous 

emission or radiation [16]. This method is economical and 

environmentally friendly and is reliable in terms of ease of use 

and maintenance. This technology is currently practiced in the 

middle-eastern countries such as Iraq, Jordan, Kuwait, 

Lebanon, Syria and UAE. 

 

Similarly, a team of engineers in Idaho National Laboratory, 

USA have invented a new patented technol-ogy that helps in 

better management and treatment of the medical wastes. 

Based on this technology, Med-Shred, Inc., (Texas, USA) has 

developed a mobile shredding and chemical disinfecting 

machine that is aimed for on-site treatment of hazardous 

medical waste [17]. The machine converts the medical waste 

into disposable mu-nicipal waste using shredders that shred 

the waste into smaller particles which are then wetted with 

disinfectant spray and immersed in a disinfection solution. 

The wet waste is then dried using a hot off-gas in a drying 

cham-ber. Considering the number of clinics and hospitals in 

middle-east, this method will be very successful if util-ized, as 

it can treat the medical waste on-site which helps in better 

management of wastes. 

Conclusion 

Medical wastes are highly hazardous and put people un-der 

risk of fatal diseases. The understanding of medical waste 

management and control techniques is important. In this 

paper, introductory materials on the definition of medical 

waste, medical waste management regulatory acts, the risks of 

exposure, medical waste management proce-dures and control 

techniques are presented. 
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Abstract: As the link between health and environmental 

quality is receiving due attention, the commitment to 

safeguard the environment from both the physical and social 

impacts associated with hospital waste is growing. Many 

aspects of human well-being are influenced by the 

environment and many diseases can be initiated, promoted, 

sustained or stimulated by environmental factors. 

Environmental health is a segment of public health and thus 

the environmental health professionals need to formulate 

policies which would check the indiscriminate dumping of 

infectious waste and incorporate the element of 

accountability. Although the Notification of rules to regulate 

hospital waste was issued by the Ministry of Environment 

and Forests, Government of India in 1998 and subsequently 

revised in 2012, hospitals and nursing homes are yet to react 

to it seriously thus posing constraints to the safe and 

rational management of hospital waste. This paper focuses 

on the Indian and international legal scenario with respect 

to hospital waste. It is clear that there is a lacuna in the 

implementation of policies and gross violation of human 

rights. 

Keywords: environmental health, hospital waste, 

environmental health, human rights 

 

Introduction 

Over the last couple of years, there has been a growing 

concern about the disposal of hospital waste. The problem of 

hospital waste has acquired gargantuan proportions today. Its 

propensity to encourage growth of pathogens and contaminate 

the non- hazardous waste jeopardizes efforts taken by the 

civic authorities. Although more is said than done, scientific 

waste management strategies are in a nascent stage. 

Definition and Types Of Hospital Waste 

Hospital waste according to World Health Organisation 

(WHO) “includes all the waste generated by health-care 

establishments, research facilities, and laboratories. In 

addition, it includes the waste originating from "minor" or 

"scattered" sources- such as that produced in the course of 

health care undertaken in the home (dialysis, insulin 

injections, etc.).” (WHO, 1999, p.6). 

85% of the waste produced by health-care providers is non-

risk or "general" health-care waste, comparable to domestic 

waste. This type of waste usually comes from the 

administrative and housekeeping functions of health-care 

establishments and may also include waste generated during 

maintenance of health-care premises. The remaining 10-15% 

of health-care waste as shown in Fig.1 is regarded as 

hazardous and may create a variety of health risks (WHO, 

1999). 

 

 

 
 

Components Of Health Care Waste   
10% 

5% 

 

 General Non-  
Infectious Waste  
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Figure 1 Infectious waste 

The list of diseases caused due to improper disposal and 

treatment of hospital waste is endless but majority of them are 

deadly like Acquired Immuno Deficiency Syndrome (AIDS), 

Hepatitis B, Bronchitis, Tuberculosis, Skin and Eye disorders. 

 

The infectious potential of waste depends upon: 

the presence of pathogens of sufficient virulence and quantity. 

the mode of entry, and 

the resistance of the host. (WHO, 1999) 
 
Potentially infectious wastes from patients care include: 

Dressings and swabs, contaminated with blood/body fluids. 

Laboratory waste including laboratory samples, cultures 

stocks of infectious agent, laboratory glassware. 

Instruments used in patient care: Those range from diagnostic 

equipment such as endoscopes, ultrasound probes, syringes 

and needles, sharps and other instruments, tubings and bags. 

Potentially infected materials: Placenta, tumors, organs or 

limbs, which are removed during surgery. 

Potentially infected animals used in diagnostic or research 

studies. In all these wastes the major concern is to prevent 

potential accidental transmission of infection. 

Toxic wastes 

Potentially toxic wastes include: 

Radio-active waste: These may be solids, liquids and gases 

used for analytical procedures, body organ imaging and tumor 

localization and treatment. 

Chemical waste: These may be hazardous, toxic, corrosive, 

flammable, reactive or genotoxic. 

Pharmaceutical agents: These may enter hospital because 

there were surplus stock, spillage or contamination was 

detected or the expiry date was over. 

Sources of Healthcare waste 

The major sources that produce large quantities of healthcare 

wastes are illustrated in Fig.2; 
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Sources of Healthcare Waste 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 

 

The composition of waste is often characteristic of the type of 

source. For example, the different units within a hospital 

generate waste with the following characteristics: 

Medical wards: mainly infectious waste such as dressings, 

bandages, sticking plaster, gloves, disposable medical items 

and intravenous sets, body fluids and excreta, contaminated 

packaging, and metal scraps. 

Operating theatres and surgical wards: mainly anatomical 

waste such as tissues, organs, fetuses, and body parts, other 

infectious wastes, and sharps. 

Other health-care units: mostly general waste with a small 

percentage of infectious waste. 

Diagonistic Centers and Laboratories: mainly pathological 

(including some anatomical), highly infectious waste (small 

pieces of tissue, microbiological cultures stocks of infectious 

agents, infected animal carcasses, blood and other body 

fluids), and sharps, plus some radioactive and chemical waste. 

Pharmaceutical and chemical stores: small quantities of 

pharmaceutical and chemical wastes, mainly packaging 

(containing only residues if stores are well managed), and 

general waste. 

(Source: Pruss, A., et al, 1999) 

 
Quantum of wastes 

Hospital waste is a small fraction of the urban municipal 

waste. There are no reliable figures about the quantum of 

waste generated per person per day. An estimate of it was 

made during a survey of government hospitals in Kolkata, 

India. As shown in Fig.3, it is estimated that most in-patient 

generated 1- 1.5 kg. of wastes per day per bed, but the 

infectious waste was 200-500 grams per day per bed. 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

Figure 2 : Computed by author 

u 

Threats of Hospital waste 

Reservoir of infection - Human Immuno Virus (HIV) and 

Hepatitis viruses spearhead an extensive list of infections and 

diseases documented to have spread through HIV blood, body 

fluids and secretions harbor most viruses, bacteria and 

parasites. This passes via a number of human contacts all of 

which are potential "recipients" of the infection. For example, 

a washer man can be infected by blood soaked linen. Visitors 

to the hospital and the immediate community can be affected 

by contaminated over flowing water supply and vector 

contacts. 

Vector generation - Unsanitary dumping grounds or stagnant 

water often become breeding grounds for files, mosquitoes, 

insects and rodents. Such vectors help maintaining already 

established disease cycles. 

Environmental Pollution- Advancing technologies and 

increasing patient numbers lead to increasing amounts of 

waste production. If not properly treated this will accumulate 

and cause long-term toxicity to the environment for example, 

untreated pharmaceuticals and chemicals piling up in pits and 

foul toxic emissions from incomplete incineration of wastes 

are serious threats to environmental pollution. 

It is not unusual to observe ground scattered with broken 

glass, intra- veinous bottles, used dressings and voluminous 

spillage of needles and syringes. Yet despite the hypocrisy, 

hospitals preach about cleanliness and hygiene as the central 

tenets of preventive medicine. The relationship between 

hospital and community can be damaged as a result of 

inadequate waste disposal. It does not encourage confidence 

in attitudes of staff and leads one to stinking dumping sites 

and reports like cats and dogs run away with easily accessible 

amputated body parts and surgical waste. 

Legal Scenario 

 

Since the closing years of the last millennium, a large degree 

of the focus has shifted from industrial and solid waste 

management to hospital waste managements. Some of the 

policies regarding the same have been highlighted in the 

subsequent sections. 

 

High Powered Committee on Management of Hazardous 

Wastes 

The High Powered Committee on Management of Hazardous 

Wastes (HPC) was set up by an order of the Supreme Court of 

India on 05.05.1997 during the hearing of a Public Interest 

Litigation (PIL) challenging the import of hazardous and toxic 

wastes into the country. The PIL was filed in 1995by the 

Research Foundation for Science, Technology and Natural 

Resource Policy, New Delhi (Government of India, 1997). 

 

The HPC took an early decision to focus on those hazardous 

wastes. The Hazardous Wastes Rules, 1989, specifically 

exclude those hazardous wastes that are discharged in the 

form of effluents regulated under the Water (Prevention and 

Control of Pollution) Act, 1974, and as emissions under the 

Air (Prevention and Control of Pollution) Act, 1981, 

respectively. 
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The HPC also did not cover the entire gamut of bio-medical 

hazardous wastes. Such wastes though extremely hazardous, 

are regulated under a separate statute specifically dealing with 

them, namely, the Bio-medical Waste (Management and 

Handling) Rules, notified under the Environment (Protection) 

Act, 1986, on 20.07.1998. No major effort was therefore made 

by the HPC to examine the handling, management and 

disposal of bio-medical wastes during the initial phase of its 

tenure. (Government of India, 1997). 

 

On many occasions, the HPC has noticed that adequate 

attention is not been given to the health and safety of workers 

engaged in the hazardous waste materials sector. Violation of 

occupational safety and health of waste handlers tantamount 

to a violation of human rights. The problem does not end here; 

the leakage of infectious waste has lead to it being handled by 

waste recyclers at great detriment to their health and the well 

being of those around. Children and aged are directly exposed 

to infection and disease due to close proximity to it in slum 

clusters. This makes it a public health hazard. Irresponsible 

disposal of wastes by hospital administration is the root cause 

of this crisis. In addition to its capacity of vector generation 

and disease transmission, this is also contributing to a 

booming market in hospital waste, where syringes, needles, 

cotton, gloves, etc. are being recycled. This threatens the lives 

of hundreds and particularly the life of the poor. 

 

The question therefore arises that "what is the legal position as 

far as hospital waste handlers are concerned? Which is the Act 

that protects their health and welfare?" 

 

Central Pollution Control Board Rules 

Central Pollution Control Board (CPCB) formulated 

environmental standards and guidelines for management of 

hospital wastes during 1996 under the Environment 

(Protection) Act 1986.While the guidelines formulated by 

CPCB are quite similar to the Bio-medical wastes 

(Management and Handling) Rules, 1998, it is important to 

include it since it is one of the apex institutions involved in 

management of critical environmental issues. The bio-medical 

waste management guidelines according to CPCB state that 

no person shall handle or dispose off any biomedical waste 

except in accordance with these rules. 

 

The Indian Legal Scenario Re-Examined 

Laws like the Mines Act, Plantation Act and Port and Dock 

Workers Acts deal with occupational hazards in individual 

sectors. Workers not falling under these categories have to 

make do with Factories Act or the Hazardous Substances Act. 

Hence, health care waste handlers do not have any law 

protecting their interests. 

 

Today the ramifications are very wide and need to cover not 

just the worker but also the risks to the public and the 

environment at large (The Bhopal Gas Tragedy underlines this 

fact in the recent times). Recognizing the deficiencies in its 

laws, the Ministry of Labour in November 1983 set up a 

Working Group to consider whether it was desirable to have 

general legislation to safeguard the safety, health and welfare 

of all people at work. The Working Group unanimously 

reported in 1984 the need for such legislation. Consequently, a 

blueprint was developed in 1986 by an Expert Group of the 

ILO on the request of the Indian Government for a Law on 

Occupational Health and Safety. However, after several 

rounds of consultation after formulation, the law has been 

consigned to cold storage (Government of India, 1997). 

 

Presently there is need to advocate for fresh legislation in this 

regard. This is because the safety and health of poor and 

uneducated hospital waste handlers is highly compromised. 

Though they stand exposed to HIV and Hepatitis everyday, 

there is no law that stipulates protective gear for them, safety 

measures like preventive vaccinations or training on how to 

handle hazardous waste. The magnitude of the problem 

becomes apparent when one examines the exact nature of 

labour rights violations that occur at each stage. The picture 

becomes much more pronounced if one goes by the dictum 

that 'labour rights are human rights at the workplace.' 

 

Violation of Labour Rights 

The discussion on the legal position establishes that hospital 

waste handlers fall outside the ambit of the Factories Act that 

guarantees the occupational safety and health of workers law 

in India. Other laws that may be applicable to them do not 

have any provisions on occupational health and safety. There 

is no law on occupational health and safety in India. In light of 

this situation, it becomes pertinent to examine the nature and 

extent of deviation from existing and universally accepted 

norms of worker health and safety. 

 

Constitutional Provisions 

Article 39 (e) of the Constitution states that the State, shall, in 

particular, direct its policy towards securing that the health 

and strength of workers, men and women, and the tender age 

of children are not abused and that citizens are not forced by 

economic necessity to avocations unsuited to their age or 

strength. 

 

Article 42 of the Constitution states that “The State shall make 

provisions for securing just and humane conditions of work” 

(Government of India, 1997). 

 

As far as the hospital workers are concerned, the health of 

each and every person, both within and outside the hospital, is 

compromised due to irresponsible disposal of wastes 

generated by the same. The violations are often drastic and 

lead to the spread of life threatening diseases. 

 

International Agreements, Underlying Legislative and 

Regulatory Principles for Hospital Waste 

The WHO (1999) Report points out that international 

agreement has been reached on a number of underlying 

principles that govern either public health or safe management 

of hazardous waste. It goes on to add that the principles 

outlined below should be taken into consideration when 

national legislation or regulations governing health care waste 

management are formulated: 

 



                 International Journal of Engineering Research                                                ISSN:2319-6890 (online),2347-5013(print) 

                  Volume No.7, Issue Special 4, pp : 616-621                                                                                             9,10 March 2018 
 

DOI : 10.5958/2319-6890.2018.00185.X                          EPIC@2018 Page 619 

 

The Basel Convention signed by more than 100 countries, 

concerns transboundary movements of hazardous waste; it is 

also applicable to health care waste. Countries that signed the 

Convention accepted the principle that the only legitimate 

transboundary shipments of hazardous waste are exports from 

countries that lack the facilities or expertise to dispose of 

safely certain wastes to other countries that have both 

facilities and expertise. Exported waste should be labelled 

according to the UN recommended standards. 

The "polluter pays" principle implies that all producers of 

waste are legally and financially responsible for the safe and 

environmentally sound disposal of the waste they produce. 

This principle also attempts to assign liability to the party that 

causes damage. 

The "precautionary" principle is a key principle governing 

health and safety protection. When the magnitude of a 

particular risk is uncertain, it should be assumed that this risk 

is significant, and measures to protect health and safety should 

be designed accordingly. 

The "duty of care" principle stipulates that any person 

handling or managing hazardous substances or related 

equipment is ethically responsible for using the utmost care in 

that task. 

The "proximity" principle recommends that treatment and 

disposal of hazardous waste take place at the closest possible 

location to its source in order to minimize the risks involved 

in its transport. According, to a similar principle, any 

community should recycle or dispose of the waste it produces, 

inside its own territorial limits. (Government of India, 1997). 

 

WHO Guidelines on Handling Medical Waste 

It has been seen throughout that the WHO document which 

deals with medical waste gives utmost importance to the 

occupational health and safety issues of waste handlers. 

Additionally they raise the issue of health risks posed to waste 

handlers outside the hospital in countries like India. However, 

the official documents generated so far in India on this issue 

have been grossly ignored. 

 

The Inter-regional Consultation on Medical Waste 

Management in Developing Countries held at WHO, Geneva 

in September 1992 pointed out that the human element is 

more important than the technology. Almost any system of 

treatment and disposal that is operated by well trained and 

well motivated staff can provide more protection for staff, 

patients and the community than an expensive / sophisticated 

system manned by staff who do not understand the risks and 

importance of their contributions. 

 

Thus the current system being followed vis a vis infectious / 

hazardous waste handlers are a violation of WHO 

Recommendations on the Occupational Safety of waste 

handlers in every sense. 

 

Universal Declaration of Human Rights 

At the international level, the Universal Declaration of Human 

Rights is a basic international statement of the inalienable and 

inviolable rights of all members of the human family. It is 

intended to serve as "the common standard of achievement for 

all peoples and all nations." 

Article 3 of the Universal Declaration states that "Everyone 

has the right to life, liberty and security of person." As stated 

earlier, the right to life and security of person of hospital 

waste handlers (rag pickers, waste recyclers, municipal 

sanitary workers and hospital „safai karmacharies’-cleaners) 

is being breached. 

Article 23 of the Universal Declaration states that everyone 

has the right to just and favourable conditions of work. Article 

7 of the International Covenant on economic, social and 

cultural rights, clearly articulates the Right of every individual 

to just and favourable conditions of work, which ensures, in 

particular, the Right to safe and healthy working conditions. 

(Government of India, 1997). 

 

International Labour Standards 

Article 16 of ILO Convention No.155 requires that employers 

are required to keep the workplace and processes safe and 

without risk to health. Employers also have to ensure that 

chemical, physical and biological substances and agents under 

their control are without risk to health. Employers also have to 

provide; where necessary adequate protective clothing and 

protective equipment to prevent risks of accidents or adverse 

effects on health. 

Recommendation 164 of the ILO reinforces the aspect of 

worker safety as enunciated above when it lays down that 

employers should give the necessary training and instructions, 

taking into account the functions and capacities of different 

categories of workers (Government of India, 1997). 

One notices a clear violation of all these aspects among all 

categories of workers dealing with hospital 

waste. 

 

National law on Healthcare Waste Management 

A national law on health care waste management may stand 

alone or may be part of more comprehensive legislation such 

as the following: 

Law on management of hazardous wastes: application to 

health car waste should be explicitly stated; 

Law on hospital hygiene and infection control: a specific 

chapter or article should be devoted to health care waste 

A clear definition of hazardous health care waste and its 

various categories; 

A precise indication of the legal obligations of the health care 

waste producer regarding safe handling and disposal; 

Specifications for record keeping and reporting; 

Specifications for an inspection system to ensure enforcement 

of the law, and for penalties to be imposed for contravention; 

Designation of courts responsible for handling disputes arising 

from enforcement of or non-compliance with the law. 

In addition, hospitals should be run, and health care waste 

disposed of, in accordance with all other relevant 

national legislation, such as regulations pertaining to: 

Waste in general 

Effects on public health and the environment 

Air quality 
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Prevention and control of infectious disease 

Management of radioactive materials (Kishore, 1999) 

 

Policy Document 

The policy document should outline the rationale for the 

legislation, plus national goals and the key steps essential to 

the achievement of these goals. It may contain the following: 

 

Descriptions of the health and safety risks resulting from 

mismanagement of health care waste; 

Reasons for sound and safe health care waste management 

practices in health care establishments; 

Listing of approved methods of treatment and disposal for 

each waste category; 

Warning against unsafe practices, such as disposing of 

hazardous health care waste in municipal landfills; 

Management responsibilities within and outside health care 

establishments; 

Assessment of the costs of health care waste management; 

 

Key steps of health care waste management: minimization, 

separation, identification, handling, treatment, and final 

disposal of waste; technical specifications for the 

implementation of each step should be described in separate 

technical guidelines; 

Record-keeping and documentation; 

Training requirements 

Rules governing the protection of worker's health and safety. 

 

Role of Facilitators 

Hospital waste management is a complex technological area, 

where a large number of actors need to be involved to look 

into the multi-dimensional aspects and complexities of the 

problems. Though delayed, positive steps have been taken by 

the government, non-governmental organization and several 

academicians in this area. 

 

Government Responses 

The Indian government has initiated a number of activities to 

address the public health hazards of hospital waste exposures. 

 

A Committee on Urban solid waste management was formed 

in 1994 to assess the impact of current solid waste 

management practices on the general health of the 

community. It reported technological options for the safe 

collection, transportation and disposal of urban solid waste as 

well as identified the potential of hospital waste in terms 

public health risks. 

 

The Ministry Environment and Forests have drafted rules for 

bio-medical waste management, which has been published in 

the Gazette of India October 27, 1997 and revised in 2000.The 

Ministry is also surveying hazardous waste generation and 

tracking practices in hospital, clinics and blood banks. 

The All India Institute of Hygiene and Public Health  assisted 

by the experts at the West Bengal Pollution 

 

Control Board and the Natural Environmental and 

Engineering Research Institute-Nagpur, carried out an 

assessment of waste generated and managed in medical 

institution in West Bengal. The study revealed that the 

hospitals in the state were turning hazardous because of the 

poor treatment of hospital waste. 

 

Non-Governmental Responses 

Dr. P.D.Grover (Ex-Prof. IIT, Delhi) has provided an 

overview of the hospital waste management scenario in India. 

He has highlighted the present dismal scenario and the 

management imperatives required due to the lackadaisical 

attitudes of agencies, concerned about after effects of 

Incineration, prevalence of HIV, HBV infection and rapid 

proliferation of health care facilities. 

 

Institute of Public Health Engineers (IPHE) and Tata 

Consultancy Services in collaboration with Government of 

West Bengal and World Bank have carried out extensive 

survey of the waste management scenario of a number of 

hospitals, primarily district and state general hospitals. They 

have developed health education materials like posters and 

pamphlets, which have been circulated in all the selected 

hospitals. 

 

Disha a Calcutta based NGO in close association with like 

minded individuals (academicians, research scholars, doctors) 

have analyzed and reviewed the Bio-medical Waste 

(Management and Handling) Rules, 1998 and 2000 in minute 

details. A memorandum suggesting certain changes in the 

existing rules has been prepared and forwarded to Health 

Secretary, Government of West Bengal, Mr.Asim Burman. 

 

Dr. Harbans S. Wasir, Chief Cardiologist and Medical 

Director, Batra Hospital and Medical Research Center,New 

Delhi, in his paper `Sound Hospital Waste Management' has 

thought it essential for the doctors to be aware of the fate or 

end use of the waste being generated in the wards and 

operation theaters. He has emphasized on segregation, 

avoiding the use of antibiotics as panacea of all problems and 

common waste disposal facility. He has concluded by 

emphasizing on the need for a holistic approach and polluter 

pays principle. 

 

Dr. Kalpana Balakrishnan, SR Medical College-Chennai, has 

highlighted the apathy of most hospitals and the initiatives 

being made by SR Medical College. According to her, 

training is mandatory for hospital staff. Occupational 

surveillance through immunization, health check ups form on 

integral part of the hospital's operations. 

