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1.0 Background of the Study 
 
 

 
 
1.0 Preamble 
 

M/s. Union Carbide India Ltd. (UCIL), manufactured carbamate pesticides 

and the associated intermediate chemicals at their Bhopal unit from 1969 to 

1984. The solid, semi-solid, liquid and tarry wastes generated during the 

manufacture of pesticides and associated chemicals were dumped by UCIL 

within their premises from 1969 to 1984. 

 

The unit was closed down in December 1984 as a result of the infamous 

accident of leakage of methyl iso-cyanate gas (MIC).  

 
The unscientific disposal of these wastes could have resulted in 

contamination of land and water environment in and around plant premises of 

UCIL and may require remediation, in case the contamination levels exceed 

the permissible limits delineated by national/international regulations.  

 

During the study it appeared that there is a general misunderstanding 
among the public as well as various agencies and organizations that, 
MIC gas tragedy in 1984 also resulted in contamination of soil and 

groundwater in and around UCIL premises. However, it may be made 
clear that, contamination of soil and groundwater in and around UCIL 
premises is solely due to dumping of abovementioned wastes during 
1969 to 1984, and MIC gas tragedy has no relevance to it.  

  

 
Since a considerable time has elapsed and no programmed remedial action 

(other than natural attenuation) might have been taken place in the past, the 

present status of soil and groundwater contamination in and around UCIL 

premises needs to be assessed so as to delineate suitable strategies for 
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remediation.  Based on the directives of the Task Force constituted by 

Hon’ble High Court of Madhya Pradesh,  the Bhopal Gas Tragedy Relief and 

Rehabilitation Department (BGTRRD), Govt. of Madhya Pradesh requested  

National Environmental Engineering Research Institute (NEERI), Nagpur and 

National Geophysical Research Institute (NGRI), Hyderabad to undertake a 

study on fresh assessment of the  extent of contamination and delineate 

suitable strategies for the remediation of contaminated areas in and around 

the UCIL site. The study was awarded by BGTRRD in March 2009. 

 
1.2  Background data/information for the study 
 

Several studies were carried out by various agencies in the past pertaining to 

waste disposal and contamination of soil and groundwater in and around the 

plant premises of UCIL, Bhopal.  

 
The data and information generated by these studies were reviewed by 

NEERI prior to initiating this study. The salient findings of various studies are 

presented in the following sections: 

 
1.2.1 Past Studies carried out by NEERI and  NGRI 

i)    Manufacturing processes at UCIL 

Between 1977 and 1984, Union Carbide India Limited (UCIL), Bhopal was 

licensed by the Madhya Pradesh Government to manufacture phosgene, 

monomethylamine (MMA), methylisocyanate (MIC) and the pesticide 

carbaryl (also known as Sevin).  

 

Phosgene was manufactured by reacting chlorine gas (brought to the 

plant by tanker) and carbon monoxide, which was produced from 

petroleum coke by passing air over red hot coke in a controlled manner in 

a production facility within the plant.  
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The MMA was also brought in by tanker. MIC manufacturing process was 

carried out with equimolar ratios of phosgene to amine or even with an 

excess of phosgene in a solution of chloroform. The reaction of phosgene 

with monomethylamine in vapour phase leads to the formation of methyl 

carbamoyl chloride (MCC).  

 
The reaction products were quenched in chloroform and then fed to 

phosgene stripping still to remove the un-reacted phosgene for recycle. 

The bottoms from the stripper were fed to a pyrolyser where MCC is 

broken to MIC and HCL, which were further separated. The pyrolyser 

condenser fed the MIC refining still (MRS) where MIC was separated from 

the chloroform in the upper part and was led directly into a storage tank. 

The bottoms of MRS containing residues of MCC, chloroform, and other 

unwanted by-products (e.g. carbon tetrachloride, MMA, 

dimethylallophanoyl chloride, ammonium chloride, dimethyl urea, 

trimethylbiuret and cyanuric acid) were collected and recycled back to the 

process. The HCL formed was scrubbed with chloroform and extracted 

with water to produce aqueous HCL, which was disposed off by 

neutralization. 

