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Abstract: 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. 

Contamination of aquatic environments by the heavy metals 

has become a serious concern in the developing world. In 

India we are following only primary treatment for the 

remediation of wastewater, in some cases secondary 

treatment. 
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Introduction 

 A long term and indiscriminate use of raw sewage water and 

industrial waste water for irrigation continuously has elevated 

levels of available heavy metals in cultivated layer of soil (1). 

Such irrigation practices give very good crop yield as it 

contains large amount of organic materials and some 

inorganic elements essential for plant growth. 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 (2). 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 (3). These heavy metal contaminants 

are not biodegradable into non-toxic end products. 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. 

Sewage effluent contain variable amounts of heavy metals 

like Pb, Cu ,Ni ,etc.(4) . Maintenance of adequate oxygen 

level in soil is a pre- requisite for root respiration and 

biological reactions. Wastewater BOD should therefore be 

regularly monitored and oxygen should be restored by proper 

cultural practices and providing rest periods between 

irrigation and after harvest. 

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. Some exception were observed and were 

attributed to the adsorption of these elements by organic 

materials. 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. It is already known that metal 

availability in the soil is limited by binding with humic 

substances as well as with clay particles and it finally depends 

on cation exchange capacity (CEC). The clay minerals 

montmorillonite and kaolinite protect micro organisms, 

including bacteria actionomycetes and filamentous fungi from 

inhibitory effects of Cd and the protective ability of clays is 

correlated with their CEC (5). Besides this microbial 

resistance to heavy metals may also be genetically 

determined, depending on the ability of some micro organisms 

to biochemically transform toxic metals and to control cell 

uptake and permeability. Biogeochemical cycles of Hg and of 

Sn are far supported by microbial activity(6). 

Cu, Zn and Fe are essential plant food micronutrient with 

specific metabolic functions while Pb is considered a strong 

pollutant with increasing industrialization in residential area 

from which different metals are discharged into sewage leads 

to environment pollution this concern of special importance 

where untreated sewage is applied for long periods of grown 

vegetable in urban land. The speciation of heavy metals for 

soil determine the availability of metals in ground water 

following application of municipal sewage sludge to 

agriculture land. Lake et al (1984) reported that metals were 

predominantly associated with solid  phase, soluble and 

exchangeable  species generally reported <10% of total 

metals. It has been indicated that long term exposure of Cd in 

food and water leads to build up of Cd in Kindeys causing 

kidney disease (7). Metal –binding protein found in liver and 

kidney.  

Much research work has been carried out on the possible 

adverse effects on crop yield, their uptake by plants and their 

implication for transfer of metals from soil through plants to 

animals and human beings. In contrast little work has been 

done on the possible adverse effects of metals on soil 

properties including micro-organisms and soil microbial 

activities. Therefore, present investing will be carried out to 

explore the possible adverse effects of sewage water on soil 

and vegetable crops. 

The influence of long- term use of sewage irrigation on soil 

physical , chemical and biological properties and plant 

essential nutrient status and heavy metal content in soils and 

plant under  sewage irrigated soil and well irrigated soils is 
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ascertained in the present investigation entitled “ Effect of 

municipal sewage on soil properties and chemical build up in  

vegetable crops grown in vicinity of Jaipur city ’’ was 

undertaken with the following objectives. 

The main emphasis of the work is on the 

following objectives: 

1. To describe the soil properties that influence 

the sorption of heavy metals in soils. 

2. To present new concepts of environmental 

analytical studies called speciation. 

Introduction to Groundwater 

 

What Is Groundwater? 

 

Groundwater is water stored under the surface of the ground 

in the tiny pore spaces between rock, sand, soil, and gravel. It 

occurs in two “zones”: an upper, unsaturated zone where most 

of the pore spaces are filled with air, and a deeper, saturated 

zone in which all the pore spaces are filled with water. 

