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FOREWORD

This second technical report on Population Based Long term
Epidemiological studies for the duration 1996-2010 marks the
successful completion of twenty five years of scientific data collection
by the staff of National Institute for Research in Environmental Health
(previously with Centre for Rehabilitation Studies).The first phase of
data collection was carried out during 1985-1994 which was
previously published in the form of first technical report.

During 25 years of its operation, the study has collected enormous data through
periodic surveys of the community. The detailed methodology, results and conclusions
are explained in this report. It gives me great pleasure to note that lot of efforts have been
made by the staff of the study team in collection and analysis of data to bring out the
reportin this final form.

The objective of the initial set up at Bhopal after the industrial accident and
environmental disaster in December 1984 was to develop a scientific, rational and
therapeutic approach to help the MIC affected individuals.

This technical report consolidates the outcome of the second phase of the long-
term follow-up of this cohort study. The report may have immense importance in terms of
understanding the evolution of late effects of MIC exposure.

I hope that the publication of this technical report would be taken as another
achievement by this team and would serve as a baseline for next phase of research
programme of National Institute for Research in Environmental Health (NIREH), an
institute created to eventually become a centre of excellence and also emerge as a
National Institute to head the research in environmental health.

(V-M Katoch)







Preface

On the night of 2nd/3rd December 1984, world’s worst industrial accident took place at the
pesticide plant owned by an American Multinational, the Union Carbide Corporation at Bhopal,
Madhya Pradesh, India. Approximately, 40 tons of highly toxic liquid Methyl Isocyanate (MIC)
stored in tank 610 suddenly escaped in a gaseous form into the atmosphere following entry of
water into the tank. This occurred around midnight when the ambient temperature was below
10° Celsius. The tank burst out emitting a thick cloud of deadly fumes. The gases spilled over
houses, streets situated in areas inhabited by approximately, 500,000 people. Alarge number of
deaths, estimated to be about 2500, occurred in the exposed population.

Ironically, despite the existence of the Union Carbide, pesticide manufacturing plant since
1969, at the time of the disaster no information on the toxicity of MIC was or could be provided by
the Union Carbide management, nor were there any contingency plans for disaster
management. Immediate observations on the dead (post mortem) and the pattern of morbidity
amongst the survivors indicated that although lung and eyes seemed the main target organs,
multiorgan involvement in the survivors was also to be expected. Certain pertinent questions
were raised in this regard. How long will the effects last? What permanent disabilities are likely
to be expected? Whatis the future of for these victims and of their off springs?

Dr. V. Ramalingaswamy, the then Director General and Dr. S. Sriramachari, the then
Additional D.G. of the Indian Council of Medical Research (ICMR), New Delhi, initiated the entire
research set up at Bhopal, They visualized the far reaching impact of the toxic gas(es) on
various organ systems. Within a month of the disaster, in January 1985, the ICMR geared up its
resources to undertake the gigantic task of identifying the toxic gaseous products and study their
effects on human health. The facilities available for research at Bhopal were limited both in
terms of manpower and equipment. Therefore, the task to create technical know-how and
research infrastructural facilities at Bhopal was undertaken. Anumber of eminent scientists from
all over the country were drawn to contribute in this endeavor. Twenty main research projects on
various aspects of the gas injury ranging from epidemiology to molecular biology were initiated.
ICMR established Bhopal Gas Disaster Research Centre (BGDRC) at Gandhi Medical College
to coordinate research activities.

Further, in addition to several ICMR institutes, many prominent medical research
institutions spread over the country extended timely help and co-operation.

Of the various projects initiated, a core project on epidemiological aspects of toxic gas
exposure was undertaken. Acohort of 80,021 persons residing in 36 municipal wards of Bhopal,
exposed with toxic gas was registered. Another cohort of 15,931 persons was also registered
from an area where history and symptoms due to the gas exposure were not reported. Five
Community Health Clinics were set up in the exposed areas and one in the control area.




This became a core project from which samples for other specific studies were taken and
linkages between these studies were established. The field teams collected morbidity and
mortality data through home visits.

The first Technical Report on "Population based Long-term Epidemiological Study (1985-
1994)" was published which reveal that those exposed to toxic gas for a long period, after the
exposure, continued to suffer from multisystem involvement like respiratory, ophthalmic and
gastrointestinal disorders.

The details of methodology, result and conclusions of the project on "Population Based
Long Term Epidemiological Studies on the Health Effects of Bhopal Toxic Gas Exposure 1996-
2010)" are presented here in the form of a Technical Report.

Prof. Manoj Pandey

Director Incharge, NIREH
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I.INTRODUCTION

a.Bhopal ataglance

Bhopal, the capital of the state of Madhya Pradesh is situated in the centre of India, at an
altitude of 505 meter above sea level (Fig.1). The city is located at longitude 77°12’ — 77°40’
eastern and latitude 23°07’ -23°94’ northern. It covers a total area of 284 sq km. The new and
old city taken together, the spread of Bhopal is East-West. The population of Bhopal was
672,000 in 1981. The city is administered by the Bhopal Municipal Corporation and for
administrative purposes in 1984 the city was divided into 56 wards (Table-1). The density of
population was 2355.2/sq.km.’

In this city of lake and hills, climate is moderate in all seasons. The coldest month is
January with mean daily maximum temperature at about 25.7°C, and the mean daily minimum at
10.4°C. After February, the ambient temperature increases steadily till May which is usually the
hottest month with mean daily maximum temperature at 40.7°C and mean daily minimum
temperature at 26.4°. The city receives its water supply from the upper lake and partly from Kolar
dam. The average rain fall was 1234.4 mm for the years 1983-84. The literacy status of the
people was 56.77 in 1981."

The American Multinational Company, Union Carbide Corporation (UCC) set up a
pesticide formulation plant in Bhopal in 1969. The Union Carbide Factory was constructed on a
sixty seven acre plot on Berasia Road at the North-West end of Bhopal city. This was meant to
mix and package pesticide imported from the USA from late 1977. Union Carbide India Limited
(UCIL) started manufacturing Sevin at the Bhopal plant by using imported primary raw materials
viz. Alpha Naphthol and Methyl-isocyanate (MIC) manufactured at the Union Carbide Plant in
the USA and shipped in stainless steel containers to the Bhopal Factory. However, since early
1980, MIC was being manufactured at Bhopal Plant using the technical know-how and the basic
design supplied by the Union Carbide Corporation (UCC), USA. The raw materials used to
make MIC were Monomethylamine (MMA) and Phosgene. The latter was produced by reacting
Carbon monoxide and chlorine. Carbon monoxide was produced by reaction of petroleum coke
with oxygen.’

b. The Disaster

Ingress of about 512 liters of water in tank No E-610 containing about 42 tons of Methyl
Isocyanate, initiated an exothermic reaction overpowering all existing safety systems and
resultant products of reaction namely MIC 27-30 tones, Carbon dioxide- 1.25 tones, Ammonia
80- Kg, some amount of Methyl Chloride, Carbon tetrachloride, some alkylamines and cyanide
started escaping through 33 meter high vent gas scrubber in to outside cold (10-12°C)
atmosphere and continued till the reaction stopped by itself around 3.00AM on 3rd December
1984°. And after going through thermal inversion the mixture of toxicants got condensed, settled
down and started drifting in to surrounding communities along with the slow moving wind at
speed of 10-12.km. per hour. Beside the above, uncertain amount of leftover of the 22 chemicals
procured over periods of 15 year for making Sevin (cited above) too were lying unattended in




factory premises. Were likely to cause the environmental damage and damage to health of
exposed human population and flora and fauna.

