










Summary 

 

Anthropogenic activities like industrial production and transportation, a wide range of 

chemical pollutants such as trace and toxic metals, pesticides, polycyclic aromatic 

hydrocarbons etc. eventually found their way into various environmental compartments. 

These pollutants get distributed among soil, water bodies, air and if left unattended can cause 

serious health risk to all exposed ecosystem components including human beings. These 

compounds may produce immediate toxicity to ecosystems or exhibit long term effects such 

as mutagenicity, carcinogenicity or biomagnify (concentrations of pollutant increase per unit 

body weight) in higher trophic organism of the food chain. Thus regular monitoring of these 

toxic chemicals in all the environmental matrices is unquestionably essential for reclaiming 

our natural resources.   

This report describes some of the activities of Environmental Assessment Division which are 

having direct relevance to the public health and regulatory bodies. Extensive studies were 

carried out in our laboratories for the Trombay site, over the years; on the organic as well as 

inorganic pollution in the environment to understand inter compartmental behaviour of these 

chemical pollutants. In this report attempt has been made to compare the data on various 

toxic chemical pollutants that are being monitored regularly at Trombay site and their levels 

are compared with existing regulations. For monitoring, methodologies have been 

standardized for characterization of toxic chemical pollutants using different analytical 

techniques. Regular sample collection from different environmental matrices has been done. 

Sample analysis has been carried out using different analytical instruments such as high 

performance liquid chromatograph, ion chromatograph, gas chromatograph, atomic 

absorption spectrophotometer, and differential pulse anodic stripping voltammetry.  Major 

portion of the study covers Air quality monitoring of toxic chemical pollutants, as the other 

matrices water and soil are less likely to be polluted at the study site. This monitoring 

program will provide information feedback on the actual effects of anthropogenic activities 

on the local environment. The data thus generated will also be helpful for estimation of health 

risk possess by these chemical pollutants.  
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1.0 INTRODUCTION: 

Chemical pollutants of anthropogenic origin, which are associated with a range of adverse 

effects on human health, are of main concern in the present times. Environmental monitoring 

of toxic chemical pollutants provides feedback about the actual environmental impacts of an 

area because of various anthropogenic activities. Monitoring results are used to ensure 

compliance with environmental standards. Environmental monitoring programs provide 

information feedback on the actual effects of human activities on the environment, and of the 

effectiveness of prescribed mitigation measures to protect the environment. Once discharged 

to the environment, these chemical pollutants dispersed into different environmental matrices, 

namely air, soil/sediment and water bodies. Hence, it is important to understand the 

distribution of released chemical pollutants in these different environmental matrices. 

Air contaminants found in urban environment consist of a broad and complex spectrum of 

chemicals in gaseous and particle-associated form. Air pollution may pose potential risk to 

human health due to possible airborne particulate matter laden with toxic chemicals and/or 

volatile emissions. The emission mechanisms associated with gas phase and particulate 

matter released into air are quite different. Gas phase emissions primarily involve organic 

compounds; these emissions may be released through several mechanisms such as 

volatilization, biodegradation, photodecomposition, hydrolysis and combustion. Particulate 

matter emissions can be released through wind erosion, mechanical disturbances and 

combustion. 

Soil is the receptor of large quantities of waste produced by various human activities. It also 

acts as a sink for various air contaminants. Fertilizers and pesticides applied to the crops are 

largely retained by the soil. Once these chemical pollutants discharge to the soil they become 

part of environmental cycle by sorption by the soil, leaching into water, etc. The quality of 

the soil has an impact on public health through the food chain. Therefore monitoring of 

chemical contaminants in the soil deserves serious attention.     

The quality of water is of vital concern for human being since it is directly linked with the 

human health. Water quality characteristics of aquatic environments arise from a multitude of 

physical, chemical and biological interactions. The water bodies (rivers, lake and estuaries) 

are continuously subjected to a dynamic state of change with respect to their geological age 

and geochemical characteristics. The dynamic balance in the aquatic ecosystem is upset by 

various human activities, resulting in pollution of water bodies. Water pollution can be best 

considered in the perspective of possible pollutant cycles throughout the environment. 



Extensive studies were carried out in our laboratories for the Trombay site, over the years; on 

the organic as well as inorganic pollution in the environment to understand inter 

compartmental behaviour of these chemical pollutants. In this report attempt has been made 

to compare the data on various toxic chemical pollutants that are being monitored regularly at 

Trombay site and their levels are compared with existing regulations. Major portion of the 

study covers Air quality monitoring of toxic chemical pollutants, as the other matrices water 

and soil are less likely to be polluted at the study site. Attempt is also made to identify the 

possible sources of the monitored chemical pollutants by their presence in environment. The 

data thus generated will also be helpful for estimation of health risk possess by these 

chemical pollutants.  

 

2.0 STUDY AREA: 

The metropolitan city of Mumbai is one of the rapidly growing cities in India. It has become 

an epicenter of trade, commerce and industry. Trombay site the study area, is located about 

15 km from the Mumbai main centre (19o02’ Latitude (N) and 72o53’Longitude (E)) 

bordered by Harbour (Arabian sea) on the East, Mumbai-Pune national highway on the West. 

Refineries, a fertilizer complex and a thermal power plant operating on gas are situated at a 

few kilometers to the South East, few chemical and paint industries are located at few 

kilometers in the West. There are several other industries such as petrochemical, automobile, 

metallurgical and textile in and around the city.  The presence of petro-chemical industries at 

the south side of the area is of special investigative interest, with respect to PAH 

contamination. There are several other industries such as, automobile, metallurgical and 

textile in and around the city. Increased use of personalized and hired vehicles, buses and 

goods carriers put additional strains on air pollution. So the contribution to the air pollutants 

comes from multiple sources scattered in and around this area. Since most of these air 

pollutants are toxic in nature the data obtained in this study will also be useful for exposure 

assessment for general population. Fig 1 shows the locations of various industries around 

Trombay region. 

 

 

 

 

 



 

 
 
 
 
 
 
                         
 
 
                                               
                                        
                                                            
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1. Trombay Region around Sampling Site at BARC 
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3.0 LITERATURE REVIEW 

3.1 Trace Elements and Anions in Environment 

The study of toxic and trace metals  in the environment is more important in comparison to  

other pollutants due to their  non bio-degradable nature, accumulative properties and long 

biological half lives. It is difficult to remove them completely from the environment once 

they enter into it.  With the increased use of a wide variety of metals in industries and in our 

daily life, there is now a greater awareness of toxic metal pollution in the environment.   

Many of these metals tend to remain in the ecosystem and eventually move from one 

compartment to the other within the food chain.  

Emissions to the atmosphere are normally considered the most important one, as the 

atmosphere is probably the main avenue for the transport of heavy elements. Metals are 

contributed to the atmosphere from a wide variety of natural and anthropogenic sources. The 

natural sorces include dust raised by winds, volcanic activity, forest fires, vegetation and sea 

salt aerosols.  Some of the anthropogenic sources of the metals in the environment are: 

mining, smelting, production and use of the compounds and materials containing the metals, 

burning of fossil fuels, waste dumping and leaching of waste dumps, urban run-off, sewage 

effluents and agricultural run-off.  Toxic metals to a large extent are dispersed in the 

environment through industrial effluents, organic wastes, refuse burning, transport and power 

generation. They can be carried to places many miles away from the source depending upon 

whether they are in the gaseous form or as particulates. Another means of dispersal, 

especially in the hydrosphere is the transport of the effluent from catchment areas which have 

been contaminated by wastes from various industries. 

3.1.1 Chemical Toxicity of Trace Elements: 

A toxic material is a substance that has an adverse effect on health. The level of toxicity of a 

substance relates to the amount that cause an adverse effect and to some extent the type of 

effect. Many elements are also essential, or at least beneficial to human health, but they also 

can become toxic when taken in excess. The toxic effects of an element are measured by its 

dose-response relationship, where the response is the sign of an adverse effect. Doses are 

either acute or chronic. An acute dose is a large amount of a toxic material which produces a 

rapid onset of effects, often intense and can result in death. A chronic dose is usually a lesser 

amount but continued over a longer period of time. Therefore the toxic material has a chance 

to build up in the body and its adverse effects are seen as a gradual onset of symptoms. At 



times the symptoms of acute and chronic exposures are different, and the effects may also 

differ.  Some of the more affected organs due to trace metals are listed in Table-1.     

Table 1: Health effects due to some trace metals 

S.No. Element Health effects 

1 As Anaemia, lung disease, liver disease, cardiac abnormality,  

neurological disorder, blindness, lung cancer, skin cancer.   

2 Cd Asthma, pulmonary oedema, lung disease, kidney damage, disturbed  

bone metabolism, Osteomalacia, hypertension, Prostatic carcinoma. 

3 Cr Dermal irritation, ulcer, eczema, lung disease, renal damage, cancer. 

4 Cu Nausea, vomiting, diarrhea, convulsion. 

5 Fe Damage of liver and other tissues. Increased risk for heart disease and 
cancer 

6 Hg Brain damage, tubular nephrosis,  renal disease. 

7 Mn Insomnia, speech disturbance, hyper emotionalism, 

 irritability, restlessness, hallucination. 

8 Ni Causes dermatitis and skin cancer 

9 Pb Inhibit biosynthesis of haeme, anaemia, reduced  

neuropsychological functioning, Chromosomal abnormalities. 

10 Zn Fever, nausea, vomiting, diarrhea, convulsion. 

 

3.1.2 Anions in the Atmosphere: 
 
Major anions present in the atmosphere are sulphate, nitrate and chloride, with lesser 

concentration of fluoride. Chloride concentration will be higher at the coastal site. Chlorides 

can be from the primary sources like oceans while sulphates and nitrates are from the 

secondary sources, mainly formed from gas to particle conversion. Both natural and 

anthropogenic sources contribute to their production. On a global scale natural sources will 

dominate in their contribution towards the concentration of the inorganic components of the 

particulate matter due to their emission from large area sources such as the oceans which 

cover over 70% of the globe. On the contrary anthropogenic emissions predominate over 

relatively small areas, such as urban and industrial areas. 

 

 



3.1.3 Sources of Anions in the Atmosphere 

 

(i) Sulphate 

Sulphate is the secondary pollutant produced by the gas to particle conversion of oxides of 

sulphur such as sulphur dioxide (SO2) and sulphur trioxide (SO3). It is observed that the 

percentage of oxides of sulphur as SO2 existing in ambient air may be more than 95% while 

the remaining 5% or less may be in the form of sulphur trioxide. The major atmospheric 

manmade sources of SO2 are burning of fossil fuels in stationary combustion and industrial 

processes, viz. petroleum, chemical, metallurgical and mineral industries, and fires, while 

natural sources are volcanoes, geothermal activity, bacterial decomposition of organic matter, 

forest fires etc. The oxides of sulphur arise mainly from combustion sources due to the 

presence of inorganic and organic sulphur in the combustible matter and fuel. Significant 

quantities of sulphur dioxide emissions come from industries during different manufacturing 

process and from power plants. Studies on global anthropogenic emissions of sulphur dioxide 

shows that roughly 60% of emissions comes from coal combustion; petroleum and other fuel 

combustion accounts for about 30%; smelting of metallic ores and other industrial processes 

accounts for about 10% of the global anthropogenic SO2.Once emitted the gaseous sulphur 

dioxide is initially oxidized inside the plume and later in the ambient troposphere to sulphuric 

acid by reactions occurring in the gas, aqueous and aerosol phases. The sulphur trioxide if 

present reacts with atmospheric water vapour to form sulphuric acid. 

 

(ii) Nitrate 

As in the case of sulphates, nitrates are also secondary products of gas to particle conversions 

of oxides of nitrogen. The oxides of nitrogen present in the atmosphere may be in different 

forms, viz. nitric oxide (NO), nitrous oxide (N2O), nitrogen dioxide(NO2), nitrogen trioxide 

(NO3), nitrogen tetroxide (N2O4), nitrogen sesquioxide (N2O5) etc. As far as air pollution is 

concerned nitric oxide and nitrogen dioxide which exist freely in the air  are of importance. 

The nitric oxide in the atmosphere is less stable and gets converted to nitrogen dioxide. The 

nitrogen dioxide is of importantce in the point of view of pollution, smog formation, due to 

its photo-dissipationl effects to ozone and oxidation products of hydrocarbons, where ever 

hydrocarbons are present due to incomplete combustion. The oxides of nitrogen is produced 

during combustion due to the oxidation of atmospheric nitrogen and to a lesser extent due to 

oxidation of organic nitrogen in the fuel. Vehicular emissions are the contributors for oxides 



of nitrogen from combustion while non combustion products can be from fertilizer unit, metal 

processing plants, nitric acid plants etc. 

 

(iii) Chloride 

The major contributor for the chloride in the atmosphere especially in the coastal region is 

sea salt. In coastal environment atmospheric chloride will be present in the form of sodium 

chloride. But if appreaciable concentration of hydrochloric acid gas arise from emissions (eg: 

coal combustion, refuse incineration) or displacement from the marine aerosols by other 

strong acids, in presence of sufficient ammonia may lead to the formation of ammonium 

chloride. 