 

Drug Action Forum, Calcutta were the catalysts of a project 

undertaken by the Department of Science and Technology 

in1997 which studied the practices and problems of Hospital 

waste management in Calcutta city with special reference to 

Howrah General Hospital and M.R.Bangur Hospital, West 

Bengal. 
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Ravi Agrawal of Srishti-a Delhi based NGO has emphasized 

that the proper disposal of hospital waste is a management 

problem rather than a technological problem. He has stressed 

on the need for segregation of waste, on site disinfection and 

off-site disposal. He has further reiterated the need for 

centralized treatment facilities as the actual quantum of 

infectious waste is small and the investment needs for 

treatment are high. 

 

Strategies For Sustainable Initiatives In Hospital Waste 

Management 

Given the disparity between available resources and the 

magnitude of the problem at hand, it is imperative that all 

initiatives undertaken for the purposes of alleviating this 

problem be sustainable. The recommendations that are crucial 

for the success of hospital waste management procedures are 

as follows; 

 

A separate wing, called Hospital Waste Management Cell, can 

be created in each of the hospitals, which would maintain an 

inventory of waste generated ward wise and the quantum sent 

for treatment and disposal. 

 

The civic authority should insist on proper hospital waste 

management as a pre-requisite to licensing health care set-ups 

(12-18 months). License should be renewed at specific 

intervals of time after reviewing and assessing the working of 

the system. 

 

An Infection Control Committee should be established for 

CMC to supervise hospital waste management in all health 

care institutions. 

Medical Insurance for the workers involved in handling waste. 

Follow a "risk reduction approach" in execution of various 

steps outlined in the policy 

Recycling of plastics should be institutionalized and 

monitored closely. 

Set up proactive policies that would go beyond regulatory 

compliance requirements 

Pay special attention to occupational safety and health issues 

while setting the policy 

Long term environmental policies, guidelines and status 

should be linked with immediate requirement to segregate and 

decontaminate medical waste at its source. This linkage 

should include appropriate technology for sustainable 

environmental and public health protection, rather than 

imported high-technology incineration, which are expensive 

to purchase and difficult to maintain. 

Integrate hospital waste management into a comprehensive 

hospital environmental management programme 

 

 

 

 

Conclusion 

Compared to the voluminous literature published on solid 

management, the study on hospital waste management seems 

minuscule. Though the quantum of municipal waste is almost 

five times that of hospital waste, the potentiality of the latter 

in both vector generation and disease transmission is much 

higher. It is this very infectious and contaminated nature of 

waste that calls for further investigation. 

 

A hospital cannot operate in isolation but works in close 

relationship with not only the Government (Central and State) 

but is strongly influenced by the policy and legal provisions 

framed by the international apex bodies like WHO and World 

Bank. The successful implementation of the formulated rules 

would be possible if the community is involved. A Bottom-

Top Approach would ensure the active participation of the 

people living in close proximity of the hospitals. Residents 

can be encouraged to take the responsibility of managing 

certain key areas of hospital management. 
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Abstract : With the advancement of science and technology 

at an unprecedented pace, the urban centers of today’s 

world have evolved not just in size but also in terms of the 

living conditions provided by them. This has brought about 

an increasing new awareness about the noise pollution, 

which has become a part of our day-to-day lives. Studies 

have been conducted to trace the amount of damage caused 

by the noise from various natural as well as man-made 

sources, especially traffic. In fact, noise has come to be 

associated with the mental, physical, emotional and 

psychological well-being of an individual, be it human 

beings or even animals. In legal terms, noise can be 

considered as an assault on an individual. Apparently, this is 

a potential hazard to the provisions of sound living 

conditions and needs to be checked at planning, 

administrative and judicial level. This paper identifies the 

various legislative provisions available in India and other 

parts of the world to check this menace. Reference has also 

been made to the conclusions from the studies by 

researchers, legislative cases involving noise pollution and 

the statistical analysis of the current situation. Thus an 

attempt has been made to give an overview of the complete 

scenario of noise pollution-related laws and jurisdictions, to 

make this paper useful for researchers, planners, 

administrators and people concerned with the enactment 

and enforcement of law. 

 

Key Words: Noise pollution, environmental legislation, 

pollution-related laws. 

 

Introduction 

Noise pollution can be defined as unwanted or offensive 

sounds that unreasonably intrude into our daily activities. It 

has many sources, most of which are associated with urban 

development: road, air and rail transport; industrial noise; 

neighborhood and recreational noise. A number of factors 

contribute to problems of high noise levels, including: 

 

a) Increasing population, particularly where it leads to 

increasing urbanization and urban consolidation. Activities 

associated with urban living generally lead to increased noise 

levels 

 

b) Increasing volumes of road, rail and air traffic. 

 

Community awareness of environmental noise has increased 

and there is a higher expectation for commonwealth, state and 

local government to reduce noise levels. 

 

Although noise is a significant environmental problem, it is 

often difficult to quantify associated costs. An OECD report 

in 1995 on the social costs of land transport identified four 

categories of impact from transport noise
4
: 

a) Productivity losses due to poor concentration, 

communication difficulties/fatigue due to insufficient rest 

b) Health care costs to rectify loss of sleep, hearing 

problems or stress 

c) Lowered property values 

d) Loss of psychological well-being. 

 

The economic costs of noise can include costs associated with 

building noise barriers alongside major transport routes, 

insulating affected buildings and the lowering of property 

prices for residential and commercial buildings. Noise costs 

are difficult to quantify and so estimates can vary widely. 

Other costs, such as annoyance and impacts on human health 

or fauna are even more difficult to quantify. There are very 

few studies of the cost of rail noise. 

A study of Australian transport and environment reports the 

following studies estimating costs of road traffic-associated 

noise: 

 

a) The National Roads Transport Commission 

(1995) estimated annual noise costs to be between $200 and 

$400 million. 

b) The National Roads Transport Commission 

(1995) also report an estimate made by the Interstate 

Commission in 1990 of $534 million. 

 

c) A study of the effects of transport noise on 

residential property values adjacent to arterial roads in 

Melbourne estimated the annual cost ranged from $43-86 

million for 1992 (EPA Vic 1994) 

 

d) In 1991 it was estimated that it would cost $750-880 

million to reduce traffic noise experienced in all Sydney 

residences to levels close to the OECD recommended level of 

57 dB (A) (NRMA 1991). 

 

In Australia a number of estimates have been made of the 

impact of aircraft noise on housing prices and have found 

significant negative relationships between the two. These 

estimates show that noise depressed house values by between 

6-23%
4
. Generally it appears that the impact per unit of noise 

increases at higher noise levels. 

 

Similar costs may be experienced through other forms of 

noise pollution. An understanding of expenditure on noise 

management is important. There is ample room for improving 

accounting procedures to disclose actual expenditure on 

management of the ambient noise environment from both 

state and local government. 

 

 

Environmental Protection as a Global Issue and its 

Legislative History in India 

Environment is an aggregate of all external conditions and 

influences affecting the life and development of an organism. 

Once it is disturbed, no better living conditions for human 

beings can be created. Hence to make the enjoyment of life 
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more meaningful, the preservation and protection of natural 

environment must be given priority and the human activities 

causing ecological imbalance must be stopped forthwith. 

Justice P. A. Choudhary of Andhra Pradesh High Court
6
, 

while expressing his views on the need of environment in the 

enjoyment of life and personal liberty under Article of the 

Indian Constitution in T. Damodar v. State of Andhra Pradesh 

has rightly observed
6
: ―The enjoyment of life and its 

attainment and fulfillment guaranteed by Article 21 of the 

Constitution embraces the protection and preservation of 

natural gifts without which life cannot be enjoyed.‖ 

 

The view of the learned judge seems to be based on the 

principle involved in Article 25 of the Universal Declaration 

of Human Rights 1948
6
 which stresses the quality of human 

living from the health point of view. It reads: ―Every one has a 

right to a standard of living adequate for the health and well-

being of himself and his family.‖ 

 

The creation of adequate conditions for healthy living of the 

people is dependent on natural environment. Once it is 

disrupted by human activities; possibilities of healthy living 

become quite difficult. The human activities causing 

ecological imbalance do not recognize territorial boundaries; 

hence the problem of environmental protection has rather 

become a global issue before the family of nations, which 

needs their collective efforts for controlling it. 

 

The global concern for environmental protection found 

expression in UN Conference on Human Environment held at 

Stockholm in 1972. In pursuance thereof United Nations 

Environment Programme (UNEP) was established to carry out 

its policies for environmental protection within the framework 

of United Nations. Further, a common responsibility of the 

member states for protecting and preserving environment has 

also been created under Article 30 of the Charter of 

Economic Rights and Duties of the States
6
. It reads: ― The 

protection, preservation and the enhancement of environment 

for the present and future generations is the responsibility of 

the states. All the states shall endeavour to establish their own 

environmental and developmental policies in conformity with 

such responsibility.‖ 

The legislative history of environmental protection is more 

than a century old. Chapter XIV of the Indian Penal Code, 

1860 makes certain human activities affecting environment 

and public health ass punishable. Further Section 133 of the 

Code of Criminal Procedure, 1973 relates to hygienic 

environment wherein the trades or occupations affecting 

health or physical comfort of the community can be restrained 

from carrying on their business. Beside several other 

enactments like the Indian Fisheries Act, 1897, Indian Forest 

Act, 1927 are also the examples of some earliest legislation 

relating to the problem of environmental protection. However, 

comprehensive legislation to control the problem of 

environmental pollution was enacted after the Stockholm 

Conference in which India participated. It was followed up by 

some important enactments like the Water (Prevention and 

Control of Pollution) Act 1974, Air (Prevention and Control 

of Pollution) Act, 1981 and the Environmental Protection Act, 

1986 wherein different aspects of environmental pollution 

have been covered. But still there are certain important points 

not included in these acts, although their inclusion was quite 

necessary for environmental protection. One of such points is 

the creation of separate environmental court, which has 

recently been suggested by Shri PN Bhagwati (former Chief 

Justice of India) and Smt. Maneka Gandhi (former Minister 

of Environment and Wildlife)
6
. It indicates that the problem of 

environmental protection should be given utmost priority and 

be dealt with effective measures. 

 

However, in India there exists no law exclusively which deals 

with the problems of noise, whereas the developed countries 

of the world have already enacted specific laws to control the 

noise pollution. Mention could be made of two such 

enactments. In England, there has been Noise Abatement Act 

of 1960
6
. Section 2 of the Act provides that loudspeakers shall 

not get operated (a) between the hours of nine in the evening 

and eight in the following morning for any purpose; (b) at any 

other time for purposes of advertising any entertainment, trade 

or business. There have been some exceptions provided like 

the use of loudspeakers by the police, fire brigade, etc. in 

United States of America, there has been Noise Pollution and 

Abatement Act, 1970 for regulating control and abatement of 

noise. Apart from this some specific legislation on noise 

control exists in the United States of America in the form of 

the Noise Control Code, 1972 (Federal), New York Noise 

Control Code, 1972 and Chicago Noise Control Regulations, 

1971, in Great Britain, the Control of Pollution Act, 1974 

(which covers noise within its Part-III); in Japan, Noise 

Control Laws of 1968, are the specific laws to control the 

growing problem of noise pollution. 

 

Noise as an Environmental Problem in India 

Noise in recent years has emerged as one of the important 

pollutants of environment. In fact, it needs some legislation 

for its control like the Air Pollution act and Water Pollution 

Act but no legislation for it has yet been enacted despite the 

fact problem of noise is, in no way, less delicate than the 

problem of air and water pollution. No doubt, there are some 

central and state enactments which directly or indirectly relate 

to the problem of noise; however, there is no specific 

legislation in India as in some other countries to meet the 

growing challenges of noise pollution on national level. 

 

Noise of dhol, dhapli, bigul and shankh has been in the root of 

our Indian Culture. There is hardly any religious ceremony or 

festival in India being performed without any noise. But due 

to the rapid growth of urbanization and industrialization, noise 

has become a serious challenge to the quality of life of the 

people in most of the industrialized countries. Noise has rather 

become a permanent feature in the normal life of the people. 

The noise carries its adverse effects on human health, animals 

and birds by way of causing various health hazards. Thus 

noise is poised to challenge to human survival. 

 

A new problem of noise pollution emerged in recent years in 

India is an outcome of the indiscriminate use of loudspeakers. 

Its indiscriminate use from religious places and in 

performance of religious ceremonies and discourses 

sometimes makes it so difficult for the people to enjoy their 

basic freedoms with all human dignity. 

 

No doubt in India, enactments for environmental protection 

exist, but the gravity of the problem of noise pollution has not 

yet been realized by the Government. However, noise has 

been included within Section 2 of the Air Pollution Act and 
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further under section 6(b) of the Environment Protection Act 

enabling the Central Government to enact the rules for the 

control of noise pollution. In pursuance thereof the 

Government notified Ambient Air Quality Standards in 

respect of noise
10

. The Central Pollution Control Board has 

also approved Noise Standards for different sources of noise, 

which have not yet been notified by the Government. 

 

No doubt, these noise standards may be helpful in controlling 

the problem of noise to a greater extent, however, to control 

the rapid growth of noise in the country and to keep the 

environment noise-free for the people, some specific and strict 

legislation to solve the problem of noise pollution has become 

an urgent need of the day. 

 

Section 3 of the Bihar Control of the Use and Play of 

Loudspeakers Act, 1955 provides restrictions against use and 

play of loudspeakers
10

. It reads: ―No person shall use and play 

a loudspeaker: 

a) within such distance as may be prescribed from a 

hospital, a building in which there is telephone exchange, or 

b) within such distance as may be prescribed from any 

educational institution established under law or hostel as is in 

the use of students. 

 

Section 6 of the Act provides that the cognizance of offence 

under the Act would be on a complaint made by or at the 

instance of, the person aggrieved by such offence or upon a 

report in writing made by any police officer. 

 

Existing Legal Provisions for Controlling Noise 

 

Section 268 of the Indian Penal Code
6
 states that ―A person is 

guilty of public nuisance who does any act or is guilty of an 

illegal omission which causes any common injury, danger or 

annoyance to the public or to the people in general who dwell 

or occupy property in the vicinity, or which must necessarily 

cause injury, obstruction, danger or annoyance to persons who 

may have occasion to use any public right.‖ 

 

Section 290 says that ―Wherever one commits a public 

nuisance in any case not otherwise punishable by this Code, 

shall be punished with fine which may extend to Rs 200/-. 

Under Section 133 of the Criminal Procedure Code, the 

Magistrate has the power to make conditional order requiring 

the person causing nuisance to remove such nuisance. 

 

1. Road Traffic 

 

Road traffic noise is one of the most widespread and growing 

environmental problems in urban areas. In 1991 it was 

estimated that in Sydney
4
: 

a) 1.5 million residents were exposed to outdoor 

traffic noise levels defined by the OECD as undesirable 

(between 55 and 65 dB (A)), where sleep and amenity are 

affected. 

b) 350,000 of these residents were estimated to 

experience noise levels considered as unacceptable (greater 

than 65dB(A)), where behavior patterns are constrained and 

health effects are demonstrable 

(ABS 1997b). 

 

In 1994 the NSW Road Traffic Noise Taskforce reported 

that road traffic noise has become a major urban 

environmental problem because: 

a) Historically, land use planning has not been 

well integrated with transport planning, allowing residential 

developments and major transport corridors to occur in close 

proximity without appropriate buffer zones or treatment to 

buildings. 

b) There has been an increasing community 

reliance on road transportation, and a reluctance to implement 

or accept partial solutions involving greater use of public 

transport. 

c) Traffic on many existing roads through built-up 

areas has increased well beyond expectations prevailing 

during planning or construction of the roadways. 

d) Potential solutions, apart from new vehicle 

noise standards are complex, often costly, and require 

coordinated actions by a number of agencies and the 

community. 

e) While there is high community awareness of the 

problem, there is a general lack of understanding of its extent 

and possible solutions. 

 

Rule 21 of the Bihar and Orissa Motor Vehicles Rules, 1930
10

 

reads: ―(i) The driver of a motor vehicle shall not sound the 

horn for any purpose other than that ensuring safety in traffic 

and shall not sound it continuously. (ii) No cut- out exhaust 

whistles, sirens, klaxons, electric horn and similar appliances 

of any description shall be used on any motor vehicle in such 

areas within a district as may be notified by the District 

Magistrate in this behalf. 

 

Rule 5.5 of Delhi Motor Vehicles Rules, 1940
6
 reads: ―No 

matter vehicles shall be fitted with any multitoned horn giving 

a succession of different tones or with any other sound 

producing device giving an unduly harsh, shrill, loud or 

alarming noise.‖ Rule 5.6 says that ―Every motor vehicle shall 

be fitted with a device (hereinafter referred as a silencer) 

which by means of an expansion chamber or otherwise 

reduces as far as reasonable and practicable the noise that 

would otherwise be made by an escape of exhaust gases from 

the engines. While Rule 5.9 states that: ―Every motor vehicle 

shall be so constructed and maintained as not to cause undue 

noise when in motion. Identical provisions to the Delhi Motor 

Vehicles Rules, 1940 have been incorporated in the Punjab 

Motor Vehicles Rules, 1940. 

 

The impact of road traffic noise on the community depends on 

various factors such as road location and design, land use 

planning measures, building design, vehicle standards and 

driver behavior. Motor vehicle ownership has increased 

substantially over the last 30 years and general levels of road 

traffic noise have increased through this period. 

 

Although some site-specific measurements have been taken in 

response to particular issues, there is a general lack of 

consistent data on the impact of road traffic on noise levels 

within the state and even within urban areas. The lack of 

background noise data collected both before and after 

construction of new roads or expansion of existing ones, 

makes it difficult to assess the impact on ambient noise levels. 
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2.Air Traffic 

In the metropolitan area it has been the cause of considerable 

community concern. The extent of aircraft noise impact 

depends on the types of aircraft flown, the number of flights 

and flight paths. 

 

Under Section 5 of the Aircrafts Act, 1934
1
 it is expected that 

aerodromes be constructed far away from residential areas of 

a city in order to protect residence from the noise created by 

frequent take-off and landing. Moreover, under the rule-

making powers confirmed by Section 8 (A) of the Aircrafts 

Act, 1934 and its supercession of the Indian Aircraft (Public 

Health) Rules, 1946, Central Government can make rules to 

control noise pollution for safeguarding health
10 

 

United States Code, Title 49: Transportation, Subtitle VII: 

Aviation Programs, Chapter 447: Safety Regulation, Sec. 

44715. Controlling aircraft noise and sonic boom
9
 

empowers the Administrator of the Federal Aviation 

Administration, as he deems necessary, to prescribe laws and 

standards to relieve and protect the public health and welfare 

from aircraft noise and sonic boom. 

However, when prescribing a standard or regulation under this 

section, the Administrator of the Federal Aviation 

Administration shall - 

a. consider relevant information related to aircraft 

noise and sonic boom; 

b. consult with appropriate departments, agencies, 

and instrumentalities of the United States Government and 

State and interstate authorities; 

c. consider whether the standard or regulation is 

consistent with the highest degree of safety in air 

transportation or air commerce in the public interest; 

 

d. consider whether the standard or regulation is 

economically reasonable, technologically practicable, and 

appropriate for the applicable aircraft, aircraft engine, 

appliance, or certificate; and 

e. consider the extent to which the standard or 

regulation will carry out the purposes of this section. 

 

3.Rail Traffic 

 

There are two main sources of noise and vibration relating to 

the operation of the rail network: the operation of trains and 

the maintenance and construction of rail infrastructure. 

The level of noise associated with rail traffic is related to the 

type of engine or rolling stock used, the speed of the train and 

track type and condition. The population centers served by 

electric trains, which are generally quieter than diesel, do not 

face much problem. Areas affected by freight trains often 

experience higher noise levels than areas affected by 

passenger trains. The problem of noise is compounded by the 

requirements of railway operations (especially night 

operations) and factors such as stopping patterns and 

topography, which can lead to localized problems. 

 

Rail noise can be considerable, but generally affects a far 

smaller group of the population than road or aircraft noise as it 

is generally confined to residents living along rail lines in 

urban areas. While changes to locomotives and rolling stock 

mean that they have become quieter over the last few years, 

railway noise remains a problem because of longer, more 

frequent and faster trains and the build up of the urban 

environment. 

 

Neighborhood & Domestic Noise 

Other significant sources of noise annoyance in Sydney 

include barking dogs, car alarms, garbage recycling, lawn -

mowers, building construction and household noise. A 

significant proportion of complaints received by local 

councils, the police and the EPA are related to neighborhood 

noise. The national noise survey found that noise from 

barking dogs and road traffic have the greatest impact on 

residential communities. Noise from barking dogs is of 

particular concern because it is unpredictable and often 

happens repeatedly. 

 

Effects of Noise 

Noise is a type of atmospheric pollution. Noise and sound 

cannot be taken to mean the same thing. The two terms differ 

in their meaning. It is only when the effects of a sound are 

undesirable that it may be termed as noise. In acoustics, noise 

is defined as any undesired sound. 

Noise by definition is unwanted sound. What is pleasant to 

some ears may be extremely unpleasant to others depending 

upon a number of psychological factors. The sweetest music, 

if it disturbs a person who is trying to concentrate or to sleep 

is noise to him, just as the sound of a pneumatic riveting 

hammer is noise to everyone. In other words, any sound may 

be a noise if circumstances cause it to be disturbing. 

 

The WHO suggests that noise can affect human health and 

well-being in a number of ways, including annoyance 

reaction, sleep disturbance, interference with communication, 

performance effects, effects on social behavior and hearing 

loss. Noise can cause annoyance and frustration as a result of 

interference, interruption and distraction. Activity disturbance 

is regarded as an important indicator of the community impact 

of noise. The AEC national noise survey assessed two major 

disturbances, for example, to listening activities and sleep: 

41% of respondents reported experiencing disturbance to 

listening activities and 42% to sleep. 

 

Nearly 80 million people, 20% of the population of the 

European Union (EU), are exposed to noise levels high 

enough to cause adverse effects including annoyance and 

sleep disturbance. Another 170 million live in areas where 

noise can cause "serious annoyance" during the day. In terms 

of costs such as lowered property market value, abatement 

measures, avoidance, prevention, medical care, and 

production losses, the annual cost of noise pollution has been 

estimated by the European Commission to be as high as E38 

billion (or US$34 million)
13

. 

 

Research into the effects of noise on human health indicates a 

variety of health effects. People experiencing high noise levels 

(especially around airports or along road/rail corridors) differ 

from those with less noise exposure in terms of: increased 

number of headaches, greater susceptibility to minor 

accidents, increased reliance on sedatives and sleeping pills, 

increased mental hospital admission rates. A review article by 

Dutch scientists Willy Passchier-Vermeer and Wim F. 

Passchier, published in the March 2000 issue of EHP 

Supplements
12

, notes that ―there is sufficient scientific 

evidence that noise exposure can induce hearing impairment, 



                 International Journal of Engineering Research                                                ISSN:2319-6890 (online),2347-5013(print) 

                  Volume No.7, Issue Special 4, pp : 622-630                                                                                             9,10 March 2018 
 

DOI : 10.5958/2319-6890.2018.00186.1                             EPIC@2018 Page 626 

 

hypertension and ischemic heart disease, annoyance, sleep 

disturbance, and decreased school performance.‖ 

 

Exposure to noise is also associated with a range of possible 

physical effects including colds, changes in blood pressure, 

other cardiovascular changes, increased general medical 

practice attendance, problems with the digestive system and 

general fatigue. 