 
MIC was manufactured primarily to make the pesticide carbaryl (Sevin) as 

well as smaller quantities of aldicarb (Temik) and butylphenyl 

methylcarbamate. 

  

Carbaryl was manufactured by the reaction of slight excess of α-naphthol 

with MIC.  Methyl Isocyanate was gradually added upon stirring to an 

excess of alpha naphthol in carbon tetrachloride solvent at 60-80oC in 

presence of a catalyst. The reaction is exothermic. The yield of product 

was more than 95%. Data on the production of Sevin and MIC during 

1977-84 are presented in the Table 1. 
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Table 1: Production of Sevin and MIC at UCIL, Bhopal 
Year Sevin (MT/year) MIC (MT/year) 

1977 321 -- 

1978 367 -- 

1979 1468 -- 

1980 1534 374 

1981 2658 864 

1982 2271 623 

1983 1727 535 

1984 1101 313 

Total 11447 2709 

 

 
ii)  Geology and hydrogeology of the study area 

The National Geophysical Research Institute (NGRI), Hyderabad had 

carried out geophysical investigation within the premises of UCIL, Bhopal 

in 1996. The geoelectrical investigations carried out by NGRI revealed that 

the soil strata are dominated with black cotton soil and the absence of any 

fault and fissures. The geophysical studies also indicated anomalies in soil 

resistivity in waste disposal areas suggesting possibility of contamination. 

Although a broad knowledge of aquifer system in the region existed a 

specific knowledge of aquifer system in the vicinity of UCIL was not 

available. Further, the hydrogeological data (aquifers, their characteristics, 

hydraulic gradient etc.) which provides basis for the development of site 

specific plan for the remedial measures, could not be studied by NGRI.  

 iii)  Dump materials  
 

NEERI submitted a report in November 1996, on “Assessment of 

contaminated areas due to past waste disposal practices at EIIL (erstwhile 

UCIL), Bhopal”. The report documented that UCIL had dumped their 

solid/hazardous wastes in open areas within the plant premises, which 

could be a potential source for contamination of groundwater.  
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The report submitted by NEERI in 1996, indicated that disposal area was 

divided into three zones covering about 7 hectares. The maximum sevin 

content in dump was recorded as high as 520003 mg/kg. The 

concentrations of temik in dump materials varied widely from below 

detectable limit (BDL) to 7876 mg/kg. α-naphthol was recorded between 

500 and 10000 mg/kg in few samples only. However, presence of other 

organics was not ruled out as the chromatographs had recorded certain 

peaks which could not be identified then. The naphthalene residues, which 

were buried in an underground pit, had naphthalene content of 33%.  

 

iv) Soil quality  
 

As per studies carried out by NEERI in 1996, in Disposal Area I (DA I), the 

maximum concentration of sevin and temik in soil were 356 mg/kg and 74 

mg/kg respectively. α-naphthol was not detected in any sample in DA I. 

However, lindane (γ-HCH) was present almost in all samples recording 

between 0.5 mg/kg and 2014 mg/kg. 

 
In Disposal Area II (DA II), sevin concentration in soil was 7218 mg/kg. α-

naphthol concentration in soil varied between 19.83 mg/kg and 1194 

mg/kg in nearly 50% of the samples. The concentration of lindane varied 

between 0.34 mg/kg and 2.8 mg/kg in some samples.  

 
In the remaining area (rest of area), in general, the semi volatiles were 

below detection limits. However, in two sites, temik was recorded as 78.36 

mg/kg and 102.4 mg/kg. Lindane, α-naphthol and naphthalene were not 

detected in any sample.  

 
Samples collected near target and spill areas did not show the presence 

of contaminants except in traces in a few sites. Thus the impact due to 

material handling in target/spill areas was minimum.  
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 v)  Ground water quality 
 

As per the studies carried out by NEERI in 1996, seventeen ground water 

samples were collected in and around UCIL, Bhopal. None of the 

groundwater samples indicated the presence of semi volatiles, organics, 

heavy metals and inorganics beyond the limits of drinking water standards 

(IS:10500). 

 
 vi)  Extent of contamination reported by NEERI in the 1996 report  

 

Based on the risk based quality criteria for soil and ground water 

delineated by US EPA, it was concluded that the entire Disposal Area I 

(0.3 ha to a depth of 60 cm) and a few identified contaminated zone in 

Disposal Area II (0.32 ha to a depth of 30 cm) and at two sites in rest of 

area (0.08 ha to a depth of 30 cm) were contaminated and required 

remediation. 