Toxic gas mixture spread rapidly into J. P. Nagar, Kazi camp, Chhola Road, Chandbad,
New Kabad Khana, Sindhi Colony and Railway Colony. Most people were at home when the
accident occurred. This mid night accident left people awestruck, confused, and panicked and
these mental states led them to leave comparatively safety of their houses and running in to dark
and often poorly lit streets, moving in different directions. Many a time, instead of running
towards safe gas-free zones, they inadvertently walked into more concentrated toxic Gas
pockets.

c.Immediate Mortalities and Morbidities

People first noticed irritation of eyes, rapidly developing into intense swelling and burning
sensation and inability to keep them open. Simultaneously, people were violently coughing,
unable to breathe and feeling suffocated. Many of the exposed persons experienced the smell
and sensation like that of burning chilies in eyes. A large number of deaths occurred instantly at
home, in streets and hospitals over the next 72 hours. Estimates placed the number of dead
persons around 2,000 and dead cattle around 1 ,000.°

d. Autopsy Findings:

Autopsy studies were carried out by the Medico-Legal Institute and the Department of
Pathology from the third day onwards i.e. about 72 hours. The ICMR team helped in carrying out
autopsies from December 13-21, 1984 and subsequently the histopathological studies. Initial
autopsy studies during the first four weeks revealed a characteristic “cherry red discoloration” of
lung, the primary target organ alongside massive pulmonary edema, emphysema and
haemorrhage, generalized visceral congestion, cerebral edema, ring haemorrhages and anoxic
brain damage. Thus, most deaths had occurred due to asphyxia as a result of acute lung injury,
chemical pneumonia or acute respiratory distress syndrome. Extensive pulmonary edema and
exudative lesions were observed during subsequent autopsy studies carried out on victims
succumbing one to four months post-exposure. Later studies from four months to one year and
beyond revealed diffuse interstitial pulmonary fibrosis (DIPF)*

Besides these immediate losses of life a much larger number suffered with respiratory,
ophthalmic, gastrointestinal and musculo-skeletal complaints.

Acute phase morbidities arbitrarily covered period of 0-1 month post exposure to toxic gas
leak. Kamat et al., studied 78 patients during acute phase and found that 79% had respiratory
symptoms and 74% had ophthalmic symptoms.® Mishra et al., reported that during the acute
phase of the 544 patients examined in OPD 99% suffered with breathlessness, 95% with cough,
46% had choking and irritation, 25% had chest pain, 21% were listless, 16% suffered with
hypersomnolence, 7% were brought in coma, 92% suffered with loss of appetite 52% had
nausea and vomiting, 82 % had rhonchi and crepts 80% had tachypnoea, 54% had tachycardia
and 2% had fever.® Kamat et al., found that 78% showed restrictive pulmonary impairment with
reversible airflow obstruction, in 24% reduced oxygen uptake on exercise among 55% and
raised levels of carboxyhaemoglobin, and methaemoglobin.” Among 500 Chest radiographs of




patients taken within 72 hours of gas disaster, 98% showed abnormalities of interstitial and
alveolar lesions and destructive lesions of pre-existing lung diseases.” Hematological profile of
237 cases at 2 weeks post exposure revealed haemoglobin level of 14%, increased
polymorphonuclear cells among 35%, lymphocytosis among 52%, 19% had eosinophillia in
excess of 20%. At the time of the gas leak common complaints related to eyes were foreign body
sensation, burning, excessive lacrimation, photophobia and blurring of the vision. On detail
examination 60-70% had conjunctival and circumcorneal congestion with relatively little edema.
A fair number of cases had superficial corneal ulcers, mainly involving central zone and inter-
palpabral fissure.’

e. After math of disaster.

i. Acute phase

Arbitrarily relates to the first month of post exposure period. Men and women of all age
groups flooded the hospitals within few hours of the gas disaster. Over 2000 hospital beds
belonging to the Government and public sector were commissioned. Improvised camp hospitals
were also set up for treating never ending stream of causalities.

Symptoms related to the respiratory tract consisted of choking, difficulty in breathing, pain
in the chest and severe cough. Eye complaints were foreign body sensation, burning, excessive
lacrimation, photophobia, intense pain and blurring of vision. With the prompt and appropriate
treatment, majority of the patients responded well and became symptom free within few days.

ii. Sub-acute phase

Sub-acute phase was characterized by persistent morbidities among survivors of the
acute phase. This period arbitrarily relates to 1-3 months post exposure.

iii. Chronic Phase

Chronic phase consisted of subject seeking medical assistance for the persistent
symptoms or new symptoms related with respiratory, eye, gastrointestinal, neurological,
muscular and mental health ilinesses, disturbed sleep, severe loss of working capacity..This
continued even after four years of gas disaster.

In vast majority of the exposed subjects, irrespective of the severity of exposure,
symptoms of cough with or without expectoration, wheezing, chest pain, breathlessness; severe
muscle weakness, body aches, epigastric pain, loss of appetite, visual disturbances, disturbed
sleep, and severe loss of work capacity persisted even after 3 to 4 months after the disaster.

f. Centre for Rehabilitation Studies (CRS)

From April 1995, Centre for Rehabilitation Studies of Bhopal Gas Tragedy Relief &
Rehabilitation Department, Government of Madhya Pradesh, reinitiated the study titled “Long-
term Epidemiological Study” on the similar guidelines.




Il. AIMS AND OBJECTIVES

The long term epidemiological study on health effects of the toxic gas exposure through
community health clinic was started in mid January 1985. As the size of the exposed/affected
population was very large, the statistical design of the studies required to register sufficient
number of persons from the exposed areas to document the immediate and the long term effects
of the toxic gas inhalation. For comparison a matching cohort from the unexposed/unaffected
areas was also planned. Keeping these in view, the objectives of the Long term Epidemiological
Studies were:-

i) To register cohorts in the affected and unaffected (control) areas of Bhopal.

i)  To collect baseline data on socio-economic and demographic profiles and to study
changes over a period of time in context of the exposure to the toxic gas.

i)  To observe mortality and morbidity in the registered cohorts of population and to
establish arelationship with the grades of exposure of the affected population.

iv)  Toidentify sub-cohorts for in-depth epidemiological studies. Detailed information on
demographic, socio-economic status and the base line data on the effects of gas
exposure were recorded for preparing a comprehensive register of persons for
undertaking detailed clinical and other studies.

v)  To establish linkages between various studies and with the studies on the affected
population outside the cohort.

For this purpose, a detailed health survey proforma was structured and the questionnaires
(Annexure-l) were administered to the individuals by specially trained field workers. The
objectives of the study were reviewed from time to time for mid-course corrections/modifications
including changes in the periodicity of data collection.

Following modifications were done in 1987 :

i) To study the changes in socio-economic and demographic patterns of the study area
through annual survey.

i)  Tostudy mortality, socio-economic and demographic events occurring in the sample.

iii)  To study point prevalence morbidity in the sample cohort along with six monthly
morbidity survey.

iv)  Toestablish linkage with clinical studies initiated by ICMR.

Again, 1989 onwords the study was continued on total cohort.

lll. Methodology

a. The Toxic Gas Exposed Areas and Population

From the 1971-81 base, the population of Bhopal was estimated and after allowing an
annual growth rate of 7.4% on December 1984 it came to 832904 and 894538 in 1985. This
population was living in 56 wards. On the basis of symptomatology revealed by Bhopal
population following exposure, these 56 wards were further divided in to 36 gas affected and 20
not affected wards (Table -1). On the above basis Municipal Corporation of Bhopal, prepared a
map outlining gas affected and non affected wards (Figure-1).




Fig:1. Bhopal -1984 with municipal wards and nos.
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Table 1 : Bhopal -1984 Municipal wards with Severity of exposure

1.  Gandhi Nagar (m) 20 Bus stand (S) 39 A.N.Nagar(m)

2. C.T.O. 21. M. Azad Library (m) 40. Aish Bag (m)

3.  Nehru Nagar 22. Islampura(m) 41. Jinsi(m)

4.  One Tree Hill 23. Bhoipura(m) 42. Jahangirabad(m)
5.  GufaMandir(m) 24.  Moti Masjid (m) 43 MandiLaxmiganj(m)
6. Noor Mahal(m) 25. Kamla Park (m) 44. Berkheri(m)

7.  Malipura(m) 26. R.TegoreBhawan(m) 45. Chandbad(M)

8.  Bag Munshi Husain (M) 27. Rang Mahal(m) 46. Kapra Mill (M)

9.  Sharma Colony (m) 28. VidhanSabha(m) 47. NarelaShankri

10. PGBT College (m) 29. Malviya Nagar (m) 48. SonaGiri

11.  Jamal Pura(M) 30. PrakashPushkar 49. BerkheraPathani
12. Shajahanabad(m) 31. T.T.Nagar 50. BerkheralL.Colony
13. Vergikrut Bazar (S) 32. Shastri Nagar 51 Piplani

14  Ibrahimganj(M)/(m) 33  Kotra Sultanabad 52 PiplaniL.Colony
15 Jumerati(m) 34  Punchsheel Nagar 53 Govindpura

16 Jain Mandir(m) 35  Shahpura 54  Anna Nagar

17  Lakherapura(m) 36  Arera Colony 55 Shakti Nagar

18 Marwari Road (m) 37  Char Imli 56 Kaliyasote

19 Mangalwara(m) 38  Maida Mill (m)

Legends: (S) Severely affected, (M) Moderately affected, (m) Mildly affected
Part of ward 14 Ibrahimganj/M/(m) comes under both moderate,Mildly affected areas

These affected areas on the basis of experienced mortality during 3rd to 6th December
1984 were further sub-categorized in to severe average death rate 22/1000 (range 20.2-23.8)
covering a population of 32,476 (3.9%), moderate average death rate 1.33/1000 (range 0.5-3)
covering a population of 71,917 (8.6%) and mild average death rate 0.2/1000 (range 0.1-0.4)
covering a population 0f 416,869 (50.1%) respectively (Table-2).