 

There is fairly consistent evidence that prolonged exposure to 

noise levels at or above 80 dB (A) can cause deafness. The 

amount of deafness depends upon the degree of exposure. 

 

Effects of Noise on Life and Liberties 

Personal liberty means a bundle of rights, essential for the 

existence of human life. In Maneka Gandhi v. Union of 

India
10

, the Supreme Court pointed out that the expression 

―personal liberty‖ does not mean only liberty of the persons 

but also liberty or rights attached to the person (Jus-

personam). A division bench of the Delhi High Court 

observed in AV Chardel v. Delhi University
5
 that the 

expression ―life and personal liberty‖ includes a variety of 

rights, which though not enumerated in Part-III of the 

Constitution, can be included in various aspects of liberty 

provided they are necessary for the full development of 

human personality. Further in Francis Coralie v. Union 

Territory of Delhi, Justices PN Bhagwati, Fazal Ali, 

Murtaza, while stressing the quality of life and its enjoyment 

within the purview of Article 21 have rightly said: ―the right 

to life enshrined in Article 21 cannot be restricted to mere 

animal existence. It means something much more than just 

physical survival. The right to life includes the right to live 

with human dignity and all that goes along with it.‖ 

 

Thus the expression ―personal liberty‖ is not confined to the 

protection of limb and faculty but includes everything 

essential fr the enjoyment of life with all human dignity. 

 

A very important question how far the violation of liberties 

essential for life caused by the environmental pollution lies 

within the scope of Article 21 has been discussed by the High 

Court of Andhra Pradesh in T. Damodar Rao v. S. O. 

Municipal Corporation, Hyderabad
5
. It observed: ―The 

enjoyment of life and its attainment and fulfillment 

guaranteed by Article 21 of the Constitution embraces the 

protection and preservation of nature’s gifts without which 

life cannot be enjoyed. There can be no reason why practice 

of violent extinguishment of life alone should be regarded as 

violative of Article 21 of the Constitution. The slow 

poisoning by the polluted atmosphere caused by 

environmental pollution and spoliation should also be 

regarded as amounting to violation of Article 21 of the 

Constitution
5
. 

 

Similar question has recently been discussed by Rajasthan 

High Court in LK Koolwal v State
10

, while issuing the writ of 

mandamus against the municipal corporation of Jaipur, the 

Court observed: ―Maintenance of health, preservation of 

sanitation and environment falls within the purview of Article 

21 as it adversely affects the life of the citizen and it amounts 

to slow poisoning and reducing the life of the citizens because 

health hazards are created.‖ 

 

Rights to sleep, food, recreation, peaceful living and 

conversation, etc. are such basic liberties without which the 

enjoyment of life with all human dignity is not possible. If 

these were disturbed by noise, their violation would certainly 

lie within Article 21 of the Constitution especially in those 

cases where the license for the use of such sources of noise 

has been granted directly by the state administration or 

indirectly through its corporate bodies. In these circumstances 

the state should not be allowed to run away from its 

responsibility if it fails to control the manner of use of such 

sources of noise which ultimately results into the violation of 

personal freedoms besides causing a problem of 

environmental pollution through noise. 

 

Remedies for Noise Control 

To keep the world in its natural state is nothing but a wishful 

thinking. ―Homo sapiens‖ and its permanent effects on the 

global community is a ―fait accompli‖. Development-

technological, industries and scientific, is an inevitable 

consequence of man’s intellect and rational approach. What is 

needed that we must learn to live with it, by directing and 

guiding this development towards harmonious and natural 

human environmental condition. 

Even without undermining the technological and industrial 

progress, we can work towards the quality and long-term 

survival of human life by sustainable long-erm planning and 

research-oriented development. Some of the concerted efforts, 

which can be immediately taken in this direction, can be 

divided into the following categories: 

I) Administrative Remedies 

II) Judicial Remedies 

III) Legislative Remedies IV) Public Co—operation 

V) International Co-operation 

 

I) Administrative Remedies: - 

Noise pollution is one of the fields in which administrative 

process seems to enjoy advantage over judicial process in its 

control and abatement since administration is not only the 

strong arm of the state with all the coercive powers of the 

State. As a matter of rule Legislature confers powers upon 

administrative agencies for the implementation and 

enforcement of pollution control laws. This rules does not 

mean that a precise or specific formula must be furnished 

where flexibility and the adaptation o the legislative policy to 

infinitely variable conditions constitute the essence of the 

program, like a case of noise pollution. In such cases the 

legislature lays down an intelligible principle, specifying the 

standards or guides in as detailed a fashion as a fashion as is 

reasonably practicable in the light of the complexities of the 

particular problem. Thus, administrative agencies play a vital 

role in giving effect to any law or legal process and the 

success or failure of any legislative effort largely depends 

upon the sincerity and commitment to the cause of the 

administrative wing of the State. In this context administrative 

agencies can play an effective role at two levels in controlling 

the noise pollution: 

 

a) At planning and policy-making stage of 

development programmes. 

b) In enforcing the statutes passed by the 

Legislature. 

c) Administrative agencies involved in 

policy-making and development programmes can play an 
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effective role in the control of noise pollution. The general 

techniques can be taken into account in formulating the new 

development programmes: 

 

d) Keeping noise at distance: In this way 

the administrative agencies can avoid the sources of noise by 

keeping such sources away from the population. While 

establishing industrial complexes, making railway tracks, 

highways, by passes of big cities, airport etc., it can be kept in 

view that all these sources of noise are kept at the maximum 

possible distance from the human population. 

 

e) Absorbing noise between its source and 

the receiver: This means that all efforts should be made to 

contain the noise within the minimum possible area so that its 

harmful effects do not extend to other areas. 

 

II) Judicial Remedies: - 

Courts can play a very constructive role by their pragmatic 

judicial approach towards the problems dealing with noise 

pollution. This is possible by firstly exercising the discretion 

of judicial review in favor of administrative orders pr 

regulations, which are directed at the control, or abatement of 

noise pollution. Unless the judicial authorities adopt this 

approach, the actions and administrative processes with 

respect to pollution control will not produce desired results. 

Mere economic injury in itself should not be taken as a 

sufficient ground for interfering with such administrative 

actions or orders. Judicial interference in such cases is there 

only after the affected person had exhausted all administrative 

remedies and there is genuine reason for interference due to 

arbitrariness of the order. 

 

The judicial process must emphasize upon the social policies 

and the requirements of the modern life in providing meanings 

to any law or rule. Legislative change in a democratic set-up 

is a slow process, so the judiciary, within its legitimate limits, 

must come forward through its decisions to keep the law near 

to real life. 

 

There are many micro-provisions in different statutes that 

directly or indirectly tend to control noise pollution. Some of 

these provisions were not enacted to control noise pollution 

but these provisions too can be logically extended by judicial 

interpretation so as to provide an effective remedy in cases of 

noise pollution, which can be discussed under the following 

main headings: 

 

a) Punitive Action 

b) Preventive Action 

c) Remedies under the law of Tort 

(Compensatory) 

 

a) Punitive Action: - Punitive action means 

prosecution and ultimately punishment of the person causing 

environmental pollution. Since there is no direct provision 

regulating noise pollution but certain existing provisions of 

the various laws can be of great help. 

 

(i) Provisions under the Indian Penal Code
6
: 

Penal Code is the major enactment in the field of criminal law 

providing for substantive penal provisions. Chapter XIV of 

the Code provides certain sections dealing with the offences 

affecting public health, safety, convenience, decency and 

morals. Some of the sections in this Chapter have a direct 

bearing on noise control. 

 

• Section 268 provides: A person is guilty 

of public nuisance who does any act or is guilty of any illegal 

omission which causes any common injury, danger or 

annoyance to the public or to the people in general who dwell 

or occupy property in the vicinity, or which must necessarily 

cause injury, obstruction, danger or annoyance to persons who 

may have occasion to use any public right. A common 

nuisance is not excused on the ground that it causes some 

convenience or advantage. 

 

• Section 278 provides: Whoever 

voluntarily vitiates the atmosphere in any place so as to make 

it noxious to the health of a person in general, dwelling or 

causing on business in the neighborhood or passing along a 

public way, shall be punished with fine which may extend to 

Rs 500/- 

 

• Section 290 provides: Whoever commits 

a public nuisance in an case not otherwise punishable by this 

Code, shall be punished with fine which may extend to Rs 

200/- 

 

(ii) Motor Vehicle Act, 1939 

 

Under the Motor Vehicles Act, State governments are 

competent to make rules for the upkeep of the motor vehicles 

and control of noise produced by them. The rules framed 

under the Act have empowered certain executive officers to 

take appropriate action against the persons violating the rules. 

These rules prohibit the use of certain types of horns
9
 and also 

provides that at certain places like hospitals, schools etc., 

horns cannot be used. Similarly, all vehicles are required to 

use silencers so that the level of noise can be reduced at 

source. 

 

b) Preventive Action 
(i) Criminal Procedure Code 

The criminal procedure code, 1973 in chapter X (section 133 

to 146) provides for the preventive action in case of public 

nuisance. The relevant portion of section 133 of criminal 

procedure code provides as follows: 

Section 133. Conditional order for removal of nuisance
10

: 

 

Whenever a District Magistrate or a Sub-Divisional 

Magistrate or any other Executive Magistrate specially 

empowered in his behalf by the State Government, on 

receiving the report of a police officer or other information 

and on taking such evidence (if any) as he thinks fit, 

considers: 

 

• That any unlawful obstruction or 

nuisance should be removed from any public place or from 

any way, river or channel which is or may be lawfully used by 

the public: or 

• That the conduct of any trade or 

occupation, or the keeping of any goods or merchandise, is 

injurious to the health or physical comfort of the community, 

and that in consequence such trade or occupation should be 
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prohibited or regulated or such goods or merchandise should 

be removed or the keeping thereof regulated: or 

• That the construction of any 

building, or, the disposal of any substance, as is likely to 

occasion conflagration or explosion, should be prevented or 

stopped: or 

• That any building, tent or structure, 

or any tree is such a condition that it is likely to fall and 

thereby cause injury to persons living or carrying on business 

in the neighbourhood or passing by, and that in consequence 

the removal, repair or support of such building, tent or 

structure, or the removal or support of such tree, is necessary: 

or 

• That any tank, well or excavation 

adjacent to any such way or public place should be fenced in 

such manner as to prevent danger arising to the public: or 

• That that any dangerous animal 

should be destroyed, confined or otherwise disposed of. 

 

The Supreme Court of India in its judgment in the case of 

Virdichand v. Ratlam Municipality has provided new 

dimension to this section
6
. Justice Krishna Iyer, delivering 

the judgment in the case, observed: ―The criminal procedure 

code operates against statutory bodies and others regardless of 

the cash in the coffers – otherwise a profligate statutory body 

or pachydermic governmental agency may legally defy duties 

the law by urging in self-defence a self-created bankruptcy or 

preventer expenditure budget. That cannot be.‖ 

A judgment of the Himachal Pradesh High Court has also 

pointed out the apathy and neglect of the administrative 

authorities in adopting a ―non-concern‖ attitude towards the 

public difficulties. The judgment reads: ―When loudspeakers 

are allowed to disturb the neighbourhood, it is the duty of the 

police and the Deputy Commissioner to take appropriate 

action against those creating a nuisance and not wait for 

suffering public to protest to the police.‖ 

 

(ii) Preventive Action Under Civil 

Procedure Code, 1908
6
 

Under the Civil Procedure Code also preventive action can be 

taken in case of any public nuisance. Section 91 of the Civil 

Procedure Code provides: 

 

In case of public nuisance or other wrongful act affecting or 

likely to affect, the public, a suit for a declaration and 

injunction or for such other relief as may be appropriate in the 

circumstances of the case, may be instituted: 

(a) By the Advocated General, or 

(b) With the leave of the court, two 

or more persons, even though no special damage has 

 

been caused to such persons by reason of such public nuisance 

or other wrongful act. Nothing in this section shall be deemed 

to limit or otherwise affect any right of suit which may exist 

independently of its provisions. 

 

(iii) Local Enactments 

 

There are many local enactments of different states 

incorporating the provisions, which tend to control Noise 

pollution. Reference can be made to State of Madhya Pradesh, 

Bihar, Rajasthan enactments which provide for a control of 

the use and play of loudspeakers. 

 

Similarly, under the Punjab Gram Panchayat Act, 1952 a duty 

has been imposed upon the Gram Panchayat to make 

arrangement for carrying out the requirements of the Sabha in 

respect of the following matters: 

• Section 19(h): public health and 

sanitation, 

• Section 19(x): measures to promote 

the moral, social and material well-being or convenience of 

the inhabitants of the Sabha area. 

Thus, Gram Panchayat by passing a resolution can regulate or 

totally ban the use of loudspeakers, one of the main source of 

noise pollution in the villages. 

 

Now it has been clearly established by scientific research that 

excessive noise can cause physical and mental injury, directly 

affecting the health of a person. So excessive noise can 

 

be treated as a form of assault and battery in the lay of tort and 

action for that must be upheld by the courts. 

The United States Code, Title 42 -- The Public Health and 

Welfare (Chapter 65 -- Noise Control) § 4901. Congressional 

findings and statement of policy states that- 

The Congress finds: 

• that inadequately controlled noise 

presents a growing danger to the health and welfare of the 

nation's population, particularly in urban areas; 

• that the major sources of noise 

include transportation vehicles and equipment, machinery, 

appliances, and other products in commerce; and 

• that, while primary responsibility for 

control of noise rests with state and local governments. 

Federal action is essential to deal with major noise sources in 

commerce control of which require national uniformity of 

treatment. 

c) Compensatory Remedies Under the Law of 

Tort
6
 

 

The remedies under the law of tort, which is totally a judge-

made law, are the important field where judicial activism can 

play a very vital role in controlling ―noise pollution‖. Noise 

pollution is actionable if it amounts to nuisance, and then 

action for the tort of ―nuisance‖ can lie. 

Now it has been completely established by scientific research 

that excessive noise can cause physical and mental injury, 

directly affecting the health of a person. So excessive noise 

can be treated as a form of assault and battery in the law of 

tort and action for that must be upheld by the courts. 

 

III) Legislative Remedies 

Law is an instrument of social change and legislature is the 

authority of law making process. All other authorities like 

administrative agencies, courts and other social institutions 

concerned with environmental protection derive their powers 

from the passed by the legislature and operate within the 

limitation prescribed by law. Thus, legislative action is the 

most effective approach to governmental and judicial action 

against noise pollution. 

 

The remedies already available are scattered in various 

enactments and are not adequate and effective in tackling with 

this new and technical by-product of technological 

advancement of the society. Many development countries like 
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U.S.A., U.K., Japan etc., have already passed comprehensive 

laws, longback, dealing with noise pollition
1
. In India there is 

no specific and detailed legislation to control noise pollution. 

It is an urgent need of the present day that the Central 

Government should pass a comprehensive legislation dealing 

with various types of noise pollution and their control. 

Otherwise also it is a constitutional obligation of the State to 

create conditions in the society in which a person can develop 

his personality to the fullest extent. Safeguarding the natural 

environment is one of these conditions. Article 42 in the 

Constitution
10

 speak of ―just‖ and humane condition of work‖ 

not only for a microscopic minority of a privileged class of the 

society but also for the army of wage earners who work in 

factories and industrial establishments. In view of the 

industrial development increase in vehicular traffic on roads 

in ever-increasing views of aircrafts for transport, enactment 

or a separate legislation to control noise is an impending 

necessity. In this regard the U.S. Noise Pollution And 

Abatement Act of 1970 can serve as a model, subject to the 

changes and modification as per the requirement of our own 

society. The following feature of the act can be incorporated: 

 

a. There must be a Central Board for 

noise pollution control consisting of experts from the field of 

science, technology and Law for the purpose of formulating 

policies and programmes for noise control. 

 

b. Similar Boards may be constituted for 

all States and for Metropolitan cities. 

c. Level of noise may be fixed for traffic 

vehicles, aircraft, industrial establishment and Railways. 

Similarly use of loudspeaker should be regulated both for 

noise level as well as times of days during which it is 

permissible. 

d. Administrative set-up must be there 

with power to provide summary and effective relief to the 

victims of the noise as judicial remedies are time consuming 

and expensive. 

 

e. Specialized and Special Courts must be 

established to deal with the cases of noise pollution because of 

the technical nature of the problem. Summary procedure for 

the trial of such cases be prescribed. 

f. Enforcement authorities, including 

administrative set-up be made accountable for non-

performance of their duties. 

 

g. A special tax may be imposed on all 

the vehicles and other sources of noise pollution in order to 

provide sufficient funds to implement the programmes and 

policies of noise pollution control. 

 

IV) Public Co-operation 

 

Law remains in suspended animation unless the public 

becomes conscious of their rights and availability of various 

remedies for their enforcement. This fact becomes more 

conspicuous in case of noise pollution because our masses are 

still ignorant of the grave effects of noise pollution. The 

Constitution of India has also imposed a ―fundamental duty‖ 

upon all the citizens for the protection of environments. 

 

Article 51-A(G)
10

 reads: ―It shall be the duty of every citizen 

to protect and improve the natural environment including 

forests, lakes, rivers and wild life and to have a compassion 

for living creatures.‖ 

 

It will not be possible to produce any tangible results by 

merely passing of laws, constituting boards and fixing noise 

levels. The acceptance and effectiveness of all these measures 

depend, in the first place, on public awareness of the 

detrimental effects of noise and various remedies available to 

control it. People’s involvement and active co-operation is 

essential for the success of any or all the programmes directed 

towards securing pollution-free environment. For seeking and 

securing public co-operation, to make natural environment a 

people’s movement, the following measures will prove 

effective: 

 

a) Education of dangerous consequences of 

noise pollution through mass media like cinema, Radio, 

television and public relation departments of the Government. 

 

b) Making the people award of the various 

legal and other remedies available to them for the control of 

noise pollution. 

c) Involving the people actively in the 

environmental protection movement through educational and 

social organizations. 

d) Encouraging and financing the social 

organizations engaged in the protection of the environment. 

 

V) International Co-operation 

 

International Co-operation can also help in great way to delay 

with the problem of noise pollution. National action needs to 

be supplemented by international measures and co-operation. 

This co -operation can help especially the developing 

countries who do not possess latest technology and are 

financial unable to conduct their own research programmes. 

International co-operation can help in the following manner in 

controlling noise pollution. 

 

a) Exchange of technology equipped with 

lesser noise producing equipments. 

b) Exchange of research programmes 

directed towards various methods of noise control. 

c) Exchange of legal and other methods 

used in controlling noise pollution. 

d) Learning from the success or failure of 

others. 

 

In India there is already a change in the attitude of policy-

makers, legislature and the courts, which are the three main 

institutions for the successful implementation of any 

programme. A new Department of Environment has been 

established. Water and Air Prevention of Pollution laws have 

been passed. 

 

Conclusions and Recommendations 

Conclusions and recommendations, suitable for adoption in 

Indian condition are stated below: 

 

1) The existing enactments, which directly or 

indirectly relate to the problem of noise pollution in India, are 
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found inadequate to control it on national level. Hence, there 

is need to have some specific and effective legislation to 

control noise pollution in the country which will be best suited 

to Indian culture and social set-up. 

2) Promogulation of noise standards from various 

component sources at specific time of the day by the 

government. 

3) Recognition of the right of the citizens to enjoy 

noise-free environment through some constitutional 

guarantee. 

4) Declaration of noise as an offence on personal 

liberty and healthy living. 

5) Creation of separate Courts for the trial of cases of 

noise. 

6) Prescribe volume / pitch level for loudspeakers at 

religious places, processions / public gathering and festivals. 

7) Award of compensation to affected 

individuals/people. 

8) Fix responsibility on the local bodies and 

administrative authorities for strict vigil on noise sources 

along with training them about the procedure to deal with 

noise offences. 

9) Appoint inspectors in local bodies for mounting 

check on noise proliferation due to social activities. 

10) Removal of pressure horns from all vehicles. 

Provision of public complaints against used of pressure horns 

by government vehicles, administrative authorities, local 

bodies, and affluent people. 

11) Ban industrial and noisy trades / works in 

residential areas. 
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Abstract :This paper will discuss the quality of ground 

water. The physical and chemical parameters of the ground 

water predominantly contains 

Taste,turbidity,colour,odour,ph value,total dissolved 

solids(TDS) , hardness,salinity etc . During the operation of 

scientific research work we noticed a problem: “what is the 

effect of imbalanced ground water contaminants on human 

health and environment?”Today every living being is 

suffering with the environmental pollution but the much 

more effect on human being is seen.Waterborne diseases are 

caused by drinking contaminated or dirty water. 

Contaminated water can cause many types of diarrheal 

diseases, including Cholera, and other serious illnesses such 

as Guinea worm disease, Typhoid, and Dysentery. That’s 

because the Reverse Osmosis (R.O) System are Installed by 

peoples at their residents, office,other public and private. 

Places. Based on the research problem we can hypothesize: 

Yes, Groundwater Contamination (pollution) has a great 

impact on the environment and living beings. 

Keywords: Environment, Ground water Contamination,TDS 

Introduction 

Groundwater pollution (also called groundwater 

contamination) occurs when pollutants are released to the 

ground and make their way down intogroundwater. It can also 

occur naturally due to the presence of a minor and unwanted 

constituent, contaminant or impurity in the groundwater, in 

which case it is more likely referred to as contamination rather 

than pollution. Pollution can occur from on-site sanitation 

systems, landfills, effluent from wastewater treatment plants, 

leaking sewers, petrol filling stations or from over application 

of fertilizers in agriculture. Pollution (or contamination) can 

also occur from naturally occurring contaminants, such as 

arsenic or fluoride. Using polluted groundwater causes 

hazards to public health through poisoning or the spread of 

disease. 

Narnaund is located at 29° 13' 14N latitude 76° 8' 34E 

longitude. It has an average elevation of 208 meters. There is 

13 wards in Narnaund municipal committee.The population of 

Narnaund city according to 2011 census was 17242.Based on 

the yield potential characteristics of aquifers the tube wells 

can yield 150m
3
/hr. It is surrounded by Bhaini Amirpur and 

Sulchani Village In east, Petwar village in south,Majra Piyau 

in West and by Budana Village in North. 

 

 

 

 

We collect the sample from all the 13 wards of Narnaund 

Urban and Rural Areas.The physical and chemical 

concentration  examined by varios electronic,digital and 

chemical uses. The value obtained is entitled in this paper.All 

over it has been seen that the permissible limit of contaminent 

in drinking water , irrigating water was not upto desired as by 

BIS and CGWBgiven for potable water. 