 

(iv) Fluoride 

Fluoride enters the atmosphere from both natural and anthropogenic sources. The major 

anthropogenic sources include phosphate fertilizer production, chemical production and 

aluminium smelting industries. Gaseous inorganic fluorides emitted to the atmosphere 

include hydrofluoric acid and sulphur hexa fluoride. Among this only sulphur hexa fluoride 

alone remains long lived enough to migrate from troposphere to stratosphere But its effect on 

depletion of stratospheric ozone layer is very low. 

 

3.1.4 Effects of Anions 

Higher concentration of the anions affects both human being and his environment adversely. 

Acid rain occurs commonly when oxides of sulphur and nitrogen reacts with water, oxygen 

and oxidants to from various acidic compounds. These compounds fall to earth in either dry 

form such as gas and particles or wet form such as rain, snow and fog. Winds may transport 

these particles even miles together. Acid rain causes acidification of lakes and streams and 

contributes damage to trees at high elevation. Acid rain accelerates the decay of building 

materials and paints, including statues, sculptures that are part of our nation’s cultural 

heritages. Prior to deposition oxides of sulphur and nitrogen causes visibility reduction and 

impact public health. 

 

 

 



3.2 ORGANIC POLLUTANTS IN THE ENVIRONMENT 

Organic compounds are important components of environmental pollution, whether in urban, 

rural or remote areas. Recent work has emphasized the characterization of individual 

compounds that might serve as tracer of specific source categories. Identification of organic 

compounds in different environmental matrices is currently an active area of research, 

especially in regards to understanding the chemical composition of organic fractions, to 

identifying source category tracers for use in source apportionment, and for determining 

which organic compounds affects human health. 

 

3.2.1 Polycyclic Aromatic Hydrocarbons in the Environment: 

Among the organic compounds of anthropogenic origin, the polycyclic aromatic 

hydrocarbons (PAHs) make up a significant group first because of the way they endanger 

people’s health (Nikolaou et al, 1984) and also because of the impact they have on the 

chemistry of troposphere (Masclet et al., 1986; Nielsen et al., 1983). Polycyclic Aromatic 

Hydrocarbons are the compounds containing two or more aromatic (benzene) rings including 

only carbon and hydrogen in their structure fused together in different possible arrangements 

(Fig. 2) (Dyremark, 1994). PAHs are ubiquitous pollutants in urban atmospheres. Several 

PAHs are known carcinogens or are precursors to carcinogenic daughter compounds. 

Understanding the contribution of various sources is critical to appropriately manage PAH 

levels in the environment. It is well known that PAHs are formed by pyrolysis of carbon 

compounds and, in urban areas, essentially in the combustion of fossile fuels. These 

compounds are usually emitted in the gas phase, but, in the free atmosphere they are found, 

with the exception of naphthalene and tricyclic PAHs, mainly in particulate form 

(Pistikopoulos et al., 1990a). Adsorption of gaseous PAHs on particles has been proposed as 

the most important mechanism of the gas-particle conversion of PAHs. Van Vaeck and Van 

Cauwenberghe (1985) have shown that the maximum of the particle size distribution of the 

PAHs coincides with the maximum of the ambient aerosol. This observation suggested that 

the gaseous PAHs are adsorbed, after the production, on preexisting particles during cooling. 

Natusch and Talylor (1980) proposed a theoretical model able to explain the rapid adsorption 

of vapor phase PAHs on the particulate matter by involvement of a decreasing temperature 

gradient. Eiceman and Vandiver (1983) have shown that adsorption depends on the vapor 

pressure of the compound. The more volatile the compound, the less the adsorption. The 

particle size distribution of all PAHs involves two mechanisms; rapid adsorption of PAH 



vapor, initially produced, on fine particles and, continuously, growth of the particles by 

means of redistribution of PAHs adsorbed on fine particles onto larger particles, by 

condensation. 

Table 2 shows the major contributor of PAHs to the environment.  PAHs are released into the 

atmospheric air through incomplete combustion of fossil fuels. The urban sources are coal-

fired power plants, organic flares in petrochemical industries and automobile exhausts. 

Refuse incineration is also a potential source. Releases from domestic cooking stoves and 

cigarette smoke are two indoor sources of these compounds.  PAHs in atmospheric air are 

associated with small size particles (0.08 - 0.2 µm).  These small size aerosols penetrate into 

the pulmonary region of the lung where the clearance mechanisms are slower and hence there 

is a greater risk due to prolonged exposure. 

At present, no limit of PAHs either in air or in water environment has been prescribed in 

India. Also there is not any provision of granting consent based upon these compounds in the 

effluent and emissions from the stationary and mobile sources. Measurement of PAHs is 

helpful in assessing the existing level of PAHs in source emissions, ambient air, effluents, 

surface water, sludge/sediment. This will help in the development of data bank of PAHs 

levels in water and air, formulation and development of standards for ambient air quality, 

surface water, source emissions and effluents, granting consent based on PAHs to the 

relevant sources, identification and record of sources of PAHs and formulations of abatement 

and control strategies of PAHs in the environment. 

Table 2: Major Sources of PAHs in the Environment 

» Combustion of fossil fuels » Coal gasification and liquefaction  process 

» Automobile engine exhausts » Creosote and other wood preservative   wastes 

» Atmospheric fallout of fly ash 

     particulate 
» Petrochemical industrial effluents 

» Coal tar and other coal      processing 

wastes 
» Forest and prairie fires 

» Aluminium Plants » Rural and urban sewage sludge 

» Refinery and oil storage wastes » Municipal wastewater discharges run off 

» Tobacco and cigarette smoke » River borne pollution 

» Refuse and waste incineration » Commercial and pleasure boating      activities 

 



Fig. 2: Structure of some selected Polycyclic Aromatic Hydrocarbons 

 

 

3.2.1.1 Photolysis, Half Life & Fate of PAHs in the Environment: 

Submicron aerosol has a half life of about 5-30 days in the atmosphere thus PAH may be 

transported and deposited at other surface in very remote region at highly reduced 

concentration as a result of the effects of atmospheric dispersion and chemical reaction. PAH 

laden aerosol is transported from air to soil and water via physical processes involving 

impaction surfaces, gravitational settling and scavenging by rain and snow. Transfer rates are 

also highly sensitive to particle size. The physical removal or transport of airborne particles is 

a function of the particles size and meteorological conditions. The occurrence of some PAH 

in remote areas such as Arctic and Marine atmospheres was mainly by aerial transport from 

distant anthropogenic sources. 



A number of research workers have demonstrated that may PAH are susceptible to photo 

chemical and or chemical oxidation under simulated atmospheric conditions. There is 

however, potential for chemical transformation of PAH by gas-particle interactions in 

emission plumes, exhaust systems or even during atmospheric transport. Some research 

workers (Akhter, 1985) have studied oxy, nitro, hydroxy and hydroxy nitro PAH reaction 

products present in the gas phase as well as particulate. 

 

3.2.1.2 Vapour / Particle Phase Distribution of PAHs : 

PAHs may exist in vapour or particle phase. The lower molecular weight PAHs and nitro-

PAHs with a ring number of 2 and 3 tend to be associated with the vapour phase. The larger 

molecular weight PAHs tend to be associated with particulate in the atmosphere. PAH 

species with a molecular weight below that of below pyrene exist to a large extent in the gas 

phase. On an average 47% of the total PAH were reported in gas phase. Three ring PAH are 

predominantly gaseous, five ring PAH mixture of both phases and five six ring PAH 

primarily particulate. 

Pierce and Katz also studied size distribution of PAH containing particulates, which showed 

approximately a log-normal relationship for suburban and rural sampling sites with majority 

of PAH content (50-78%) associated with particles below 3.0 um diameter. Total PAHs were 

higher for winter period by a factor of 65-75% and concentration range vary between lowest 

2 µg/g particulate (anthracene) to 20 m g/g particulate (BghiP). For all the sites, 

approximately 85-90% of the PAH content with respect to volume of air sampled was 

associated with particles less than 5.0 um diameter for the winter sampling period, while 70-

85% was associated with the same size fraction for the summer sampling period (1972-1973) 

in Toronto, Canada. 

PAH species with a molecular weight below that of below pyrene exist to a large extent in the 

gas phase. According Pistikopoulos et al., 1990, on average 47% of the total PAH were 

reported in gas phase. Three ring PAH are predominantly gaseous, five ring PAH mixture of 

both phases and five, six ring PAH primarily particulate. At all the sites, approximately 85-

90% of the PAH content with respect to volume of air sampled was associated with particles 

less than 5.0 um diameter for the winter sampling period, while 70-85% was associated with 

the same size fraction for the summer sampling period  in Toronto, Canada. 

 

 

 



3.2.1.3 Effects of PAHs on Human Health 

PAHs are hydrophobic compounds and their persistence in the environment is mainly due to 

their low water solubility and electro-chemical stability. Evidence suggest that the 

lipophilicity, environmental persistence and genotoxicity of PAHs increase as the molecular 

size of the PAHs increases up to four or five fused benzene rings (Clark and Vigil, 1980). 

According to Hartwell (1951) more than 200 compounds are tested as possible carcinogens. 

Among these 25% have been found tumerogenic and about 30% of these were PAH have 

reported that BaP is a definite carcinogen with an LD50 of 24 micrograms. Many natural and 

anthropogenic source of PAHs in combination with global transport phenomenon result in the 

world-wide distribution of these compounds. About 500 PAHs have been detected in air, but 

most measurements have been made on BaP. 

Evidence that mixtures of PAHs are carcinogenic to human comes primarily from 

occupational studies of workers following inhalation and dermal exposure. No data are 

available for human for the oral route of exposure. In the past, chimneysweepers and tar-

workers were dermally exposed to substantial amounts of PAHs and PAHs caused skin 

cancer in many of these workers. Coke -oven workers, coal-gas workers and employees in 

aluminium production plants provide sufficient evidence of role of inhaled, PAHs in the 

induction of lung cancer. 

As per extensive epidemiological studies of coke oven workers, it was found that workers 

exposed to coke oven emissions were at an increased risk of cancer. A dose-response 

relationship was established in terms of both length of employment and intensity of exposure 

according to work area at the top or side of the coke oven. The relative risk of lung, trachea 

and bronchus cancer mortality in 1975 was 6.94 among Allegheny County, Pennsylvania 

coke oven workers who had been employed 5 or more years through 1953 and worked full 

time topside at the coke ovens. By comparison, side oven workers employed more than 5 

years and followed through 1975 had a relative risk of 1.91, while non oven workers 

employed more than 5 years had a relative risk of 1.11. Sims and Grover (1974) observed a 

significant (P < 0.05) excess of lung cancer deaths (lung cancer mortality ratio of 2.37) 

among retired iron and steel coke oven workers in Japan when compared to expected which 

was derived from general population statistics. Mutagenicity tests on the complex mixture of 

solvent-extracted organics of coke oven emissions were positive in bacteria. A complex 

mixture from the coke oven collecting main was mutagenic in bacteria and mammalian cells 

in vitro. In addition, a number of components identified in coke oven emissions are 

recognised as mutagens and/or carcinogens. 



A number of approaches are used to estimate the human lifetime respiratory cancer death due 

to a continuous exposure of 1 µg/m3 of the Benzene soluble organics (BSO) extracted from 

the particulate phase of CTPV from coke ovens emissions. 

Using a Weilbull type model it is estimated that the risk due to a 1 µg/m3 unit exposure 

ranges from 1.30 x 10-8 for the 95% lower-bound zero lag-time assumption to 1.05 x 10-3 for 

the 95% upper-bound 15 year lag-time assumption. Using a multistage-type model, the 

maximum likelihood estimates for the risk due to unit exposure range from 1.76 x 10-6 for the 

zero lag-time case of 6.29 x 10-4 for the 15 year lag-time case. 

Some PAHs are classified as potent carcinogens. PAHs are highly lipid-soluble and are 

absorbed by the lungs and gut of mammals. PAHs may penetrate into the bronchial 

epithelium cells where metabolism takes places.The carcinogenicity of individual PAC 

requires metabolic activations and conversion into their corresponding ultimate carcinogenic 

metabolites which are responsible for DNA alkylation and the initiation step in the complex 

mechanism, associated with chemically induced cancer.The PAH epoxide metabolites are 

products of P-450 catalysed reactions and one particular is enzyme P.450 01 A1 plays an 

important role in metabolite activation of several carcinogenic PAH. PAHs are metabolised 

via the mixed -function oxidase system with oxidation as the first step. The resultant epoxides 

or phenols may go through detoxification reactions. Some epoxides can be further oxidized to 

diol-epoxide. These compounds are thought to be ultimate carcinogens. BaP is metabolised to 

approximately 20 primary and secondary oxidized metabolites. Several of these can induce 

mutations transform cells and /or bind to cellular macromolecules. A number of PAH have 

been shown to be mutagenic in bacterial systems and in vitro cell lines and in vivo by sister 

chromatid exchange. Sufficient evidence for activity in short-term test exist for six PAHs 

benz(a)anthracne, benzo)(a)pyrene, Cyclepenta(cd) pyrene dibenz(a,c) anthracene, 

dibenz(a,h) anthracene and 1-methylpenanthrene. 