Table — 2
Distribution of Population of Bhopal - Selection of Cohort Population
Areas Municipal Wards No.of Estimated No.of Death Rates Estimated Cohort Percentage
Affected/ As per Bhopal Municipal | Population for Deaths during 3 -6 Population Pop’n of
Exposed Nagar Nigam Wards 1984 based on (Dec.3-6, Dec. 1984 (Per for 1985 during population
selected 1981 census 1984) Thousand) based on Aug.-Oct. covered
reported by 1981 1985 from 1985
Bhopal census estimated
Nagar population
Nigam
Severely 13,20 2 32476 714 21.98 34879 26382 75.64
(13,20)
Moderately 8,11,14,45,46 5 71917 96 1.33 77239 34964 45.27
(8,11,14,45,
46)
Mildly 7,9,12,44 4 64293 19 0.29 447717 18675 417

*11,5,6,10,15 (7,9,12,44)
16-17,18, 19,21
22,23,24,25,26
27,28,29,38,39,
40,41,42,43,47
Total 36 11 168686 829 5.0 559835 80021 14.29
(Pop’n 521262
1981 Census)

Areas 2,3,4,30,31,32,33, 03 311642 2 334703 15931 4.76
Unaffected/ 34,35,36,37,48,49 | (36,54,55) (37.42%)
Control ,50,51,52,53,54,

55,56
Grand Total 56 832904 894538 95952 10.73
b. Study Design

The objective of the epidemiological study was to determine both short-term and long-term
health effects of the gas on the exposed population. Keeping this as the aim, a cohort approach
was planned. Initially, as there was no sampling frame available on the list of exposed persons
or the list of households living in the exposed area, a “cluster sample” approach was adopted for
the study.

The study was planned initially to include 20,000 persons from each of the three exposed
areas and an equal number from the control area. The figures presented in Table 3 are the
number of persons enumerated in the 1985 survey.

For study purposes, the wards were further sub-classified into localities. The localities
were selected at random and were included as clusters in the study. The severely exposed area
included four localities, the moderately exposed area included six localities and the mildly
exposed area included three localities. The unexposed area included three localities (Figure-1,
Table- 3).

Amajor part of the exposed area close to UCIL, was slum locality with no house numbering
and no information was available on the residents of these areas. Initially, during January 1985,
“a house-listing operation” was carried out to list the households and also to provide an
“identification number” for the purpose of long-term follow-up. A door—to-door survey was




carried out in the selected localities to list the households, and a tin plate with house number was
affixed on each house. Along with this, a family folder was prepared which included the
identification number of the household and the list of members residing in the household, with
specific identification number for each individual. This folder was provided to each household
for future reference and to ensure better linkages of data collected on a long-term basis through
various projects. Each of the selected exposed and control areas ware covered in this
operation. This activity was completed by March 1985. All the persons listed in the baseline
survey formed the cohort for the long-term study.

In the early post-exposure period, it was planned to collect data on morbidity and mortality
on afortnightly basis. The fortnightly survey was initiated from April 1985.

Adetailed epidemiological study was carried out during August-October 1985 to record the
base line data on demographic, socio-economic characteristics of persons and the immediate
morbidity and mortality in the three Gas exposed areas and in control area. The details of the
number of persons enumerated in the study in the exposed and unexposed areas are given in
Table-3.

Table 3
Distribution of Families and their Population (1985)
According to Area and Locality

Areas Muncipal Locality Name of the Families Populatio Average
Ward Number | Locality Aug-Oct 85 | Covered Aug- | n Covered | Family Size
Number Oct85
Severely 13 01 J.P.Nagar 1724 8060 4.67
Affected 13,20 02 Kazi Camp 1647 7829 4.75
20 07 KanchiChhola 1147 4623 4.03
20 08 Railway Colony 1106 5870 5.30
Total Two Four 5620 26382 4.69
Moderatel 11 03 TeelaJamalpura 990 5575 5.63
y Affected 08 04 Shahajahanabad 1185 6243 5.26
14 05 Straw Product 1096 5292 4.82
14 06 Ibrahimganj 1096 5486 5.00
45 09 Station Bajaria 1420 7057 4.96
46 10 Chandbad 1174 5311 4.52
Total Five Six 6961 34964 5.02
Mildly 07,12,09,44 11 Noor Mahal 1467 7876 5.36
Affected 07 12 HawaMahal 1119 5841 5.21
07 13 Fatehgarh 951 4958 5.21
Total Four Three 3537 18675 5.27
Grand Eleven Thirteen 16122 80021 4.96
Total
Control 54 14 Anna Nagar 1428 6091 4.26
55 15 Vishwakarmanagar 1109 5026 4.53
36 16 Habibganj 1112 4814 4.3
Total Three Three 3649 15931 4.36




During the period (August to October 1985), the collection of fortnightly morbidity and
mortality data was discontinued because of detailed time bound base line survey. The system of
fortnightly surveys was restarted from November 1985 and continued up to December 1986.

During January to March 1987, all households included in the survey were revisited to
update the cohort registered to exclude the persons who had moved out and also to check on
the deaths and births which occurred in the family after the survey carried out during August-
October 1985.

The Project Advisory Committee took a decision to initiate six monthly surveys instead of
fortnightly surveys, from May 1987. These surveys were planned on a sub sample from the main
sample. The localities included in the severely affected areas were 1 and 7; in moderate 3, 5, 9in
mild 11, 13 and in the control area 14 and 16.

The updating of the cohort was carried out on annual basis in the six monthly surveys
during November to May. This procedure was continued for four six monthly surveys i.e. up to
November 1988. A further modification was made from November 1988 to include the total
cohort instead of sub sample from the main cohort. The collection of information on morbidity
and mortality and annual updating of cohort is being continued till date.

c. Operational Plan

The study team included both the medical and non-medical personnel. The non-medical
personnel (Research Assistants — RA) were involved in the survey work of visiting each
household for collection of information on vital events, morbidity and mortality and the medical
personnel (Assistant Research Officers — ARO) for quality control purposes as well as for
recording the cause of death.

One RA was allotted to cover one area. It was planned that each RA would visit his/her
area and enquire and record all the information regarding morbidity, mortality and on pregnancy
within the registered cohort since last visit. A detailed Proforma (Annexure- ) for recording the
information on the immediate morbidity and mortality in the exposed and unexposed areas was
developed. Information was collected from the “Head” or from “senior member’ of the
household. If any member was ill, his/her name, identification number and details of the
morbidity and other information regarding hospitalization etc. were recorded. The morbidity
data was collected on the basis of symptoms. A list of 40 symptoms (see Annexure-l) was
provided to RAfor recording the morbidity. Similarly, if any death had occurred in the household,
the date, month, year of death along with cause of death were recorded. The International
Classification of Diseases was followed for coding the cause of death. All these families were
followed up by the ARO to verify and confirm the cause of death. A built-in mechanism was
followed for checking the information generated by the RA.

The RA submitted, completed proforma on weekly basis to the statistical unit for scrutiny.
The data received at the statistical unit were being scrutinized within a week. All the
discrepancies observed were listed and the Proforma needing any correction were kept
separately. A weekly meeting was arranged with the Principal Investigator along with RAs,
AROs, computer and statistical staff to discuss the problems, if any, encountered in the study. All
the proformas with any discrepancies were discussed and necessary corrections if needed were




carried out or the proformas requiring corrections at field level were returned. The data were
manually analyzed and report was prepared and presented.

In addition to the “Statistical Unit”, a separate unit named “Data Base Information System”
was started. The Data Processing Unit in addition to providing support to epidemiological study
was the main source for providing appropriate sample for other studies and for preparation of
data files of these studies for analysis along with report preparations.