Environment And Ground Water Pollution: 

The word “environment” may mean different thing to 

different people. Scientifically, the Physical, environment is 

different from social or economic. Environment means” that 

which surround or that which envelop the earth and it consist 

of the entire ecosystem. Scientifically, the four spheres or 

division of the earth VIZ:- Lithosphere, Hydrosphere 

Biosphere, and Atmosphere. This could be broken to include 

the water body and life therein, landmass, forests, grassland, 

deserts, animals, man himself and all the interactions taken 

place among those group. Environment is also defined as the 

circumstances surrounding or regions in which everything 

exist. Everything external to the organism is included in it.also 

includes open field, mountains, forest, Deserts, snow, Seas, 

River, Lakes, Wells, Springs, Atmosphere Etc  

Water Pollution: water become contaminated from disease 

bearing human wastes and also become polluted through 

industrial influent.  The classification can also be in the 

order:-  

(a)Water communicable disease: infection related to water 

supply and sanitation are many and their relationship is 

complex. However, in many Africa countries, a conception 

system for understanding disease related to water and 

sanitation has been developed. 

 (b) Water related infections:- water related disease is one 

which is in same gross way related to water in the 

environment (Bodies of water) and the impurities within 

water. Transmission Route Of Water Related Infections 

(water borne route) Water borne transmission occurs when the 

pathogen is in the water, which is infected by a person or 

animal which may then become infected. 

  (c) Water-wash route:- Water wash disease is the one 

whose transmission will reduce by an increase in the volume 

of water used for hygienic purpose irrespective of the quality 

of that water. Diseases Cause By Water- Washed route are 

numerous. An example of such are: Typhoid, Eholeva, 

Darrheas, Ascarrasis, cholera, Dysentries, polio, infection 

Hepatitis, bacillary, eye infection, craw-craw, house bone, 

fewer, etc.  

https://en.wikipedia.org/wiki/Groundwater
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(d) Water based route:- A water based disease is one in 

which the pathogen spend a part of its life cycle in a water 

snail or other aquatic animal. The diseases are due to infection 

by parasite worm which depends on aquatic intermediate 

hosts to complete their cycles.  Diseases cause by water based 

Route: Diseases cause by water based is as followed: Guinea 

worm, Schishomiasis, paragommense, clonorchvasis, etc. 

 (e) Insect vector route:- This is spread by insect which lives 

either in water or lives near water. Diseases cause by insect 

vector Route:- sleeping sickness, malaria, River blindness, 

filaviasis, mosquito bone, viruses-yellow fever etc. 

 (f) Excreta –Related infection: An excreta –related infection 

is one which is related to human –excreta (i.e. urine and 

feaces).The two transmission mechanisms for this are: I 

Transmission via infected excreta: in this case pathogen is 

release into the environment through feaces or urine of 

infection individuals. ii Transmission by an excreta – related 

insect vector: an insect which visit excreta to breed or to feed 

may mechanically carries excreta pathogen to food or an 

insect vector of a non-excreted pathogen and may preferably 

breed in feacally polluted sites. 

EXAMINATION OF WATER : The Process of finding out 

the quality of water is called as water analysis or examination. 

It conssist of the followings:  

(i)Sampling of water :                       The water samples 

collected for analysis was collect in may-june 2017 and 

january-february 2018 ,in a sterilised bottles having 

stoppers.the date ,time,place,sample no. was write on each 

bottle for better analysis.the nature of supply also mentioned 

on bottle i.e is well, stream ,lake, filter,sediment tank,public 

health supply etc. 

(ii)Physical Analysis :                                 

The Properties of water which are discussed under physical 

examination are taste,colour,odour,temprature,turbidity.              

(a)Temprature:- The most desirable range of temprature for 

drinking water should be in between 40
0
-50

0
 F. The 

Thermometer used for determining the temprature. 

(b)Colour :- The colour imparted to water is due to decaying 

of vegetables and other substances dissolved in it. The water 

have naturally yellowish or brownish in apperance. The colour 

of water can be determined by comparing it with the standard 

unit consisting of 1mg of platinum per ltr of water on cobalt 

scale. 

(c)Turbidity:- The muddiness of water is caused by the 

suspended and colloidal impurities in water.It can found 

simply by Jackson Turbidity Meter. 

(d)Odour:- The odour in water is due to the micro organism 

,vegetables,organic substances gases which are still 

undergoing decomposition. The water odour should not be 

more then 1:4 with fresh water. 

(e)Taste:- The taste in water may be because of micro 

organism dead or alive,any gases,minerals combined with 

it.wate rin taste should be normal sweet. 

(iii)Chemical Analysis : 

(a)Total Solids:- suspended solids can be found by heating the 

water and weighing the dry residue left after evaporation of 

water. The suspended solids can found  filtering the water 

sample by WattsMan filter paper and weighing the residue 

left. The difference intotal solids and  suspended solids give 

the dissolved solid. The dissolved solids can also found by 

digital TDS Meter. 

(b)Hardness:- the hardness is the property of water by which it 

prevents the lathering of soap.it is due to the presence of 

carbonates ,bicarbonates,sulphates,chlorides,niterates of 

calcium,and magnesium.its expressed in gms/ltr or p.p.m of 

calcium carbonate in water. 

(c)pH Value:- It is the logarithm to the base 10 of reciprocal 

of hydrogen ion concentration expressed in gms./ltr. Drinking 

water is desirable with neutral pH value,or near about. 

Ground Water Geographical view 

 

 

 

Result and Conclusions : It has been that the ground water 

quality of municipal committee Narnaund region is not so 

much reliable as per indian standards for drinking or potable 

water. The Permissible limit of Dissolved solid are exceed 

much more then permissible limit. The percentage of 

chlorides , salinity, calcium etc are also more then balance. 

Hence, govt. should need to take steps toward the water 

resources, supply system and its conservation.The higher 

percentage of contaminent in drinking or ground water is 

directly influenced by the exess Irrigation,Paddy Farming in 

area at higher rate,use of pesticides,fertilizers.The Sewerage 

waste and Acid rains are also responsible for the same. Strict 

Steps need to take for betterment of future Generations health. 

Educating and Creating Public Environmental Awareness 

Environmental Engineers and other related Engineering 

professional bodies have a vital role to pay in mobilizing the 
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public for action aimed at improving the quality of man’s 

physical environment. This can be achieved by organizing 

relevant programmers, seminars, workshops, public debates, 

etc. on environmental issues. The role of the medial 

profession cannot by over emphasized here.  There is the need 

for a better understanding of issues of the environment by 

media Practioners, news editors, features editors, news 

producers etc. in print and electronic media.     

 

     Ground water Analysis (Table) for Narnaund municipal 

Committee (Hisar)                    
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Abstract: The ill effects of heavy metals are well known and 

proved to be even cacogenic for human beings. The indus-

tries are the major source of heavy metal pollution and emits 

heavy metals by generating wastewater and sludge. Industri-

al sludges are the most concentrated heavy metallic waste 

and considered as hazardous one. Decontamination of such 

sludges is practiced in many ways, one of them is through 

Electrokinetic migration of heavy metals. However, the de-

signing a reactor has to address numerous critical points 

such as voltage across, electrode material, current density, 

initial water content, space-time yield,reactor sizes, and ser-

viceability of reactor. This paper covers all the design as-

pects of Electrokinetic reactor. 

KEYWORDS: Industrial Sludge, Electrokinetic migration, 

heavy metal, Electrokinetic reactor 

Introduction  

Heavy metals removal from industrial wastewater is 

conventionally carried out by hydroxide and carbonate preci-

pitation. It suffers from generation of toxic heavy metallic 

sludge [1, 2]. The sludge disposal practices includes incinera-

tion, landfilling, ocean dumping and lagooning[3]. Incinera-

tion pollutes air with toxic gases, hence required expensive off 

gas treatment [4]. The heavy metals present in sludge finally 

leach outs and contaminates soil as well as groundwater ulti-

mately affecting human health. The best disposal practice 

could be utilization of the sludge in agricultural or nonagricul-

tural lands by minimizing the metal loading. 

In recent years, researches are going on to reduce 

metal content of sludge for its utilization for agricultural pur-

pose. It includes chemical extraction of heavy metals using 

organic and inorganic acids, bioleaching, Electrokinetic (EK) 

treatment and supercritical extraction [5, 6]. 

The basic EK treatment of sludge, sediment, soil or 

any solid waste containing heavy metals includes application 

of low voltage direct current through embedded electrodes. It 

is also referred as electrochemical remediation, electro-

remediation, and electro-reclamation [6]. The application EK 

treatment is accepted as one of the most effective treatment 

for in-situ remediation of metal contaminated soils [7]. The 

application of voltage makes electric current to flow through 

applied media altering its physicochemical properties. The 

changes in media properties are result of electric current in-

duced reactions such as electrolysis of water, oxidation-

reduction, mineral decomposition and physicochemical sorp-

tion [8]. As a result, heavy metals from contaminated media 

gets distorted through different coupled mechanisms viz. elec-

tromigration, electro-osmosis and electrophoresis along with 

water electrolysis [6, 9, 10]. Electrolysis of water produces 

oxygen gas and H
+
 in the anode compartment, while hydrogen 

gas and hydroxyl anions are formed at the cathode. This also 

could cause contaminants to be desorbed and/or dissociated, 

and results in an initiation of electromigrationi.e transport of 

ions and polar molecules under the influence of the applied 

electric field. In addition, an acid front is generally produced 

at the anode during the electrolysis of water and moves to-

wards the cathode [10, 11]. 

 

Electrokinetic migration of heavy metals for sludge decon-

tamination 

Electrokinetic migration is technique in which potential ap-

plied across electrodes acts as driving force for migration of 

charged particles towards oppositely charged electrode. Es-

sentially, electrokinetics involves the installation of electrodes 

into the subsurface surrounding the contaminants. After the 

electrodes are in place, a low electrical potential is applied 

across the anode(s) (positively charged electrode) and the ca-

thode(s) (negatively charged electrode). As a result of the 

electrical gradient, contaminant transport occurs due to vari-

ous coupled mechanisms such as electromigration, electroos-

mosis and electrophoresis, which take place together with the 

electrolysis of water at electrodes [6, 10] 

These phenomenon can be further explained as 

i. The transport of ions and ion complexes toward the 

electrode of opposite charge under the application of DC vol-

tage as driving force is termed as electromigration. [9]. 

ii. Electroosmosis is the movement of sludge moisture, 

which generally takes place from the anode to the cathode and 

is due to the existence of a space-charge on the solution side 

of the particle/solution interface. In consideration of the fact 

that ionogenic groups, like silanols, are ionized above pH 3 

affording a negative charge to the solid surface, the space 

charge on the solution side is positive. Its migration toward 

the cathode causes solution displacement too, thus generating 

a cathode-directed electroosmotic flow [6] 

iii. Electrophoresis is the transport of charged particles 

or colloids under the influence of an electric field; contami-

nants bound to mobile particulate matter can be transported in 

this manner [10] 

Apart from these, electrolysis of water expected to happen in 

electrokinetic cell. Electrolysis of water produces oxygen gas 

and H
+
 in the anode compartment, while hydrogen gas and 

hydroxyl anions are formed at the cathode. This causes con-

taminants to be desorbed and/or dissociated, and results in an 

initiation of electromigrationi.e transport of ions and polar 

molecules under the influence of the applied electric field. In 

addition, an acid front is generally produced at the anode dur-

ing the electrolysis of water and moves towards the cathode. 

This front can be used to inject acidity to sludge, solubilize 

basic metal hydroxides, carbonates or adsorbed species, and 

protonate electron-rich organic functional groups in order to 

mailto:vinaykulkarni7@gmail.com
mailto:animes@iitg.ac.in
mailto:pkghosh@iitg.ac.in
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give molecules a more cationic character and promote their 

migration across the electric field thus facilitating their re-

moval [10, 11]. 

 

Electrokinetic migration of nickel (II) through synthetically 

prepared nickel (II) contaminated sludge was studied by [9]. 5 

x 5 x 25 cm reactor with initial concentration of 300 mg/kg of 

sludge was used. Rate of migration of nickel ions observed to 

be increased from anode to cathode with increasing voltage 

from 5-25 V. Lowest concentration of 42 mg∕kg and highest 

concentration of 678 mg∕kg at a normalized distance of 20% 

and 80%, respectively, from the anode were observed after 14 

h of operation at an applied voltage of 25 V. Maximum of 

13.1 and minimum of 4, pH was noticed at normalized dis-

tance of 20% and 80% from anode with application of maxi-

mum voltage of 25 V. The study concluded feasibility of elec-

trokinetic migration of heavy metals through contaminated 

sludge. Effects of other parameters such as initial water con-

tent, current density, space-time yield were not studied. Mi-

gration of copper and iron from anaerobic granular sludge in 

open and closed cell was studied by [12]. The drastic change 

in pH was observed in open cell which was absent in closed 

cell as reason of conditioning of cathode with HNO3 in closed 

cell. Adjustment of initial pH of catholyte in acidic range in-

creased migration of copper as well as iron towards cathode, 

as, in acidic range copper and iron carry positive charges, in 

result electrokinetic migration was enhanced. About 20% and 

5% higher concentrations of copper and iron than initial con-

centrations were observed at cathode when initial pH was 

adjusted in acidic range at 2.5. Addition of Chelating agents 

such as EDTA formed negatively charged compounds with 

heavy metals. With initial pH of 12.5 addition of EDTA didn’t 

induced any mobility, contrary when pH was 7.7 migration of 

copper towards anode occurred indicating formation of 

CuEDTA
2-

 complexes. The open cell given higher migration 

than closed cell as some inactive electric field areas present in 

the soil/sludge when using the ‘closed’ cell layout [12, 13]. 

The study failed to calculate net removal efficiencies of cop-

per and iron from the sludge cake. Hence, the accumulation 

and distribution were presented as the major electrokinetic 

treatment assessment tool.  

 

Similar results were observed in study carried out by [14] in 

which acidification of sludge increased mobility of heavy 

metals inducing higher electrokinetic migration of heavy met-

als towards cathode. The influence of acidification of sewage 

sludge on the heavy metals mobility was studied in deep, 

within the pH range from 2.7 to 7.1, mobility of heavy metals 

followed the sequence: Ni, Zn, Cu, As, Cr, Pb similar results 

were observed by [15].  The acidification study showed that 

acidification of sewage sludge changed the distribution of 

heavy metals by transfer of their different fractions 

into more mobile forms. Effects of initial water content and 

temperature were studied by [10] which concluded that initial 

water content does affect electrokinetic process but do not 

significantly influence migration and removal of total alumi-

num. Temperature rise reported to be beneficial in electroki-

netic sludge processing increasing rate of migration and re-

ducing processing time.  

 

Application of electrochemical process is not limited to heavy 

metals removal, but treatment of different industrial wastewa-

ters such as dyes and pigments [16], textile industries [17, 18], 

Lead frame nickel-plating [19, 20] by electrodeposition were 

also studied. Reduction of organics by using electrochemical 

treatment is also reported by various researchers [21]. 

 

The electrokinetic migration has many advantages viz. low 

power consumption, capability of removing wide range of 

pollutants, less running cost, control over flow of water as 

well as contaminants in wastewater/sludge, and higher rate of 

removal. But there are some aspects those needs to be ad-

dressed to make optimum use of the process; which includes 

complexity of media, surface interactions, chemical and elec-

trodic reactions and low solubility of target pollutants [11, 

12]. 

 

The overall efficiency of the electrokinetic migration process 

depends on many factors, including the contaminant ion con-

centration, hydration of ions, mobility of the ions, viscosity of 

the wastewater/sludge, the temperature investigation, effect of 

increasing the voltage gradient, remediation times, current 

density and initial moisture content [10].  

 

Thus considering dynamicity of Electrokinetic process with 

different operating conditions, higher efficiency of electriki-

netic migration process can be achieved by designing reactor 

system which is given by [21]. The key parameters for design-

ing a reactor are mass transfer coefficient , specific elec-

trode area ae and reactor is space-time yield . The removal 

of metal ions  from waste water is based on the cathodic 

metal deposition as: 

 
From a thermodynamic point of view, the Nernst equation 

predicts that it should be possible to decrease the con-

centration in solution to an arbitrarily low level, if the poten-

tial E of the  electrode is maintained sufficiently negative 

with respect to the standard potential . 

 

However, at extremely low concentrations, the rate of the 

mass transport controlled process strongly decreases. In prac-

tice, electrolysis at concentrations below 0.05 ppm is no long-

er economical due to increasing electrolysis time and unac-

ceptable space–time yield. Since the current densities at low 

metal ion concentrations are small, the specific energy de-

mand for an 

electrochemical waste water purification process is generally 

quite low. More relevant are the specific investment costs, 

which are inversely proportional to the space–time yield ρ of 

the reactor. For cathodic deposition in an electrochemical 

reactor of volume V, the space time yield is defined as the 

amount of metal deposited dm deposited in time dt : 

 
According to Faraday’s law, dmis proportional to the electro-

lysis charge  

 

Where  is the current efficiency, A the actual electrode area, 

and M the molecular weight of the metal deposited. The op-

timal process conditions are met when the rate of the hetero-

geneous reaction attains its maximum at the limiting diffusion 

current density,  
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Where  is the diffusion coefficient, d the Nerst diffusion 

layer thickness, and   is the mass transport coefficient. 

On replacing the current density in Eq. (4) by , the space–

time yield can be expressed as: 

 
This is the key formula for the design and construction of an 

electrochemical reactor for waste water treatment and metal 

recovery. For a given metal ion concentration a high 

mass transfer coefficient  and a large specific electrode area 

are essential to obtain high space–time yields. 

 

Conclusion 

The paper demonstrated the various mechanisms of the heavy 

metal transport through industrial sludge under the application 

of the voltage drop. The three mechanisms i.e. electromigra-

tion, electroosmosis, and electrophoresis were well explained 

with the scientific reasons and the type of mechanism for re-

moval of heavy metals bound to organic, inorganic and Fe-Mn 

bound is explained. The design parameters for an Electroki-

netic migration reactor such as voltage across, electrode ma-

terial, current density, initial water content, space-time yield, 

reactor sizes, and serviceability of reactor are elaborated, the 

current density being the most critical for heavy metal migra-

tion.  
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The presence in or introduction into the environment of a substance which has harmful or poisonous effects 

is called pollution. The recent example of air pollution is seen by Delhi peoples between October to December 

2017. The central pollution control board (CPCB) was established under the Ministry of Environment and 

Forest (MoEF) to control these types of hazardous problems in further. It has established some pollution acts as: 

water (Prevention and control of pollution) act 1974, Air (Prevention and control of pollution) act 1981 etc. 

Environmental act was passed in 1986. CPCB head office is currently divided into 22 divisions. Each division 

have its own in charge and individual sets of goals 

 Pollution Control Planning Division (PCP).[30] 

 Pollution, Assessment, Monitoring & Survey (PAMS).[31] 

 Pollution Control Implementation Division -I (PCI-I).[32] 

 Pollution Control Implementation Division-II (PCI-II).[33] 

 Pollution Control Implementation Division - III (PCI-III).[34] 

 Urban Pollution Control Division (UPCD).[35] 

 Hazardous Waste Management Division (HWMD).[36] 

 Environmental Surveillance Squad Division (ESS). 

 Information Technology.[37] 

 Infrastructure Division (IFD).[38] 

 Environmental Training Unit (ETU).[39] 

 Legal Cell.[40] 

 Pr Section.[41] 

 As Section.[42] 

 Building Section.[43] 

 Library.[44] 

 Hindi Section.[45] 

 Administration (Recruitment). 

 PCI (SSI).[46] 

 Administration (Personnel). 

 Material. 

 Accounts. 

 

The CPCB and MoEF have worked all over the India and passed some acts, rules and legislations. All the 

documents can be downloaded in the respective formats which written in front of the mentioned details. In this 

regards water, air and noise pollution rules, acts and notifications of Government are summarized as below 

1. Pollution Act, Rules and Legislation in India 

The water, air and noise pollutions are the mainly classified and act, rules and notification related to the  

1.1 Water Pollution [1] 

i. Acts 
1. No.36 of 1977, [7/12/1977] - The Water (Prevention and Control of Pollution) Cess Act, 1977, 

amended 1992 [html], [pdf], and [word]. 

mailto:shivlal1@gmail.com
https://en.wikipedia.org/wiki/Central_Pollution_Control_Board#cite_note-30
https://en.wikipedia.org/wiki/Central_Pollution_Control_Board#cite_note-31
https://en.wikipedia.org/wiki/Central_Pollution_Control_Board#cite_note-32
https://en.wikipedia.org/wiki/Central_Pollution_Control_Board#cite_note-33
https://en.wikipedia.org/wiki/Central_Pollution_Control_Board#cite_note-34
https://en.wikipedia.org/wiki/Central_Pollution_Control_Board#cite_note-35
https://en.wikipedia.org/wiki/Central_Pollution_Control_Board#cite_note-36
https://en.wikipedia.org/wiki/Central_Pollution_Control_Board#cite_note-37
https://en.wikipedia.org/wiki/Central_Pollution_Control_Board#cite_note-38
https://en.wikipedia.org/wiki/Central_Pollution_Control_Board#cite_note-39
https://en.wikipedia.org/wiki/Central_Pollution_Control_Board#cite_note-40
https://en.wikipedia.org/wiki/Central_Pollution_Control_Board#cite_note-41
https://en.wikipedia.org/wiki/Central_Pollution_Control_Board#cite_note-42
https://en.wikipedia.org/wiki/Central_Pollution_Control_Board#cite_note-43
https://en.wikipedia.org/wiki/Central_Pollution_Control_Board#cite_note-44
https://en.wikipedia.org/wiki/Central_Pollution_Control_Board#cite_note-45
https://en.wikipedia.org/wiki/Central_Pollution_Control_Board#cite_note-46
http://www.envfor.nic.in/legis/water/water7.html
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1. No. 19 of 2003, [17/3/2003] - The Water (Prevention and Control of Pollution) Cess (Amendment) 

Act, 2003. [html], [pdf], [word]. 

2. No.6 of 1974, [23/3/1974] - The Water (Prevention and Control of Pollution) Act, 1974, 

amended 1988 [html], [pdf], and [word]. 

ii. Rules 
1. G.S.R.378(E), [24/7/1978] - The Water (Prevention and Control of Pollution) Cess Rules, 1978 [html], 

[pdf], and [word]. 

2. G.S.R.58(E), [27/2/1975] - The Water (Prevention and Control of Pollution) Rules, 1975 [html], [pdf], 

and [word]. 

3. Central Board for the Prevention and Control of Water Pollution (Procedure for Transaction of 

Business) Rules, 1975 amended 1976 [html], [pdf], and [word]. 

iii. Notifications 
1. S.O.1621(E), [27/9/2006] - Date on which the Water (Prevention and Control of Pollution) Cess 

(Amendment) Act, 1974 (6 of 1974) came into force [html], [pdf], and [word]. 

2. S.O.498(E), [6/5/2003] - Date on which the Water (Prevention and Control of Pollution) Cess 

(Amendment) Act, 2003 (19 of 2003) came into force [html], [pdf], and [word]. 

3. S.O.499(E), [6/5/2003] - Rate of Cess notified under the Water (Prevention and Control of Pollution) 

Cess (Amendment) Act, 1977(36 of 1977)[html], [pdf], and [word]. 

4. S.O.862(E), [26/11/1992] - Central Pollution Control Board constituted the Pollution Control 

Committee in the UT of Damn, Diu, Dadra & Nagar Haveli [html], [pdf], and [word]. 

 S.O.284(E), [19/2/1996] - Amendment to S.O.862(E) dated 26/11/1991 [html], [pdf], and [word]. 