3.2.1.4  Mode of Exposure and Daily Intake of PAHs : 

Human exposure to PAH can occur through several environmental pathways due to their 

numerous sources. However, the occurrence of PAH in urban air has caused particular 

concern because of the continuous nature of the exposure and the size of the population at 

risk . The urban atmosphere is a very complex and dynamic system containing a large variety 

of interacting chemical species in both the gas and particulate phases. PAHs compounds can 

reach to the human body by four different mode of exposure : 



 (a) Air Inhalation -The intake of Benzo(a)Pyrene by inhalation of polluted ambient air 

depends on the occurrence of PAHs in air. For example, an exposure to relatively high 

concentration of 50 ng Benzo(a)Pyrene/m3 and a deposition rate of 40% from 20 m3 air 

inhaled per day, the daily intake would be 400 ng of Benzo(a)Pyrene. 

(b) Tobacco/Cigarette Smoking - Tobacco alone accounts for 30% of total morality due to 

cancer every year. More than 70 PAH compounds have been analyzed in cigarette smoke. 

Smokers have eight times more probability of cancer attack than non smoker. In developing 

countries approximately 30% smokers are young in the age group to 10-29 year. About 30-

40% of them fall victim of premature death than expected life. The average total 

Benzo(a)Pyrene content in the main stream smoke of 1 cigarette was 35 ng before 1960 and 

18 ng in 1978-1979. Modern low tar cigarettes deliver 10 ng Benzo(a)Pyrene. The 

concentration of Benzo(a)Pyrene in a room extremely polluted with cigarette smoke was 22 

ng/m3. 

(c) Drinking Water- Examination of number of drinking a range from 0.1 to 23.4 µg/l, while 

for other PAHs the concentration were between 0.001 to 0.01µg/l. 

(d) Food- American sources indicate an intake of total PAHs from food in order of 1.6-16 g 

per day. The contents of Benzo(a)Pyrene in various processed food was repeatedly found to 

measure up to 50 µg/kg. 

3.2.2 Volatile Organic Compounds in Air: 

The volatile organic compounds or VOCs are organic chemicals which vaporize easily at the 

ambient temperature. They are called organics because they contain the element carbon in 

their molecular structures. VOCs do not have any color, odor, or taste. VOCs include a very 

broad range of hydrocarbons (for example benzene and toluene). 

The VOCs hydrocarbons are usually grouped in methane and any other VOCs not-methane. 

Methane is component significant of VOCs, its environmental impacts are mainly related to 

its contribution to the reheating of planet and the production of ozone to the level of the 

ground or the ozone of lower atmosphere. The majority of methane are emitted towards the 

atmosphere via the leakage of natural gas of the systems of distribution. The benzene, a 

hydrocarbon not-methane, is a liquid without color and clear. It is rather stable but strongly 



volatile, evaporating easily at the ambient temperature. Since 80% of the synthetic emissions 

come from the vehicles to gasoline, the levels of benzene are higher in the urban zones than 

in the rural zones. The benzene concentrations are most significant at the edge of the roads in 

the urban zones. 

Some VOCs are rather harmful, including benzene, the polycyclic aromatic hydrocarbons 

(HAPs) and butadiene 1,3. The benzene can increase susceptibility to leukaemia, if the 

exposure is maintained over a certain period of time. There are several hundreds of various 

forms of HAP, and the sources can be natural and synthetic. HAPs can cause cancer. The 

sources of butadiene 1,3 include the manufacture of the synthetic rubbers, the vehicles with 

gasoline and the cigarette smoke. There are an apparent correlation between the exposure to 

butadiene and a larger risk of cancer. 

Compared to other pollutants , the monitoring of VOCs in the United Kingdom is not very 

well developed yet and there is no long-term data base of information. The Automatic 

Network of Monitoring of the Hydrocarbon (Automatic Hydrocarbon Network Monitoring) 

continuously supervises 25 hydrocarbon species in the urban air, including two carcinogenic, 

known benzenes and 1,3-butadiene.  

Large quantities of volatile organic compounds (VOCs) are emitted into the atmosphere from 

biogenic and anthropogenic sources. In the atmosphere, these VOCs are transformed by 

photolysis and/or reaction with OH radicals, NO3 radicals and O3. There is therefore a need to 

understand, in detail, the reactions involved in the atmospheric degradation of emitted 

organic compounds. This includes not only measurements of the rates of reaction and 

identification and quantification of products formed from the atmospheric reactions of 

directly emitted chemicals, but also corresponding studies of the first- and later-generation 

products.  

 

3.2.2.1 Health Effects of VOCs 

The ability of organic chemicals to cause health effects varies greatly from those that are 

highly toxic, to those with no known health effect. As with other pollutants, the extent and 

nature of the health effect will depend on many factors including level of exposure and length 

of time exposed. Eye and respiratory tract irritation, headaches, dizziness, visual disorders, 

and memory impairment are among the immediate symptoms that some people have 

experienced soon after exposure to some organics. At present, not much is known about what 

health effects occur from the levels of organics usually found in homes. Many organic 



compounds are known to cause cancer in animals; some are suspected of causing, or are 

known to cause, cancer in humans. 

3.2.2.2 Sources of VOCs  

Volatile organic compounds (VOCs) are gaseous or vaporise readily at room temperature, 

and are included in the category of air toxics. Major urban sources of VOCs are releases from 

chemical industries, refinery operations, solvent evaporation and vehicular exhaust. Some of 

these VOCs are deleterious to human health while some are precursors to more toxic air 

pollutants such as aldehydes, oxidants including ozone. The most common, benzene and 1,3-

butadiene, are emitted by motor vehicles. The other common sources of VOCs are household 

products including: paints, paint strippers, and other solvents; wood preservatives; aerosol 

sprays; cleansers and disinfectants; moth repellents and air fresheners; stored fuels and 

automotive products; hobby supplies; dry-cleaned clothing. 

 

3.2.3 Organochlorine Pesticides in the Environment: 

Pollution has become a global problem and is caused by man’s lust and his misdirected urban 

industrial way of life. Nature is reeling under the blows of man's misguided and misdirected 

technology; but it is fighting back to speak. Recently we have become aware of the fact that 

we are exceeding nature’s ability and capacity to reprocess the kinds and quantities of wastes 

introduced into it. Much of the concern about pollution centers on possible effects on man 

and beneficial organisms. As time passes, it becomes increasingly obvious that the 

introduction of pollutants into the environment will usually have ultimate link to public 

health. 

Among the various kinds of pollutants introduced pesticides are important and potential 

pollutants. Pesticides are deliberately introduced into the environment as sprays, dusts and 

granules to control pests and diseases of crops. Pesticides, cause the worst pollution problem 

we have on earth today. 

Beneficial though use of pesticides is, it is not without attended problems. One of these 

problems is that not all of the chemicals will remain in the area of treatment. The physico-

chemical properties of the substances together with environmental transport processes result 

in a portion of the chemical released moving elsewhere in the environment (Table-3 & 4). 

Indeed this has been one of the puzzling and even troublesome questions of our time. Traces 

of certain of the more persistent chemicals have been found well removed from areas of 

treatment, that is quite common to find water bodies near to, but not necessarily adjacent to 



treated areas contaminated with the material. Instances of long distance i.e. several hundred 

miles, aerial transport have been reported. 

Table 3: Physical properties of the organochlorine pesticides 

 
Chemical Molecular 

Formula 

Molecular 

Weight 

Chemical Name 

Aldrin C12H8Cl6 365 Hexachloro hexa-hydroendo-exo-dimethanonaphthalene 

Chlordane C10H6Cl8 409.78 1,2,4,5,6,7,8,8a-octachloro-3a,4,7,7a-hexahydro-4-7 

methylene indane 

DDD C14H10Cl4 320.04 Dichloro-diphenyl-dichloroethane 

DDE C14H8Cl4 318.02 Dichloro-diphenyl-ethane 

DDT C14H9Cl5 354.57 Dichloro-diphenyl-trichloroethane 

Endrin C12H8Cl6O 380.93 1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-

octahydro-1,4-endo-endo-5,8-dimethanonaphthelene 

Endosulfan C9H6Cl6O3S 406.93 6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro-6,9-    

methano-2,3,4-benzodioxy-anthiepin-3-oxide 

α-HCH C6H6Cl6 290.85 α-Hexachlorocyclohexane 

β -HCH C6H6Cl6 290.85 β-Hexachlorocyclohexane 

δ-HCH C6H6Cl6 290.85 δ-Hexachlorocyclohexane 

Lindane C6H6Cl6 290.85 γ-Hexachlorocyclohexane 

Toxaphene C10H10Cl8 413.79 Octachloramphene 

 



Table 4: Chemical Properties of Organochlorine pesticides 
 

Chemical Water 

solubility 

(mg/L) 

Koc Log 

Kow 

Melting 

point 

Vapour 

pressure 

Physical 

character 

Hazard 

rating 

Aldrin 0.01 9.6 x 104 5.30 105 6.0 x 10 -6 Colourless 
crystalline 

solid 

Highly 
Hazardous 

Chlordane 5.60 x 10-1 1.4 x105 3.32 104-107 1.3 x 10-5 Colorless 
viscous liquid 

Highly 
Hazardous 

DDD 0.02-0.09 4.4 x  106 6.20 108 1.89 x 10-6 ------- ----------- 

DDE 4 x 10-2 4.4 x  106 7.00 108 6.50 x 10-6   

DDT 5.50 x 10-3 2.43x 105 6.19 108 1.9 x 10-7 Colorless 

crystalline 

solid 

Extremely 

Hazardous 

Endrin <0.1 1 x 104  226-230 2 x 10-7 White Crystals Highly 
Hazardous 

Endosulfan 5.30 x 10-1   70-100 1 x 10-5 Colorless 

crystals 

Extremely 

Hazardous 

α-HCH 1.63 3.80x 103 3.90 160 2.50 x 10-5 White 

crystalline 

powder 

Highly 

Hazardous 

β -HCH 2.40x10-1 3.80x 103 3.90 309-310 2.80 x 10-7 White 

crystalline 

powder 

Highly 

Hazardous 

δ-HCH 3.14x101 6.60x 103 4.10 138-139 1.70 x 10-5 White 

crystalline 

powder 

Highly 

Hazardous 

Lindane 7.80 1.08x 103 3.90 112-113 1.70 x 10-5 Colorless solid Moderately 

Hazardous 

Toxaphene 5.0x10-1 9.64x 102 3.30 65-90 0.2-0.4 Yellow or 

amber sticky 

wax 

Highly 

Hazardous 



 

The indiscriminate usage of these chemicals that were developed to control disease, increase 

food production and improve our standard of living are in fact a threat to biodiversity and 

human health. Many pesticides have become ubiquitous in the environment and can be 

detected at considerable levels even in remote regions such as Arctic and Antarctic. A recent 

report showed the transport of Organochlorine pesticides through the atmosphere to the 

Arctic from Russia, Europe and North America (Barrie et.al., 1989). Consequently, 

considerable levels of organochlorine pesticides have been detected in air, water, soil, plant 

and wildlife from arctic in the recent years (Oeheme and Stray, 1982; Hargrave et.al., 1988; 

Muir et. al., 1988). 

Pesticides enter the environment either intermittently or continuously depending on the 

nature of sources. Subsequent movement of organochlorine pesticides between air, water, soil 

or vegetation depends on temperature and on the physical and chemical properties of the 

compounds. It is speculated that Organochlorine pesticides move through the atmosphere 

from warmer regions, where they are emitted, towards colder regions at higher latitudes. The 

hypothesis that explains how Organochlorine pesticides move from warm regions to colder 

polar areas is known as “global distillation or global fractionation”. This is because once 

released to the environment, chemicals appear to become fractionated with latitude according 

to their volatility as they condense at different temperature (Wania and Mackay,1996). The 

global distillation hypothesize assumes that warmer temperatures favour evaporation of 

Organochlorine pesticides from the earth’s surface to air, where as cooler temperatures 

favour their deposition from air back to soil, vegetation or water. The overall effect is that 

Organochlorine pesticides volatilize to air in warmer climates and then condense and are 

deposited again on the earth’s surface in cooler climates. Researchers have suggested that 

Organochlorine pesticides may migrate to the poles in a series of short hops by repeatedly 

undergoing the cycle of evaporation, transport and deposition (Wania and Mackay, 1993 ). 

Others have suggested that the process is most likely to occur as one step process (Brubaker 

et. al.,1998).It appears that the more volatile a chemical, the greater tendency it has   to 

remain airborne ad the faster and farther it travels on air currents towards remote polar 

regions. Conversely, chemicals of low volatility are unable to attain high atmospheric levels 

and are thus deposited close to where they are initially released. Therefore Organochlorine 

pesticides of higher volatility like alpha and gamma HCH may migrate faster towards poles 

than those of lower volatility like DDT (Wania and Mackay, 1993; Wania and Mackay,1996). 



