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Abstract: This assessment furnishes an analytical sketch of 

the diverse application of supercritical carbon dioxide 

which happens to be one of the most convenient eco 

friendly compounds useful in recent times. It is a very 

quick and productive process for not only extraction of 

pesticides but also for other various extraction methods in a 

brief period of time and with admissible reclamation and 

consistency without hampering the environment. Even 

though pesticides help in the growth of agricultural 

production, it has many disadvantages too. The modern 

technology helps to extract the pesticides which from the 

past few years has been found to be one of the main 

reasons for soil degradation ground water contamination 

with high-tech driver tools. In the experiment of extraction 

of pesticides with the help of supercritical carbon which is 

described below, supercritical carbon dioxide has been used 

as the solvent with methanol as the solvents and under 

various pressure and temperature the extraction time has 

been found out along with the recovery rate and the effect 

of organic matter. Carbon dioxide is taken to be the 

supercritical fluid in most cases because of the low critical 

temperature of 304.2K and pressure of 7.39MPa. Along 

with that, it is non-toxic, cost affordable and easily 

available. 
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1. Introduction   

In recent times, scientists from all over the world have 

discovered  super critical carbon dioxide which is formed by 

altering the temperature and pressure of carbon dioxide at 

standard temperature and pressure (STP) .The temperature 

and pressure are both allowed to rise up from the STP and are 

allowed to held overhead the critical point of carbon dioxide, 

then its properties get modified to a transitional zone between 

gas and liquid and hence the name Supercritical carbon 

dioxide. It is maintained at hypercritical temperature of about 

31.1
0
 C and pressure of 7.4 MPa [1, 2, 3]. In today's world, 

extraction process through supercritical fluid extraction 

possess some unique upper hand over other disinfection or 

purification method. The supercritical fluid extraction method 

was first studied and experimented by Hanna and Bogart in 

1880 [1, 2, and 3]. They started scrutinizing the solubility of 

various organic salts under supercritical conditions using 

different solvents. During the 1970's the extraction process 

through supercritical fluid started increasing cause of the 

energy catastrophe, which can be seen more in today's world 

[1]. Supercritical carbon dioxide is considered to be good 

solvent as they have the ability to dissolve matter is within 

reach to that of the liquid [2, 3, 4, 5, 6, and 7]. But they relate 

more to gases in case of viscosity and diffusion coefficients. 

Hence, it becomes easy for the transport and mass convey 

attribute of the fluids. Also, supercritical fluid has the property 

of changing their dissolving ability by altering the temperature 

and pressure, which then permits the fragmental extraction 

and detachments of solutes and the absolute regaining the 

solvents by gas pressure adaptations [8, 9]. Supercritical 

carbon dioxide is widely used nowadays mainly because of 

the fact that it is environmental friendly and can be recycled. 

But along with that it has other advantages like it lowers the 

amount of energy consumed, it is chemically inert and 

incombustible, it is found in the mineral water as well and 

hence it is natural [10,11]. Carbon dioxide happens to be the 

most widely used gas for abstraction of supercritical fluids. 

Supercritical Carbon dioxide is widely used in abstraction of 

aromatic oil, in food factories (like beverages), 

pharmaceutical industries, in extraction of polymers, in dry 

cleaning activity etc. At present the most extensive use of 

supercritical carbon dioxide is in extraction. Here, we will go 

through the extraction of organochloride insecticides, 

organophosphorus pesticide in which the Gas chromatography 

method is applied to study the extracts and then the resultant 

remnants is executed with the help of gas chromatography-

mass spectrometry [12,13] The supercritical fluid extraction 

method seems to be rapid, ecofriendly, economical than the 

previous method. 

In these paper three methodologies of extraction of pesticides 

using super critical carbon dioxide is presented. In the first 

method it has been described about the extraction of around 

31 pesticides in the soil, for different temperature and pressure 

control, where methanol is used as cosolvent. In the second 

one an apparatus has been used for extraction of pesticides for 

matrix constituents from fatty and non-fatty substances. 

Thirdly, it has been discussed about the extraction of various 

pesticides from pepper and tomatoes 

2. Extractions Using Supercritical Carbon Dioxide: - 

At present the extensive use of supercritical carbon dioxide is 

in the field of extraction. The integral amount of carbon 

dioxide engage in the process is calculated to have been 

roughly near about 15,000 to 25,000 ton/year in 1994 and 

amidst 30,000and 35,000 tons in 2002 . Globally, around 100 

facilities or even more are calculated to use heavy carbon 

dioxide for extraction as well a salvation. In the food 

industries, extensive merchandising plants use supercritical 

carbon dioxide for extraction purposes. [6,7,14,15,18]. 