 S.O.698(E), [3/7/1998] - Amendment to S.O.284(E) dated 19/2/1996 [html], [pdf], and [word]. 

5. S.O.787(E), [10/3/1992] - Delegation of Powers to the Union Territory of Pondicherry [html], [pdf], 

and [word]. 

 S.O.777(E), [19/7/1995] - Amendment to S.O.787 dated 10/3/1992 [html], [pdf], and [word]. 

6. S.O.198(E), [15/3/1991] - Delegation of Powers to the Union Territory of Delhi [html], [pdf], and 

[word]. 

7. S.O.199(E), [15/3/1991] - Delegation of Powers to the Union Territory of Chandigarh [html], [pdf], 

and [word]. 

8. S.O.842(E), [31/8/1988] - Delegation of Powers to the Union Territory of Lakshadweep [html], [pdf], 

and [word]. 

9. No.8/1/-UTF I(4)-88/4953, [11/4/1988] - Constitution of Appellate Authorities under the Water Act, 

1974 for Chandigarh  

[html], [pdf], and [word]. 

10. G.O. Ms. No. 48/88/F6, [5/4/1988] - Constitution of Appellate Authorities under the Water Act, 1974 

for Pondicherry  

[html], [pdf], and [word]. 

11. No.1/2(71)/87.Plg., [7/4/1988] - Standards to prevent & control water pollution for Small-scale 

Industries located in the Union Territories [html], [pdf], and [word]. 

12. S.O.247(E), [8/3/1988] - Delhi Zonal Laboratory of NEERI, Nagpur as a Central Water Laboratory 

[html], [pdf], and [word]. 

 S.O.787(E), [19/11/1991] - Central Pollution Control Board, New Delhi as Central Water Laboratory 

[html], [pdf], and [word]. 

1.2 Air Pollution[2] 

i. Act 
1. No.14 of 1981, [29/3/1981] - The Air (Prevention and Control of Pollution) Act 1981, amended 1987 

[html], [pdf], and [word]. 

ii. Rules 
1. G.S.R.6(E), [21/12/1983] - The Air (Prevention and Control of Pollution) (Union Territories) Rules, 

1983 [html], [pdf], and [word]. 

http://www.envfor.nic.in/legis/water/wc_act_03.htm
http://www.envfor.nic.in/legis/water/wc_act_03.pdf
http://www.envfor.nic.in/legis/water/wc_act_03.doc
http://www.envfor.nic.in/legis/water/wat1.html
http://www.envfor.nic.in/legis/water/water8.html
http://www.envfor.nic.in/legis/water/water2.html
http://www.envfor.nic.in/legis/water/water3.html
http://www.envfor.nic.in/legis/water/so1621(e).html
http://www.envfor.nic.in/legis/water/so1621(e).pdf
http://www.envfor.nic.in/legis/water/so1621(e).doc
http://www.envfor.nic.in/legis/water/so498(e).html
http://www.envfor.nic.in/legis/water/so498(e).pdf
http://www.envfor.nic.in/legis/water/so498(e).doc
http://www.envfor.nic.in/legis/water/so499(e).html
http://www.envfor.nic.in/legis/water/so499(e).pdf
http://www.envfor.nic.in/legis/water/so499(e).doc
http://www.envfor.nic.in/legis/water/so862(e).html
http://www.envfor.nic.in/legis/water/so284e.htm
http://www.envfor.nic.in/legis/water/so698e.htm
http://www.envfor.nic.in/legis/water/so787(e)1.html
http://www.envfor.nic.in/legis/water/so777e.htm
http://www.envfor.nic.in/legis/water/so198(e).html
http://www.envfor.nic.in/legis/water/so199(e).html
http://www.envfor.nic.in/legis/water/so842(e).html
http://www.envfor.nic.in/legis/water/no8-1-utfI4-88-4953.html
http://www.envfor.nic.in/legis/water/gomsno-48-88-f6.html
http://www.envfor.nic.in/legis/water/no1-2-71-87.html
http://www.envfor.nic.in/legis/water/so247(e).html
http://www.envfor.nic.in/legis/water/so787(e).html
http://www.envfor.nic.in/legis/air/air1.html
http://www.envfor.nic.in/legis/air/air3.html
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2. G.S.R.712(E), [18/11/1982] - The Air (Prevention and Control of Pollution) Rules, 1982 [html], [pdf], 

and [word]. 

iii. Notifications 
1. G.S.R.935(E), [14/10/1998] - Ambient Air Quality Standard for Ammonia (NH3) [html], [pdf], and 

[word]. 

2. G.S.R.389(E), [23/9/1994] - CPCB reestablished labs in Delhi, Calcutta, Vadodara and Kanpur [html], 

[pdf], and [word]. 

3. G.S.R.384(E), [11/4/1994] - National Ambient Air Quality Standards [html], [pdf], and [word]. 

4. S.O.1032(E), [12/12/1989] - Constitution of the Appellate Authority for the Union Territories [html], 

[pdf], and [word]. 

5. G.S.R.429(E), [10/2/1989] - Declaring the UT of Dadra and Nagar Haveli as air pollution control area 

[html], [pdf], and [word]. 

6. G.S.R.382(E), [28/3/1988] - The Date on which the Air Amendment Act of 1987 came into force 

[html], [pdf], and [word]. 

7. G.S.R.71(E), [1/2/1988] - Declaring the UT of Chandigarh as air pollution control area [html], [pdf], 

and [word]. 

8. G.S.R.54(E), [25/1/1988] - Declaring the UT of Pondicherry as air pollution control area [html], [pdf], 

and [word]. 

9. G.S.R.106(E), [20/2/1987] - Declaring the UT of Delhi as air pollution control area [html], [pdf], and 

[word]. 

10. G.S.R.351(E), [15/5/1981] - The Date on which the Air Act of 1981 came into force [html], [pdf], and 

[word]. 

Environment Protection[3] 

i. Act 
1. No.29 of 1986, [23/5/1986] - The Environment (Protection) Act, 1986, amended 1991. [pdf] 

ii. Rules 
1. S.O.844(E), [19/11/1986] - The Environment (Protection) Rules, 1986 [html], [pdf], and [word]. 

2. S.O.470(E), [21/6/1999] - Environment (Siting for Industrial Projects) Rules, 1999. English - 

[html], Hindi - [Pdf] 

1.3 Noise Pollution[4] 

i. Rules 
1. S.O.123(E), [14/2/2000] - Noise Pollution (Regulation and Control) Rules, 2000 [html], [PDF Hindi], 

[PDF English] and [word]. 

1. S.O.50(E), [11/01/2010] - The Noise Pollution (Regulation and Control) (Amendment) Rules, 2010 

[pdf]. 

2. S.O.1569(E), [19/09/2006] - The Noise Pollution (Regulation and Control) (Amendment) Rules, 2006 

[pdf]. 

3. S.O.1088(E), [13/07/2006] - The Noise Pollution (Regulation and Control) (Amendment) Rules,2006 

[English], and [Hindi]. 

4. S.O.1088(E), [11/10/2002] - The Noise Pollution (Regulation and Control) (Amendment) Rules, 2002 

[html], [pdf], and [word]. 

5. S.O.1046(E), [22/11/2000] - The Noise Pollution (Regulation and Control) (Amendment) Rules, 2000 

[html], [pdf], and [word]. 

ii. Notifcations 
1. G.S.R. 176(E), [18/03/2013] - Noise Standards for fire crackers - amendments. [pdf] . 

Iii  Draft Notifcations 

1. G.S.R. 158(E), [09/03/2009] - Environment (Protection) Amendment Rules, 2009, Draft Notification. 

[pdf] ,[Notice] . 

The MoEF have also framed some special rules and regulations for coastal areas in India which summarized 

as below. 

http://www.envfor.nic.in/legis/air/air2.html
http://www.envfor.nic.in/legis/air/gsr935(e).htm
http://www.envfor.nic.in/legis/air/gsr935(e).doc
http://www.envfor.nic.in/legis/air/gsr389(e).htm
http://www.envfor.nic.in/legis/air/gsr389(e).doc
http://www.envfor.nic.in/legis/air/gsr384(e).htm
http://www.envfor.nic.in/legis/air/gsr384(e).doc
http://www.envfor.nic.in/legis/air/air6.html
http://www.envfor.nic.in/legis/air/gsr429(e).html
http://www.envfor.nic.in/legis/air/gsr382(e).html
http://www.envfor.nic.in/legis/air/gsr71(e).htm
http://www.envfor.nic.in/legis/air/gsr71(e).doc
http://www.envfor.nic.in/legis/air/gsr54(e).html
http://www.envfor.nic.in/legis/air/gsr106(e).html
http://www.envfor.nic.in/legis/air/gsr351(e).html
http://www.envfor.nic.in/legis/env/eprotect_act_1986.pdf
http://www.envfor.nic.in/legis/env/env4.html
http://www.envfor.nic.in/legis/eia/sitnot99.html
http://www.envfor.nic.in/legis/eia/sitnot99h.pdf
http://www.envfor.nic.in/legis/noise/noise.html
http://www.envfor.nic.in/downloads/public-information/noise-pollution-rules-hi.pdf
http://www.envfor.nic.in/downloads/public-information/noise-pollution-rules-en.pdf
http://moef.nic.in/downloads/rules-and-regulations/50E.pdf
http://www.envfor.nic.in/legis/noise/1569e.pdf
http://www.envfor.nic.in/legis/noise/1088e.pdf
http://www.envfor.nic.in/legis/noise/1088h.pdf
http://www.envfor.nic.in/legis/noise/so1088.htm
http://www.envfor.nic.in/legis/noise/so1088.pdf
http://www.envfor.nic.in/legis/noise/so1088.doc
http://www.envfor.nic.in/legis/noise/so1046.htm
http://www.envfor.nic.in/legis/noise/so1046.pdf
http://www.envfor.nic.in/legis/noise/so1046.doc
http://moef.nic.in/assets/176.pdf
http://www.envfor.nic.in/legis/ep/158E.pdf
http://www.envfor.nic.in/legis/ep/PUBLIC%20NOTICE.pdf
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2. Setting up special Rules and Regulations for Coastal Zone [5] 

1. S.O.20(E), [06/01/2011] - Island Protection Zone notification 2011.[pdf] 

2. S.O.19(E), [06/01/2011] - Coastal Regulation Zone notification 2011.[pdf] 

3. S.O.2507(E), [16/10/2012] - Gujarat Coastal Zone Management Authority.[pdf] 

4. S.O.1449(E), [02/07/2012] - Reconstituting the Andaman and Nicobar Coastal Zone Management 

Authority.[pdf] 

5. S.O.1300(E), [06/06/2012] - Constitution of West Bengal Coastal Zone Management Authority.[pdf] 

6. S.O.956(E), [01/05/2012] - Puducherry Coastal Zone Management Authority.[pdf] 

7. S.O.851(E), [19/04/2012] - National Coastal Zone Management Authority.[pdf] 

8. S.O.490(E), [19/03/2012] - Reconstituting the Odisha Coastal Zone Management Authority.[pdf] 

9. S.O.383(E), [06/03/2012] - Reconstituting the Maharashtra Coastal Zone Management Authority. [pdf] 

10. S.O.91(E), [19/01/2012] - Reconstituting the Tamil Nadu Coastal Zone Management Authority. [pdf] 

11. S.O.2843(E), [21/12/2011] - Reconstituting the Kerala Coastal Zone Management Authority. [pdf] 

12. S.O.302(E), [8/02/2011] - Reconstituting the National Coastal Zone Management Authority. [pdf] 

13. S.O.2058(E), [11/8/2008] - Andaman and Nicobar Coastal Zone Management Authority and 

Amendment. [pdf] 

14. S.O.1759(E), [21/7/2008] - Orissa Coastal Zone Management Authority and Amendment. [pdf] 

15. S.O.2057(E), [11/8/2008] - Puducherry Coastal Zone Management Authority and Amendment. [pdf] 

16. S.O.1676(E), [9/7/2009] - Andhra Pradesh Coastal Zone Management Authority and Amendment. 

[pdf] 

17. S.O.3250(E), [21/12/2009] - Daman & Diu Coastal Zone Management Authority. [pdf] 

18. S.O.821(E), [9/4/2010] - Goa Coastal Zone Management Authority. [pdf] 

19. S.O.1675(E), [9/7/2009] - Gujarat Coastal Zone Management Authority. [pdf] 

20. S.O.2294(E), [7/9/2009] - Karnataka Coastal Zone Management Authority. [pdf] 

21. S.O.1658(E), [21/7/2008] - Kerala Coastal Zone Management Authority. [pdf] 

22. S.O.3251(E), [21/12/2009] - Lakshadweep Coastal Zone Management Authority. [pdf] 

23. S.O.3011(E), [31/12/2008] - Maharashtra Coastal Zone Management Authority. [pdf] 

24. S.O.1760(E), [21/7/2008] - Tamil Nadu Coastal Zone Management Authority. [pdf] 

25. S.O.1757(E), [21/7/2008] - West Bengal Coastal Zone Management Authority. [pdf] 

26. S.O.16(E), [4/1/2002] - Gujarat State Coastal Zone Management Authority.English - [html], [pdf], 

and [word]. Hindi - [Pdf] 

27. S.O.17(E), [4/1/2002] - Daman and Diu Coastal Zone Management Authority.English- [html], [pdf], 

and [word].Hindi- [Pdf] 

28. S.O.18(E), [4/1/2002] - Maharashtra State Coastal Zone Management Authority.English- [html], 

[pdf], and [word]. Hindi- [Pdf] 

29. S.O.19(E), [4/1/2002] - Goa State Coastal Zone Management Authority. English - [html], [pdf], and 

[word]. Hindi - [Pdf] 

30. S.O.20(E), [4/1/2002] - Kerala State Coastal Zone Management Authority. English - [html], [pdf], and 

[word]. Hindi - [Pdf] 

31. S.O.21(E), [4/1/2002] - Karnataka State Coastal Zone Management Authority.English - [html], [pdf], 

and [word]. Hindi - [Pdf] 

32. S.O.22(E), [4/1/2002] - Pondicherry Coastal Zone Management Authority.English - [html], [pdf], and 

[word]. Hindi - [Pdf] 

33. S.O.23(E), [4/1/2002] - Tamil Nadu State Coastal Zone Management Authority. English - [html], 

[pdf], and [word]. Hindi - [Pdf] 

34. S.O.24(E), [4/1/2002] - Orissa State Coastal Zone Management Authority.English - [html], [pdf], and 

[word]. Hindi - [Pdf] 

35. S.O.25(E), [4/1/2002] - West Bengal State Coastal Zone Management Authority.English - [html], 

[pdf], and [word]. Hindi - [Pdf] 

36. S.O.26(E), [4/1/2002] - Lakshadweep Coastal Zone Management Authority. English - [html], [pdf], 

and [word]. Hindi - [Pdf] 

37. S.O.27(E), [4/1/2002] - Andhra Pradesh State Coastal Zone Management Authority.English - [html], 

[pdf], and [word]. Hindi - [Pdf] 

38. S.O.28(E), [4/1/2002] - Andaman and Nicobar Coastal Zone Management Authority. English - [html], 

[pdf], and [word]. Hindi - [Pdf] 

39. S.O.17(E), [8/1/2001] - Re-constitution of the National Coastal Zone Management Authority 

(NCZMA)[html], [pdf], and [word]. 

40. S.O.991(E), [26/11/1998] - Constitution of National Coastal Zone Management Authority. English - 

[html], Hindi - [Pdf] 

http://moef.nic.in/assets/so20e.pdf
http://moef.nic.in/assets/so19e.pdf
http://moef.nic.in/assets/2507.pdf
http://www.envfor.nic.in/legis/SO1449E.pdf
http://www.envfor.nic.in/legis/SO1300E.pdf
http://www.envfor.nic.in/legis/SO956E.pdf
http://www.envfor.nic.in/legis/SO851E.pdf
http://www.envfor.nic.in/legis/SO490E.pdf
http://www.envfor.nic.in/legis/SO383E.pdf
http://www.envfor.nic.in/legis/91-e.pdf
http://www.envfor.nic.in/legis/2843.pdf
http://www.envfor.nic.in/legis/302.pdf
http://www.envfor.nic.in/legis/crz/2058E.pdf
http://www.envfor.nic.in/legis/crz/1759E.pdf
http://www.envfor.nic.in/legis/crz/2057E.pdf
http://www.envfor.nic.in/legis/crz/SO1676.pdf
http://www.envfor.nic.in/legis/crz/SO3250.pdf
http://www.envfor.nic.in/legis/crz/SO821.pdf
http://www.envfor.nic.in/legis/crz/SO1675.pdf
http://www.envfor.nic.in/legis/crz/SO2294.pdf
http://www.envfor.nic.in/legis/crz/SO1658.pdf
http://www.envfor.nic.in/legis/crz/SO3251.pdf
http://www.envfor.nic.in/legis/crz/SO3011.pdf
http://www.envfor.nic.in/legis/crz/SO1760.pdf
http://www.envfor.nic.in/legis/crz/SO1757.pdf
http://www.envfor.nic.in/legis/crz/so16.htm
http://www.envfor.nic.in/legis/crz/so16.pdf
http://www.envfor.nic.in/legis/crz/so16.doc
http://www.envfor.nic.in/legis/crz/so16h.pdf
http://www.envfor.nic.in/legis/crz/so17(E).htm
http://www.envfor.nic.in/legis/crz/so17(E).pdf
http://www.envfor.nic.in/legis/crz/so17(E).doc
http://www.envfor.nic.in/legis/crz/so17(e)h.pdf
http://www.envfor.nic.in/legis/crz/so18.htm
http://www.envfor.nic.in/legis/crz/so18.pdf
http://www.envfor.nic.in/legis/crz/so18.doc
http://www.envfor.nic.in/legis/crz/so18h.pdf
http://www.envfor.nic.in/legis/crz/so19.htm
http://www.envfor.nic.in/legis/crz/so19.pdf
http://www.envfor.nic.in/legis/crz/so19.doc
http://www.envfor.nic.in/legis/crz/so19h.pdf
http://www.envfor.nic.in/legis/crz/so20.htm
http://www.envfor.nic.in/legis/crz/so20.pdf
http://www.envfor.nic.in/legis/crz/so20.doc
http://www.envfor.nic.in/legis/crz/so20h.pdf
http://www.envfor.nic.in/legis/crz/so21.htm
http://www.envfor.nic.in/legis/crz/so21.pdf
http://www.envfor.nic.in/legis/crz/so21.doc
http://www.envfor.nic.in/legis/crz/so21h.pdf
http://www.envfor.nic.in/legis/crz/so22.htm
http://www.envfor.nic.in/legis/crz/so22.pdf
http://www.envfor.nic.in/legis/crz/so22.doc
http://www.envfor.nic.in/legis/crz/so22h.pdf
http://www.envfor.nic.in/legis/crz/so23.htm
http://www.envfor.nic.in/legis/crz/so23.pdf
http://www.envfor.nic.in/legis/crz/so23.doc
http://www.envfor.nic.in/legis/crz/so23h.pdf
http://www.envfor.nic.in/legis/crz/so24.htm
http://www.envfor.nic.in/legis/crz/so24.pdf
http://www.envfor.nic.in/legis/crz/so24.doc
http://www.envfor.nic.in/legis/crz/so24h.pdf
http://www.envfor.nic.in/legis/crz/so25.htm
http://www.envfor.nic.in/legis/crz/so25.pdf
http://www.envfor.nic.in/legis/crz/so25.doc
http://www.envfor.nic.in/legis/crz/so25h.pdf
http://www.envfor.nic.in/legis/crz/so26.htm
http://www.envfor.nic.in/legis/crz/so26.pdf
http://www.envfor.nic.in/legis/crz/so26.doc
http://www.envfor.nic.in/legis/crz/so26h.pdf
http://www.envfor.nic.in/legis/crz/so27.htm
http://www.envfor.nic.in/legis/crz/so27.pdf
http://www.envfor.nic.in/legis/crz/so27.doc
http://www.envfor.nic.in/legis/crz/so27h.pdf
http://www.envfor.nic.in/legis/crz/so28.htm
http://www.envfor.nic.in/legis/crz/so28.pdf
http://www.envfor.nic.in/legis/crz/so28.doc
http://www.envfor.nic.in/legis/crz/so28h.pdf
http://www.envfor.nic.in/legis/crz/so17.htm
http://www.envfor.nic.in/legis/crz/so17.pdf
http://www.envfor.nic.in/legis/crz/so17.doc
http://www.envfor.nic.in/legis/crz/so991.htm
http://www.envfor.nic.in/legis/crz/so991h.pdf
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1. S.O.577(E), [13/7/1999] - Amendments to S.O.991(E) dated 26/11/1998 [html]. 

41. S.O.992(E), [26/11/1998] - Constitution of Andaman & Nicobar Islands Coastal Zone Management 

Authority. English - [html], [pdf], and [word]. Hindi - [pdf] 

42. S.O.993(E), [26/11/1998] - Constitution of Andhra Pradesh Coastal Zone Management 

Authority. English - [html], [pdf], and [word]. Hindi - [pdf] 

43. S.O.994(E), [26/11/1998] - Constitution of Tamil Nadu Coastal Zone Management 

Authority. English - [html], [pdf], and [word]. Hindi - [pdf] 

44. S.O.996(E), [26/11/1998] - Constitution of Pondicherry Coastal Zone Management 

Authority. English - [html], [pdf], and [word]. Hindi - [pdf] 

45. S.O.997(E), [26/11/1998] - Constitution of West Bengal Coastal Zone Management 

Authority. English - [html], [pdf], and [word]. Hindi - [pdf] 

46. S.O.998(E), [26/11/1998] - Constitution of Damn and Diu Coastal Zone Management 

Authority. English - [html], [pdf], and [word]. Hindi - [pdf] 

47. S.O.999(E), [26/11/1998] - Constitution of Gujarat Coastal Zone Management Authority. English - 

[html], [pdf], and [word]. Hindi - [pdf] 

48. S.O.1000(E), [26/11/1998] - Constitution of Karnataka Coastal Zone Management Authority. English -

 html], [pdf], and [word]. Hindi - [pdf] 

49. S.O.1002(E), [26/11/1998] - Constitution of Lakshadeep Islands Coastal Zone Management 

Authority. English - [html], [pdf], and [word]. Hindi - [pdf] 

50. S.O.1003(E), [26/11/1998] - Constitution of Maharashtra Coastal Zone Management 

Authority. English - [html], [pdf], and [word]. Hindi - [pdf] 

51. S.O.995(E), [26/11/1998] - Constitution of Goa Coastal Zone Management Authority. English - 

[html], [pdf], and [word]. Hindi - [pdf] 

1. S.O.518(E), [30/6/1999] - Amendments to S.O.995(E) dated 26/11/1998 [html], [pdf], and [word]. 

52. S.O.1004(E), [26/11/1998] - Constitution of Orissa Coastal Zone Management Authority. English - 

[html], [pdf], and [word]. Hindi - [pdf] 

1. S.O.399(E), [28/5/1999] - Amendments to S.O.1004(E) dated 26/11/1998 [html] . 

53. S.O.1001(E), [26/11/1998] - Constitution of Kerala Coastal Zone Management 

Authority. English [html], [pdf], and [word]. Hindi - [pdf] 

54. S.O.104(E), [12/2/1999] - Amendments to S.O.1001(E) dated 26/11/1998 [html].S.O.88(E), 

[6/02/1997] - Constitution of Aquaculture Authority.English [html], [pdf], and [word]. Hindi - [pdf] 

55. S.O.114(E), [19/2/1991] - Declaration of Coastal Stretches as Coastal Regulation Zone (CRZ) amended 

3/10/2001 [html], [pdf]. 