3.2.3.1 Toxicological Aspects of Pesticides 

The Organic contaminants targeted for immediate action are all organochlorine pesticides. 

Because of their long standing concern about their high toxicity they are among the most 

widely studied synthetic chemicals. Numerous studies have shown that these organochlorine 

pesticides are dangerous not only at high levels, but at low levels as well. Short term 

exposure to high concentration can be fatal or result in serious illness. However chronic 

levels have been implicated in a wide array of health and environmental problems. 

All organochlorine pesticides have been recently identified as “endocrine disruptors”, 

chemicals that can interfere with the body’s own hormones. Such hormone disrupting 

persistent contaminants can be hazardous at extremely low doses and pose a particular danger 

to those exposed in the womb. During prenatal life, endocrine disruptors can alter 

development and undermine the ability to learn, to fight off diseases and to reproduce. 

Organochlorine pesticides are not soluble in water, but they dissolve readily in fats and oils. 

Because of their resistance to degradation and this affinity for fat, Organochlorine pesticides 

accumulate in the body fat of living organisms and become more concentrated as they move 

from one creature to another onward and upward in the food web. In this way extremely 

small levels of such contaminants in water or soil can magnify into significant hazard to 

predators who feed at the top of the food web such as dolphins, polar bears, herring gulls, 

man etc. 

For pesticides to cause illness or death in an individual, they must first get into his body. This 

can occur in one of the three ways- through skin, lungs or alimentary tract (Hayes et al, 

1991). 

Skin : if a pesticides comes into direct contact with the skin, it can pass quickly through the 

dermis and epidermis into the blood. 

Lungs : when the air contaminated with pesticides is breathed into the lungs it passes into the 

blood and is carried all over the body. 

Alimentary tract : when pesticides are swallowed, they enter the body from the stomach and 

intestines. This usually occurs when food or drink has been contaminated with pesticide 

residues. 

 

 

 



4.0 SAMPLE COLLECTION AND ANALYSIS 

4.1 Air Samples 

4.1.1 Aerosols Sample Collection: 

Particulate samples have been collected on Whatman glass fibre filter (EPM 2000) using 

High Volume Sampler (HVS) at a flow rate of more than one meter cube per minute for a 

period of 24 hours with a frequency of twice a week. The flow rate of the pump was 

calibrated using a rotameter and monitored at frequent intervals. Sampling height may be 

between 10-15 feet from the ground level for ambient air quality monitoring.  

 

Size separated air particulates were collected using an eight stage Andersen Cascade 

Impactor at 12th floor (36 m) level at a height of 1.5 m above the floor level. This instrument 

works on the principle of cascade impaction. Air is sampled at one cubic feet per minute 

(approximately 28 litres per minute).  EPM 2000, glass fibre filter papers with very low metal 

blanks were used as substrate (collecting medium) in the impactor stages. The particle size 

range collected from top to bottom impactor stages are < 30 µm - 9.0 µm, 9.0 -5.8 µm, 5.8 - 

4.7 µm, 4.7 - 3.3 µm, 3.3 - 2.1 µm, 2.1 - 1.1 µm, 1.1 - 0.7 µm, 0.7 - 0.4 µm, respectively. An 

additional back up filter is connected at the end of the impactor outlet to collect particles of 

size < 0.4 µm. Glass fibre filter of size 8.0 cm diameter was used for size separated aerosols 

collection. Weekly size separated aerosol samples were collected on continuous basis 

(representing 7 x 24 hr duration of air sampling).  

 
4.1.2 Air Sample Collection for Volatile Organic Compounds Analysis:  
 
Air samples are collected in tedlar gas sample bags of 5 liter capacity using a battery operated 

pump for a period of 2 hours at a height of 1.5m. above the ground level at all  chosen 

locations. Four grab samples were collected at different times in a day, transported to the 

laboratory, fully protected from sun light and analyzed within an hour of collection. The 

mean values were taken as the representative concentration of VOCs of that particular day of 

that place. 

 

4.2 Soil Sample Collection: 

The soil samples were collected from different locations around Trombay. Surface soil 

samples of known area were collected from 0-5 cm depth. After collection, grass roots and 



stones were removed. Soil samples were powdered and the moisture was removed. In order to 

get a representative aliquot of bulk sample, it was sieved through a 20 mesh sieve. 

4.3 Water Sample Collection:  

All the water samples (drinking water and sea water) were collected in pre acid-washed and 

cleaned polythene bottles of 5 liters capacity.    

 

4.4 Sample Extraction and Analysis 

 

4.4.1 Aerosols Sample Extraction for Trace Elements Analysis: 

Care was taken during the sampling, sample handling, processing and analysis to avoid any 

contamination of trace metals being analysed. Air particulate samples collected on filter 

papers were wet digested with a mixture of electronic grade nitric acid, hydrochloric acid and 

perchloric acid. Half size of the filter paper were cut into small pieces and were soaked in 

above acid mixture in the ratio 3:2:1. After gentle heating for about 10 hours, colourless 

solution was obtained which was evaporated to near dryness. The residue was taken up in 50 

ml of 0.25% nitric acid. Filter paper blanks and acid blanks were also taken through the same 

procedure simultaneously.   

4.4.2 Soil Sample Extraction for Trace Elements Analysis:  

To assess total trace metal content 1.0 g of soil was digested using a microwave with 5 ml 

HNO3 and 1 ml HClO4. The residue was taken up in 50 ml of 0.25% nitric acid.  

 
4.4.3 Sample Extraction for Anions 
 

Samples were extracted with water for the analysis of anions, in ion chromatograph. One 

fourth of the filters were extracted with 100ml water, by boiling the samples and reducing its 

volume to one tenth and filtered through Millipore filter and final volume is made upto 25ml 

using Millipore water. Both water blank , filter blank were prepared by the same procedure, 

and analyzed in Ion Chromatography                                                                                                                                                                                                                                                                                                                            

 

 

 

 

 



4.4.4 Analysis of Trace Elements: 

Ca, Co, Cr, Fe, K, Li, Mg, Mn, Na, Ni and Zn were determined in these acid digested 

samples using flame Atomic Absorption Spectrophotometer (AAS) (Model GBC 904AA). 

Pb, Cd and Cu were analysed in these samples by Differential Pulse Anodic Stripping 

Voltammetry (DPASV) (Model Metrohm Polarographic Analyser). Arsenic was determined 

by hydride generator technique attached to AAS. Quality assurance of trace metal analysis 

was done by analysing standard reference materials like Soil-7, Hay V-10 and Milk Powder 

A-11, supplied by Analytical Quality Control Services (AQCS), International Atomic Energy 

Agency (IAEA), Vienna. The results agree within ±7% of the certified values. 

Table-5 gives the limits of detection of elements analysed and the dynamic blanks of the 

sample filter paper. The air sampling time, the aqueous sample preparation like pre 

concentration or dilution was planned in such a way that the ratio of average concentration to 

dynamic blanks were about five or more than five for all the metals analysed, to have a more 

reliable data set.  To estimate the uncertainty associated with the SPM collection and the 

trace metal determinations, all the air samplers which were used in this sampling were 

operated in parallel at the same location. Results of this parallel sampling indicated a SPM 

variation of ±5% and a trace metal variation of ±10% indicating the reliability of the data 

generated. The trace metal uncertainty involves the sampling artefacts (if any) plus the 

uncertainty associated with the sample preparation and analysis.  

Table-5: Limits of detection and dynamic blanks  

Metals Limits of detection 
(ng ml-1) 

Dynamic blank ** 

(ng ml-1) 
Al 550 1500 
Ca 20 200 
Cd 0.01 0.1 
Cr 50 200 
Cu 0.08 1.6 
Fe 50 100 
K 8 200 
Li 20 100 
Mg 3 250 
Mn 20 60 
Na 4 640 
Pb 0.01 1.0 
Zn 8 30 

**Dynamic blank = Blank filter paper (inclusive of field sample handling) + acid blanks used 

in digestion + double distilled water used for sample dilution. These blanks were subtracted 

from the sample level to arrive at the actual atmospheric concentrations. 



4.4.5 Sample Extraction, Processing & Analysis for PAHs: 

The filter paper samples were then extracted ultrasonically with 30 ml of dichloromethane (E. 

Merck, HPLC grade). The extract was filtered using sintered glass disc to eliminate other 

particulate impurities. The extract was then subjected to clean up procedure. The clean up 

procedure has been given elsewhere (Sahu et al 2001). The extract was then dried by a flow 

of dry nitrogen. The residue obtained was redissolved in 1 ml of acetonitrile for analysis by 

HPLC. The recovery efficiencies were determined by spiking filter paper samples with PAH 

standard mixture. The mean recovery varied from 80 to 97%. 

The characterization and quantification of PAHs were done by high performance liquid 

chromatograph (HPLC) system Shimadzu (LC-10 AD) with UV-visible detector. The 

analytical column was of 250 mm length and 4.6 mm i.d., packed with totally porous 

spherical RP-18 material (particle size 5 µm).  A guard column packed with totally porous 

spherical RP-18 material (10 mm long and 4.6-mm i.d.) preceded the analytical column. 

Acetonitrile-water mixture (75:25) was used as mobile phase at a flow rate of 1.0 ml per 

minute. Samples of 100 µl were injected into the column through the sample loop. A UV 

detector set at 254 nm for absorption was used for detection of the compounds. The data was 

processed with a CR7A Chromatopac data processor. Several dilutions corresponding to 0.2 

to 20 ng absolute of synthetic standard mixture of individual component of PAHs supplied by 

Polyscience, U.S.A. dissolved in HPLC grade acetonitrile was used for determining the 

retention data and for studying the linearity of the detector. The response was linear for wide 

range of concentrations mentioned above.  Efficacy of the method was verified using the 

standard reference material (SRM) 1649 Urban Reference Dust (supplied by the U.S. 

National Institute for Standards and Technology). The measured values were found to be in 

reasonably good agreement with the certified values given for this material (Table-6).  

 

 

 

 

 

 

 

 

 



Table-6: Mean  concentration of PAHs analysed in six 

batches of NIST 1649 urban reference dust 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

4.4.6 Preconcentration   procedure for Analysis of VOCs:  

The air samples are subjected to preconcentration procedure as given below before analysis. 

Air sample collected in the tedlar bag is transferred into an evacuated stainless steel canisters 

of 0.5 L. capacity fitted with needle valves on either end (Fig. 3). The sample canister is 

connected to one part of a four port valve V1 and the equalizing cannister is connected to 

another part of the same valve. A U column (30 cm. Long and 3 mm. O.D., 2 mm. i.d., 

partially filled with glass beads of 60/80 mesh) is connected between one port of V1 and 

another port of V2. The injection port and the inlet of the analytical column of Gas 

Chromatograph are connected to two ports of V2. By operating the two valves, the following 

sequence of the events is achieved. 

Step 1 : The pressure in the equalizing canister is reduced to 360 mm Hg using a vacuum 

pump, the atmospheric air in the sample canister is allowed to pass through the U column 

cooled with liquid nitrogen as the cryogen. The U column is only partially dipped so that only 

the C2 and above hydrocarbons are condensed and the rest of the air including methane, 

oxygen and nitrogen pass through the U column into the equalizing canister. The trapping is 

allowed till the pressure in the equalizing canister rises by about 80mm Hg. (partial pressure 

440mm Hg.). The volume of sample drawn is determined by noting a difference in the partial 

pressure of equalizing canister before and after the sample transfer. Approximately, 100ml. of 

Compound Certified 

(µµg/g) 

Observed 

(µµg/g) 

Phenanthrene 4.2-4.8 5.05±± 0.85 

Fluoranthene 6.5-7.5 7.25±±0.65 

Pyrene 5.9-6.7 6.56±±0.43 

Benzo(a)Anthracene 2.4-2.8 2.30±±0.31 

Chrysene 3.4-3.8 3.59±±0.25 

Benzo(k)Fluoranthene 1.9-2.1 2.05±±0.29 

Benzo(a)Pyrene 2.3-3.0 2.91±±0.43 



sample is drawn through U column. The pressure in the sample in the U column is then 

reduced to about 360mm. Hg. So that any residual amount of  methane, oxygen condensed 

are evaporated. 

Step 2 : After the cryogenic concentration, the U column is isolated, heated and the four port 

valves are operated such that the sample is transferred into the analytical column of gas 

chromatograph. 

 

Fig.3: Block diagram of cryogenic preconcentration system for atmospheric volatile 
organic hydrocarbon measurement 

 

4.4.7 Chemical   analysis of VOCs using Gas chromatograph with Flame Ionization 

Detector : 

The chemical analysis of sample is carried out using Gas Chromatography (GC) with Flame 

Ionization Detector. C2-C5 hydrocarbons are determined on 2mx 2 mm i.d. S.S. column 

packed with n-octane/Poracil C, 80-100 mesh operated at 27 0 C isothermal, nitrogen was 

used as the carrier gas. The flow of Nitrogen was 30 ml. /min. Using the above operating 

conditions, ethane, ethylene, acetylene, propane, propylene, i-butane, n-butane, i-pentane, n-

pentane are resolved.  