Six community health clinics were set up in the study area, which were managed by the
AROs. These clinics were situated in both affected and in the unaffected areas. Five clinics
were established in exposed and one in unexposed area. The objectives of these clinics were:

i) Todeveloprapport with the personsin the selected area.

i) To provide primary health care including treatment of common ailments to the
registered cohort and to maintain records.

iii) Torefercases for specialized investigations and treatment to referral hospitals.
iv) To collect and maintain additional information on morbidity pattern through the clinics.

v) To assist various investigating teams in identifying the requirements of exposed and
unexposed persons.

vi) Toassistinthe maintenance of cohort for long-term study.

vii) Tomonitor health problems on the registered cohort.

d. Validation of the data

The Assistant Research Officer (Med.) was to check on 100% of the work carried out by
RA’s in their respective areas. The families with morbidity were visited by Assistant Research
Officer (Med.) to verify the recording of the RA for the accuracy of morbidity data. All the families
where death was recorded during the visit of RA were followed up by ARO to find out the cause of
death. The International Classification of Disease was followed for coding the cause of death.
10% of the ‘no morbid ‘families reported by the Research Assistant was also to be verified by the
Assistant Research Officer (Med.)

1. Atthefieldlevel

a) The medical personnel verified hundred percent of the work carried out by RAs in the
respective area.

b)  The families with morbidity were visited by the medical personnel to verify the recording of
the RAfor the accuracy of morbidity data.

c) 10% ofthe families given as no morbid were also verified.

d) Field work by Principal Investigator

e) Allthe families where deaths and births and morbidity were reported by the RA during their
field visit was 100 percent verified and the cause of death was noted down by the medical
personnel following the code of International Classification of Disease.




2. Atthe pre-analysis level

a) Once the data were collected from the field it was submitted in the statistical division of the
institute.

b) Here the data was thoroughly scrutinized for any discrepancy, lack of information,
consistency.

c) Ifthere was any discrepancy the data was returned to the field for necessary correction.

d) Afterthe scrutiny the data was manually analyzed and further sent to the computer section.
3. Atanalysislevel

a) Afterthe data was received at computer section it was entered into computer for analysis.
b)  Thedatawas also rechecked for any duplication of information.

c)  Aftergoingthrough this procedure the data was analyzed

The operational aspect and validation of the project continues to be carried out by 90% of
the same staff which was present at the time of initiation of the project.

HIGHLIGHTS

Summary, Recommendations & Conclusions of Technical Report on Population Based
Long Term, Epidemiological Studies 1985-94

1. It was concluded that the Bhopal Gas Disaster was the worst industrial accident of the
world occurred on the night of 2nd& 3rd December 1984 in Bhopal.

2. It was estimated that of the total population of Bhopal over 800,000 and about 500,000
were exposed to the toxic gases, out of the total population nearly 160,000 lac people
present within a radius of 3 Km. from the factory, were exposed presumably to higher
concentration of gas and also perhaps for a longer period of time.

3. In the campus the number of deaths occurred and 85% of these deaths, occurred in the
firstthree days.

4.  Of the survivor populations large number suffered from multi-system morbidities,
particularly the respiratory, ophthalmic and gastrointestinal systems.

5. With passage of time, the prevalence rates and intensity of clinical signs and symptoms
gradually decreased. However, even after 5 years of the toxic gas exposure several
thousand attended the hospital and clinics daily for seeking medical relief.

6.  The Technical Report opined that the mortality and morbidity caused by the toxic gas(es)
inhalation was a onetime acute injury to the respiratory track and the ophthalmic system
and often healed with resolution of necrosis and fibrosis, but did not lead to progressive
pulmonary or ophthalmic diseases leadingto blindness.

7. People with pre-existing lung diseases (presumed at least 5% in any population) or
smokers, after gas exposure would have suffered more than those who were healthy
before the exposure.




Expert Epidemiological Group

During 25 years of its operation, the study gathered huge amount of data and it becomes a
very difficult task to review data of about 44 visits visually and intellectually through single table.
Hence it was decided to take the opinion of Expert Epidemiological Group which after
deliberations advised to analyze the data under the following guidelines.

1. Analysis to be undertaken for 1986, 1991 and 1996 onwards on yearly basis. Reductionin
morbidity over the time is to be highlighted in four areas in addition to present morbidity
rates.

2.  Comparison of age and sex distribution at aforesaid different points of follow- up to be
attempted across all areas.

The morbidity pattern to be presented for system specific morbidity.
Morbidity analysis to be considered with present age of cohort.

The symptom wise analysis to be undertaken based on Gl symptoms.
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The study undertaken after 1986 to compare with 0-4 years of 1986, ten years hence to
compare with 10-14 of 1986 and like- wise for other age groups.

7. The analysis also should take into consideration, migration of population providing the
details of migration in the appendix.

8.  Those individuals who were not symptomatic/not morbid at the time of event but became
morbid at some point of time in later years to be explored for analysis.

9.  Age specific mortality rate to be considered for the analysis taking into account the age at
death.

10. Specific mortality analysis by taking into account age at death.

11. The consistent color quotes to be adopted in representing the mild, moderate and severe
areadatain graphs in all parts of the report.

12. The characteristics of the sample which was available for follow-up throughout during
1986-91 and 1996-2010 to be documented and compared with the total samples. Also the
morbidity pattern of this sample to be analyzed separately.

e. Over view of the presentation

Data of the study has been presented under four headings namely cohort progression,
demographic and socio-economic profile, mortality including pregnancy outcomes and
morbidity profile.

i. Cohort progression-1985-2010

To recapitulate it is being mentioned that a cohort of 80,021 in affected and 15,931 in
control area was assembled in 1985. Over the years since 1985 this cohort experienced
population loss following various factors like population movement.




ii. Demographic and socio—economic profile

To understand the socio-economic variables like religion, education, occupation, smoking,
use of alcohol, tobacco chewing habits, type of houses, nature of family, smoke outlet facilities,
cattle-shed, latrine, kitchen, disposal of animal and human excreta, protection of food and
dietary habits etc. were being collected. All these factors directly or indirectly presumed to have
impact on morbidity pattern. Main socio-demographic variables for the year 1996, 2006 and
2010 have been presented.

iii. Mortality
The mortality rates for each calendar year from 1996 to 2010 are presented by age wise
manner.

iv. Pregnancy outcome

The pregnancies and their outcome for calendar year up to 2010 are also presented. In
Table -30.

v. Morbidity

As mentioned earlier, only the persons registered in the baseline cohort were included for
analyzing the data on morbidity. The analysis was carried out as cross-sectional morbidity rates
for the persons enumerated at each of the follow-up points of time. All the households contacted
and the persons residing in the households were included for estimating the morbidity rates.
The numerator included those who were morbid on the day of survey and the denominator
included those who were enumerated and available as residents in the household on the day of
survey. The details of morbidity by age and sex for each of the morbidity are presented in this
report.

IV. OBSERVATIONS

At the outset it is very important to note that this long-term follow-up study is one of the
rarest studies which continued over a long span of the time and still continuing till date, almost 27
years after the disaster. During this period, the study went through three administrative changes
i.e. initially it was conducted through a project supervised by Indian Council of Medical Research
till December 1994, then it was continued under Center for Rehabilitation Studies under
Department of Bhopal Gas Tragedy and Rehabilitation Govt. of M.P. till 2011 and since then it
again came to National Institute for Research in Environmental Health under Indian Council of
Medical Research. It is natural for such long-term study to lose some part of the cohort due to
various reasons like migration, deaths, non response etc.