1. S.O.1243(E), [15/09/2006] -Coastal Management Zone Notification, 2009. - [pdf] 

2. S.O.1761(E), [21/07/2008] -Coastal Management Zone Notification, 2008(Draft Re-publication). - 

[pdf] 

3. S.O.1070(E), [01/05/2008] -Coastal Management Zone Notification, 2008(Draft). - [html], [pdf] 

4. S.O.838(E), [24/7/2003] - Amendments to S.O.114(E) dated 19/2/1991.English - [html], [pdf], and 

[word]   Hindi - [pdf] 

5. S.O.636(E), [30/5/2003] - Amendments to S.O.114(E) dated 19/2/1991.English - [html], [pdf], and 

[word]   Hindi - [pdf]. 

6. S.O.635(E), [30/5/2003] - Amendments to S.O.114(E) dated 19/2/1991.English - [html], [pdf], and 

[word]   Hindi - [pdf] 

7. S.O.460(E), [22/4/2003] - Amendments to S.O.114(E) dated 19/2/1991.English - [html], [pdf], and 

[word]   Hindi - [pdf] 

8. S.O.1100(E), [19/10/2002] - Amendments to S.O.114(E) dated 19/2/1991.English - [html], [pdf], and 

[word]   Hindi - [pdf] 

9. S.O.550(E), [21/5/2002] - Amendments to S.O.114(E) dated 19/2/1991.English - [html], [pdf] 

  Hindi - [pdf] 

10. S.O.329(E), [12/4/2001] - Amendments to S.O.114(E) dated 19/2/1991. English - [html], [pdf], and 

[word]   Hindi - [pdf] 

11. S.O.1122(E), [29/12/1998] - Amendments to S.O.114(E) dated 19/2/1991. English - [html]   Hindi - 

[pdf] 

The Environmental protection act have passed in 1986, The different schemes have been established by 

EPA to regulate the act and rules. These are given under the sections and schemes as: Eco-marks scheme, Eco-

sensitive zones, Environmental Clearance-generals, Ozone Layer Depletion 

3. Different Schemes to regulate the Environmental Protection Act and Rules 

3.1 Eco-marks Scheme [6] 

http://www.envfor.nic.in/legis/crz/czma6.html
http://www.envfor.nic.in/legis/crz/992.htm
http://www.envfor.nic.in/legis/crz/992.pdf
http://www.envfor.nic.in/legis/crz/992.doc
http://www.envfor.nic.in/legis/crz/so992h.pdf
http://www.envfor.nic.in/legis/crz/993.html
http://www.envfor.nic.in/legis/crz/993.pdf
http://www.envfor.nic.in/legis/crz/993.doc
http://www.envfor.nic.in/legis/crz/so993h.pdf
http://www.envfor.nic.in/legis/crz/994.html
http://www.envfor.nic.in/legis/crz/994.pdf
http://www.envfor.nic.in/legis/crz/994.doc
http://www.envfor.nic.in/legis/crz/so994h.pdf
http://www.envfor.nic.in/legis/crz/996.html
http://www.envfor.nic.in/legis/crz/996.pdf
http://www.envfor.nic.in/legis/crz/996.doc
http://www.envfor.nic.in/legis/crz/so996h.pdf
http://www.envfor.nic.in/legis/crz/997.html
http://www.envfor.nic.in/legis/crz/997.pdf
http://www.envfor.nic.in/legis/crz/997.doc
http://www.envfor.nic.in/legis/crz/so997h.pdf
http://www.envfor.nic.in/legis/crz/998.html
http://www.envfor.nic.in/legis/crz/998.pdf
http://www.envfor.nic.in/legis/crz/998.doc
http://www.envfor.nic.in/legis/crz/so998h.pdf
http://www.envfor.nic.in/legis/crz/999.html
http://www.envfor.nic.in/legis/crz/999.pdf
http://www.envfor.nic.in/legis/crz/999.doc
http://www.envfor.nic.in/legis/crz/so999h.pdf
http://www.envfor.nic.in/legis/crz/1000.html
http://www.envfor.nic.in/legis/crz/1000.pdf
http://www.envfor.nic.in/legis/crz/1000.doc
http://www.envfor.nic.in/legis/crz/so1000h.pdf
http://www.envfor.nic.in/legis/crz/1002.html
http://www.envfor.nic.in/legis/crz/1002.pdf
http://www.envfor.nic.in/legis/crz/1002.doc
http://www.envfor.nic.in/legis/crz/so1002h.pdf
http://www.envfor.nic.in/legis/crz/1003.html
http://www.envfor.nic.in/legis/crz/1003.pdf
http://www.envfor.nic.in/legis/crz/1003.doc
http://www.envfor.nic.in/legis/crz/so1003h.pdf
http://www.envfor.nic.in/legis/crz/995.html
http://www.envfor.nic.in/legis/crz/995.pdf
http://www.envfor.nic.in/legis/crz/995.doc
http://www.envfor.nic.in/legis/crz/so995h.pdf
http://www.envfor.nic.in/legis/crz/czma5.html
http://www.envfor.nic.in/legis/crz/1004.html
http://www.envfor.nic.in/legis/crz/1004.pdf
http://www.envfor.nic.in/legis/crz/1004.doc
http://www.envfor.nic.in/legis/crz/so1004h.pdf
http://www.envfor.nic.in/legis/crz/czma4.html
http://www.envfor.nic.in/legis/crz/1001.html
http://www.envfor.nic.in/legis/crz/1001.pdf
http://www.envfor.nic.in/legis/crz/1001.doc
http://www.envfor.nic.in/legis/crz/so1001h.pdf
http://www.envfor.nic.in/legis/crz/czma3.html
http://www.envfor.nic.in/legis/crz/so88(e).html
http://www.envfor.nic.in/legis/crz/so88(e).pdf
http://www.envfor.nic.in/legis/crz/so88(e).doc
http://www.envfor.nic.in/legis/crz/so88h.pdf
http://www.envfor.nic.in/legis/crz/crznew.html
http://www.envfor.nic.in/legis/crz/crznew.pdf
http://www.envfor.nic.in/legis/crz/1243e.pdf
http://www.envfor.nic.in/legis/crz/so-1761(e).pdf
http://www.envfor.nic.in/legis/crz/so-1070(e).html
http://www.envfor.nic.in/legis/crz/so-1070(e).pdf
http://www.envfor.nic.in/legis/crz/so-838(e).html
http://www.envfor.nic.in/legis/crz/so-838(e).pdf
http://www.envfor.nic.in/legis/crz/so-838(e).doc
http://www.envfor.nic.in/legis/crz/so838h.pdf
http://www.envfor.nic.in/legis/crz/so-636(e).html
http://www.envfor.nic.in/legis/crz/so-636(e).pdf
http://www.envfor.nic.in/legis/crz/so-636(e).doc
http://www.envfor.nic.in/legis/crz/so636h.pdf
http://www.envfor.nic.in/legis/crz/so-635(e).html
http://www.envfor.nic.in/legis/crz/so-635(e).pdf
http://www.envfor.nic.in/legis/crz/so-635(e).doc
http://www.envfor.nic.in/legis/crz/so635h.pdf
http://www.envfor.nic.in/legis/crz/so460(e).html
http://www.envfor.nic.in/legis/crz/so460(e).pdf
http://www.envfor.nic.in/legis/crz/so460(e).doc
http://www.envfor.nic.in/legis/crz/so460h.pdf
http://www.envfor.nic.in/legis/crz/so-1100(e).html
http://www.envfor.nic.in/legis/crz/so-1100(e).pdf
http://www.envfor.nic.in/legis/crz/so-1100(e).doc
http://www.envfor.nic.in/legis/crz/so1100h.pdf
http://www.envfor.nic.in/legis/crz/crz210502.html
http://www.envfor.nic.in/legis/crz/crz210502.pdf
http://www.envfor.nic.in/legis/crz/so550h.pdf
http://www.envfor.nic.in/legis/crz/so329(e).htm
http://www.envfor.nic.in/legis/crz/so329(e).pdf
http://www.envfor.nic.in/legis/crz/so329(e).doc
http://www.envfor.nic.in/legis/crz/so329h.pdf
http://www.envfor.nic.in/legis/crz/czma2.html
http://www.envfor.nic.in/legis/crz/so1122h.pdf
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i. Notifications 
1. G.S.R.768(E), [24/8/1992] - The criteria for labeling Cosmetics as Environment Friendly Products 

[html], [pdf], and [word]. 

2. G.S.R.85(E), [20/2/1991] - The Scheme on Labeling of Environment Friendly Products (ECOMARK) 

[html], [pdf], and [word]. 

3.2 Eco-Sensitive Zones  http://www.envfor.nic.in/legis/eco-senstive.htm 

i. Notifications 
1. S.O.2930(E), [18/12/2012] - River Bhagirathi from Gaumukh to Uttarkashi as Eco-Sensitive Zone, 

Notification. [pdf] 

2. S.O.2364(E), [04/10/2012] - Bandipur National Park as Eco- Sensitive Zone, Notification. [pdf] 

3. S.O.1260(E), [31/05/2012] - Girnar Reserve Forest as Eco- Sensitive Zone, Notification. [pdf] 

4. S.O.1259(E), [31/05/2012] - Purna Wildlife Sanctuary as Eco- Sensitive Zone, Notification. [pdf] 

5. S.O.1258(E), [31/05/2012] - Vansda National Park as Eco- Sensitive Zone, Notification. [pdf] 

6. S.O.1257(E), [31/05/2012] - Narayan Sarovar Wildlife Sanctuary as Eco- Sensitive Zone, Notification. 

[pdf] 

7. S.O.191(E), [27/01/2010] - Sultanpur as Eco- Sensitive Zone, Notification. [pdf] 

8. S.O.1545(E), [25/06/2009] - Mount Abu as Eco- Sensitive Zone, Notification. [pdf] 

9. S.O.1400(E), [03/06/2009] - Khaparwas Wildlife Sanctuary as Eco- Sensitive Zone, Draft Notification 

for objections or suggestions. [pdf][Uploaded on 30.06.2009] 

10. S.O.1399(E), [03/06/2009] - Bhindawas Wildlife Sanctuary as Eco- Sensitive Zone, Draft Notification 

for objections or suggestions. [pdf][Uploaded on 30.06.2009] 

11. S.O.1398(E), [03/06/2009] - Abubshaher Wildlife Sanctuary as Eco- Sensitive Zone, Draft Notification 

for objections or suggestions. [pdf][Uploaded on 30.06.2009] 

12. S.O.1397(E), [03/06/2009] - Chhilchhila Wildlife Sanctuary as Eco- Sensitive Zone, Draft Notification 

for objections or suggestions. [pdf][Uploaded on 30.06.2009] 

13. S.O.1396(E), [03/06/2009] - Nahar Wildlife Sanctuary as Eco- Sensitive Zone, Draft Notification for 

objections or suggestions. [pdf][Uploaded on 30.06.2009] 

14. S.O.1395(E), [03/06/2009] - Bir Shikargarh Wildlife Sanctuary as Eco- Sensitive Zone, Draft 

Notification for objections or suggestions. [pdf][Uploaded on 30.06.2009] 

15. S.O.1394(E), [03/06/2009] - Khol hi Raitan Wildlife Sanctuary as Eco- Sensitive Zone, Draft 

Notification for objections or suggestions. [pdf][Uploaded on 30.06.2009] 

16. S.O.1393(E), [03/06/2009] - Kalesar Wildlife Sanctuary as Eco- Sensitive Zone, Draft Notification for 

objections or suggestions. [pdf][Uploaded on 30.06.2009] 

17. S.O.1392(E), [03/06/2009] - Kalesar National Park as Eco- Sensitive Zone, Draft Notification for 

objections or suggestions. [pdf][Uploaded on 30.06.2009] 

18. S.O.133(E), [4/2/2003] - Matheran and surrounding region as an Eco-sensitive Zone [html], [pdf], and 

[word]. 

1. S.O.83(E), [16/01/2004] - Amendments to S.O.133(E) dated 4/2/2003 [html], [pdf], and [word]. 

19. S.O.52(E), [17/1/2001] - MahabaleswarPanchgani Region as an Eco-sensitive region. English - [html], 

[pdf] Hindi - [Pdf] 

20. S.O.825(E), [17/9/1998] - Pachmarhi Region as an Eco-sensitive Zone [html], [pdf], and [word]. 

21. S.O.350(E), [13/5/1998] - Order Constituting the Taj Trapezium Zone Pollution (Prevention and 

Control) Authority 

[html], [pdf], and [word]. 

22. S.O.884(E), [19/12/1996] - Dahanu Taluka Environment Protection Authority, 1996, amended 2001 

[html], [pdf], and [word]. 

23. S.O.481(E), [5/7/1996] - No Development Zone at Numaligarh, East of Kaziranga [html], [pdf], and 

[word]. 

24. S.O.319(E), [7/5/1992] - Restricting certain activities causing Environmental Degradation at Aravalli 

Range  

[html], [pdf], and [word]. 

25. S.O.416(E), [20/6/1991] - Dahanu Taluka, District Thane (Maharashtra) to declare as Ecologically 

fragile Area, amended 1999. 

English - [html], [pdf], Hindi - [Pdf] . 

26. S.O.102(E), [1/2/1989] - Restricting location of industries, mining & other activities in Doon Valley 

(UP)  

[html], [pdf], and [word]. 

http://www.envfor.nic.in/legis/others/gsr768.htm
http://www.envfor.nic.in/legis/others/gsr768.pdf
http://www.envfor.nic.in/legis/others/gsr768.doc
http://www.envfor.nic.in/legis/others/ecomark.html
http://www.envfor.nic.in/legis/eco-senstive.htm
http://moef.nic.in/assets/2930.pdf
http://moef.nic.in/assets/2364.pdf
http://moef.nic.in/assets/1260.pdf
http://moef.nic.in/assets/1259.pdf
http://moef.nic.in/assets/1258.pdf
http://moef.nic.in/assets/1257.pdf
http://www.envfor.nic.in/legis/eia/191e.pdf
http://www.envfor.nic.in/legis/eia/1545E.pdf
http://www.envfor.nic.in/legis/eia/1400.pdf
http://www.envfor.nic.in/legis/eia/1399-Bhindawas.pdf
http://www.envfor.nic.in/legis/eia/1398-Abubshaher.pdf
http://www.envfor.nic.in/legis/eia/1397E.pdf
http://www.envfor.nic.in/legis/eia/1396E.pdf
http://www.envfor.nic.in/legis/eia/1395E.pdf
http://www.envfor.nic.in/legis/eia/1394e.pdf
http://www.envfor.nic.in/legis/eia/1393-Kalesar.pdf
http://www.envfor.nic.in/legis/eia/1392E.pdf
http://www.envfor.nic.in/legis/ecozone/so133(e).htm
http://www.envfor.nic.in/legis/ecozone/so133(e).pdf
http://www.envfor.nic.in/legis/ecozone/so133(e).doc
http://www.envfor.nic.in/legis/eia/so-83(e).html
http://www.envfor.nic.in/legis/eia/so-83(e).pdf
http://www.envfor.nic.in/legis/eia/so-83(e).doc
http://www.envfor.nic.in/legis/ecozone/panchgani.html
http://www.envfor.nic.in/legis/ecozone/panchgani.pdf
http://www.envfor.nic.in/legis/ecozone/panchgani_hnd.pdf
http://www.envfor.nic.in/legis/ecozone/pachmar.html
http://www.envfor.nic.in/legis/ecozone/taj-aut.html
http://www.envfor.nic.in/legis/eia/dtepauth.html
http://www.envfor.nic.in/legis/eia/dtepauth.pdf
http://www.envfor.nic.in/legis/eia/numalig.html
http://www.envfor.nic.in/legis/eia/numalig.pdf
http://www.envfor.nic.in/legis/eia/aravalli.html
http://www.envfor.nic.in/legis/eia/aravalli.pdf
http://www.envfor.nic.in/legis/eia/dahanu.html
http://www.envfor.nic.in/legis/eia/dahanu.pdf
http://www.envfor.nic.in/legis/eia/so416h.pdf
http://www.envfor.nic.in/legis/eia/doonval.html
http://www.envfor.nic.in/legis/eia/doonval.pdf
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27. S.O.20(E), [6/1/1989] - Prohibiting Industries in Murud-Janjira, Raigadh District, Maharashtra [html], 

[pdf], and [word]. 

3.3 Environmental Clearance – General [7] 

1. S.O.1850(E), [14/08/2012] - Environmental Impact Assessment Notification, 2012.[pdf]. 

2. S.O.156(E), [25/01/2012] - Amendment to EIA Notification, 2006.[pdf]. 

3. S.O.695(E), [4/04/2011] - Amendment to EIA Notification, 2006.[pdf]. 

4. S.O.3067(E), [01/12/2009] - Environmental Impact Assessment Notification-2009.[pdf]. 

5. S.O.195(E), [19/01/2009] - Environmental Impact Assessment Notification-2009.[pdf]. 

6. S.O.2244(E), [22/11/2008] - Environmental Impact Assessment Notification-2008.[pdf]. 

7. S.O.2674(E), [17/11/2008] - Environmental Impact Assessment Notification-2008.[pdf]. 

8. S.O.1737(E), [11/10/2007] - Environmental Impact Assessment Notification-2007.[pdf]and [Hindi]. 

9. S.O.1736(E), [11/10/2007] - Environmental Impact Assessment Notification-2007.[pdf]. 

10. S.O.1735(E), [11/10/2007] - Environmental Impact Assessment Notification-2007.[pdf]. 

11. S.O.1203(E), [23/07/2007] - Environmental Impact Assessment Notification-2007.[pdf] 

12. S.O.1134(E), [12/07/2007] - Environmental Impact Assessment Notification-2007.[English] and 

[Hindi] 

13. S.O.1105(E), [4/07/2007] - Environmental Impact Assessment Notification-2007.[pdf] 

14. S.O.948(E), [12/06/2007] - Environmental Impact Assessment Notification-2007.[pdf] 

15. S.O.945(E), [11/06/2007] - Environmental Impact Assessment Notification-2007.[English] and 

[Hindi] 

16. S.O.582(E), [13/04/2007] ,Notification - State Level Environment Impact Assessment Authority 

(SEIAA) , West Bengal- [pdf], and [word]. 

17. S.O.1533(E), [14/09/2006] - Environmental Impact Assessment Notification-2006. English - [pdf], 

and [word]. 

Hindi - [Pdf-1],[Pdf-2],[pdf-3], [Pdf-4],[Pdf-5],[pdf-6],[pdf-7] 

18. Environmental Impact Assessment Notifications and amendments - 2006 

19. S.O.60(E), [27/1/1994] - Restrictions & Prohibitions on the Expansion & Modernization of any activity 

or new projects unless Environmental Clearance has been accorded, amended 2001 [html], [pdf], and [word]. 

1. S.O.1087(E), [22/9/2003] - Amendments to S.O.60(E) dated 27/1/1994 [html], [pdf], and [word]. 

2. S.O.891(E), [4/8/2003] - Amendments to S.O.60(E) dated 27/1/1994 [html], [pdf], and [word]. 

3. S.O.506(E), [7/5/2003] - Amendments to S.O.60(E) dated 27/1/1994 [html], [pdf], and [word]. 

4. S.O.248(E), [28/2/2003] - Amendments to S.O.60(E) dated 27/1/1994 [html], [pdf], and [word]. 

5. S.O.801(E), [7/7/2004] - Amendments to S.O.60(E) dated 27/1/1994. English - [html], [pdf], and 

[word] Hindi - [pdf] 

3.4 Ozone Layer Depletion [8] 

i. Rule 
1. S.O.670(E), [19/7/2000] - The Ozone Depleting Substances (Regulation and Control) Rules, 2000 

[html], [pdf], and [word]. 

3.5 Loss of Ecology [9] 

1. S.O.1101(E), [18/05/2011] - Amendments to S.O. 671(E),dated 30/09/1996 Loss of Ecology 

(Prevention and Payments of Compensation) [pdf]. 

2. S.O.1677(E), [28/09/2007] - Amendments to S.O. 671(E),dated 30/09/1996 Loss of Ecology 

(Prevention and Payments of Compensation) [pdf]. 

3. S.O.1556(E), [17/09/2007] - Amendments to S.O. 671(E),dated 30/09/1996 Loss of Ecology 

(Prevention and Payments of Compensation) [pdf]. 

4. S.O.1007(E), [22/06/2007] - Amendments to S.O. 671(E),dated 30/09/1996 Loss of Ecology 

(Prevention and Payments of Compensation) [pdf]. 

5. S.O.506(E), [31/03/2007] - Amendments to S.O. 671(E),dated 30/09/1996 Loss of Ecology (Prevention 

and Payments of Compensation) [pdf]. 