1.2.2 GTZ Project Proposal 

A technical proposal titled “Final and Complete Remediation of the 

Abandoned Factory site of the Union Carbide” Submitted by GTZ-ASEM-

HAWA to Madhya Pradesh Pollution Control Board (MPPCB), Bhopal 

indicated the following: 

 Approximately 25000 tonnes of contaminated solid material may exist at 

the site 

 The water and soil in and around UCIL are likely to be contaminated with 

pesticides sevin, BHC, aldrine, heptachlor, methoxychlor, endosulfan, 

dieldrin and endrin, mercury and chemical intermediates such as di-and 

tri-chlorobenzene isomers, residues of organic solvents and heavy metals. 

 

 



 7

1.2.3 Greenpeace Report   

In 1999, Greenpeace submitted a report titled “Toxic contaminants at the 

former Union Carbide factory site, Bhopal, India: 15 years after the Bhopal 

accident“ authored by Labunska, I., Stephenson, A., Brigden, K., Stringer, R., 

Santillo, D. & Johnston, P.A.(Technical Note 04/99). The survey conducted by 

Greenpeace International reported contamination of land and drinking water 

supplies with heavy metals and persistent organic contaminants both within 

and surrounding the UCIL plant premises. 

 

1.2.4 Sambhavna Trust Clinic’s input  

Sambhavna Trust Clinic of Bhopal, an NGO, forwarded a Report  titled 

“Morbidity Survey Related to Water Contamination”  prepared in August 2006 

by Dr.Sushil Singh and Mrs. Moina Sharma of the Centre For Rehabilitation 

Studies, Kamala Nehru Hospital  of Bhopal. The report concluded that the soil 

and water contamination has resulted in increase in the morbidity pattern 

among the population staying near UCIL Factory and surrounding area of 

solar evaporation pond. The report also quoted a study carried out by the 

National Institute of Occupational Health, Ahmedabad. The study revealed 

that soil and water of these locations are contaminated with DDT, HCH, 

mercury and volatile organic compounds like xylene, benzene, toluene and 

chlorobenzene.  

1.2.5 Srishti’s Report  
 

“Srishti”, a Delhi based NGO prepared a report in January 2002 titled 

“Surviving Bhopal 2002 Toxic Present - Toxic Future“ which is on human and 

environmental chemical contamination around the Bhopal disaster site. The 

report quotes an affidavit, submitted to the New York District Court, by ex-

UCIL employee Mr. T.R. Chauhan, which reads as “from December 1969 to 

December 1984 a massive amount of chemical substances formulated in the 

factory - including pesticides, solvents used in production, catalysts, and other 
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substances as well as by- products - were routinely dumped in and around 

the factory grounds. These were in the form of solid, liquid and gas and 

caused pollution in the soil, water and air”. Chemicals reported to be dumped 

by UCIL from 1969-84 are listed in Table 2. 

 
Table 2: Chemicals reported to be dumped by UCIL from 1969-84. 

 
S. 
No. 

Chemicals Quantity 
  (MT) 

Use in factory Nature of 
pollution 

1.  Aldicarb 2.0 Product Air, water & soil 
2.  Alpha-napthol 50.0  Ingredient Air & Soil 
3.  Benzene Hexachloride 5.0 Ingredient Air, water & soil 
4.  Carbaryl 50.00 Product Air, water & soil 
5.  Carbon tetrachloride 500.00 Solvent Air & water 
6.  Chemical waste tar 50.00 Waste Water & soil 
7.  Chlorobenzoyl chloride 10.00 Ingredient Air, water & soil 
8.  Chloroform 300.00 Solvent Air & water 
9.  Chlorine 20.00 Ingredient Air 
10.  Chlorosulphonic acid 50.00 Ingredient Air & soil 
11.  Hydrochlroic acid 50.00 Ingredient Air & soil 
12.  Methanol 50.00 Solvent Air & water 
13.  Methylene chloride 100.00 Solvent Air & water 
14.  Methyl Isocyanate 5.0 Ingredient Air, water and soil 
15.  Mercury 1.0 Sealant pan filter Water and soil 
16.  Monochloro toluene 10.00 Ingredient Air, water and soil 
17.  Monomethyl amine 25.00 Ingredient Air 
18.  Naphthalene 50.00 Ingredient Air 
19.  Ortho dichlorobenzene 500.00 Solvent Air 
20.  Phosgene 5.0  Ingredient Air 
21.  Tri methylamine 50.00 Catalyst Air 
22.  Toluene 20.00 Ingredient Air, water & soil 