The components of C6 and above are determined on a 3m x 3mm. o.d., S.S column filled 

with 10% OV – 101 on chromosorb WAW, 80/100 mesh. The operating temperature is 60o to 

120 o with programmed heating at 4 o   C per minute with zero hold up. Nitrogen was used as 

the carrier gas. The flow of Nitrogen was 30 ml. /min. Flame ionization detector (FID) was 



used for detection of the hydrocarbons. Using the above operating conditions, n-hexane, 

heptane, benzene, toluene, p and o-xylene, ethyl benzene and n-decane are resolved.  

 
4.4.7.1 Calibration of Gas Chromatograph 
 

For the analysis of blanks, nitrogen is filled into tedlar bags and entire preconcentrations 

procedure is followed for estimation of hydrocarbons. The absence of any HCs indicated that 

the entire sampling and analysis line is free from contamination. Calibration is performed by 

preparing a synthetic mixture in the sampling cannister which is analyzed in same way as the 

samples. There is slight changes in the retention time when the sample is preconcentrated in 

the U column and released into GC compared to that obtained from the direct injection of 

compound into injection port of the GC. Hence, the retention data for all the compounds are 

generated by trapping the compounds first in the U column and then thermally desorbing into 

GC. The validity of data is confirmed through different steps. Duplicate run of samples gave 

results within 10% variation. The calibration runs with standard mixture are conducted 

weekly once; the variation in response of the detector was less than 2% for standard 

hydrocarbon mixture. The retention time of different compounds and their concentration in 

the standard is shown in Table 7 and 8.  A typical chromatogram of air sample is shown in 

fig. 2. 

Table-7: Retention data for C2-C5 hydrocarbons 
   

                 Compound       Retention Time (Min) 

Ethane 1.00 
Ethylene 1.28 
Propane 1.95 

Acetylene 2.38 

Iso-butane 4.52 

Propylene 4.49 

n-Butane 5.1 

Iso-Pentane 13.29 

n-Pentane 16.15 

 
                       
 
 
 
 
 



Table-8: Retention Data for C6-C10 Hydrocarbons 
 

Compounds Retention Time. (min) 
N-Hexane 2.48 

Benzene 3.51 

Heptane 4.83 

Toluene 7.12 

Ethyl Benzene 10.39 

P-Xylene 10.75 

O-Xylene 11.45 

N-Decane 16.12 

 
                               

4.4.8 Extraction and Analysis of OCPs  

The pesticide residue in the environmental samples may range from very low to high with 

unknown and complicate matrix. The residues from soil, sediment and air samples were 

extracted through soxhlet extraction method. The water samples were extracted through 

liquid liquid extraction method. 10 g each of soil and sediment and one liter of water was 

used for spiking to check the recovery. 

 

4.4.8.1 Soxhlet Extraction for OCPs for Soil and Aerosol Samples 

10 g of homogenized and sieved soil and freeze dried sediment samples were weighed on a 

whatmann filter paper. The samples were placed in a 100 ml capacity glass soxlet extraction 

apparatus for extraction with 130 ml of n- hexane for 16 hours.  

 

4.4.8.2 Liquid – Liquid Extraction for Water Samples 

500 ml of sea water and rain water samples were taken in a seperatory funnel. 60 ml (20 X 3) 

of hexane was added and shaked vigorously for few minutes. The hexane extract were 

collected and moisture was removed from the extract using anhydrous sodium sulphate.   

 

4.4.8.3 Sample Treatment 

Accurate estimation of organochlorine pesticides from sample extract is sometimes difficult 

due to the interference of a variety of other organic compounds. Although use of selective 

detector such as ECD makes analysis easier, a clean up procedure is advisable to concentrate 

organochlorine pesticides into a small volume of solvent. 



 

4.4.8.4 Clean Up Procedures 

 For the treatment of sample extracts, mercury is added for the removal of sulphur 

compounds. After 24 hours, mercury is filtered out from the the extract. Concentrated 

sulphuric acid was added in the ratio of 10:1 by volume to oxidize organic compounds mostly 

fats. Excess acid is removed by washing with de- ionized water. Sodium sulphate anhydrous 

was prepared in a glass column of 1 cm diameter and sample was passed through this 

column. The hexane fraction obtained is evaporated in the stream of nitrogen for reducing the 

volume and applied on activated florisil column, mesh 60/100 for further clean up.The 

fluorisil activated for more than 5 hours was stored in benzene prior to use. Fluorisil is filled 

in a glass column of 1 cm diameter and 5 cm length with silanized glass wool on either end. 

The sample is passed through this column along with 3:2 benzene hexane mixture, used as 

elute. The cleaned extract is dried in a stream of nitrogen gas. Known volume of n- hexane 

was added to the dried extract and 1 µl was injected into Gas chromatograph equipped with 

Electron Capture Detector for analysis.  

 
4.4.9 Sample Analysis for OCPs: 
 

4.4.9.1 Standardization of the Procedure By Gas Chromatography 

 Gas chromatography is a method of separation of sample components in which the sample 

components distribute themselves between two phases, one stationery phase and other mobile 

phase. Stationery phase may be solid or liquid coated on a solid. A stream of inert gas called 

the carrier gas passes continuously through the column and the mixture to be separated is 

introduced at the head of the column and partition takes place within the column between 

stationary and mobile phases. The separated components are moved by the carrier gas 

towards the detector where they are detected and separation of the mixture is seen in the form 

of many variables. These variables can be co-related with other factors and calculated from 

the chromatogram. 

Column is the central item of gas chromatograph where separation takes place. A wide 

variety of columns and GC conditions have been employed for the analysis of different 

components. The choice of the column depends upon the compounds, which are to be 

separated. Many columns are commercially available which can be either capillary or packed 

column. Packed columns are used in this study because of the reason that partition 

coefficients of the compounds for this study are small and they are only slightly retained and 



the ratio of their retention volume is also small. This means that either long column or packed 

column with large proportion of stationary phase is to be used. Column efficiency is 

represented by number of theoretical plates. More theoretical plates means better separation 

of the components. Retention time is the time taken by a component to traverse the column. 

Retention time is a function of partition coefficient of the component. Other variables which 

affect the retention time are column length, column diameter, nature of stationary phase, 

nature of solid support carrier gas, its flow rate and the column temperature which can be 

classified in two categories namely column variables and thermodynamic variables. 

Detector indicates the presence and measures the amount of component in the column 

effluent. The quantity of organic compounds in air can vary from 10-3 to 10-6 g/m3. To detect 

these compounds under widely differing conditions, a number of detectors have been 

employed. Even though the number of detectors reported in the GC literature is large, only a 

few are used for routine environment monitoring. Electron capture detector (ECD) is used for 

the present study as it is a selective detector. 

 

 4.4.9.2 Electron Capture Detector   

The ECD although non specific but is a highly sensitive for halogenated compounds and 

therefore has wide acceptability for use in organochlorine pesticide analysis. ECD containing 

a radioactive source like tritium or Ni63 emits electrons towards anode producing a standard 

current which fluctuates when some electron absorbing species pass through the path. These 

current fluctuations are amplified and recorded as peaks on chromatograms. In the linear 

range of detector, the area of resulting peaks is directly proportional to the concentration of 

species. ECD with Ni63 has got superiority over the tritium one. Helium and Neon are not 

suitable carrier gases for GLC but pure nitrogen can be used successfully. 

The linear dynamic range of ECD is small and therefore pesticides standards of almost 

similar concentration range as those of unknown samples are required. However, 

organochlorinepesticides are best analysed quantitatively by GLC/ECD upto a very low 

concentration level. The GC retention data for OCPs are tabulated in Table 9 and the 

extraction efficiencies of the spiked samples are given in Table 10.  

 

 

 



Table-9: GC Retention Data for Organochlorine Pesticides 

S.No.       Compound          Retention time (min.) 

1. α - HCH 3.13 

2. Lindane 4.11 

3. β - HCH 4.93 

4. δ- HCH 5.82 

5. Aldrin 6.41 

6. α - Endosulfan 12.88 

7. DDE 16.45 

8. β - Endosulfan 24.98 

9. DDD 26.21 

10. DDT 32.16 

                      

 

Table-10:  Extraction Efficiencies of organochlorinepesticides in spiked samples 
 

Sl.No Compound Water         

(n=4, 12.5 ng/λλ) 

Sediment   

(n=3, 50 pg/λλ) 

1 α -HCH 91.0 +23.7 79.0 +8.0 

2 γ -HCH 83.1+20.5 91.6 +7.0 

3 β -HCH 84.7 +17.9 96.6+5.0 

4 δ -HCH 82.6 + 19.5 77.5 +4.0 

5 Aldrin 68.9 + 12.0 92.3 +4.0 

6 α - Endosulfan 90.9 + 18.4 91.3 +15.0 

7 DDE 84.7 +23.2 87.3 +17.0 

8 β - Endosulfan 80.6 +10.4 95.0  +16.0 

9 DDD  75.2 +8.0 

10 DDT 83.2 +10.3 94.8 +9.0 

 



5.0 RESULTS & DISCUSSION: 

5.1 Trace Elements and Anions: 

 

5.1.1 Mass Concentration, Trace Metals and Anion Variation of SPM, PM10, PM2.5-10 and 

PM2.5 in the Ambient Air at Trombay 

Suspended Particulate Matter (SPM) in ambient air and its respirable fraction i.e., PM10, 

PM2.5-10 and PM2.5 (particulate matter, diameter of which is lower than 10 µm, between 2.5 -

10 µm and lower than 2.5 µm, respectively) were monitored simultaneously at Trombay.   

All the samples were collected for 24-hour. Seasonal variations (rainy, winter and summer) 

of SPM, trace metals and anions along with their average and standard deviations are 

presented in Table 11 and the annual average concentrations of SPM, trace metals and anions  

are presented in Table 12. The annual average concentration of SPM, varies from 44 µg/m3 to 

360 µg/m3. Relatively lower values during the monsoon periods are clearly seen as expected 

due to wash out effects are clearly seen in Table 11. The weight percentage of the trace 

metals analysed with respect to SPM mass shows that Ca (5.40%) and Na (5.29%) constituted 

the dominant fractions followed by Fe (3.19%), Mg (0.85%), K (0.77%), Zn (0.39%) and Pb 

(0.21%). The remaining metals Cd, Cu and Mn all together form less than 0.20% in this 

distribution (Susheela et al., 2000). The major anions like Cl– , NO3
– and SO4

-2 constitutes 

8.14%, 6.95% and 3.72% respectively. The annual average and 24h average at Trombay site 

are less than the CPCB Ambient Air Quality Standards as given in the Annexure. 

 



 

 

Table 11: Seasonal variation of SPM, Trace metals and Anion Concentrations at 

Trombay, during 2004 

 

 

 

 

 

 

 

  Rainy season Winter season Summer season 

Parameters Unit Max. Min. Average S.D. Max. Min. Average S.D. Max. Min. Average S.D. 

SPM µg/m3 84 44 63 12 360 274 303 27 316 57 198 105 

Cd ng/m3 0.1 0.01 0.03 0.03 9 3 5.32 1.77 8.75 0.01 3.63 2.98 

Pb ng/m3 56 3.5 18 17 967 518 687 125 880 30 429 340 

Cu ng/m3 13 1.2 8 4 176 91 125 26 144 12 90 52 

Mn µg/m3 0.05 0.02 0.03 0.01 0.3 0.16 0.2 0.05 0.24 0.01 0.12 0.08 

Fe µg/m3 1.5 0.5 0.82 0.3 19 6 10.29 3.85 18.87 0.91 6.57 5.96 

Zn µg/m3 1.4 0.03 0.25 0.4 2 0.6 1.36 0.65 1.22 0.24 0.66 0.35 

Ca µg/m3 12 2 5.5 4 18 11 14.56 2.58 24.62 5.61 11.01 4.87 

Mg µg/m3 2.8 0.8 2 0.6 3 2 2.12 0.32 2.83 0.53 1.57 0.72 

K µg/m3 1.6 0.3 0.7 0.5 3 1.5 1.95 0.42 3.29 0.8 1.72 0.83 

Na µg/m3 13.8 2.4 8 3 43 0.001 11.6 13.18 19.53 3.21 11.56 5.34 

F- µg/m3 1.3 0.3 0.5 0.3 2 0.69 1.06 0.41 2.18 0.16 0.91 0.67 

Cl- µg/m3 13.6 9 10 1.5 21 10.44 18.23 2.84 26.28 9.18 18.11 5.75 

Br- µg/m3 0.3 0.13 0.2 0.07 0.3 0.09 0.17 0.06 0.29 0.05 0.16 0.07 

NO2
- µg/m3 0.2 0.08 0.2 0.04 0.7 0.24 0.44 0.14 0.58 0.21 0.32 0.11 

NO3
- µg/m3 8.4 3.5 6 2 31 13.46 21.23 5.71 23.04 6.98 12.82 4.64 

SO4
-2 µg/m3 25 14.2 19 4 56 29.74 44.99 8.58 51.23 14.72 33 12 



Table 12: Annual Average of SPM, Trace Metal and Anion Concentrations at Trombay, 

during 2004 

 

 

  Annual 

Variables Unit Max. Min. Average S.D. 