6. S.O.50(E), [17/01/2007] - Amendments to S.O. 671(E),dated 30/09/1996 Loss of Ecology (Prevention 

and Payments of Compensation) [pdf]. 

http://www.envfor.nic.in/legis/eia/murud.html
http://www.envfor.nic.in/legis/eia/murud.pdf
http://moef.nic.in/assets/1850.pdf
http://moef.nic.in/legis/156.pdf
http://moef.nic.in/legis/695.pdf
http://moef.nic.in/downloads/rules-and-regulations/3067.pdf
http://www.envfor.nic.in/legis/eia/so195.pdf
http://www.envfor.nic.in/legis/eia/2244.pdf
http://www.envfor.nic.in/legis/eia/2674.pdf
http://www.envfor.nic.in/legis/eia/so1737.pdf
http://www.envfor.nic.in/legis/eia/so1737_h.pdf
http://www.envfor.nic.in/legis/eia/so1736.pdf
http://www.envfor.nic.in/legis/eia/so1735.pdf
http://www.envfor.nic.in/legis/eia/so1203.pdf
http://www.envfor.nic.in/legis/eia/so1134.pdf
http://www.envfor.nic.in/legis/eia/so1134_h.pdf
http://www.envfor.nic.in/legis/eia/so1105.pdf
http://www.envfor.nic.in/legis/eia/so948.pdf
http://www.envfor.nic.in/legis/eia/so945.pdf
http://www.envfor.nic.in/legis/eia/so945_h.pdf
http://www.envfor.nic.in/legis/eia/SEAC.pdf
http://www.envfor.nic.in/legis/eia/SEAC.doc
http://www.envfor.nic.in/legis/eia/so1533.pdf
http://www.envfor.nic.in/legis/eia/so1533.doc
http://www.envfor.nic.in/legis/eia/1533E_01.pdf
http://www.envfor.nic.in/legis/eia/1533E_02.pdf
http://www.envfor.nic.in/legis/eia/1533E_03.pdf
http://www.envfor.nic.in/legis/eia/1533E_04.pdf
http://www.envfor.nic.in/legis/eia/1533E_05.pdf
http://www.envfor.nic.in/legis/eia/1533E_06.pdf
http://www.envfor.nic.in/legis/eia/1533E_07.pdf
http://www.envfor.nic.in/legis/eia/eia-2006.htm
http://www.envfor.nic.in/legis/eia/so-60(e).html
http://www.envfor.nic.in/legis/eia/so-60(e).pdf
http://www.envfor.nic.in/legis/eia/so-60(e).doc
http://www.envfor.nic.in/legis/eia/so-1087(e).html
http://www.envfor.nic.in/legis/eia/so-1087(e).pdf
http://www.envfor.nic.in/legis/eia/so-1087(e).doc
http://www.envfor.nic.in/legis/eia/so891.htm
http://www.envfor.nic.in/legis/eia/so891.pdf
http://www.envfor.nic.in/legis/eia/so891.doc
http://www.envfor.nic.in/legis/eia/so506.htm
http://www.envfor.nic.in/legis/eia/so506.pdf
http://www.envfor.nic.in/legis/eia/so506.doc
http://www.envfor.nic.in/legis/eia/so248.htm
http://www.envfor.nic.in/legis/eia/so248.pdf
http://www.envfor.nic.in/legis/eia/so248.doc
http://www.envfor.nic.in/legis/eia/so801(e).htm
http://www.envfor.nic.in/legis/eia/so801(e).pdf
http://www.envfor.nic.in/legis/eia/so801(e).doc
http://www.envfor.nic.in/legis/eia/so801h.pdf
http://www.envfor.nic.in/legis/ods/odsrcr.html
http://www.envfor.nic.in/legis/loe/1101e.pdf
http://www.envfor.nic.in/legis/loe/1677e.pdf
http://www.envfor.nic.in/legis/loe/1556e.pdf
http://www.envfor.nic.in/legis/loe/1007e.pdf
http://www.envfor.nic.in/legis/loe/506e.pdf
http://www.envfor.nic.in/legis/loe/50e.pdf
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7. S.O.1639(E), [29/09/2006] - Amendments to S.O. 671(E),dated 30/09/1996 Loss of Ecology 

(Prevention and Payments of Compensation) [pdf]. 

4. Environmental Labs in India [10] 

1.  
S.O No. 945 (E), [12/04/2013] - Recognization of Environmental Laboratories. (Amendments) 

2. S.O No. 2850 (E), [07/12/2012] - Recognization of Environmental Laboratories. (Amendments) 

3. S.O No. 2802 (E), [27/11/2012] - Recognization of Environmental Laboratories. (Amendments) 

4. S.O No. 1295 (E), [06/06/2012] - Recognization of Environmental Laboratories. 

5. S.O No. 1150 (E), [22/05/2012] - Recognization of Environmental Laboratories. 

6. S.O No. 2609 (E), [22/11/2011] - Recognization of Environmental Laboratories. 

7. S.O No. 1754 (E), [28/07/2011] - Recognization of Environmental Laboratories. 

8. S.O No. 1538 (E), [06/07/2011] - Recognization of Environmental Laboratories. 

9. S.O No. 1537 (E), [06/07/2011] - Recognization of Environmental Laboratories. 

10. S.O No. 692 (E), [05/04/2011] - Recognization of Environmental Laboratories. 

11. S.O.181(E), [28/01/2011] - Recognization of Environmental Laboratories. 

12. S.O.2904(E), [18/12/2010] - Recognization of Environmental Laboratories. 

13. S.O.619(E), [19/03/2010] - Recognization of Environmental Laboratories. 

14. S.O.142(E), [21/01/2010] - Recognization of Environmental Laboratories. 

15. S.O.3123(E), [7/12/2009] - Recognization of Environmental Laboratories. 

16. S.O.3122(E), [7/12/2009] - Recognization of Environmental Laboratories. 

17. S.O.2399(E), [18/09/2009] - Recognization of Environmental Laboratories. 

18. S.O.1802(E), [22/07/2009] - Recognization of Environmental Laboratories. 

19. S.O.1356(E), [27/05/2009] - Recognization of Environmental Laboratories. 

20. S.O.2728(E), [25/11/2008] - Recognization of Environmental Laboratories. Hindi | English 

21. S.O.1894(E), [31/07/2008] - Recognization of Environmental Laboratories. 

22. S.O.865(E), [11/04/2008] - Recognization of Environmental Laboratories. 

23. S.O.428(E), [4/03/2008] - Recognization of Environmental Laboratories. 

24. S.O.55(E), [9/01/2008] - Recognization of Environmental Laboratories. 

25. S.O.1811(E), Notification [24/10/2007] - Recognization of Environmental Laboratories. 

26. S.O.1539(E), [13/09/2007] - Recognization of Environmental Laboratories. PDF English | Word | PDF 

Hindi. 

27. S.O.1174(E), [18/07/2007] - Recognization of Environmental Laboratories. PDF | Word | Hindi PDF 

28. S.O.773(E), [17/05/2007] - Recognization of Environmental Laboratories. PDF | Word. 

29. S.O.834(E), [31/05/2006] - Recognization of Environmental Laboratories HTML | PDF | Word. 

30. S.O.2031(E), [27/11/2006] - Recognization of Environmental 

Laboratories. HTML | PDF | Word | Hindi PDF 

31. S.O.774(E), [07/06/2005] - Recognization of Environmental Laboratories. HTML | PDF | Word . 

32. S.O.728(E), [21/7/1987] - Recognization of Environmental Laboratories and Analysts HTML | Word. 

33. S.O.598(E), [26/04/2004] - Amendments to S.O.728(E) dated 21/07/1987 HTML | PDF | Word. 

34. S.O.1139(E), [15/10/2004] - Amendments to S.O.728(E) dated 21/07/1987 HTML | PDF | Word. 

EPA and CPCB have given some environmental standards for different products & Industries and 

amendments in term of modified standards and rues as below. 

 

5. Environmental Standards [11] 

1. G.S.R. 176(E), [18/03/2013] - Noise Standards for Firecrackers - amendments. [pdf] 

2. G.S.R. 820(E), [09/11/2012] - Environmental Standards for Petrochemical (Basic and Intermediates). 

[pdf] 

3. G.S.R. 277(E), [31/03/2012] - Environmental Standards for Integrated Iron and Steel Plant. [pdf] 

4. G.S.R. 266(E), [30/03/2012] - Environmental Standards for Electroplating, Anodizing Industry. [pdf] 

5. G.S.R. 152(E), [16/03/2012] - Environmental Standards for Grain Processing, Flour Mills, Pulse 

Making or Grinding Mills. [pdf] 

6. G.S.R. 446(E), [13/06/2011] - Environmental Standards for Pesticide Industry. [pdf] 

7. G.S.R. 424(E), [01/06/2011] - Effluent Standards for Soda Ash Industry. [pdf] 

8. G.S.R. 354(E), [02/05/2011] - Environmental Standards for Copper, Lead or Zinc Smelters (revised). 

[pdf] 

http://www.envfor.nic.in/legis/loe/1639e.pdf
http://www.envfor.nic.in/assets/945.pdf
http://www.envfor.nic.in/downloads/rules-and-regulations/2850.pdf
http://www.envfor.nic.in/downloads/rules-and-regulations/2802.pdf
http://www.envfor.nic.in/downloads/rules-and-regulations/1295.pdf
http://www.envfor.nic.in/downloads/rules-and-regulations/1150.pdf
http://www.envfor.nic.in/downloads/rules-and-regulations/2609.pdf
http://www.envfor.nic.in/downloads/rules-and-regulations/1754.pdf
http://www.envfor.nic.in/downloads/rules-and-regulations/1538.pdf
http://www.envfor.nic.in/downloads/rules-and-regulations/1537.pdf
http://www.envfor.nic.in/downloads/public-information/so-692-e-05-04-2011-1.pdf
http://www.envfor.nic.in/legis/181.pdf
http://www.envfor.nic.in/legis/env/2094.pdf
http://moef.nic.in/downloads/rules-and-regulations/619e.pdf
http://moef.nic.in/downloads/rules-and-regulations/142.pdf
http://www.envfor.nic.in/env/3123.pdf
http://www.envfor.nic.in/env/3122.pdf
http://www.envfor.nic.in/env/2399E.pdf
http://www.envfor.nic.in/legis/env/1802_E.pdf
http://www.envfor.nic.in/legis/env/1356E.pdf
http://www.envfor.nic.in/legis/env/2728E_h.pdf
http://www.envfor.nic.in/legis/env/2728E_e.pdf
http://www.envfor.nic.in/legis/env/1894E.pdf
http://www.envfor.nic.in/legis/env/865E.pdf
http://www.envfor.nic.in/legis/env/428E_h.pdf
http://www.envfor.nic.in/legis/env/55e.pdf
http://www.envfor.nic.in/legis/env/1811e.pdf
http://www.envfor.nic.in/legis/env/so1539e.pdf
http://www.envfor.nic.in/legis/env/so1539e.doc
http://www.envfor.nic.in/legis/env/so1539e_hindi.pdf
http://www.envfor.nic.in/legis/env/so1539e_hindi.pdf
http://www.envfor.nic.in/legis/env/so1539e_hindi.pdf
http://www.envfor.nic.in/legis/env/so1174e.pdf
http://www.envfor.nic.in/legis/env/so1174e.doc
http://www.envfor.nic.in/legis/env/1174E_hindi.pdf
http://www.envfor.nic.in/legis/env/so773e.pdf
http://www.envfor.nic.in/legis/env/so773e.doc
http://www.envfor.nic.in/legis/env/so834e.htm
http://www.envfor.nic.in/legis/env/so834e.pdf
http://www.envfor.nic.in/legis/env/so834e.doc
http://www.envfor.nic.in/legis/env/so2031e.htm
http://www.envfor.nic.in/legis/env/so2031e.pdf
http://www.envfor.nic.in/legis/env/so2031e.doc
http://www.envfor.nic.in/legis/env/so2031e_h.pdf
http://www.envfor.nic.in/legis/env/so774e.htm
http://www.envfor.nic.in/legis/env/so774e.pdf
http://www.envfor.nic.in/legis/env/so774e.doc
http://www.envfor.nic.in/legis/env/so728e.htm
http://www.envfor.nic.in/legis/env/so728e.doc
http://www.envfor.nic.in/legis/env/so598e.htm
http://www.envfor.nic.in/legis/env/so598e.pdf
http://www.envfor.nic.in/legis/env/so598e.doc
http://www.envfor.nic.in/legis/env/so1139e.htm
http://www.envfor.nic.in/legis/env/so1139e.pdf
http://www.envfor.nic.in/legis/env/so1139e.doc
http://moef.nic.in/assets/176.pdf
http://moef.nic.in/assets/gsr820.pdf
http://moef.nic.in/downloads/rules-and-regulations/277E.pdf
http://moef.nic.in/downloads/rules-and-regulations/266E.pdf
http://moef.nic.in/downloads/rules-and-regulations/152-E.pdf
http://moef.nic.in/downloads/rules-and-regulations/446-E.pdf
http://moef.nic.in/downloads/rules-and-regulations/424-E.pdf
http://moef.nic.in/downloads/rules-and-regulations/GSR354E.pdf
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9. G.S.R. 221(E), [18/03/2011] - Environmental Standards for Rubber Processing and Rubber Product 

Industry. [pdf] 

10. G.S.R. 215(E), [15/03/2011] - Laboratories for Certification of Noise Limit for Generator Sets. [pdf] 

11. G.S.R. 739(E), [09/09/2010] - Revision in Norms for Oil and Grease for CETP and General Standards 

(Schedule VI). [pdf] 

12. G.S.R. 485(E), [09/06/2010] - Environmental Standards for Dye and Dye Intermediate Industry. [pdf] 

13. G.S.R. 61(E), [05/02/2010] - Emission Standards for Plaster of Paris Industry. [pdf] 

14. G.S.R. 1(E), [01/01/2010] - Environmental Standards for Cashew Seed Processing Industry. [pdf] 

15. G.S.R. 826(E), [16/11/2009] - Revised National Ambient Air Quality Standards [pdf] 

16. G.S.R. 794(E), [4/11/2009] - Effluent Standards for Hotel Industry [pdf] 

17. G.S.R. 595(E), [21/08/2009] - Mass based Standards for SRU in Petroleum Oil Refinery [pdf] 

18. G.S.R. 543(E), [22/07/2009] - Emission Standards for Brick Kiln Sector [pdf] 

19. G.S.R. 512(E), [09/07/2009] - Effluent Standards for Pharmaceutical Industry [pdf] 

20. G.S.R. 149(E), [04/03/2009] - Environmental Standards for Incineretor for Pharmaceutical Industry 

[pdf] 

21. G.S.R. 97(E), [18/02/2009] - Environmental Standards for Refractory Industry [pdf] 

22. G.S.R. 752(E), [24/10/2008] - Environment (Protection) Amendment Rules, 2008.(DG Sets) [pdf] 

23. G.S.R. 579(E), [6/08/2008] - Environmental Standards for Coffee Industry [pdf] 

24. G.S.R. 481(E), [26/06/2008] - Emission Standards for Common Hazardous Waste Incinerator [pdf] 

25. G.S.R. 414(E), [30/05/2008] - Environmental Standards for Sponge Iron Plant [pdf] 

26. G.S.R. 344(E), [07/05/2008] - Emission Standards for Sulphuric Acid Plant [pdf] 

27. G.S.R.280(E), [11/04/2008] - The Environment (Protection) Amendment Rules, Notification (DG Sets) 

[pdf]. 

28. G.S.R. 186(E), [18/03/2008] - Environmental Standards for Petroleum Oil Refinery [Hindi] & 

[English] 

29. G.S.R.566(E), [29/08/2007] - Environment (Protection) Amendment Rules, 2007.(DG Sets) [pdf] 

30. G.S.R.640(E), [16/10/2006] - The Environment (Protection) Second Amendment Rules, 2006 [html], 

[pdf], and [word]. 

31. G.S.R.520(E), [16/06/2006] - Environment (Protection) Second Amendment Rules, 2005. [html],[pdf], 

and [word]. 

32. G.S.R.464(E), [7/08/2006] - Environment (Protection) Amendment Rules, 2006.(DG Sets) [pdf] 

33. G.S.R.46(E), [3/02/2006] - Environment (Protection) Amendmendment, 2006. [html], [pdf], and 

[word]. 

34. G.S.R.546(E), [30/08/2005] - Revised/New Environmental Standards for Pulp and Paper Industry, 

Guidelines for Disposal of Solid Waste, Drill Cuttings and Drilling Fluids for Offshore and Onshore Drilling 

Operation, Standards for Boilers using Agriculture Waste as Fuel and Guidelines for Pollution Control in 

Ginning Mills.[html], [pdf], and [word]. 

35. G.S.R.272(E), [05/05/2005] - Environment (Protection) Amendment Rules, 2005. [html],[pdf], and 

[word]. 

36. Corrigenda G.S.R.520(E), [12/08/2004] - Environment (Protection) Second Amendment Rules, 

2004.(DG Sets) [html],[pdf], and [word]. 

37. G.S.R.448(E), [12/07/2004] - The Environment (Protection) Second Amendment Rules, 2004(DG Sets) 

[html], [pdf], and [word]. 

38. G.S.R.92(E), [29/01/2004] - The Environment (Protection) Amendment Rules, 2004.(DG Sets) [pdf]. 

39. G.S.R.520(E), [1/07/2003] - The Environment (Protection) Amendment Rules, 2003.(DG Sets) [html], 

[pdf], and [word]. 

40. G.S.R.849(E), [30/12/2002] - The Environment (Protection) Fourth Amendment Rules, 2002 [html], 

[pdf], and [word]. 

41. G.S.R.489(E), [9/7/2002] - The Environment (Protection) Third Amendment Rules, 2002 [html], 

[pdf], and [word]. 

42. G.S.R.371(E), [17/5/2002] - The Environment (Protection) Second Amendment Rules, 2002 (DG 

Sets)[html], [pdf], and [word]. 

43. G.S.R.628(E), [30/08/2001] - The Environment (Protection) Amendment, Rules, 2001 [html], [pdf], 

and [word]. 

44. G.S.R.682(E), [5/10/1999] - The Environment (Protection) (Second Amendment) Rules, 1999, except 

para 2(ii) relative to Soda Ash Industry.[html]. 

45. G.S.R.7, [22/12/1998] - The Environment (Protection) (Second Amendment) Rules, 1998 [html], 

[pdf], and [word]. 

6. Hazardous Substances Management [12] 

http://moef.nic.in/downloads/rules-and-regulations/221e.pdf
http://moef.nic.in/downloads/rules-and-regulations/215.pdf
http://moef.nic.in/downloads/rules-and-regulations/739e.pdf
http://moef.nic.in/downloads/rules-and-regulations/485.pdf
http://moef.nic.in/downloads/rules-and-regulations/61E.pdf
http://moef.nic.in/downloads/rules-and-regulations/gsr1.pdf
http://www.envfor.nic.in/legis/ep/826.pdf
http://www.envfor.nic.in/legis/ep/794E.pdf
http://www.envfor.nic.in/legis/ep/GSR%20595E.pdf
http://www.envfor.nic.in/legis/ep/543_E.pdf
http://www.envfor.nic.in/legis/ep/GSR512E.pdf
http://www.envfor.nic.in/legis/ep/149E.pdf
http://www.envfor.nic.in/legis/ep/97.pdf
http://www.envfor.nic.in/legis/ep/752E.pdf
http://www.envfor.nic.in/legis/ep/579E.pdf
http://www.envfor.nic.in/legis/ep/481E.pdf
http://www.envfor.nic.in/legis/ep/414E.pdf
http://www.envfor.nic.in/legis/ep/344E.pdf
http://www.envfor.nic.in/legis/noise/280E.pdf
http://www.envfor.nic.in/legis/ep/186E_h.pdf
http://www.envfor.nic.in/legis/ep/186Eng.pdf
http://www.envfor.nic.in/legis/ep/566e.pdf
http://www.envfor.nic.in/legis/gsr640(e).htm
http://www.envfor.nic.in/legis/gsr640(e).pdf
http://www.envfor.nic.in/legis/gsr640(e).doc
http://www.envfor.nic.in/legis/ep/gsr315(e).htm
http://www.envfor.nic.in/legis/ep/gsr315(e).pdf
http://www.envfor.nic.in/legis/ep/gsr315(e).doc
http://www.envfor.nic.in/legis/ep/464e.pdf
http://www.envfor.nic.in/legis/ep/gsr46(e).htm
http://www.envfor.nic.in/legis/ep/gsr46(e).pdf
http://www.envfor.nic.in/legis/ep/gsr46(e).doc
http://www.envfor.nic.in/legis/eia/gsr546(e).htm
http://www.envfor.nic.in/legis/eia/gsr546(e).pdf
http://www.envfor.nic.in/legis/eia/gsr546(e).doc
http://www.envfor.nic.in/legis/ep/gsr272(e).htm
http://www.envfor.nic.in/legis/ep/gsr272(e).pdf
http://www.envfor.nic.in/legis/ep/gsr272(e).doc
http://www.envfor.nic.in/legis/ep/corrigenda_gsr520(e).htm
http://www.envfor.nic.in/legis/ep/corrigenda_gsr520(e).pdf
http://www.envfor.nic.in/legis/ep/corrigenda_gsr520(e).doc
http://www.envfor.nic.in/legis/noise/gsr448(e).htm
http://www.envfor.nic.in/legis/noise/gsr448(e).pdf
http://www.envfor.nic.in/legis/noise/gsr448(e).doc
http://www.envfor.nic.in/legis/noise/gsr92.pdf
http://www.envfor.nic.in/legis/noise/gsr520.htm
http://www.envfor.nic.in/legis/noise/gsr520.pdf
http://www.envfor.nic.in/legis/noise/gsr520.doc
http://www.envfor.nic.in/legis/noise/gsr849.html
http://www.envfor.nic.in/legis/noise/gsr849.pdf
http://www.envfor.nic.in/legis/noise/gsr849.doc
http://www.envfor.nic.in/legis/eia/epr_amd_489.html
http://www.envfor.nic.in/legis/noise/noisedgs.html
http://www.envfor.nic.in/legis/noise/noisedgs.pdf
http://www.envfor.nic.in/legis/noise/gsr628.htm
http://www.envfor.nic.in/legis/noise/gsr628.pdf
http://www.envfor.nic.in/legis/noise/gsr628.doc
http://www.envfor.nic.in/legis/noise/genesets.html
http://www.envfor.nic.in/legis/noise/gsr7.htm
http://www.envfor.nic.in/legis/noise/gsr7.pdf
http://www.envfor.nic.in/legis/noise/gsr7.doc
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i. Rules 
1. S.O No. 1035 (E), [12/05/2011] - E-waste Management and Handling Rules 2011. English | Hindi 

2. G.S.R.1(E), [23/12/2010] - The Rules for the Manufacture, Use, Import, Export and Storage of 

Hazardous micro-organisms Genetically engineered organisms or cells,Notification. [pdf] 

3. S.O.2400(E), [17/09/2009] - The Plastics (Manufacture, Usage and Waste Management) Rules,2009, 

Draft Notification [pdf] 

4. S.O.2447(E), [23/09/2009] - The Hazardous Wastes (Management,Handling and Transboundary 

Movement) Rules,2009,Notification [pdf] 

5. S.O.1799(E), [21/07/2009] - The Hazardous Wastes (Management,Handling and Transboundary 

Movement) Rules,2009,Notification [pdf] 

6. S.O.2265(E), [24/09/2008] - The Hazardous Wastes (Management,Handling and Transboundary 

Movement) Rules,2008,Notification English [pdf], and Hindi[pdf] (in case the file does not open on clicking 

the link please right click on the link and select save target as and then open the file.) 

7. S.O.432(E), [16/5/2001] - The Batteries (Management and Handling) Rules, 2001 [html], [pdf], and 

[word]. 

8. S.O.908(E), [25/9/2000] - The Municipal Solid Wastes (Management and Handling) Rules, 2000.  

English -[html], Hindi -[Pdf-1], [Pdf-2],[Pdf-3],[Pdf-4],[Pdf-5]. 

9. S.O.705(E), [2/9/1999] - The Recycled Plastics Manufacture and Usage Rules, 1999. English - 

[html], Hindi - [html]. 

1. S.O.698(E), [17/6/2003] - The Recycled Plastics Manufacture and Usage (Amendment) Rules, 2003 

[html], [pdf], and [word]. 

10. S.O.243(E), [26/3/1997] - Prohibition on the handling of Azodyes [html], [pdf], and [word]. 

11. G.S.R.347(E), [1/8/1996] - The Chemical Accidents (Emergency Planning, Preparedness and 

Response) Rules, 1996 [html], [pdf], and [word]. 

12. G.S.R.1037(E), [5/12/1989] - The Rules for the Manufacture, Use, Import, Export and Storage of 

Hazardous micro-organisms Genetically engineered organisms or cells [html], [pdf], and [word]. 