 
  
1.2.6 MPPCB Report  

 

The analysis of the ground water samples collected by MPPCB around the 

M/s Union Carbide premises reveled that some of the wells investigated had 

pesticide (BHC, Aldrin, Endosulfan I, & II diendrien,   methoxichloro and 

endrin) in µg/L levels.   The water samples also contained heavy metals such 

as chromium, zinc, nickel and Iron. Other chlorinated organics such as 

dichloro and trichloro benzene could not be detected. The emergence of 

these pesticides and heavy metals is highly varying and are subjected to 

seasonal variations.  
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 1.2.7 Study by Dr. V. Birke and Dr. H. Burmeier 

The study by Dr. Birke and Dr. Burmeier, University of Lueneburg, Suderburg, 

Germany, estimated about 27,600 MT of contaminated solids and soil within 

the premises of UCIL Bhopal. The contaminants identified were pesticides 

and intermediate used/manufactured at the site, chlorinated and non-

chlorinated solvents, process residues/wastes, polychlorinated biphenyl, 

polyaromatic hydrocarbons, mercury, chromium and inorganic compounds.   

The study concluded that the major threat at the site is not only posed by 

significant amounts of production (pesticide) residues dumped on site and 

adjacent to the site but also due to release of Dense Non-Aqueous Phase 

Liquids (DNAPL) from the site. Based on the review of secondary data, the 

authors suspected the possibility of large scale groundwater contamination 

with DNAPL (chlorinated solvents) originating from the site.  DNAPLs were 

used in significant amounts as solvents and were partly dumped/spilled on-

site as well as off-site during 1970s and 1980s. 

 
1.2.8  Site cleaning activity carried out by the MPPCB  

MPPCB, through M/s Ramkey Ltd., Mumbai had arranged to collect the 

wastes disposed off within the premises of UCIL, and placed them under a 

shed as the first measure of remediation (year 2005). The quantities of 

wastes recovered and stored by the MPPCB are listed in Table 3. 

    Table 3: Quantities of waste recovered and stored by MPPCB 

Name of waste Quantity (MT)* 

Contaminated Soil 165.00 

Sevin Residue 11.00 

Semi-processed pesticides 142.80 

Lime sludge 39.60 

* as reported by MPPCB 
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1.3 Objectives and scope of work for the present study 
 

Considering the past studies carried out by NEERI as well as 

apprehensions/issues raised by various above mentioned studies, the present 

study was expected to delineate the current status of contamination in and 

around UCIL plant premises. The main objective of the present study was, 

therefore, to reassess the extent of contamination and delineate strategies for 

the remediation of the contaminated areas, if any, especially after the 

preliminary site cleaning activities carried out by MPPCB with M/s Ramkey 

Ltd. accordingly, the following scope of work was finalized for the present 

study. 

Phase I:  Detailed geophysical and hydrogeologic assessment of the 
UCIL site and the surrounding area: 

 
a) Collection of available data, well inventory, and identification of data 

gap, 
b) Selection of observation wells, monitoring of water level and quality 
c) Geophysical & hydrogeological investigation to identify and 

characterize aquifer system, 
d) Drilling of test wells and performing geophysical logs & aquifer test, 
e) Preparation of various maps such as groundwater flow, groundwater 

quality,  
f) Conceptualization of aquifer system and contaminant, and mass 

transport modeling 
g) Simulation of aquifer system and mass transport 
h) Validation of model and prognosis 
i) Finalization of report  