SPM µg/m3 360 44 200 114 

Cd ng/m3 8.98 0.01 3.75 2.92 

Pb ng/m3 966 3 414 342 

Cu ng/m3 176.03 1.2 81.8 58.32 

Mn µg/m3 0.21 0.01 0.13 0.088 

Fe µg/m3 19.1 0.53 6.41 5.65 

Zn µg/m3 2.42 0.03 0.79 0.65 

Ca µg/m3 24.62 2.1 10.84 5.19 

Mg µg/m3 2.83 0.53 1.71 0.66 

K µg/m3 3.29 0.33 1.55 0.8 

Na µg/m3 42.77 0.02 10.61 8.51 

F- µg/m3 2.18 0.16 0.87 0.54 

Cl- µg/m3 26.28 9.02 16.33 5.14 

Br- µg/m3 0.31 0.05 0.17 0.07 

NO2
- µg/m3 0.69 0.08 0.32 0.16 

NO3
- µg/m3 31.4 3.58 13.94 7.52 

SO4
- µg/m3 16.98 0.92 7.47 5.58 

         

 

 

 

 

 

 

 



5.1.1.1 Variation of Trace Metals and Anions in PM2.5, PM2.5-10, PM10 

Knowledge of size distribution of aerosols and its chemical composition in the atmosphere is 

essential for understanding the sources, mechanism of formation, behaviour and their health 

effects. Solubility of metals present in particulate matter strongly influence the atmospheric 

reactivity and hence their residence time.  

Besides determining mass concentrations, trace metals like Ca, Cd, Cu, Fe, K, Mg, Mn, Na, 

Pb, Zn and water soluble anions F-, Cl-. Br-, NO2
-, NO3

-, SO4
-2 were also estimated in the 

samples collected at Trombay site. The annual average concentration of  PM10, PM2.5-10 and 

PM2.5 along with the concentration levels of 16 elements are presented in Table 13,14 and 15 

respectively. The seasonal variations of PM2.5, trace metals and anions are shown in Table 16. 

Similar to SPM, PM2.5 concentrations are also relatively low during monsoon period and have 

gradually increased showing a maximum concentration in winter season (Tripathy et al., 

1988). 

In PM2.5, NO3
- constitutes the major fraction (13.17%). High temperature combustion is one 

possible source of NO3
- and it is mostly present in fine particulates. Next major anion portion 

is Cl-, which forms 12.48%. Sea salt may be the possible source. F- (0.6%), SO4- (0.36%) are 

the other major anions in PM2.5. Among the trace metals Na (5.95%), K (0.89%), Ca (2.78%), 

Mg (0.71%) and Pb (0.58%) constituted the dominant fractions. The possible sources of these 

metals include sea salt, soil and vehicular emissions (Sadasivan et al., 1990). 

In PM2.5-10, SO4
- (44%), Cl- (12%) are the major fractions of anions. In case of trace metals 

Na (16%), Ca (6%), Fe (3.46%) and K (2.45%) are the dominant fractions. High Na and Cl- 

fractions may be coming from sea salt. Pb constitutes a very low fraction (0.03%). High 

temperature combustion may be the source of SO4
-. The sulphate aerosols are commonly 

observed in fine fractions, the high values in the coarse fraction may be due to re-entrained 

sulphate particles on soil particles.  

In PM10, SO4
-2 (17%), Cl- (12.34%), NO3

- (9.34%) are the major anions. F- (0.48%) also 

constitutes a significant part. Na (8.55%), K (1.28%), Ca (3.84%), Fe (2.21%) and Pb 

(0.48%) are the dominant fractions of trace metals. In the entire size fraction it is observed 

that Na/K is much less than 26, which is the seawater Na/K ratio. The less Na/K ratio 

indicates additional sources of K. Contributions of vegetation burning in the nearby areas can 

be one possible reason.  

The RSPM values (PM10) and Pb at Trombay site are less than the CPCB Ambient Air 

Quality Standards. The other trace elemental concentrations are much less than the limits 



presented in Table 17.From the elemental and anion data analysis of SPM, PM2.5-10, PM2.5 the 

possible sources contributing to the particulate matter found to be sea salt, soil and vehicular 

emissions. However, for further source identification and percentage contribution from each 

sources statistical techniques like Factor Analysis and Multiple Regression Analysis should 

be used. The data analysis using these techniques is reported elsewhere. 

 

Table 13:  Annual Average Trace Metal and Anion Concentrations in 

PM10 at Trombay 

 

 

Parameters Unit Max. Min. Average Std.dev. 

PM10 µg/m3 107 12 78 39 

Cd ng/m3 6.12 0.01 2.09 2.16 

Pb ng/m3 751 3.04 346 294 

Cu ng/m3 122.7 0.8 60.15 47.55 

Mn µg/m3 0.12 0.004 0.05 0.04 

Fe µg/m3 5.06 0.29 1.74 1.21 

Zn µg/m3 0.92 0.02 0.39 0.31 

Ca µg/m3 6.65 1.1 3.03 1.31 

Mg µg/m3 1.79 0.16 0.7 0.29 

K µg/m3 1.83 0.17 1.01 0.52 

Na µg/m3 19.01 2.13 6.74 4.81 

F- µg/m3 1.13 0.05 0.38 0.24 

Cl- µg/m3 16.81 2.27 9.73 4.24 

Br- µg/m3 0.22 0.01 0.04 0.05 

NO2
- µg/m3 0.31 0.01 0.15 0.08 

NO3
- µg/m3 18.03 0.01 7.55 3.81 

SO4
-2 µg/m3 24.67 3.91 13.73 6.68 

  

 

 

 



 

 

 

Table 14: Annual Average of PM2.5-10, Trace Metal and Anion Concentrations in 

PM2.5-10 at Trombay 

 

              

Parameters Unit Max. Min. Average Std.dev. 

PM 2.5-10 µg/m3 39 2 23 10 

Cd ng/m3 0.77 0.009 0.09 0.16 

Pb ng/m3 62 0.51 25 21 

Cu ng/m3 19.62 0.31 6.78 5.59 

Mn µg/m3 0.04 0.004 0.02 0.015 

Fe µg/m3 1.91 0.11 0.82 0.55 

Zn µg/m3 0.41 0.01 0.07 0.08 

Ca µg/m3 4.63 0.43 1.50 0.87 

Mg µg/m3 1.14 0.09 0.31 0.18 

K µg/m3 0.81 0.06 0.51 0.27 

Na µg/m3 9.26 1.05 3.70 2.39 

F- µg/m3 0.09 0.01 0.05 0.03 

Cl- µg/m3 6.69 0.08 2.84 1.50 

Br- µg/m3 0.32 0.01 0.05 0.07 

NO2
- µg/m3 0.15 0.01 0.05 0.05 

NO3
- µg/m3 0.69 0.01 0.29 0.16 

SO4
-2 µg/m3 17.81 0.01 10.34 5.10 

 

  

     

 

 

 



 

Table 15: Annual Average Trace Metal and Anion Concentrations in 

PM2.5 at Trombay 

 

Variables Unit Max. Min. Average Std.dev. 

PM 2.5 µg/m3 107 5 55 30 

Cd ng/m3 6.12 0.009 2.00 2.12 

Pb ng/m3 710 2.53 322 276 

Cu ng/m3 112.11 0.49 53.37 43.58 

Mn µg/m3 0.07 0.004 0.03 0.03 

Fe µg/m3 3.24 0.11 0.91 0.72 

Zn µg/m3 0.82 0.01 0.32 0.28 

Ca µg/m3 3.18 0.17 1.53 0.67 

Mg µg/m3 0.65 0.07 0.39 0.16 

K µg/m3 1.11 0.11 0.49 0.28 

Na µg/m3 12.47 0.58 3.28 3.23 

F- µg/m3 1.11 0.01 0.33 0.25 

Cl- µg/m3 11.14 1.95 6.88 3.13 

Br- µg/m3 0.1 0.01 0.01 0.01 

NO2
- µg/m3 0.31 0.01 0.10 0.07 

NO3
- µg/m3 17.81 0.01 7.26 3.84 

SO4
-2 µg/m3 0.53 0.04 0.20 0.13 

 

   

 

 

 

 

 

 

 

 



Table 16: Seasonal Variation of PM2.5, Trace Metals and Anion Concentrations at Trombay site during 2004 

  Rainy season Winter season Summer season 

Parameters Unit Max. Min. Average S.D. Max. Min. Average S.D. Max. Min. Average S.D. 

PM 2.5 µg/m3 30 5 17 7 108 39 78 20 85 21 58 24 

Cd ng/m3 0.009 0.009 0.009 0.009 0.77 0.009 0.20 0.24 0.16 0.009 0.04 0.06 

Pb ng/m3 18.79 2.53 7.48 5.85 672.51 198.48 497.40 126.40 710.77 18.65 366.59 295.86 

Cu ng/m3 6.29 0.49 2.11 1.9 112.11 39.95 86.27 23.08 101.77 1.35 57.08 41.25 

Mn µg/m3 0.02 0.01 0.01 0.00 0.07 0.02 0.04 0.02 0.08 0.004 0.04 0.03 

Fe µg/m3 0.43 0.11 0.22 0.11 3.24 0.62 1.27 0.77 1.89 0.30 1.04 0.61 

Zn µg/m3 0.03 0.01 0.02 0.01 0.82 0.26 0.50 0.15 0.82 0.05 0.35 0.30 

Ca µg/m3 3.18 0.17 1.22 1.01 2.51 0.99 1.78 0.36 2.72 0.67 1.51 0.57 

Mg µg/m3 0.65 0.07 0.32 0.19 0.60 0.33 0.45 0.09 0.59 0.07 0.37 0.19 

K µg/m3 0.53 0.11 0.20 0.14 1.11 0.39 0.74 0.22 0.81 0.18 0.46 0.20 

Na µg/m3 10.21 1.09 3.30 3.02 6.74 0.58 2.55 2.38 12.47 0.98 3.90 4.01 

F- µg/m3 0.91 0.01 0.31 0.29 1.11 0.07 0.38 0.3 0.51 0.06 0.30 0.17 

Cl- µg/m3 5.87 1.95 2.73 1.31 11.14 4.67 9.15 1.79 10.12 3.02 7.52 2.22 

Br- µg/m3 0.01 0.01 0.01 0.01 0.1 0.01 0.01 0.01 0.1 0.01 0.01 BDL 

NO2
- µg/m3 0.11 0.01 0.05 0.04 0.31 0.05 0.14 0.08 0.19 0.01 0.10 0.07 

NO3
- µg/m3 6.51 0.01 3.27 2.07 17.81 4.23 9.89 3.45 11.51 3.58 7.49 2.95 

SO4
- µg/m3 14.13 0.01 5.73 4.48 16.73 9.52 13.33 2.64 17.81 4.32 10.65 5.22 



Table 17: Limits and Standards 

 

 

 

 

 

 

 
 
 
 
 

Maximum  permissible concentration (MPC) and 
threshold limit values (TLV) of certain metals in air. 

 

5.1.2 Trace Elements in Soil Samples:  

The chemical composition of soil particularly its chemical content is environmentally 

important because depending on their concentration, levels of toxic elements can reduce 

soil fertility, can increase input to food chain and ultimately can endanger human health. 

Through out the world, soils are contaminated to some extent by local, regional and 

global pollution, both natural and anthropogenic origin. The magnitude and persistence of 

human exposure depend not only on the level of soil contamination but also on physical 

and chemical properties of soil, chemical properties of the contaminant  and the 

frequency and duration of human factors such as occupational and recreational activities 

or the consumption of home grown food, which result in direct and indirect soil contact. 

The soil also effectively acts as reservoir, after temporary storage of metals, can act as a 

source under certain conditions. Therefore, soil is both a source and a sink for metal 

pollutants.  Metal concentrations in soils impacted by industrial are also higher than those 

present in rural areas and less polluted urban residential areas.  Metal concentrations 

present in Trombay soil are present in the Table 18 along with the intervention values. 

Intervention values are useful to identify serious contamination of soil and to indicate 

S.No. Element Unit MPC TLV 

1 As µg/m3 0.14 200 

2 Cd µg/m3 0.14 50 

3 Cr µg/m3 0.5 500 

4 Cu µg/m3 10 1000 

5 Hg µg/m3 0.1 10 

6 Mn µg/m3 1.0 5000 

7 Ni µg/m3 1.0 1000 

8 Pb µg/m3 1.0 100 

9 Zn µg/m3 50 5000 



when remedial action is necessary. The values of metal concentrations in Trombay soil 

are far less than the intervention values. However these levels are more compared  to that 

of soils from rural areas.      