2.1 The extraction process: 

The extraction process of food and undomesticated or natural 

process with supercritical carbon dioxide takes place in two 

steps. The first and foremost step is that, solvable elements of 

supercritical carbon dioxide are taken out from the feed and in 

the next step the different constituents is segregated from 

supercritical carbon dioxide. This can be done by changing 

the thermodynamic state by altering the temperature and 

pressure in which the solvent potentially changed and 
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secondly, we take the help of an outside administrator in 

which segregation is carried out by adsorption and 

absorption where we can find no change of pressure and 

hence the running value related to the pressure demand is 

slightly less. But one more step is required i.e., the resumption 

of the extract from the outside administrator. This also results 

in large deficit of the extract that might happen throughout the 

recovery operation.  

The substances which are generally fed to the extractor are 

taken to be as ground hard stiff body. Fluid feed substances 

are also taken, where extraction happens in a crosscurrent 

pillar which is filled in either a haphazard or established 

manner. Sometimes viscous liquid and supercritical liquid is 

blended together and then sprinkled through a nozzle into the 

extractor holder in case of very high viscous liquid. 

As mentioned above in the introductory part, use of 

supercritical carbon dioxide is widely in use nowadays. Right 

from extraction of caffeine to the production of high benefit 

commodity such as aroma and essence, food supplements, 

nutraceuticals, other essential oils etc [19].Supercritical 

carbon dioxide is used almost in every field. 

3. History and Technical Use Of It. 

Thousands of years back, there was not such involvement of 

technology. Humans hardly knew the effects of pesticides that 

can have on soil. All they knew was that, manure and 

pesticides were useful for healthy growth of crops. The first 

element that is known to have used was elemental sulfur, 

around 4500 years back in accident Mesopotamia for pest 

control with the use of harmful toxic plants. As time passed 

by toxic chemicals like arsenic lead and mercury was used in 

the field to kill pests [20, 21]. Again in 17th century we have 

an insecticide named as the nicotine sulphate from tobacco 

leaves. Next the inventions of pyrethrum from 

chrysanthemum and rotenone from the roots of equatorial 

edibles (mostly vegetables) gave rise to two more natural 

pesticides [22]. Even though such many pesticides and 

insecticides were there but the use of arsenic based pesticides 

are widely used till the 1950's.  Organochloride such as DDT 

(an insecticide) was discovered by the Swiss scientist named 

Paul Herman Mulley, during 1939 which happened to be one 

of the most effective insecticides during that period of time, 

but again it got replaced by organophosphate and carbonates 

during 1975. This is due to the fact that DDT was considered 

to be harmful for environment or say biodiversity (as it 

prevents the fish easting birds from reproducing in water). 

From that time pyrethrum is used as the governing 

insecticides [23]. 

With the flow of time, the use of pesticide and insecticides is 

made to reduce significantly. Many laws were enacted to 

regulate the use of pesticides.  UN organization, WHO (world 

health organization), FAO (food agricultural organization) etc. 

focus on using environmental friendly equipment for 

environment protection by taking effective measures and 

making recommendations [24]. The modern technology uses 

the technique of supercritical fluid extraction in which 

commonly uses fluid is carbon dioxide, which helps in the 

extraction of pesticides from bulky soil phase. Since carbon 

dioxide has a low critical temperature of about 31.1^C and 

74MPa, hence it is very less reactive and the extend of 

cleanliness is very high and most importantly it is economical. 

4. Field Application Of Supercrtical Carbondioxide: 

We know that the supercritical fluids have versatile properties 

and have great advantages and also have a strong impact in 

the field of science. They are used in many sectors like food 

industries, cosmetics, waste treatment plant, extraction 

process, in polymerization process etc. which have to undergo 

through various processes like disinfection, sterilization, 

impregnation, organization, along with formation and 

foundation etc. 

Here's a list of the field application of supercritical carbon 

dioxide  

4.1. Food Industries 

From a very long back time, supercritical carbon dioxide is in 

use as an extraction solvent for natural merchandise and has 

been proved to be one of the most evolved procedures on an 

industrial level. The word 'decaffeinated' means a part of the 

caffeine is missing from the coffee. This means that the 

caffeine has been extracted out from the coffee plants with the 

help of supercritical fluid and then it is handed over to the 

food industries or pharmaceuticals (for medical research and 

other purposes) From this process, it has been found out that 

the residue left is little or negligible, hence we can say that 

this process is cost effective and ecofriendly as well as it is 

sustainability. Supercritical carbon dioxide is even used to 

extract corks and is generally no longer in charge of microbial 

contagion. Through in the grinding procedure, maximum part 

of the woods is separated and the last ultimate result is quite 

the satisfaction one, we get a plain analogous formation of the 

cork. Even the elasticity operation of the cork doesn't get 

altered. Lakhs and lakhs of cork are being produced every 

year. 