Before making observations on collected data it would be pertinent to recapitulate the
findings noted in earlier technical report of the project for the period 1985-1994. Observations
mentioned below which have been taken verbatim from chapter VI: summary, recommendations
and conclusions.

i) Soon after the gas disaster, 36 wards having population of 521,262 (62.6%) were
found to be exposed and affected, while 20 wards with a population of 311,642
(37.4%) were found to be unaffected by the gas.




i)  On the basis of average death rates in the exposed/affected areas, the latter were
categorized into: severely exposed/affected average death rate of 22/1000,
moderately exposed/affected area average death rate of 1.33/1000, and mildly
exposed/affected with average death rate of 0.20/1000. The unexposed/unaffected
area was categorized as the control area. In the text, these areas are often referred
to simply as severe, moderate, mild and control area.

iii)  Age and sex distribution of the population of “affected” as well as “control” areas
were almost similar comparable to national population pyramid.

iv)  Anoteworthy feature was that the “death rates” were higher in the “exposed areas”,
than in the “control areas” throughout the ten years period of observations.

v) The “Gas exposure” particularly in the severely affected area showed higher
mortality in the initial years, which gradually declined and nearly touched “local” or
“national levels”. Deaths in the exposed area were mainly due to respiratory
disorders throughout the period of observations. Death rates were higher in the age
group of 45 years and above.

vi)  Another notable feature was the “pregnancy rate”, which is generally associated with
disasters in general. The rate was high till 1986 — 87 and gradually declined over a
period of time. Likewise, by 1989 the “abortion rate” in the affected areas, which was
initially 12%, declined to about 7.5%, as against 1.4% in the control area.

vii)  General morbidity as well as that traceable to respiratory or ophthalmic morbidity,
based on the symptomatology reported by the patients or the responsible family
members, was observed to be consistently higher in affected areas as compared
with the control areas. The “immediate” morbidity was about 95-97% for both
pulmonary and ophthalmic involvement.

a. Cohort

In 1985 when study was conceived, acute effect of toxic gas release were studied on a
cohort of 80,021(26,382, 34,964 and 18,675 from severely, moderately and mildly affected
localities) along with a control population of 15,931. However, when study was actually started
in 1986, a population of 19,260, 28,261 and 15,185 from severely, moderately and mildly
affected area respectively and 13,526 from control area could be contacted for study. Of the
actually available cohort of 62,706 from affected area and 13,526 from control area in 1986, only
5,658, 6,533 and 4,669 from severely, moderately and mildly affected area respectively (total-
16,860) and 5,741 from control area were actually available for study in 2010.




Table-4
AGE WISE DISTRIBUTION OF COHORT( YEAR- 1986 -2010)
SEVERE AREA
Years 0-4 % 05-14. % 15-44 % |45-64 % 65+ % Total
1986 1550 | 8.04 5610 29.12 9707 50.39 (2050 | 10.64 343 1.78 19260
1991 2208 27.36 4597 56.96 | 952 | 11.80 313 3.88 8070
1996 1084 10.02 7404 68.46 | 1783 | 16.48 545 5.04 | 10816
2001 - 5054 73.30 | 1390 | 20.16 451 6.54 6895
2006 3242 41.17 | 1296 | 16.46 423 5.37 4961
2010 3278 5794 | 1749 | 30.91 631 11.15 | 5658
MODERATE AREA
Years 0-4 % 05-14. % 15-44 % |45-64 % 65+ % Total
1986 1940 | 6.86 8171 28.91 14372 0.90 |3172| 11.22 596 2.11 |28261
1991 3208 24.39 7711 8.64 |1743| 13.25 488 3.71 13150
1996 1178 8.35 9799 69.45 | 2436 | 17.07 724 5.13 | 14137
2001 7100 72.51 | 1979 | 20.21 713 7.28 9792
2006 3736 64.06 | 1567 | 26.86 531 9.10 5834
2010 3811 58.35 [ 1955| 29.92 767 11.73 | 6533
MILD AREA
Years 0-4 % 05-14 % 15-44 % |45-64 % 65+ % Total
1986 967 6.37 3873 25.50 8249 54.04 | 1688 | 11.11 408 2.70 | 15185
1991 1561 22.45 4166 59.93 | 929 | 13.36 296 4.26 6952
1996 752 7.89 6596 69.26 | 1652 | 17.34 527 5.53 9527
2001 4383 70.98 | 1351 21.88 442 7.16 6176
2006 2950 61.30 | 1426 | 29.62 438 9.10 4814
2010 2467 52.86 | 1643 | 35.19 559 11.97 | 4669
CONTROL AREA
Years 0-4 % 05-14 % 15-44 % |45-64 % 65+ % Total
1986 1032 | 7.63 4032 29.80 7092 52.43 | 1145| 8.47 225 1.66 |13526
1991 2128 26.90 4641 58.67 | 887 | 11.21 255 3.22 7911
1996 787 9.85 5602 70.11 | 1285 | 16.08 316 3.95 7990
2001 3706 72.20 | 1183 | 23.05 244 4.75 5133
2006 3344 62.66 | 1639 | 30.70 355 6.65 5338
2010 3182 55.42 {2000 | 34.84 559 9.74 5741
For the details see table no 12 to 15 in Annexure

Table No. 4 gives the consolidated data on age wise distribution of cohort for period 1986
to 2010 for three affected areas and control area. Over the years as study progressed there was
a natural shift in age groups with passage of time. By 1999 only three age groups i.e. 15-44, 45-
64 and 65+ remained available for the follow- up in affected as well as control area, The details of
which are presented in tables 12to 15.

From the Table-4 and figure 2 it can be deduced that proportionate distribution of the
population among the available age groups in all the areas fluctuates within the narrow range.




Figure : 2. Age wise distribution of cohort (1986-2010)
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a-i. Sex wise distribution of cohort

Initial (1985) and mid- decadal analysis of the cohort in 2006 revealed that age and sex
distribution of the affected and control population participated was similar from the angle of
proportion of population in affected and control area in both sex in terms of percentage at
three different points of times namely 1985, 2006, 2010. The details of the same have been
representedin table 16 to 19 in Annexure.




Table 5
Sex wise distribution of the cohort Population over the years
Severe Moderate Mild control
Year n/ n/ n/ n/
(M%:F%) (M%:F%) (M%:F%) (M%:F%)
1985 26382/ 34964/ 18675/ 15931/
(53.09:46.91) (52.75:47.27) (52.02:47.98) (53.83:46.18)

2006 4961/ 5834/ 4814/ 5338

49.9%:50.10% 50.87:49.13% 48.87%:51.13% | 51.70%:48.30%
2010 5658/ 6533/ 4669/ 5741/

49.78%:50.22% 50.16%:49.84% 49.19%:50.8% | 51.69%:48.31%

For the details see table no 16 to 19 in Annexure, n denotes total Numbers ,
M = Male, F= Female

b. Socio-Economic Profile

Religion:- During 1985, 73.92% Hindu Community represented in severely affected area
whereas in 2010 only 47.50% have participated. Similarly in moderate area instead of 35.05%
they have increased to 44.14% whereas in mild area from 40.08% it has come to 36.57%

Muslim Community represented 25.49% during 1985 whereas in 2010 they are in 52.15
percentin severely affected area. In moderate area, their participation was reduced from 62.5%
to 52.85%. In mild area from 58.20% to 62.46% In control area it has dropped from 7.55% to
4.22%.

There is a cross reduction in the participation of other religions namely Christian, Sikh and
others uniformly in affected and control area.

i. Education status: it was found that over the period of 1985-2010 educational status has
increased in affected as well as control area. Proportion of illiterates has gone down
(example in severe area from 60.85% to 22.71%) in all areas. Proportionately literacy has
increased up to secondary level, while there is little change at collegiate and technical
education level (Table no.- 20,20A).

ii. Socio-economic class and per capita income: it has been observed that between 1985
and 2010 there has been very significant improvementin per capita income in affected as
well as control area 0.04% to 59.54%, in severe area, control area (Table no.-20 and
20A).

iii. Housing: In the year 1985 during base line survey it was observed that 71.79% in the
severely exposed area have been living in Kachha House, while in year 2010 this
proportion came down to 11.50%. Same pattern was observed in moderately and mildly
exposed area as well. However, in control area in 1985 only 11.41% were living in pucca
houses, this proportion increased to 35.19% in 2010.




IV.  Tobacco Smoking: The study also tried to find out about the use of tobacco smoking, as it
may be imparting confounding effect to respiratory morbidities and to cancers. It was
found that over the period of 1985-2010 smoking was seen prevalentas 9.90t0 13.01% in
affected area. The smoking habits appear to be increasing in affected area except in the
severe area and the same is true for control area where it was increased from 6.62 to
13.98%.(Table no. 21) These finding are in agreement with the observations of the
"Population Based Cancer Registry", which identified the higher rate of cancer in MIC
affected area, was due to higher proportion of population consuming tobacco rather than
due to the effect of MIC exposure perse.”

c. Mortalities

i. Annual Mortality

Mortality during post exposure acute phase (4th -31st December 1984) was very highi.e.
12.57/1000 for males and 11.6/1000 for females in severely affected area. The corresponding
figures for moderate were 0.71and 0.56 and for mild 0.1 and 0.22. It was in sharp contrastto that
observed in control area(0.35 and 0.4 1respectively)."