 
Phase II: Detailed sampling and analysis of dumpsite and groundwater:  

a) Review of data/information generated by NGRI with respect hot spots (if 
any), characteristics of subsurface, groundwater flow direction, 
groundwater quality, groundwater modelling results etc.   

b) Sampling and analysis of dumped materials from the hotspots, if any, 
identified by NGRI through geophysical and hydrogeological 
investigations  

c) Sampling and analysis of existing groundwater sources  (dugwells, 
borewells)  up to a distance of 5 km from the UCIL site (the location 
and no. of samples will be decided based on the findings of the NGRI 
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study.  In case the contamination is expected beyond 5 km distance, 
additional samples will be collected)  

d) Establishment of lateral and vertical extent of contaminated area  
e) Quantification of contaminated soil and groundwater 

 
Phase III:  Developing risk based remediation strategies for the 

contaminated area 

a) Study, review and recommendation of risk based remediation 
standards for contaminated soil and groundwater in and around the 
UCIL site  

b) Identification and evaluation of various full scale  remediation 
options for contaminated soil and groundwater to achieve the risk 
based remediation goals 

c) Recommendation of most feasible full-scale remediation options 
with cost estimates 

 
 

1.4  Approach and methodology adopted for the present study 

 As stated in Section 1.2.1, an exhaustive study was carried out by NEERI 

during 1994-1996 with respect to the wastes generated, waste disposed and 

nature and extent of contamination. The exhaustive study was possible due to 

availability of primary data/information from the industry officials. Hence, the 

findings of the previsous study by NEERI forms the basis for the present 

study.  

The studies carried out by NEERI had identified three zones viz. disposal 

area I, disposal area II and disposal area III. Major contaminants detected at 

these disposal areas were sevin, temik, α-naphthol, naphthalene, and 

lindane. The disposal areas and the hot-spots identified by NEERI in 1994-

1996 were revisited during the present study. In addition to these hot-spots, 

apprehensions raised by various studies on possibility of existence of other 

contaminants were also considered for the present study. 
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The approach followed in the present study involved reconnaissance survey 

of the UCIL plant premises and the surrounding area, geophysical 

investigations by NGRI to identify and confirm possible contaminated area (as 

reported by NEERI in 1996), drilling of bore holes for generating 

hydrogeological data, sampling and analysis of soil and groundwater from the 

boreholes, and sampling and analysis of soil and groundwater around UCIL 

premises. 

 

Based on the data/information available from the previous studies on possible 

groundwater flow directions, control samples of soil and groundwater were 

collected and analyzed from the upstream areas.  

 

The sampling and analysis of soil and groundwater were carried out as per 

widely accepted standard national/international protocols referred in the 

report. 

 

Based on the hydrogeological investigations carried out by NGRI, Hyderabad 

and analysis of soil, groundwater and dump materials by NEERI, present 

status of contamination in and around UCIL premises has been delineated. 

 

Based on the review of available remediation technology options and 

considering the present site conditions, strategy for remediation of 

contaminated areas has been delineated. 

 

A detailed account of all these aspects is presented in the present report. 
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2.0  Site Reconnaissance 
 

 

2.1 Preamble: 
 

M/s Union Carbide India Ltd (UCIL), is situated within the city of Bhopal, 

Madhya Pradesh and bound by Latitudes 23.2770 and 23.2830 N and 

Longitudes 77.4040 and 77.4140 E as shown in Figure 1.  Figure 2 depicts 

plant layout. The factory area is surrounded by working class settlements. 

The Bhopal-Indore railway line passes close to the UCIL premises in the 

northern direction. The area is characterized by nearly flat topography with 

the topographic elevation of about 492 m above mean sea level (amsl).  

 

 
 

Fig. 1: Location of Union Carbide India Ltd. 