 

Table 18 : Metal concentration in Trombay soil 

Element Unit Observed Intervention 
value* 

Cd µg/g <0.05 12.0 
Co µg/g 41.2 240.0 
Cr µg/g 210.0 380.0 
Cu µg/g 80.0 190.0 
Fe mg/g 74.9 NR 
Li µg/g 5.6 NR 

Mn mg/g 1.4 NR 
Ni µg/g 82.7 110.0 
Pb µg/g 17.4 530.0 
Zn µg/g 163.7 720.0 

                              * Dutch standards, 2003; NR – Not reported. 

 

5.1.3 Trace Elements in Water Samples:  

Metals in drinking water mainly come from the dissolution of minerals during their 

course of surface or ground water movement. Additionally, urban water bodies gets trace 

metal contribution from the atmospheric pollution caused by industries and other 

anthropogenic sources through direct atmospheric wash out or indirectly as surface run 

off. These metals are present in water in dissolved form as cations, colloidal dispersions 

or as suspended particulates depending on the environmental conditions.  The metal 

concentration in Trombay drinking water are presented in Table 19. These levels are less 

than the limits stipulated by USEPA as indicated in Table 19. 

 

 

 



Table 19:   Metal concentration in Trombay drinking water 

Element Unit Observed MPC* 
As µg/l <0.01 10.0 
Ca mg/l 8.5 200 
Cd µg/l <0.01 5.0 
Cr µg/l 0.25 100 
Cu µg/l 2.1 1000 
Hg µg/l <0.01 2.0 
Fe µg/l 60 300 
Mg µg/l 8600 NR 
Mn µg/l 1.4  50 
Na µg/l 8000 NR 
Pb µg/l 0.6 10.0 
Zn µg/l 7.5 5000 

               Source : US EPA : List of drinking water cotaminants 

*MPC : Maximum permissible concentration. 

 

5.2 Organic Pollutants 

5.2.1 Organic Pollutants in Ambient Air:  

5.2.1.1 Polycyclic Aromatic Hydrocarbons in Aerosols Samples: 

The mean concentrations of individual PAH compounds in PM10 and PM2.5 samples have 

been depicted in Fig. 4. The association of benzo(ghi)perylene with vehicle exhaust has 

long been establish (Bake et al., 1991). The higher concentration of benzo(ghi)perylene 

in both PM10 and PM2.5 indicates a significant contribution from vehicular exhaust.  The 

result shows, the low molecular weight PAH such as naphthalene, acenaphthylene and 

fluorine are dominated at sampling site.  The total PAHs level in PM10 samples ranged 

from 6.18 ng/m3 to 63.12 ng/m3 and the mean concentration was 28.76 ng/m3. In PM2.5 

samples the total PAHs level ranged from 5.21 ng/m3 to 51.71 ng/m3 and the mean 

concentration was 21.30 ng/m3. It was found that 74% of the total PAH was associated 

with PM2.5. 
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Fig. 4:  PAHs in size distributed of ambient particulate matter 

 

5.2.1.2 Distribution of Polycyclic Aromatic Hydrocarbons on Size-segregated 

Atmospheric Aerosols of Trombay 

Samples were collected over 72 hrs. average sampling period using an eight stage 

cascade impactor (Andersen Instruments Inc., USA). The impactor was connected to a 

continuous duty, carbon-vane pump and a constant airflow rate of 28.8 lpm was 

maintained with an in-line rotameter. The samples were collected on glass fiber filter 

paper (Whatman EPM 2000) cut to the size of impactor stages.  

The distribution of two to six ring PAHs on size fractionated aerosol samples has been 

studied. Total PAH concentrations (thirteen compounds) associated with the size-

segregated aerosols collected on different impactor stages were in the range of 18.3 to 

66.6 ng/m3. It has been observed that in case of naphthalene, acenapthalene, fluorine, 

phenantherene, anthracene fluoranthene and pyrene there is an increase in PAHs 

concentration with increasing in particle size. This may be attributed to the evaporation 

and recondensation of these semivolatile low molecular weights PAH on to bigger size 

aerosols as most of them exist mainly or partly in the gas phase (Sahu et al. 2004). 



Benzo(a)anthrcene, benzo(b)fluoranthene, benzo(k)fluoranthene and benzo(a)pyrene 

shows a decrease in concentration with increase in particle size. This could be due to the 

fact that these PAHs were attaching to the fine particulates (soot) from the combustion 

sources.   In addition, smaller particles have a higher specific surface area and a higher 

attachment rate for organic pollutants and hence contain a greater amount of organic 

carbon, which allows more PAHs adsorption.  The concentrations of perylene and 

benzo(ghi)perylene has not shown any dependence on particle size.  The PAHs were 

mostly associated with fine particles (aerodynamic diameter < 4.7 µm), but the lower 

molecular weight PAH compounds (2-4 rings compounds) were predominating in the 

aerosol fraction >1.1 µm whereas the higher molecular weight PAH compounds were 

predominant in the aerosol fractions <1.1 µm. The predominating nature of lower 

molecular weight PAH compounds (2-4 rings compounds) in the aerosol fraction >1.1 

µm could be due to the cyclic volatilization and adsorption of these semivolatile species 

on accumulation mode urban aerosols.  

The size distribution of ambient particulate matter and that of atmospheric total PAHs  

were illustrated in Fig 5 and Fig 6. The maximum of the particle size distribution of the 

PAHs coincides with the maximum of the ambient aerosols, which suggested that the 

gaseous PAHs are adsorbed, after the production, on preexisting particles during cooling. 

This observation is in good agreement with the earlier observation by Van Vaeck and 

Van Cauwenberghe (1985). The size distribution of atmospheric total PAHs was found to 

be bimodal and is in agreement with the earlier studies reported in the literature 

(Venkataraman et al., 1999). The size distribution of PAHs in the ambient aerosols were 

influenced by the vapor pressure of the compounds and on the chemical compositions.  

The two peaks in the total PAHs size distributions were located at the particle size range 

1.1 – 2.1 µm and at 3.3 – 4.7 µm, which mostly belongs to the fine particle mode (Sahu et 

al., 2003). This result indicates that the PAH mass in the ambient air of the sampling 

locations were originated mainly from the combustion of the fossil fuels. The peak of the 

size fractionated total PAHs localized at the particle size range 1.1 – 2.1 µm essentially 

reflects the gas to particle condensation process in the young aerosols, whereas the peak 

located at the size range 3.3 – 4.7  µm shows the occurrence of accumulation processes in 

these aerosols.  
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Fig. 5: Distribution of atmospheric size segregated aerosol 
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Fig. 6: Distribution of atmospheric total PAHs in size segregated aerosol samples 

 

 

 



5.2.2 PAHs in Soil Samples: 

 

The table 20 and 21 shows the concentrations of individual and total PAH compounds in 

the soils representing their respective land use classes, in premonsoon and during 

monsoon conditions. It was found that in most of the locations, the PAH concentrations 

had decreased during rainy season. The mean concentration of total PAH in all the 18 

locations, was recorded as 118.65 ng/g in the pre monsoon season. Whereas, during 

monsoon, the mean concentration recorded was as low as 66.70 ng/g. 

 This observation can be solely attributed to the seasonal stress, in the form of monsoon. 

From the variations observed in PAH levels in other environmental compartments, 

following the showers, the loss from soil can be explained to have taken place mainly due 

to three activities, namely, run off losses of soil particulate bound PAHs, increased rates 

of volatilization of more volatile PAH species from moist soil surfaces, and leaching of 

relatively more soluble PAH varieties to the sub surface layers. However, the losses due 

to degradation may not be considered as a major reason behind this huge loss recorded 

within a short span of time, as the half life of the PAHs ranges from 2.1 to 9.1 years in 

soil (Wild and Jones., 1995). 

When at a specific level, the individual, locations were monitored for the environmental 

behaviors of PAH in soil; it was observed that in the petrochemical industrial site at 

location no.18 a three fold increase of total PAH had taken place, in contrast to the 

overall loss encountered in other regions of Trombay. This could be due to accidental or 

occasional exposure of the land to a high source of PAH, for example oil spills or heavy 

vehicular exhaust, prior to the sampling in rainy season. It was noted that, at location no. 

4, least amount of PAH was lost from soil. This area being a dumping ground behind 

laboratories, could have either received a PAH lead in the form of chemical spoils, or 

possessed a high percentage of total PAH solubilized in the organic solvents introduced 

to the ground. Location 13 was a roadside spot and the soil collected had a high 

percentage of road construction materials, and an apparently much less organic contents, 

thus encountered a heavy loss of PAH. Location no. 1 and 6 were situated near the bus 

terminus and a petrol pump respectively, and had shown a lesser % loss, apparently due 

to the continuous input.  



The individual PAH compounds showed a varying degree of movements from the soil. It 

can be noted that B(a)P had attended an overall accumulation in the soil, in contrast to the 

others in the group, and Anthracene had undergone a maximum loss from soil. B(a)P 

having the least vapor pressure and a very high Kow value , is explainable to retaine by 

the soil in  most places. The movement properties of various kinds of organics depend on 

their physico-chemical properties like solubility, vapor pressure Henry’s law constant and 

Octanol Water coefficients (Kow). However, the field observations are difficult to 

correlate with the laboratory condition observations, where these properties play their 

role together in a complex dynamic condition, and interferences from other agencies and 

sources alter the over all observations. However, it was found that there is a linear 

relationship between and percentage of loss and vapour pressure, as loss is more in the 

lower molecular weight PAHs.  

The concentration of total PAH  when averaged for observed values in both the seasons, 

it was found to be high in some locations within the B.A.R.C premises (no. 6,3, 4 and 1 

respectively). The location 6 being a petrol pumping station had a high content of PAH, 

coming from oil and grease spills. Location 3 was under a large tree, and it has been 

already reported that forest and heavily planted soils contain high amount of PAH (Wild 

and Jones, 1995). Location 4 was basically a dumping ground  behind the laboratories 

and sources of PAH are suspected to be  from chemical spoils. The location 1 was 

situated adjacent to the bus terminus and vehicular exhaust could be the probable source. 

Besides all these, this area receives a high degree of air borne PAH input from the stacks 

and organic flares of the petrochemical industries, with the western winds. The 

concentrations in the petrochemical site were found consistent but it was not at an 

alarming condition. The transport of these chemicals, by several means, out of the region 

could be the remedial measure for the soil. Though all of the soil samples were collected 

from the open places in this region, and soil quality inside the petroleum refineries were 

not tested. The residential area showed a comparatively lesser concentration level of 

PAH. 

 

 

 



Table-20:   PAH Concentrations (ng/g) in Soil in  Premonsoon Conditions. 

 

RESEARCH INSTITUTE 
PREMICES 

PHE ANT FLR PYR BAA BKF BAP TOTAL 

1 18.18 0.31 47.70 34.21 30.71 17.67 11.33 160.11 
2 9.97 3.78 44.12 26.79 13.54 2.88 7.46 108.53 
3 25.21 1.57 76.92 55.17 61.32 27.04 13.67 260.91 
4 29.50 3.96 29.60 25.27 22.72 3.98 8.41 123.43 
5 12.04 7.24 23.71 17.41 BDL 4.82 1.13 66.35 
6 48.02 19.74 150.56 28.59 219.51 5.61 43.61 515.64 
7 11.06 3.72 6.87 7.85 8.87 4.64 4.45 47.45 
8 13.15 3.93 4.18 6.14 BDL 4.17 10.00 41.58 

MEAN 20.89 5.53 47.96 25.18 59.44 8.85 12.51 165.50 

RESIDENTIAL AREA  

9 7.69 0.61 12.36 14.44 1.84 6.10 2.60 45.64 
10 43.85 13.18 BDL 18.43 18.88 5.40 3.01 102.75 
11 39.63 1.79 14.02 78.80 51.37 3.61 4.31 193.52 
12 8.19 0.52 3.23 5.70 2.75 8.40 3.80 32.60 
13 34.11 0.28 9.62 7.93 1.77 2.30 2.17 58.18 

MEAN 26.69 3.28 9.81 25.06 15.32 5.16 3.18 86.54 

PETRO CHEMICAL 
INDUSTRIAL SITE 

 

14 49.87 14.89 41.87 15.14 22.43 2.68 0.84 147.71 
15 25.48 3.63 14.83 79.56 10.79 9.13 6.33 149.74 
16 17.18 2.10 12.13 8.23 15.17 BDL 19.05 73.86 
17 28.94 2.58 47.13 17.26 8.61 5.85 3.93 114.31 
18 6.07 0.17 3.02 6.69 5.12 8.73 4.16 33.97 

MEAN 25.51 4.67 23.80 25.38 12.42 6.60 6.86 103.92 

MEAN  FOR TROMBAY 
TERRESTRIAL 

ENVIRONMENT  
24.37 4.49 27.19 25.21 29.06 6.87 7.52 118.65 

 
 
 
 
 
 
 
 
 
 



Table-21:  PAH Concentrations (ng/g) in Soil During Monsoon Conditions. 
 