During 1985 to 1993 the annual mortality figures in severe area ranged between 7.4 -3.4
for males and 7.8-1.6 for females. For moderate area these figures ranged between 6.5-3.2 for
males and 5.4-2.6 for females and in mild area 6.1-2.5 and 4.6-2.4 for females. In control area
these figures ranged 3.9 and 1.9 in males and 4.2 and 1.9 in females. Generally a decreasing
trend in death rate has been observed in all the areas. However, the death rates till 1993 and
later were observed to be higher in affected area in comparison to control."

Death rates observed between 1996 to 2010 bring out the fact that crude death rates were
lower than the national crude death rates (2002 to 2009) (Table No. 6). However, death rates
observed in 2010 reveal that except in severely affected area (5.48/1000) death rates were
higher in mildly (8.25/1000), moderately (8.11/1000) and control area (6.1/1000) (Table 22). The
reason being the higher ages representing more in the cohort follow-up and the respective age
related issues irrespective of whether belong the affected area or control area. In fact during the
year 2010, 90.91/1000 age specific mortality rate have been recorded in 85+ age group (Table.
27).

ii. Age specific Mortality

The mortally rates were very high during the acute phase. The mortality rate calculated for
the period of 3rd to 6th December 1984 were 21.98 in severe, 1.33 in moderate and 0.29/1000 in
mildly affected area. For period 4th -31st December 1984 these were 12.57/1000 for males and
11.6/1000 for females in severely affected area. Mortality rates showed a decreasing trend with
passage of time throughout the study. In present study (1996-2010), mortality rates most of the
times (2002-2009) less than the national crude death rate. Death rates observed between
2002-2009 bring out the fact that Mortality in all age groups has remained under national urban
death rate for respective age groups in this respective year, except occasional and slight
increase as mentioned in table no.6 and figure. no. 3.




Table-6
AGE SPECIFIC MORTALITY RATE DURING THE YEARS 2002 - 2009
AFFECTED AREAS

Years 2002 2003 2004 2005 2006 2007 2008 2009
National CRS National CRS National CRS National CRS National CRS National CRS National CRS National CRS
0-4 10.3 0 10.2 0 10.1 0 10.3 0 17.7 0 9.6 0 9.1 0 8.7 0
05-9. 0.7 0 0.6 0 0.8 0 0.9 0 15 0 0.7 0 0.6 0 0.7 0
10-14. 0.7 0 0.8 0 0.6 0 0.7 0 1.0 0 0.6 0 0.6 0 0.5 0
15-19 1 0.83 13 3.68 12 0 1.3 0 16 0 1.0 0 1.1 0 1.0 0
20-24 1.5 245 1.3 0.89 1.3 0.66 1.6 1.41 21 0.65 15 | 1.29 1.7 | 2.63 1.2
25-29 1.8 2.46 16 1.05 1.7 1.01 1.7 0.82 20 | 037 1.7 | 099 16 | 210 15 | 2.09
30-34 1.9 0.88 21 1.11 23 0.43 20 1.36 22 | 1.89 20 | 1.03 21 0.54 1.8 | 2.09
35-39 32 3.01 25 1.32 24 3.76 238 225 25 [ 051 28 | 0.80 29 | 178 29 | 2.77
40-44 44 3.85 3.5 2.27 3.6 298 3.5 3.01 3.0 | 1.84 38 | 3.98 3.8 | 343 33 | 1.07
45-49 54 7.66 42 39 5.1 297 53 4.99 42 | 569 52 | 6.27 54 | 477 4.7 | 5.16
50-54 8.7 3.48 8.3 6.31 6.6 | 13.35 7.8 3.52 59 [ 712 7.7 | 861 7.5 | 469 8.0 | 9.38
55-59 12.7 17.56 12.7 9.61 10.8 | 15.07 1.7 4.42 10.2 | 10.75 19 | 7.67 12.2 | 15.60 10.6 | 10.22
60-64 20.2 15.90 20.0 26.56 18.1 21.05 19.0 | 13.45 18.0 | 7.66 20.0 | 16.16 18.7 | 14.90 17.8 | 28.70
65-69 36.7 26.64 311 26.26 27.8 | 20.04 13.3 | 32.68 28.9 | 20.22 30.2 | 30.41 29.5 | 25.30 28.7 | 38.40
70-74 443 48.33 42.1 29.41 45.1 48.78 49.2 | 36.11 476 | 41.18 48.8 | 43.14 46.3 | 48.70 47.6 | 58.6
75-79 72.3 19.5 63.7 47.2 66.0 40.5 77.2 44.2 67.0 | 50.56 68.9 | 36.36 68.1 56.0 70.7 | 50.7
80-84 90.4 31.25 99.1 112.36 107.3 | 37.97 107.8 | 38.46 98.3 | 47.43 107.0 | 29.85 109.0 | 40.2 96.8 | 25.1
85+ 178.5 18.87 154.9 43.48 183.8 | 51.47 176.9 | 17.05 188.6 | 28.41 198.7 | 37.31 186.2 | 20.1 177.0 | 36.6

National indicates - National Urban Death rate
CRS indicates — Centre for Rehabilitation studies Data

AGE SPECIFIC MORTALITY RATE DURING THE YEARS 2002 - 2009
CONTROL AREA

Years 2002 2003 2004 2005 2006 2007 2008 2009
National CRS National CRS National CRS National CRS National CRS National CRS National CRS National CRS
0-4 10.3 0 10.2 0 10.1 0 10.3 0 17.7 0 9.6 0 9.1 0 8.7 0
05-9. 0.7 0 0.6 0 0.8 0 0.9 0 1.5 0 0.7 0 0.6 0 0.7 0
10-14. 0.7 0 0.8 0 0.6 0 0.7 0 1.0 0 0.6 0 0.6 0 0.5 0
15-19 1 0 1.3 0 1.2 0 1.3 0 1.6 0 1.0 0 11 0 1.0 0
20-24 1.5 0 1.3 3.27 1.3 0 1.6 1.72 24 - 15 | - 17 | - 1.2 -
25-29 1.8 0 1.6 0 1.7 2.51 1.7 2.88 20 [ 299 1.7 | 188 16 | 3.69 1.5 0.91
30-34 {59 0 21 2.06 2.3 2.04 2.0 0.0 22 | 146 20 | 118 2.1 1.22 1.8 0.98
35-39 3.2 7.16 2.5 4.12 24 0 2.8 2.68 25 | 3.86 28 | - 29 [ 345 29 1.63
40-44 4.4 4.2 3.5 6.76 3.6 1.66 3.5 2.28 30 [ 183 38 | - 38 | 3.59 33 9.65
45-49 54 45 4.2 2.05 5.1 2.04 5.3 4.61 42 | 329 52 | 329 54 | 563 4.7 6.75
50-54 8.7 6.54 8.3 2.62 6.6 2519 7.8 8.33 59 | 432 77 | 721 75 | 7.30 8.0 9.22
55-59 12.7 9.26 12.7 18.35 10.8 12.99 1.7 14.23 10.2 | 843 11.9 | 11.05 122 | 2.46 10.6 16.63
60-64 20.2 33.9 20.0 15.8 18.1 7.69 19.0 36.1 18.0 | 28.30 20.0 [ 29.91 18.7 | 23.15 17.8 15.87
65-69 36.7 29.41 31.1 40.54 27.8 | 41.67 13.3 9.9 289 | 2273 30.2 | 14.39 295 | 28.17 28.7 27.03
70-74 44.3 0 421 25.64 451 52.63 49.2 0 476 | 51.28 48.8 | 25.32 46.3 | 24.39 47.6 11.5
75-79 72.3 17.86 63.7 55.56 66.0 19.2 77.2 103.45 67.0 | 108.11 68.9 | 28.57 68.1 57.1 70.7 85.7
80-84 90.4 133.33 99.1 0 107.3 | 86.96 107.8 20.41 98.3 | 32.26 107.0 | 15.63 109.0 | 35.1 96.8 35.7
85+ 178.5 0 154.9 31.25 183.8 120 176.9 0 188.6 | 43.48 198.7 | 19.61 186.2 | 41.67 177.0 18.2

National indicates - National Urban Death rate
CRS indicates — Centre for Rehabilitation studies Data




Figure : 3. Age Specific Mortality Rate during 2002- 2009
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Primary Cause of Death

The information on causes of death was included since 1986: cause of death analysis is
based on 3978 death records collected during 1986-2010. Between the periods of 1986 to 2010
most common cause of death was observed to be respiratory in affected area followed by
digestive and cerebro-vascular disorders. In control area too respiratory disorders were the most
common cause of death though with lesser frequency, followed by digestive disorders and fever
(Table no 22-26).