Next, we have the manufacture of natural dye, aromatic 

compounds, removal of pesticides, abstraction of lipids, 

sterilization of milk, disinfection of fish oil, extraction of 

essential oils, treatment of food residue etc. 

4.2. Pharmaceutical Industry: 

With the help of supercritical carbon dioxide, plants extract 

can be obtained like diterpenes (antioxidants), triterpenes 

(carotenes), which might draw attention to the pharmaceutical 

zone that can easily be extracted from them. Supercritical 

carbon dioxide can also be used for the manufacture of fine 

powders. The Pierre Poitier has been awarded the title of 

"Innovation in chemistry for sustainable development" in 

2009. The Critical Pharmaceuticals of United Kingdom 

nowadays provide environment friendly i.e. biodegradable 

using supercritical carbon dioxide for medical purposes. 

4.3. Dry Cleaning: 

Instead of chlorinated solvents, the USA makes use of the 

supercritical carbon dioxide for dry cleaning purposes. 

4.4. Chemical Industry: 
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In chemistry there is a term known as catalyst. So, catalysts 

are substances which help to undergo a reaction but in the 

meantime the catalyst donor change is character and the 

process is known as catalysis. So, nowadays supercritical 

Caro dioxide is used to carry out catalysis and biocatalysts. 

Here aromatic compounds are made to undergo repeated 

catalytic hydrogenation. 

The dispersion of supercritical carbon dioxide which is then 

followed by expansion of materials with the alternation of 

physical and chemical properties happens in plastic industries. 

Supercritical carbon dioxide lowers the glass transition 

temperature since it is considered to be a good plasticizing 

agent. Supercritical carbon dioxide increases the durability, 

stability, resistance and purity. This includes expulsion of 

elastomers, polymer purification from monomers, polymer 

synthesis etc. 

4.5. Waste Treatment: 

It has been studied over the past 30 years that oxidation in 

supercritical water oxidation helps in the taking care of the 

waste water. The biological and chemical oxidation of the 

toxic waste products in supercritical water is very increasing 

as it permits a quick blazing of the substances in the narrow 

and cognitive environment where the oxygen and organic 

matters are solvable. It has been found that even the sludge 

can be digested and treated by air oxidation which also 

happens to be known as oxidation in supercritical water. Even 

in the regaining of metals which might get silted down under 

hydrothermal process, this process seems to be helpful. In 

recent times, scientists are performing experiments regarding 

the extraction of precious compounds from various wastes of 

the plastic industries, agri-food industries using supercritical 

carbon dioxide. 

5. Detailed Methodology Of The Technique From Various 

Literatures 

5.1. Supercritical Carbondioxide In Pesticides Extraction: 

5.1.1. Here in this experiment supercritical carbon oxide has 

been used as a solvent for the extraction of a mixture of 

around 31 pesticides in the soil in which methanol is mixed 

which acts as a cosolvent. For different pressure and 

temperature control, different extraction time has been found, 

every single one in stable condition which is given as: 

Pressure of 10MPa, 15MPa, and 20MPa with temperatures of 

303K, 313K, 318K we have the extraction time as 3*10mins, 

3*15mins, 4*10mins, 4*15mins, and 5*10mins. After that the 

evolution is done for the effect of organic matter content of 

the soil on the extraction process of the pesticides by 

supercritical carbon dioxide. Also, in addition to that (which 

can also be ignored) the results of the time that passed by 

within the enclosure and the supercritical fluid extraction on 

the regaining amount of pesticides is evaluated. With the 

technique of gas chromatography assessed by continuous 

observations by electronic micro capture and nitrogen 

phosphorous detectors, combine together in collateral manner. 

It has been seen that the most admirable situation for the 

extraction of pesticides with the help of supercritical carbon 

oxide is found with a pressure of 15MPa which is followed by 

a temperature of 318K and 4 stable condition of 10 minutes 

and recovery rate of 70%. 

 It has been recorded that for 16 pesticides out of 30, the 

organic matter content was found not to be a                                     

controlling criterion on recovery. 11 pesticides were found to 

have large percentage of recovery added with large organic 

matter content. For the last 3 leftovers pesticides, t has been 

noted that the percentage of recovery is decreased added with 

increment of organic matter content in soil. 