 

 

 

 

RESEARCH 
INSTITUTE 
PREMICES 

PHE ANT FLR PYR BAA BKF BAP TOTAL 

1 21.25 1.42 7.80 15.25 40.39 3.63 27.05 116.79 
2 8.84 2.10 35.65 9.12 7.95 BDL 2.89 66.56 
3 18.99 3.56 18.61 13.92 39.91 0.99 10.87 106.84 
4 12.66 0.70 32.23 23.02 14.03 1.83 15.49 99.96 
5 4.53 1.11 3.88 4.81 BDL 3.03 0.72 18.09 
6 3.42 1.38 148.43 2.02 51.33 3.81 35.58 245.97 
7 8.84 1.36 3.45 4.05 7.95 3.68 0.61 29.94 
8 5.13 0.46 1.55 4.15 BDL 2.88 5.69 19.86 

MEAN 10.46 1.51 31.45 9.54 20.20 2.48 12.36 88.00 

RESIDENTIAL AREA  

9 3.17 0.20 4.50 4.68 4.69 1.03 0.78 19.06 
10 11.80 3.93 BDL 12.18 11.68 3.52 0.90 44.01 
11 53.25 BDL 7.25 7.95 7.93 1.98 1.18 79.56 
12 4.60 0.28 2.28 4.25 4.73 2.47 1.30 19.92 
13 1.57 0.17 0.62 1.80 0.72 1.23 1.07 7.19 

MEAN 14.88 1.15 3.66 6.17 5.95 2.05 1.05 33.94 

PETRO CHEMICAL 
INDUSTRIAL SITE 

 

14 10.39 2.01 9.93 5.54 6.52 1.55 7.77 43.72 
15 13.71 1.73 8.15 58.53 6.27 2.75 4.60 95.73 
16 7.71 0.48 5.18 20.64 6.48 BDL 12.37 52.86 
17 12.48 0.77 10.84 6.29 12.45 0.39 7.98 51.20 
18 25.26 0.63 17.18 11.54 17.13 43.03 32.43 147.20 

MEAN 13.91 1.12 10.26 20.51 9.77 11.93 13.03 78.14 

MEAN  FOR 
TROMBAY 

TERRESTRIAL 
ENVIRONMENT 

13.08 1.26 15.12 12.07 11.97 5.48 8.81 66.69 



5.3 Volatile Organic Compounds: 

Tables 22 summarizes the range and mean concentrations of NMHCs measured at 

Trombay. The mean concentration of acetylene which is a tracer for auto exhaust is 2.8 

ppbv which is much lower than the mean concentrations of other hydrocarbons such as 

ethylene, propane, pentane, iso-butane, n-butane and benzene. Benzene concentration was 

found to vary from  3.0 to 25.1 ppbv with a mean concentration of 14.7 ppbv and a standard 

deviation of 7.0 ppbv  at different sampling sites.  The study by Pandit et al. (2003), shows 

that the mean toluene concentrations are lower than the mean benzene concentrations, and 

toluene to benzene ratio cannot be utilized to evaluate source contributions in Mumbai. 

More complex receptor models are, therefore, required to find out the source contribution. 

During the sampling period, the concentrations of C2-C10 varied from 81.8 ppbv to 359.8 

ppbv. The variations in the concentrations depended on the downwind or upwind position of 

the sampling station with respect to the source. The concentrations varied from 21.8 ppbv to 

328.7 ppbv for C2-C5   and from 31.1 ppbv to 80.2 ppbv for C6-C10, respectively. C2-C5 

concentrations were found to be higher than C6-C10 concentrations except during the period 

of October- December.  Fig. 7 shows the monthly variations of C2-C5, C6-C10 and total 

NMHCs. The results showed a clear peak for total NMHCs during the period July-August, 

C2-C5 compounds being the chief contributors. Thus may be attributed to the climatic 

conditions. Another possible reason could be that the flares for vent hydrocarbons used at 

the refineries and petrochemical complexes are affected by intense rains, which are common 

features of Mumbai in the month of July and August. 

 

 

 

 

 

 

 

 

 



Table-22: Annual average concentrations of NMHCs (ppbv) in the ambient                      
air of Trombay 

NMHC 

Species 

Range Mean S.D. 

Ethane 0.2-18.5 5.2 4.7 

Ethylene 0.2-16.5 4.3 2.9 

Propane 0.3-17.6 7.8 4.6 

Acetylene 0.2-6.0 2.8 2.2 

Propylene 0.2-40.2 7.1 6.8 

iso-butane 1.3-36.7 10.1 9.6 

n-butane 4.0-62.6 22.2 16.9 

iso-pentane 2.8-86.9 28.2 19.0 

n-pentane 2.5-94.7 26.7 23.1 

Hexane 1.9-22.3 12.8 7.4 

Benzene 3.0-25.1 14.7 7.0 

Toluene 1.4-10.3 4.1 2.5 

Ethylbenzene 0.3-19.0 4.4 2.1 

p-Xylene 0.3-6.1 2.1 1.6 

o-Xylene 0.2-3.5 2.1 1.4 

Heptane 0.2-13.5 4.3 3.0 

Decane 1.2-24.9 13.1 9.4 
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Fig. 7:  Monthly Variation of Hydrocarbons at Trombay 

 

5.4 Organochlorine Pesticides in the Environment 

5.4.1 Distributionof Organochlorine Pesticides in Air 

The residues levels of OCPs in air collected at Trombay presented in Table-23. The 

oganochlorine compounds found in highest concentrations were the HCHs, the 

Endosulfans and the DDT and its metabolite DDE. The range of HCHs residues in air 

was found to be between 1.0 to 22.5 pg/m3. Te alpha and gamma-isomers of HCH 

contribute more than 93% to the total HCH. The DDT residues in air ranged between 

12.2 to 80.8 pg/m3 and that of DDE was 2.1 -25.3 pg/m3. The concentration of alpha-

endosulfan was found to be in the range of 1.8 to 42.8 pg/m3 in air samples. The 

concentrations of beta-endosulfan in air samples was found to be ranges between 1.0 to 

1.6 pg/m3. The observed concentration of endosulfan may be attributed to its intensive 

use in rice cultivation. 



The compositions of organochlorine compounds including the isomers and metabolites 

are considered as a useful tool for understanding the formulation types, origin, transport 

pathways etc. HCHs have been produced commercially as a technical mixture (60-70% 

alpha-HCH, 5-12% beta-HCH, 10-15% gamma-HCH and other minor isomers) and as 

pure gamma-HCH (lindane). Hence the ratio of alpha- to gamma-HCH would be between 

4 and 7 for technical mixture and nearly zero for lindane. The ratio found in the creek 

region ranged 1.09 -1.48 for air, suggesting that the HCH sources arises out of both the 

formulations. The ratio may also reveal the usage of more than 90% lindane formulation. 

The lower value of alpha- to gamma-HCH ratio in this region implies the relative 

proximity of the HCH sources. 

DDTs composition ratio (DDE/DDT) in creek region showed a large variation in air 0.17-

0.31. The DDE/DDT ratio can be used to know whether DDT input occurs recently or in 

the past. Since p,p’-DDE is a metabolite of DDT and not included in the technical DDT, 

lower and higher ratios denote the recent and past usage of technical DDT, respectively. 

The lower DDE/DDT values as well as higher concentrations indicate the usage of DDT 

in the recent past around this region. This may be attributed to the uses of DDT for 

antimalaria sanitary activities and for agricultural purposes in the tropical region. 

 
Table-23: Concentration of OCPs in Air Samples 

 
IN AIR (pg/m3)  

 

COMPOUNDS 
RANGE MEAN S.D 

αα-HCH 2.4-22.5 8.8 6.2 

γγ-HCH 2.2-15.2 6.95 5.6 

ββ-HCH 1.0-1.6 1.30 0.3 

αα-ENDOSULFAN 1.8-42.8  13.03 11.5 

ββ-ENDOSULFAN 1.0-1.6  1.31 0.5 

DDE 2.1-25.3 18.93 7.3 

DDT 12.2-80.8  35.76 30.0 



5.4.2 Distribution Of Organochlorine Pesticides in Soil 

 

The Total organic carbon for the soil collected from the different locations at Trombay 

ranged from 0.8 to 2.7. It has been reported that adsorption of pesticides in the soil is 

directly related to the total organic content of the soil. The residue levels in soils collected 

from different locations of Trombay during monsoon and premonsoon are presented in 

the Tables 24 and 25. The concentration of Total HCH in the soil samples ranged from 

0.39-0.88ng/g in dry season (premonsoon) and 1.69-2.80 ng/g during wet season (during 

monsoon). On the other hand, the concentration of Total DDT ranged from 1.43 – 3.89 

ng/g in soil samples collected in dry season and 5.75 – 10.27 ng/g during wet season.  Of 

the two pesticides, HCHs showed lower residue levels than those of DDTs. This could be 

due to the differences of their physico-chemical properties (Tanabe et al., 1981).  

In the study area, α-HCH and γ-HCH were found in all the soil samples collected both 

during wet season as well as dry season. β-HCH was found to be predominant among 

HCH isomers in most of the samples, which can be explained by the isomerization of α- 

to β-HCH and of γ- via α- to β-HCH  (Fiedler et al., 1993; Wu et al., 1997). β-HCH 

offers a greater resistance to hydrolysis and microbial degradation because, its equatorial 

configuration. These physico-chemical properties of β-HCH could also explain its higher 

levels in most of the samples. A larger proportion of α-HCH and γ-HCH isomers were 

found in some samples, which suggested the effect of technical grade HCH, which 

contains a large amount of α and γ isomers. There has been a considerable increase in 

Total HCH in almost all the samples during wet season. This increase in the 

concentration of HCHs during wet season could be explained by the fallout as 

precipitation and from runoffs.  

A wide variation in percentage composition of DDT and its metabolites (DDD and DDE) 

was observed in dry and wet season. The concentration of DDE ranged from 0.17 –

0.38ng/g in dry season and 0.53 – 1.16ng/g during wet season whereas the concentration 

of DDD ranged from 0.36 – 1.03ng/g in dry season and 0.71 – 3.47 ng/g during wet 

season. In all the samples analyzed, concentration of DDE, which is the main metabolite 

of DDT in aerobic condition, was comparatively less than DDD, which is the anaerobic 



metabolite of DDT.  This prevail anaerobic conditions in the soils from different 

locations. The higher concentration of DDT and its metabolites during monsoon can be 

related to the usage of DDT to control mosquitoes during monsoon 

 

Table-24: Concentration of organochlorine pesticide residues in soil samples 
collected during premonsoon seasons (ng/g) 

 

Compounds Residential Roadside Industrial 

αα-HCH 0.075 0.056 0.502 

ββ-HCH 0.03 0.18 0.04 

γγ-HCH 0.15 0.17 0.31 

δδ-HCH 0.14 0.03 0.03 

ΣΣ-HCH 0.39 0.43 0.88 

DDE 0.17 0.34 0.38 

DDD 0.36 0.51 1.03 

DDT 2.17 0.58 2.48 

ΣΣDDT 2.7 1.43 3.89 

 

Table-25: Concentration of organochlorine pesticide residues in soil samples 
collected during monsoon season (ng/g) 

Compounds Residential  Roadside Industrial  

αα-HCH 0.64 0.34 1.02 

ββ-HCH 0.47 0.75 1.38 

γγ-HCH 0.25 0.22 0.04 

δδ-HCH 0.51 0.38 0.46 

ΣΣ-HCH 1.81 1.69 2.89 

DDE 0.53 1.16 0.61 

DDD 0.71 2.75 3.47 

DDT 4.51 6.36 3.88 

ΣΣDDT 5.75 10.27 7.96 
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ANNEXURE 
 
 

NATIONAL AMBIENT AIR QUALITY STANDARDS 
CENTRAL POLLUTION CONTROL BOARD 

 

Pollutant 
Time Weighted 

Average Concentration in Ambient Air 

  
Industrial 

Areas 
Residential, 

Rural & other 
Areas 

Sensitive 
Areas 

 Annual Avg.* 80 60 15 Sulfur dioxide (SO2) 
µg/m3 

    24 hours** 120 80 30 

 Annual Avg.* 80 60 15 Oxides of Nitrogen 
(NO2) µg /m3 
    24 hours** 120 80 30 

 Annual Avg.* 360 140 70 Suspended Particulate 
Matter (SPM) µg/m3 
    24 hours** 500 200 100 

 Annual Avg.* 120 60 50 Respirable Particulate 
Matter (RPM) µg/m3 
     24 hours** 150 100 75 

 Annual Avg.* 1.0 0.75 0.50 Lead (Pb) µg/m3 
     24 hours** 1.5 1.0 0.75 

 8 hours** 5.0 2.0 1.0 Carbon Monoxide 
(CO) mg/m3 
     1hour 10.0 4.0 2.0 
* Annual Arithmetic mean of minimum 104 measurements in a year taken twice a 
week 24 hourly at uniform interval 

** 24 hourly/8 hourly values should be met 98 % of the time in a year.  However, 2 % 
of the time, it may exceed but not on two consecutive days 

 