1. G.S.R. 616(E), [20/09/2006] - The Rules for the Manufacture, Use, Import, Export and Storage of 

Hazardous Micro-organisms Genetically engineered organisms or cells(Amendment). English - [html],[pdf]  

Hindi - [html], [pdf] 

2. S.O.1519(E), [23/08/2007] - The Rules for the Manufacture, Use, Import, Export and Storage of 

Hazardous Micro-organisms Genetically engineered organisms or cells(Amendment). English - 

[html],[pdf] Hindi - [html], [pdf] 

3. S.O.411(E), [25/02/2008] - The Rules for the Manufacture, Use, Import, Export and Storage of 

Hazardous Micro-organisms Genetically engineered organisms or cells, Notification. [pdf]  

13. S.O.966(E), [27/11/1989] - The Manufacture, Storage and import of Hazardous Chemical Rules, 1989 

[html], [pdf], and [word]. 

1. S.O.57(E), [19/1/2000] - The Manufacture, Storage and Import of Hazardous Chemical (Amendment) 

Rules, 2000.  

English - [html],  

Hindi - [Pdf-1], [Pdf-2] 

14. S.O.630(E), [20/7/1998] - The Bio-Medical Waste (Management and Handling) Rules, 1998. English - 

[html], Hindi - [Pdf-1], [Pdf-2]. 

1. S.O.1069(E), [17/9/2003] - Bio-Medical Waste (Management and Handling) (Amendment) Rules, 

2003. [html], [pdf], and [word]. 

15. S.O.253(E), [19/02/2007] - Amendments to S.O. 489(E),dated 30/04/2003 Taj Trapezium Zone 

Pollution (Prevention and Control) Authority. [pdf]. 

ii. Notifications 
1. S.O.2866(E), [27/12/2011] - Amendments to S.O. 489(E),dated 30/04/2003 Taj Trapezium Zone 

Pollution (Prevention and Control) Authority. [pdf]. 

2. S.O. 1002(E), [4/05/2010] - Batteries (Management and Handling), Amendments Rules, 2010. [pdf]. 

3. G.S.R. 768(E), [4/11/2008] - Notification on Public Liability Insurance Act. [Hindi], [English]. 

4. S.O.513(E) Fly ash in construction activities, Responsibilities of Thermal Power Plants and 

Specifications for use of ash-based products/responsibility of other agencies,Notification,dated 03 April,2007 

[hindi] and [english]. 

5. S.O.843(E), [7/7/2000] - Recognization of the laboratories that are allowed to use of pathogenic micro 

organisms or genetically engineered organisms or cells for the purposes of research [html], [pdf], and [word]. 

6. S.O.763(E), [14/9/1999] - Dumping and disposal of fly ash discharged from coal or lignite based 

thermal power plants on land  

[html], [pdf], and [word]. 

1. S.O.979(E), [27/8/2003] - Amendments to S.O.763(E) dated 14/9/1999 [html], [pdf], and [word] 

http://www.envfor.nic.in/downloads/rules-and-regulations/1035e_eng.pdf
http://www.envfor.nic.in/downloads/rules-and-regulations/1035e_hindi.pdf
http://www.envfor.nic.in/legis/1E.pdf
http://www.envfor.nic.in/legis/hsm/so2400%20.pdf
http://www.envfor.nic.in/legis/hsm/SO2447.pdf
http://www.envfor.nic.in/legis/hsm/SO1799E.pdf
http://www.envfor.nic.in/legis/hsm/HAZMAT_2265_eng.pdf
http://www.envfor.nic.in/legis/hsm/HAZMAT_2265_hindi.pdf
http://www.envfor.nic.in/legis/hsm/leadbat.html
http://www.envfor.nic.in/legis/hsm/mswmhr.html
http://www.envfor.nic.in/legis/hsm/so908_h1.pdf
http://www.envfor.nic.in/legis/hsm/so908_h2.pdf
http://www.envfor.nic.in/legis/hsm/so908_h3.pdf
http://www.envfor.nic.in/legis/hsm/so908_h4.pdf
http://www.envfor.nic.in/legis/hsm/so908_h5.pdf
http://www.envfor.nic.in/legis/hsm/plastic.html
http://www.envfor.nic.in/legis/hsm/plastic.html
http://www.envfor.nic.in/legis/hsm/so698(e).html
http://www.envfor.nic.in/legis/hsm/so698(e).pdf
http://www.envfor.nic.in/legis/hsm/so698(e).doc
http://www.envfor.nic.in/legis/hsm/gsr347.htm
http://www.envfor.nic.in/legis/hsm/gsr347.pdf
http://www.envfor.nic.in/legis/hsm/gsr347.doc
http://www.envfor.nic.in/legis/hsm/hsm3.html
http://www.envfor.nic.in/legis/hsm/616E.htm
http://www.envfor.nic.in/legis/hsm/616E.pdf
http://www.envfor.nic.in/legis/hsm/616E_h.htm
http://www.envfor.nic.in/legis/hsm/616E_h.pdf
http://www.envfor.nic.in/legis/hsm/1519E.htm
http://www.envfor.nic.in/legis/hsm/1519E.pdf
http://www.envfor.nic.in/legis/hsm/1519E_h.htm
http://www.envfor.nic.in/legis/hsm/1519E_h.pdf
http://www.envfor.nic.in/legis/hsm/411.pdf
http://www.envfor.nic.in/legis/hsm/hsm2.html
http://www.envfor.nic.in/legis/hsm/msihcar.html
http://www.envfor.nic.in/legis/hsm/so57_h1.pdf
http://www.envfor.nic.in/legis/hsm/so57_h2.pdf
http://www.envfor.nic.in/legis/hsm/biomed.html
http://www.envfor.nic.in/legis/hsm/so630_h1.pdf
http://www.envfor.nic.in/legis/hsm/so630_h2.pdf
http://www.envfor.nic.in/legis/hsm/so-1069(e).html
http://www.envfor.nic.in/legis/hsm/so-1069(e).pdf
http://www.envfor.nic.in/legis/hsm/so-1069(e).doc
http://www.envfor.nic.in/legis/hsm/253e.pdf
http://www.envfor.nic.in/legis/hsm/2866e.pdf
http://www.envfor.nic.in/legis/hsm/SO1002.pdf
http://www.envfor.nic.in/legis/hsm/GSR_768_H.pdf
http://www.envfor.nic.in/legis/hsm/GSR_768_E.pdf
http://www.envfor.nic.in/legis/513h.doc
http://www.envfor.nic.in/legis/513e.doc
http://www.envfor.nic.in/legis/hsm/hsmlab.html
http://www.envfor.nic.in/legis/hsm/so763(e).htm
http://www.envfor.nic.in/legis/hsm/so763(e).pdf
http://www.envfor.nic.in/legis/hsm/so763(e).doc
http://www.envfor.nic.in/legis/hsm/so979(e).htm
http://www.envfor.nic.in/legis/hsm/so979(e).pdf
http://www.envfor.nic.in/legis/hsm/so979(e).doc
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2. S.O 2804 (E)[Dated - 03-11-2009] - Amendments to S.O.763(E) dated 14/9/1999 [pdf] 

MoEF have already worked on water pollution on large scale in different rivers, states, the detailed report is 

in various pdf and html documents are given below. 

7. Water Pollution Projects in India [13] 

i. Notifications 
1. S.O.1906(E) - S.O. 1907(E)[03/08/2010] - Delegation of Powers to Uttarakhand State Ganga River 

Conservation Authority. [pdf] 

2. S.O.1111(E) [14/05/2010] - Constitution of Uttarakhand State Ganga River Conservation Authority. 

[pdf] 

3. S.O.661(E),S.O.662(E) [18/03/2010] - Delegation of powers to Bihar State Ganga River Conservation 

Authority. [pdf] 

4. S.O.571(E), [08/03/2010] - Corrigendum to Constitution of Uttar Pradesh State Ganga River 

Conservation Authority. [pdf] 

5. S.O.287(E), [08/02/2010] - Constitution of Bihar State Ganga River Conservation Authority. [pdf] 

6. S.O.2964(E), S.O.2965(E), S.O.2966(E), S.O.2967(E), S.O.2968(E), S.O.2969(E) , [21/11/2009] - 

Delegation of powers to West Bengal, Jharkhand & Uttar Pradesh State Ganga River Conservation Authorities. 

[pdf] 

7. S.O.2495(E), [30/09/2009] - Constitution of Jharkhand State Ganga River Conservation Authority. 

[pdf] 

8. S.O.2494(E), [30/09/2009] - Constitution of West Bengal State Ganga River Conservation Authority. 

[pdf] 

9. S.O.2493(E), [30/09/2009] - Constitution of Uttar Pradesh State Ganga River Conservation Authority. 

[pdf] 

10. S.O.2125(E), [13/08/2009] - Amendment to the constitution of NGRBA. [pdf] 

11. S.O.521(E), [20/02/2009] - Constitution of National Ganga River Conservation Authority. [pdf] 

12. S.O.583(E) Water Quality Assessment Authority,Order,dated 29 May,2001[hindi] and [english]. 

13. S.O.2151 Water Quality Monitoring Order 2005,Notification,dated 17 June,2005 [hindi] and [english]. 

8. 2-T Oil [14] 

1. G.S.R.714(E), [17/11/2006] - The 2-T Oil (Regulation of Supply and Distribution) Order, 2006 [pdf]. 

2. G.S.R.778(E), [31/12/1998] - The 2-T Oil (Regulation of Supply and Distribution) Order, 1998 [html], 

[pdf], and [word]. 

9. Public Liability Insurance [15] 

i. Act 
1. No.6 of 1991, [22/1/1991] - The Public Liability Insurance Act, 1991, amended 1992 [html], [pdf], 

and [word]. 

ii. Rule 

  

1. S.O.330(E), [15/5/l991] - The Public Liability Insurance Rules, 1991, amended 1993 [html], [pdf], and 

[word]. 

iii. Notifications 
1. S.O.282, [19/3/1993] - List of Officers delegated powers of section 13 & 18 of PLI Act [html], [pdf], 

and [word]. 

2. S.O.227(E), [24/3/1992] - Hazardous substances and quantities to which PLI is applicable [html], 

[pdf], and [word]. 

3. S.O.779(E), [15/11/1991] - Delegation of powers to the State Governments [html], [pdf], and [word]. 

4. S.O.780(E), [15/11/1991] - Delegation of powers to the State Governments [html], [pdf], and [word]. 

5. G.S.R.253, [27/3/1991] - Date on which the Public Liability Insurance Act, 1991 came into force 

[html], [pdf], and [word]. 

http://moef.nic.in/downloads/public-information/2804.pdf
http://moef.nic.in/downloads/rules-and-regulations/1906-1907.pdf
http://moef.nic.in/downloads/rules-and-regulations/111.pdf
http://www.envfor.nic.in/legis/661.pdf
http://www.envfor.nic.in/legis/571.pdf
http://www.envfor.nic.in/legis/287.pdf
http://www.envfor.nic.in/legis/2964e.pdf
http://www.envfor.nic.in/legis/2495.pdf
http://www.envfor.nic.in/legis/2494.pdf
http://www.envfor.nic.in/legis/2493.pdf
http://www.envfor.nic.in/legis/2125.pdf
http://www.envfor.nic.in/legis/521.pdf
http://www.envfor.nic.in/legis/583h.pdf
http://www.envfor.nic.in/legis/583e.pdf
http://www.envfor.nic.in/legis/2151h.pdf
http://www.envfor.nic.in/legis/2151e.pdf
http://www.envfor.nic.in/legis/others/714e.pdf
http://www.envfor.nic.in/legis/others/2t_oil.html
http://www.envfor.nic.in/legis/public/public1.html
http://www.envfor.nic.in/legis/public/so330(e).html
http://www.envfor.nic.in/legis/public/so282.htm
http://www.envfor.nic.in/legis/public/so282.pdf
http://www.envfor.nic.in/legis/public/so282.doc
http://www.envfor.nic.in/legis/public/so227(e).html
http://www.envfor.nic.in/legis/public/so779(e).htm
http://www.envfor.nic.in/legis/public/so779(e).pdf
http://www.envfor.nic.in/legis/public/so779(e).doc
http://www.envfor.nic.in/legis/public/so780(e).htm
http://www.envfor.nic.in/legis/public/so780(e).pdf
http://www.envfor.nic.in/legis/public/so780(e).doc
http://www.envfor.nic.in/legis/public/gsr253.htm
http://www.envfor.nic.in/legis/public/gsr253.pdf
http://www.envfor.nic.in/legis/public/gsr253.doc
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10. National Environment Appellate Authority [16] 

1. NO.22 of 1997, [26/3/1997] - The National Environment Appellate Authority Act, 1997 [html], [pdf], 

and [word]. 

11. National Environment Tribunal 

1. Act 
28. No.27 of 1995, [17/6/1995] - The National Environment Tribunal Act, 1995 [html], [pdf], and [word]. 

12. Animal Welfare [17] 

i. Act 
1. No.59 of 1960 - The Prevention of Cruelty to Animals Act, 1960 [html], [pdf], and [word]. 

ii. Rules 
1. S.O.1818(E), [23/10/2006] - Breeding of and Experiments on Animals (Control and Supervision 

)Amendment Rules, 2006  

[html], [pdf], and [word]. 

2. S.O.1817(E), [19/10/2006] - Reconstitution of Committee for the Purpose of Control and Supervision 

of Experiments on Animals(CPCSEA) [html], [pdf], and [word]. 

3. S.O.42(E), [14/01/2006] - Breeding of and Experiments on Animals (Control and Supervision 

)Amendment Rules, 2005  

[html], [pdf], and [word]. 

4. S.O.1256(E), [24/12/2001] - The Animal Birth Control (Dogs) Rules, 2001 [html], [pdf], and [word]. 

5. S.O.267(E), [26/3/2001] - The Performing Animals (Registration) Rules, 2001 [html], [pdf], and 

[word]. 

i. S.O.35(E), [8/1/2002] - The Performing Animals (Registration) Amendment Rules, 2001 [html], [pdf], 

and [word]. 

6. S.O.271(E), [26/3/2001] - The Prevention of Cruelty to Animals (Establishment and Regulation of 

Societies for Prevention of Cruelty to Animals) Rules, 2001 [html], [pdf], and [word]. 

7. S.O.270(E), [26/3/2001] - The Prevention of Cruelty to Animals (Slaughter House) Rules, 2001 [html], 

[pdf], and [word]. 

8. S.O.268(E), [26/3/2001] - The Prevention of Cruelty to Animals (Transport of Animals on Foot) Rules, 

2001 [html], [pdf], and [word]. 

9. S.O.134(E), [15/2/2001] - The Breeding of and Experiments on animals (Control and Supervision) 

Amendment Rules, 2001  

[html], [pdf], and [word]. 

10. S.O.1074, [15/12/1998] - The Breeding of and Experiments on Animals (Control and Supervision) 

Rules, 1998 [html], [pdf], and [word]. 

11. S.O.732(E), [26/8/1998] - The Experiments on Animals (controls and Supervision) (Amendment) 

Rules, 1998 [html], [pdf], and [word]. 

12. S.O.No.1056, [13/3/1979] - The Prevention of Cruelty (Capture of Animals) Rules, 1972 [html], [pdf], 

and [word]. 

13. No.14-20/76-LD.I, [30/11/1978] - The Prevention of Cruelty to Animals (Registration of Cattle 

Premises) Rules, 1978  

[html], [pdf], and [word]. 

14. No. 18-6/70-LDI, [23/3/1978] - The Transport of Animals Rules, 1978 [html], [pdf], and [word]. 

i. S.O.269(E), [26/3/2001] - The Transport of Animals (Amendment) Rules, 2001 [html], [pdf], and 

[word]. 

15. No.14-21/76-LD.I, [15/2/1978] - The Prevention of Cruelty to Animals (Application of Fines) Rules, 

1978 [html], [pdf], and [word]. 

16. No.35-4/72-LD.I, [22/5/1973] - The Performing Animals Rules, 1973 [html], [pdf], and [word]. 

17. No.9-18/62-LD, [23/3/1965] - The Prevention of Cruelty to Animals (Licensing of Farriers) Rules, 

1965 [html], [pdf], and [word]. 

18. No.9-18/68-LD, [23/3/1965] - The Prevention of Cruelty to Draught and Pack Animals Rules, 1965, 

amended 1968 [html], [pdf], and [word]. 

iii. Notification 
1. G.S.R.619(E), [14/10/1998] - The Prevention of Cruelty to Animals (Restricted to Exhibit on Trained 

as a Performing Animals)  

[html], [pdf], and [word]. 
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2. G.S.R.528(E), [11/07/2011] - The Prevention of Cruelty to Animals (Restricted to Exhibit on Trained 

as a Performing Animals)[in supersession of G.S.R.619(E) [14/10/1998] 

[pdf]. 

13. Wildlife [18] 

i. Act 
1. No. 16 of 2003, [17/1/2003] - The Wild Life (Protection) Amendment Act, 2002 [html], [pdf], and 

[word]. 

2. The Indian Wildlife (Protection) Act, 1972, amended 1993 [html], [pdf], and [word]. 

  

ii. Rules 
1. S.O.1092(E), [22/9/2003] - The National Board for Wild Life Rules, 2003 [html], [pdf], and [word]. 

2. S.O.445(E), [18/4/2003] - The Declaration of Wild Life Stock Rules, 2003 [html], [pdf], and [word]. 

3. G.S.R.350(E), [18/4/1995] - The Wildlife (Specified Plant Stock Declaration) Central Rules, 1995 

[html], [pdf], and [word]. 

4. G.S.R.349(E), [18/4/1995] - The Wildlife (Specified Plants - Conditions for Possession by Licensee) 

Rules, 1995 [html], [pdf], and [word]. 

5. G.S.R.348(E), [18/4/1995] - The Wildlife (Protection) Rules, 1995 [html], [pdf], and [word]. 

6. Recognition of Zoo Rules, 1992 [html], [pdf], and [word]. 

7. G.S.R.328(E), [13/4/1983] - The Wildlife (Protection) Licensing (Additional Matters for 

Consideration) Rules, 1983 [html], [pdf], and [word]. 

8. G.S.R.29(E), [25/1/1973] - The Wildlife (Stock Declaration) Central Rules, 1973 [html], [pdf], and 

[word]. 

9. G.S.R.198(E), [9/4/1973] - The Wildlife (Transaction and Taxidermy) Rules, 1973 [html], [pdf], and 

[word]. 

iii. Notifications 
1. S.O.802(E), [16/05/2007] - The National Board for Wild Life Rules, 2007 [pdf]. 

2. S.O.1093(E), [22/9/2003] - Constitution of the National Board for Wild Life [html], [pdf], and [word]. 

3. S.O.1091(E), [22/9/2003] - Coming into force of section 6 of the Wild Life (Protection) Amendment 

Act, 2002 (16 of 2003) 

[html], [pdf], and [word]. 

4. S.O.446(E), [18/4/2003] - Delegation of Powers of section 58E of the Wild Life (Protection) Act, 1972 

(53 of 1972) [html], [pdf], and [word]. 

5. S.O.447(E), [18/4/2003] - Delegation of Powers of section 54 of the Wild Life (Protection) Act, 1972 

(53 of 1972) [html], [pdf], and [word]. 

6. S.O.332(E), [28/3/2003] - Coming into force of all the provisions except section 6 of the Wild Life 

(Protection) Amendment Act, 2002 (16 of 2003) [html], [pdf], and [word]. 

7. S.O.1085(E), [30/9/2002] - Amendments to Schedule I and Part II of Schedule II of the Wild Life 

(Protection) Act, 1972 (53 of 1972) 

[html], [pdf], and [word]. 

8. S.O.1197(E), [5/12/2001] - Amendments to Schedule I and Schedule IV of the Wild Life (Protection) 

Act, 1972 (53 of 1972)  

[html], [pdf], and [word]. 

9. S.O.665(E), [11/7/2001] - Amendments to Schedule I and Schedule III of the Wild Life (Protection) 

Act, 1972 (53 of 1972)  

[html], [pdf], and [word]. 

10. S.O.474(E), [28/5/2001] - Additions to Schedule I of the Wild Life (Protection) Act, 1972 (53 of 1972) 

[html], [pdf], and [word]. 

iv. Guideline 
1. Guidelines for Appointment of Honorary Wildlife Wardens [html], [pdf], and [word]. 

14. Forest Conservation [19] 

i. Acts 
1. State/Union Territory Minor Forest Produce (Ownership of Forest Dependent Community) Act, 2005 - 

Draft [pdf], [word]. 
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2. Forest (Conservation) Act, 1980, amended 1988 [html], [pdf], and [word]. 

3. The Indian Forest Act, 1927 [html], [pdf], and [word]. 

ii. Rules 
1. G.S.R.23(E) - Forest (Conservation) Rules, 2003 [html], [pdf], and [word]. 

2. G.S.R.719 - Forest (Conservation) Rules, 1981, amended 1992 [html], [pdf], and [word]. 

iii. Guidelines 
1. No.5-5/86-FC, [25/11/1994] - Guidelines for diversion of forest lands for non-forest purpose under the 

Forest (Conservation) Act, 1980 [html], [pdf], and [word]. 

15. Biodiversity [] 
   

ii. Rule 
1. G.S.R.261 (E), [15/04/2004] - Biological Diversity Rules, 2004, [html], [pdf] and [word]. 

i. Act 
1. Biological Diversity Act, 2002 [html].  

2. NO. 18 of 2003, [5/2/2003] - The Biological Diversity Act, 2002 [html].  

i. S.O.753(E), [01/07/2004]- Coming in to force of sextions of the Biodiversity Act, 2002.[html], [pdf] 

and [word]. 

ii. S.O.497 (E), [15/04/2004]- Appointment of non-official members on NBA from 1st October, 

2003.[html], [pdf]and [word]. 

iii. S.O.1147 (E)- Establishment of National Biodiversity Authority from 1st October, 2003.[html], [pdf] 

and [word]. 

iv. S.O.1146 (E)- Bringing into force Sections 1 and 2; Sections 8 to 17; Sections 48,54,59,62,63,64 and 

65 w.e.f. 1st October, 2003. 

[html], [pdf] and [word]. 

v. S.O.2708 (E)- Central Government authorises the officers to file complaints with regards to offences 

punishable under the Biological Diversity Act, 2002, Notification. [pdf] . 

vi. S.O.120 (E)- Central Government authorises the officers to file complaints with regards to offences 

punishable under the Biological Diversity Act, 2002, Amendment Notification. [pdf] . 

vii. Designation of repositories under the Biological Diversity Act, 2002. [pdf] . 
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Government Engineering College, Banswara was established in 2012 under SFS mode and as a part of 

Ajmer Engineering College Society. Its infrastructure is developed under the Tribal Area Development 

Department (TADD) and is funded by Government of Rajasthan. At present, it has three branches in 

B.Tech (Civil Engineering, Electrical Engineering and Mechanical Engineering), each having 60 seats. 

The good quality of teaching, highly qualified faculty members and dedication of students is the mark 

return of GEC Banswara. It is situated on backside of Mayur Mill at Lodha village in Banswara, which 

located at the corner of the Rajasthan and near to the border of Madhya Pradesh and Gujrat. The 

Banswara is known for its greenery and called as Cherapunji of Rajasthan. 
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