Figure : 4. Primary Cause of Death during 1986-2010.
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Cont.... Figure : 4.

Primary Cause of Death
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iv. pregnancy outcome

During the initial survey carried out in Feb-March 1985, a separate “card” was adopted to
collect the information on outcome of pregnancy. The pregnancy status of all married women in
the age group 15-49 years along with the pregnancy outcome was also recorded during survey
in August-October, 1985. Since January-December, 1986 a different format was introduced to
collect detailed information on pregnancies through fortnightly visits of the families. From the
year 1987 onward, these data were collected through six monthly follow-up of the families. It can
be seen that immediately after the disaster, in the severely affected area, the abortion rate was
523 per 1000 (Table-36 in annexure Technical Report, 1985-1994).The abortion rate showed a
decreasing trend from severely to mildly affected area. In the subsequent years there was a
declining trend in the abortion rate in all the exposed area. In the control area abortion rate for
December 1984 was 83 per 1000. No clear pattern was observed in the exposed area with
regard to still birth rates." From the year 1996 onward, these data were collected through six
monthly follow-up of the families. The data for the year 1996-2010 is presented in Table 30 in
annexure, however due to scarcity of data no clear pattern could be interpreted.

d. Morbidities

As mentioned earlier during the surveys information on morbidities were collected through a
proforma enquiring about the forty symptoms. These symptoms were further re-grouped under
the following systems:

Systems (morbidities) with their codes (Annexure —l):

1. General Morbidities - Over all morbidities

2. Respiratory - 1,2.3,4,5,28

2. Ophthalmic - 19,20

3. Gastrointestinal Tract - 16,17,18, 22, 25, 31, 39
4. Skin - 23

i. Acute Stage Morbidities

During acute stage in all the three exposed areas 96-99% had both eyes and lung
symptoms, while 74% suffered with gastrointestinal symptoms in severely exposed area,
whereas in moderate and mild area it was 48% and 14% respectively. Morbidity related to skin
was among 1.2% in exposed area. The control area had very low morbidity during the same
period (Table 7-11).




ii. General morbidities

Immediately after the disaster the morbidities were very high to the extent of 98.99%, 99.05%
and 99.54% in severely, moderately and mildly affected area. Morbidity rate in all areas indicated
three distinct trends indicating a low rate up to the survey during May 1988 to November 1988
later an increased trend up to survey in November 1990 to may 1991 and afterward a decrease.
By six years post disaster in 1991 these morbidities came down to 34.94%, 25.88% and 27.77%
in the same areas and showed further decline to 28.20%, 24.23% and 22.11% in respectively.
There was further decline in all the areas. By 2001 general morbidities came down to 21.76%,
16.88% and 15.90% in severely moderately and mildly affected area. Since 2006, general
morbidities have been seen fluctuating between 22.58% to 20.66% in severely affected area,
16.02% to 17.49% in moderately affected area and 16.22% to 19.93% in mildly affected area.
However, these were higher than morbidities seen in control area which continued to fluctuate
between 6.54% to 10.63% since 1997.




Table 7
General Morbidities (1984-2010)
AREA SEVERE MODERATE MILD CONTROL
YEARS No. No. % No. No. % No. No. % No. No. %
Cont. | Morbid Cont. Morbid Cont. Morbid Cont. | Morbid
1984 24994 | 24743 |98.99 | 33442 | 33127 | 99.05 | 18208 | 18126 | 99.54 | 15616 27 0.17

1991 8070 2820 |34.94 | 13150 3404 25.88 | 6952 1931 27.77 | 7911 1758 22.22

1996 10816 | 3050 |[28.20| 14137 3426 2423 | 9527 2106 | 22.11 | 7990 884 11.06
2001 6895 1500 |21.76 | 9792 1653 16.88 | 6176 982 15.90 | 5133 397 7.74

2006 4961 1120 |22.58 | 5834 978 16.76 | 4814 781 16.22 | 5338 414 7.76

2010 5658 1229 |21.72| 6533 1093 16.72 | 4669 772 16.53 | 5741 480 8.36

For details see Table no. 31 in annexure

Fig: 5. General Morbidity rates during the Years 1984 - 2010
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iii. Respiratory Morbidities

Table 8
Respiratory Morbidities (1986-2010)
AREA SEVERE MODERATE MILD CONTROL
VISITS | No. No. % No. No. % No. No. % No. No. %
Cont. | Morbid Cont. | Morbid Cont. | Morbid Cont. Morbid
1984 | 24994 | 24213 | 96.87 | 33442 | 32802 | 97.45 | 18208 | 17958 | 98.62 | 15616 10 0.06
1991 8070 1632 | 20.23 | 13150 2012 15.30 6952 1147 16.49 | 7911 288 3.64
1996 | 10816 | 2207 | 20.41 | 14137 | 2402 16.99 9527 1568 16.46 | 7990 349 4.37
2001 6895 | 1202 | 17.43 | 9792 1133 11.57 6176 856 13.86 | 5133 136 2.65
2006 | 4961 835 16.83 | 5834 630 10.80 4814 675 14.02 | 5338 160 3.00
2010 | 5658 978 17.29 | 6533 641 9.81 4669 608 13.02 | 5741 147 2.56
For details see Table no. 32 in annexure

During acute stage 96.87% suffered with respiratory morbidities. In the severe area, the
morbidity specific to lung for males was higher in all the follow-up periods compared to other two
exposed and control area. Up to November 1988, there was no pattern in severe area, while in
May 1991 there was an increase and later on a fall was noticed. The Respiratory morbidities
came down from 96.87% in 1984 to 20.41%, 16.99%, and 16.46 % in severely, moderately,
mildly affected area in comparison to 4.37% in control area. Since 1997, these morbidity rates
are seen fluctuating between 20.31%-15.42% in severely, 15.43%-9.63% in moderately
16.41%-13.02% in mildly affected area. These respiratory morbidity rates remained high in all
affected areas in comparison to control area (0.06%-4.37%) throughout 1984-2010.

Fig: 6. Respiratory Morbidity rates 1984 - 2010
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iv. Ophthalmic Morbidities

During acute phase in 1984 affected area experienced 98.50%, 98.08% and 99.00%
ophthalmic morbidities in severely, moderately and mildly affected area respectively in
comparison to 0.07% experience by control area population. By 1996, ophthalmic morbidity rate
came down to 16.60%, 12.41% and 14.98% in the same areas in comparison to 4.31% observed
in control area during the same period. These rates declined further and have been seen
fluctuating between 11.46%-15.85% in severely affected area, between 9.00%-11.07% in
moderately affected area and 13.99%-17.89% in mildly affected area in comparison to 2.84%-
3.43% in control area during 2005-2010.

Table 9
Ophthalmic Morbidities (1984-2010)
SEVERE MODERATE MILD CONTROL
AREA
YEARS No. No. % No. No. % No. No. % No. No. %
Cont. Morbid Cont. Morbid Cont. Morbid Cont. | Morbid

1984 24994 24621 98.50 | 33442 32802 98.08 | 18208 18027 | 99.00 | 15616 11 0.07

1991 8070 950 11.77 | 13150 1583 12.03 6952 1062 15.27 | 7911 533 6.74

1996 10816 1795 16.60 | 14137 1754 12.41 9527 1428 14.98 | 7990 330 4.13

2001 6895 1055 15.29 9792 831 8.48 6176 804 13.02 | 5133 153 2.98
2006 4961 656 13.22 5834 595 10.20 4814 708 14.71 | 5338 183 3.43
2010 5658 897 15.85 6533 614 9.39 4669 653 13.99 | 5741 193 3.36

For details see Table no. 33 in annexure

Fig:7. Ophthalmic Morbidities (1984 - 2010)
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v. Gastrointestinal morbidities