Next, we have the reaction of time within the enclosure and 

supercritical fluid extraction, it has been generated that out of 

the 30 pesticides, 20 pesticides do not have any effect on the 

percentage of recovery for this aspect [25]. 

This experiment acts as a demonstration for the extraction of 

pesticides with the help of supercritical carbon dioxide as the 

solvent added with method which acts as a solvent.  

5.1.2. Supercritical carbon dioxide, when used as an 

extraction elevator, it consists of an apparatus of supercritical 

fluid extraction for extraction of pesticides and matrix 

constituent from fatty and non-fatty sustenance. When 

jumbled up with the elevator, samples which have a span of 

95% water to pure lipophilic oils, they can be adequately 

extracted with the help of supercritical carbon dioxide. More 

than 30 types of pesticides could be obtained at incurred 

amount which ranges from 0.005-2 ppm with the help of this 

extraction technique, in multiple matrixes like carrots, lettuce, 

peanut butter, hamburger, and fortified butter fat and fortified 

potatoes. Supercritical carbon dioxide imparts a solvent 

channel which happens to be non-toxic, fire-resistive along 

with the termination of utilizing and discarding of 

carcinogenic organic solvents [26]. 

5.1.3. Pesticides are distinguished as  bactericides, 

insecticides, fungicides, herbicides etc. Here, supercritical 

fluid extraction is analyzed for the  extraction of the following 

from pepper and tomato. 

I. Imidacloprid - insecticide 

II. Methiocarb- carbonated pesticides 

III. Chlorpyrifos- organophosphate pesticides 

IV. Chlorothalonil- non-systemic fungicide 

V. Endosulfan I- insecticide 

VI. Endosulfan II- insecticide 

VII. Endosulfan sulfate- insecticide 

With a ratio of 5:7 of vegetable sample and magnesium 

sulfate, these mixtures were used to conduct the extraction 

process using Gas Chromatography/ an electron capture 

detector, Gas Chromatography/ Flame photometric detector 

and High-performance liquid chromatography/Diode-Array 

Detection for analysis. From glass wool and various water 

absorbent substances, experiments were conducted to study 

the extracting ability of the pesticides which happens to be the 

first and foremost process. Under various extraction 

conditions of 300 atm, 50 °C, 200 μL of methanol static 

modifier, 1 min static time, dynamic extraction with 15 mL of 

CO2, and collection in 3 mL of ethyl acetate, spiked tomatoes 

and pepper samples were extracted with the help of 

supercritical carbon dioxide with an exception for 

imidacloprid, which was not regained under any of the 

estimated conditions. Other than that, more than 80% of the 
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pesticides have been recovered. Incurred residues of 

chlorpyrifos, endosulfan, and methiocarb was found in many 

pepper and tomato samples and was extracted effectively with 

supercritical fluid extraction as compared to conventional 

extraction technique [27,28]. 

6. Critical Summary And Conclusion 

The extraction process with the use of supercritical carbon 

dioxide has been found to be a propitious solution for the 

recovery of soil quality by extracting the pesticides along with 

the addition of organic matter content in the soil. Since this 

technique of extraction process has less effect on the soil 

composition and environment, hence, it chosen over other 

traditional methods. But the main disadvantage lies in the 

incipient capital price, which in the long run becomes less 

valuable with the widening of the high-pressure method. The 

investment at the beginning donot gains much importance as 

compared to the operating costs when the extraction process is 

used in extensive field like in curative process of soil. 

In the first experiment, it has been discussed about the use of 

supercritical carbon dioxide as the solvent with methanol as 

the cosolvent for extraction of about 31 pesticides and has 

found out that pressure of 15 MPa and temperature of 318K 

are the most suitable ones with 4 stable phases of 10 minutes, 

results in  70% recovery rate. Also, the effect of organic 

matter content and the percentage of recovery have been 

found out.    

In the second experiment, an apparatus has been used for 

extraction of pesticides and matrix constituents from fatty and 

non-fatty substances 

Thirdly, it has been discussed the extraction of pesticides from 

pepper and tomatoes using various modern techniques like 

Gas Chromatography/an electron capture detector, Gas 

Chromatography/ Flame photometric Detector and High-

performance liquid chromatography/Diode-Array Detection 

for analysis. It has been found that more than 80% of the 

pesticides have been recovered.  

Here, the essentialities of supercritical carbon dioxide are 

introduced together that have a great impact in the extraction 

process. But besides that supercritical carbon dioxide has 

other interesting features in the field of pharmaceuticals, 

cosmetics, food industries, waste management etc.  

The procedure is safe and effective and also environment 

friendly and has many potential applications in the upcoming 

future. 
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