Groundwater cleanup is very important in india because many 

communities and individuals get their drinking water from 

wells. To picture this, think of filling a cup with gravel. Then 

add enough water to half fill the cup. The top of the water 

layer represents the water table. Below it, where the gravel is 

covered with water, is the saturated zone. Above it, where 

there is just gravel, would be the unsaturated zone. The 

bottom of the cup forms a barrier to the water continuing to 

move downward. This barrier can occur in nature as bedrock, 

clay, or permafrost and is called an aquitard. The water table 

may be a few feet or many hundreds of feet below ground 

surface. In some areas of India there is no groundwater at all. 

In permafrost areas, the ground is saturated with water, but 

remains frozen all year. How well loosely arranged rock (such 

as sand and gravel) holds water depends on the size and shape 

of the rock particles. Layers of loosely arranged particles of 

uniform size (such as sand) tend to hold more water than 

layers of rock with materials of different sizes. This is because 

smaller rock materials can settle in the spaces between larger 

rocks, decreasing the space available to hold water. 

 

How Does Groundwater Move? 

 

Several things happen to precipitation that falls on the land 

surface. Some of the water flows overland across into streams, 

lakes, or the ocean. If the surface soil is porous, some water 

seeps into the ground by a process called infiltration. Water 

seeping into the soil clings to soil particles, and may be drawn 

into the rootlets of growing plants. After the plant uses the 

water, it is released as vapor into the atmosphere. Excess soil 

moisture is pulled downward by gravity. At some depth, either 

shallower or deeper depending on the location, the pores in 

soil or rocks become saturated with water. The top of the 

saturated zone is called the water table(8). Below the water 

table is ground water. Groundwater generally flows downhill, 

just as surface water does. However, “downhill” for 

groundwater is determined by the slope of the barrier below it, 

not the ground above it. The slope of the underground barrier 

often is in the same direction as the ground above it, but that 

is not always the case. The speed at which groundwater flows 

also is determined by the permeability of the soil or rock in 

the saturated zone. If the saturated zone consists of less 

permeable material (such as clay), water flows through it 

more slowly. Groundwater can move as quickly as several 

feet per day, and as slowly as a foot per century. 

What Is an Aquifer? 

 

An aquifer is an area that contains enough groundwater to be 

pumped to the surface and used for drinking water, irrigation, 

industry, or other uses. An aquifer may be a few feet or 

several thousand feet thick, and less than a square mile or 

hundreds of thousands of square miles in area. The amount of 

water an aquifer can produce depends on the volume of the 

soil and rock in the saturated zone, the size and number of the 

pores and fractures that can fill with water, and the 

permeability of the soil or rock. 

Water-filled porosity is a measurement of the amount of water 

a material can store, and permeability is a measure of how 

well the water can move through the material. Material such 

as silt or clay has high water-filled porosity (it can store a lot 

of water) but low permeability (the water does not flow 

through it easily). Bedrock usually has low water-filled 

porosity (it can only store water in cracks, if at all) and low 

permeability (water can only flow through cracks that 

interconnect). Aquifers receive water from rain or snowmelt 

that filters down through the unsaturated zone. They also can 

receive water from surface waters such as lakes and streams. 

An aquitard is a confining geologic layer that slows, but does 

not prevent, the flow of water to or from an adjacent aquifer. 

An aquitard does not readily provide water to wells or springs, 

but may store groundwater and also transmit it slowly from 

one aquifer to another. Most geologic layers are classified as 

either aquifers or aquitards. 

 

How Does Groundwater Become Contaminated? 

 

Groundwater can be contaminated in many ways. If surface 

water that recharges the aquifer is contaminated, the 

groundwater will also become contaminated. This can, in turn, 

affect the quality of surface water at discharge areas. 

Groundwater can also be contaminated by liquid hazardous 

substances (or solids that can dissolve in water) that filter 

through the soil into groundwater, by salt water moving in 

from the ocean, or by minerals that are naturally present in the 

area. 

 

The importance of groundwater for the existence of 

human society cannot be overemphasized. Groundwater 
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is the major source of drinking water in both urban and 

rural India. Besides, it is an important source of water 

for the agricultural and the industrial sector. 

 

 The demand for water has increased over the years 

and this has led to water scarcity in many parts of the world. 