Union Carbide 
India Limited 
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Fig. 2: Plant Layout of UCIL, Bhopal 

 

 

A detailed reconnaissance survey of the UCIL premises and the surrounding 

area was carried by NGRI and NEERI during the study. During the 

reconnaissance survey, the NGRI-NEERI teams collected background 

information on products, processes, raw materials used and the wastes 

generated/disposed off by UCIL during its operation. Teams also surveyed 

the existing dumps located within the UCIL premises as well as waste 

disposal facilities located outside UCIL premises (solar evaporation ponds 

and secured landfill).  Plate 1 depicts the general view of UCIL Plant.   
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Plate 1: General view of UCIL plant 

 
2.2      Past waste disposal activities 

 

During the manufacturing of various intermediates and products at UCIL, 

Bhopal from 1969 to 1984 various solid, semi-solid and liquid wastes were 

generated. These include: 

 treated wastewater from various process unit 

 tarry residues from the distillation units of Sevin and Naphthol units 

 off-specification products 

 burnt and un-burnt residues from past fire accident 
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While the most of liquid wastes (treated wastewater) were disposed off in 

solar evaporation ponds (SEP) located outside UCIL premises, some of the 

treated wastewater from temik plant was disposed in two solar evaporation 

ponds constructed within the plant premises. The solid/semi-solid wastes 

were either stored in drums and other containers or disposed off on open land 

within plant premises.  

 

As delineated by NEERI in its 1996 Report, the solid/semi-solid wastes were 

dumped mainly in three areas inside the UCIL premises. These were 

designated as Disposal Areas I, Disposal area II and Disposal area III.   

 

In addition to these three disposal areas, spillage materials from various 

units/sections could have been disposed off in other open areas of the plant. 

The total area of waste disposal was estimated to be 6.9 hectares.  

 

As mentioned in Section 1.2.8 site cleaning activity was undertaken by 

MPPCB in 2005 with the help of M/s Ramkey Ltd. Mumbai. The total quantum 

of wastes and contaminated soil excavated and recovered by MPPCB are 

listed in Table 3.  

 

2.3      Inspection of UCIL premises and surrounding area: 

 

During the reconnaissance survey of the UCIL premises, the NGRI-NEERI 

team observed remains of various manufacturing plants, machinery, buildings 

and sheds within UCIL premises.  Most of the plants and machinery was in 

dilapidated conditions and appeared to be contaminated (Plate 2).  

 

As per the terms of reference (TOR) for the present study, the 

decontamination and safe disposal of plant, machinery, buildings and 

materials from the abandoned manufacturing units as well as clearing of 

dense bushes from the UCIL premises were to be completed by BGTRRD  
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Plate 2: Plant and machinery in dilapidated conditions 

 

prior to the initiation of study by NGRI and NEERI. However, these tasks were 

not completed prior to the commencement of field studies. Hence the areas, 
which were not clear of structure and bushes, could not be included by 
NGRI-NEERI in the present study.  

 

The reconnaissance survey of the open areas within plant premises revealed 

existence of a number of dumps, especially, in disposal area I and disposal 

area II which give very pungent smell of pesticides.  The existence of dumps 

within UCIL premises indicated that the excavation and recovery of dumped 

material from the dumpsites, carried out by MPPCB through M/s Ramkey Ltd., 

is still  incomplete (Plate 3).  
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Plate 3: Existence of dumps within UCIL premises 
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The boundary wall of the UCIL premises was found to be broken at many 

places and this provided an easy access to the people living around the 

premises. Some of the open areas of the premises were also used by 

children as a play ground. The UCIL premises were surrounded by thickly 

populated hutments. The wastewater released by hutments and adjacent 

industries was found to be accumulated at many places within UCIL premises 

(Plate 4). 

 

The reconnaissance survey of the SEP area outside the UCIL premises 

revealed existence of one SEP which was partially filled with water. The SEP 

was un-guarded and was found to be littered with night soil and other domestic 

refuse (Plate 5).  

 

 
 

 
 
 
 

 
 
 
 

Plate 4: Wastewater released by the hutments/industries  in UCIL  
 

During the reconnaissance survey, it was learnt that out of three SEPs, two 

were converted into a secured landfill for the disposal of dried sediments from 

SEPs.  The high density polyethylene liners from SEP and secured landfill were 

found to be damaged/removed during the reconnaissance survey.  

 

 



 20

Existing dugwells, borewells in and around UCIL premises were surveyed 

during the reconnaissance survey. Based on the data/information available 

from past reports/records, upstream (control) and downstream wells were also 

identified for monitoring. 

 

 

 

 

 

 

 

 

 

 

 

Plate 5: Improper management of SEP and abandoned landfill 

  