The situation is aggravated by the problem of water pollution 

or contamination. India is heading towards a freshwater crisis 

mainly due to improper management of water resources and 

environmental degradation, which has lead to a lack of access 

to safe water supply to millions of people(9). This freshwater 

crisis is already evident in many parts of India, varying in 

scale and intensity depending mainly on the time of the year.  

 As far as the quality of groundwater is concerned, 

many states in the country have been identified as endemic to 

fluorosis due to abundance in naturally occurring fluoride-

bearing minerals. These are Andhra Pradesh, Gujarat, 

Haryana, Orissa, Punjab, Rajasthan, Tamil Nadu, Uttar 

Pradesh, Karnataka, Madhya Pradesh, Maharastra, Bihar, and 

Delhi. Nearly half million people in India suffer from ailments 

due to excess of fluoride in drinking water. In some districts 

of Assam and Orissa, groundwater has high iron content. 

About 31% of the total area of Rajasthan comes under saline 

groundwater. Groundwater is saline in almost all of the 

Bhakra Canal in Punjab and the lift canal system in south-

western Haryana. Similarly high levels of arsenic in 

groundwater have been reported in the shallow aquifers in 

some districts of West Bengal. Certain places in Haryana, 

Gujarat, and Andhra Pradesh were also found to have 

dangerously high levels of mercury.  

 Pollution of groundwater resources has become 

a major problem today. The pollution of air, water, and 

land has an affect on the pollution and contamination of 

groundwater. The solid, liquid, and the gaseous waste 

that is generated, if not treated properly, results in 

pollution of the environment; this affects groundwater 

too due to the hydraulic connectivity in the hydrological 

cycle. For example, when the air is polluted, rainfall will 

settle many pollutants on the ground, which can then 

seep into and contaminate the groundwater resources. 

 

Water extraction without proper recharge and 

leaching of pollutants from pesticides and fertilizers into the 

aquifers has polluted groundwater supplies. In addition, 

leachates from agriculture, industrial waste, and the municipal 

solid waste have also polluted surface- and ground-water. 

Some 45 million people the world over are affected by water 

pollution marked by excess fluoride, arsenic, iron, or the 

ingress of salt water (10). 

Analysis of water samples:- 

  Ground water Various physical parameters like pH and EC  

were determined at the site with the help of digital portable 

water analyzer kit . Calcium (Ca2+), 

Magnesium (Mg2+), Chloride (Cl–), Carbonate (CO3
2-

) and 

Bicarbonate (HCO3
-
)  by volumetric titration methods; while 

Sodium (Na+) and Potassium 

(K+) by Flamephotometry . The sodium adsorption ratio 

(SAR) and residual sodium carbonate(RSC) values of each 

water sample were calculated by using Richard equation . 

   The respective values for all these parameters are reported 

in Table 1 and Table 2; all results are compared with standard 

limit recommended by the  WHO. 

 

Calculate EC 

 

 

Kc = the cell constant, 1/cm 

CM = measured conductance of the sample, µmho 

t=  observed temperature of sample, 
0
C 
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TDS 

Since the electrical conductivity is a measure to the capacity 

of water to conduct electrical current, it is directly related to 

the concentration of salts dissolved in water, and therefore to 

the Total Dissolved Solids (TDS). Salts dissolve into 

positively charged ions and negatively charged ions, which 

conduct electricity. Since it is difficult to measure TDS in the 

field, The electrical conductivity of the water is used as a 

measure.  The electrical conductivity of the water can be 

determined in a quick and inexpensive way, using portable 

meters. Distilled water does not contain dissolved salts and, as 

a result, it does not conduct electricity and has an electrical 

conductivity of zero. Nevertheless, when the salt 

concentration reaches a certain level, electrical conductivity is 

no longer directly related to salts concentration. This 

is because ion pairs are formed. Ion pairs weaken each other's 

charge, so that above a this level, higher TDS will not result in 

 equally higher electrical conductivity. 

Calculation: TDS (ppm) = 0.64 X EC (μS/cm) = 640 X EC 

(dS/m) 

 Table -1 

 

Table-2 
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