During acute phase in 1984, 73.53%, 26.36% and 15% suffered with gastrointestinal
morbidities in severely moderately and mildly affected areas in comparison to 0.01% in control
area. However, within five years by 1991, these morbidity rates fell down to 7.99%, 6.52% and
5.88% in the same areas in comparison to increased Gastrointestinal Morbidity rate of 5.80% in
control area. Later since 1996 to till date, Gastrointestinal morbidity rates have been seen
fluctuating 6.48%-4.49%, 5.21%-3.29% and 4.56%-13.61% in severely, moderately and mildly
affected area in comparison to 1.24%-2.77% in control area. The peaks of rise in morbidity rates
in mild area were further analyzed and it was found that these peaks noticed in mild area were
due to excessive reporting of symptom like abdominal pain (Symptom no 17) and gastritis
(Symptom no 31).(Table no. 35-38 in annexure)

Table 10
GASTROINTESTINAL TRACT (GIT) MORBIDITIES (1984 — 2010)
AREA SEVERE MODERATE MILD CONTROL
YEARS| No. No. % No. No. % No. No. % No. No. %
Cont. |[Morbid Cont. |Morbid Cont. | Morbid Cont. Morbid
1984 |24994| 18379 | 73.53 | 33442 | 8817 | 26.36 | 18208 2733 15.00 15616 3 0.01
1991 | 8070 645 7.99 | 13150 | 857 6.52 6952 409 5.88 7911 459 5.80
1996 |10816| 649 6.00 | 14137 | 596 4.21 9527 743 7.80 7990 193 2.42
2001 | 6895 | 351 5.09 9792 345 3.52 6176 569 9.21 5133 81 1.58
2006 | 4961 | 256 5.16 5834 303 5.19 4814 508 10.55 5338 90 1.69
2010 | 5658 | 295 5.21 6533 265 4.06 4669 442 9.47 5741 119 2.07
For details see Table no. 34 in annexure

Fig: 8. GIT Morbidities (1984 - 2010)
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vi. Skin morbidities

Skin morbidities were observed in less than 1.82% in all area during acute phase observed
in 1984, during acute phase no morbidity was reported in control area. Morbidity rates were
marginally higher in all areas including control in 1996 which later except one peak in 1998
(2.24%) in severe area remained at the level or less than 1.63% in severe area and less than 1%
in all areas including control. Since 2007 to till date even in severely affected area skin morbidity
rate remained under 1%.

Table 11
SKIN MORBIDITIES (1984 — 2010
AREA SEVERE MODERATE ( MILD ) CONTROL
YEARS No. No. % No. No. % No. No. % No. No. %
Cont. |Morbid Cont. | Morbid Cont. | Morbid Cont. | Morbid
1984 | 24994 | 321 1.28 | 33442 610 1.82 18208 163 0.89 15616 0 -
1991 8070 189 | 2.34 | 13150 260 1.97 6952 60 0.86 7911 109 1.37
1996 10816 | 146 | 1.35 | 14137 101 0.71 9527 49 0.51 7990 29 0.36
2001 6895 73 1.06 | 9792 42 0.43 6176 8 0.13 5133 16 0.31
2006 4961 58 117 | 5834 34 0.58 4814 4 0.08 5338 14 0.26
2010 5658 50 0.89 | 6533 26 0.39 4669 26 0.56 5741 17 0.29
For details see Table no. 39 in annexure

vii. Age specific Morbidities

In all affected areas morbidities increased with increase in age. As age is a confounding
factor for increase in morbidities. And the same has been observed in control area as well (Table
no.40-43. in annexure)




V. DISCUSSION

a. The Backdrop

The Bhopal Gas Disaster (BGD) which occurred on the 2"/3" December, 1984 as a
result of escape of 40 tons of a highly toxic liquid in a gaseous form along with other reaction
products led to unprecedented damage to environment, and loss to lives both of animals (1000)
and human beings (2000) within first 72 hours.

Besides, the immediate loss to human lives as stated above it was believed that the
toxicants released during the accident may have long-term effect on human health and its
different physiological subsystems like respiratory, ophthalmic gastrointestinal, skin, mental
health, growth and development including dentition. It was also feared that the toxicants may
have effect on fertility pattern, pregnancy and pregnancy outcome and even on the progeny of
the gas victims in form of congenital malformation. Besides this toxicants may lead to damage at
microcellular, cellular level thus leading to emergence of cancers among the affected population.

Looking at above, Indian Council of Medical Research in association with Institutes of
national prominence and research scientists of international and national reputes developed
about 20 studies, whose reports have been published from time to time elsewhere.

One of the above mentioned studies was titled as “long term epidemiological studies on
the health effects of toxic gas exposure through community health clinics” this study was
conceived immediately after the toxic gas leak in 1985 January and was aimed to investigate the
epidemiological fallouts of the disaster. This epidemiological study no doubt is one of the rarest
and longest running study in India, as it has completed its 25 years of operation in December
2012. The study continued for more than 25 years with same methodology, the way it was
planned while it was under Bhopal Gas Disaster Research Center,

The findings of the part one have already been published by Bhopal Gas Disaster
Research Center, Gandhi Medical College, Bhopal, M.P. India/ Indian Council of Medical
Research, Ansari Nagar, New Delhi-110029. Under “Health effect of the toxic gas leak from the
Union Carbide Methyl Isocyanate plant in Bhopal: Technical Report on population based long
term epidemiological studies (1985-1994)”

Itis pertinent to recall salient features and conclusions drawn in above mentioned report
as below:

a) Soon after the gas disaster, 36 wards having population of 521,262 (62.6%) were found
to be exposed and affected, while 20 wards with a population of 311,642 (37.4%) were
found to be unaffected by the gas. On the basis of average death rates in the
exposed/affected areas, the latter were categorized into: severely exposed/affected
area (death rate of 22/1000), moderately exposed/affected area (death rate of
1.33/1000) and mildly exposed/affected area (death rate of 0.20/1000.) The
unexposed/unaffected area was categorized as the control area.

b) This study covered affected as well as control area with a cohort base of 80,021 (26,382,
34,964 and 18,675 in severely, moderately and mildly exposed) in affected area and




15,931 in control area. The study was conducted in 16 localities through 6 community
clinics. A concurrent family based population survey initially carried out fortnightly and
later six monthly was conducted to find out the patterns of socio-economic, pregnanacy
outcome, mortality, and morbidity parameters in toxic gas affected population.

c) Age and sex distribution of the population of “affected” as well as “control” areas were
almost similar comparable to national population pyramid.

d) “Death rates” were higher in the “exposed areas”, than in the “control areas” throughout
the ten years period of observations. The severely affected area showed higher mortality
in the initial years, which gradually declined and nearly touched “local” or “national
levels”. Deaths in the exposed area were mainly due to respiratory disorders throughout
the period of observations. Death rates were higher in the age group of 45 years and
above.

e) Another notable feature was the “pregnancy rate”, which is generally associated with
disasters in general. The rate was high till 1986-1987 and gradually declined over a
period of time. Likewise, by 1989 the “abortion rate” in the affected areas, which was
initially 12%, declined to about 7.5%, as against 1.4% in the control area. Such
phenomenon has been observed in man-made and even natural disasters.

f) General morbidity as well as that traceable to respiratory or ophthalmic morbidity, based
on the symptomatology reported by the patients or the responsible family members, was
observed to be consistently higher in affected areas as compared with the control areas.

With above finding in background the present report or covers the period 1996-2010 and
for technical content continuity, present report has drawn heavily from the first report mentioned
above.

b. Cohort

One of the most challenging tasks in operating a cohort study is to hold the cohort. This
study in 1985 started with a cohort of 80,021 in affected (26,382, 34,964 and 18,675 respectively
in severely, moderately and mildly affected localities) along with a control population of 15,931.
However, of the original above mentioned cohort only 5,658, 6,533 and 4,669 from severely,
moderately and mildly affected area respectively (total-16,860) and 5,741 from control area was
actually available for study in 2010. In nut shell, study over a period of 25 years suffered a cohort
loss of 79% in affected area and 64% in control area. The reasons behind losses are presumably
shifting of the population to different places, marriage migration, shifting of young age cohort to
older age one and subsequent death of elderly cohort. Now the original cohort in affected area is
in the age group exceeding 25 years of their age.

c. Socio economic profile

Study noticed improvement in housing, per capita income and educational status of the
population in affected as well in control population.

d. Mortality and related issues

The mortally rates were very high during the acute phase. The mortality rate calculated




for the period of 3 to 6" December 1984 were 21.98 in severe, 1.33 in moderate and 0.29/1000
in mildly affected area. For period 4"-31% December 1984 these were 12.57/1000 for males and
11.6/1000 for females in severely affected area. Mortality rates showed a decreasing trend with
passage of time throughout the study. In present study (1996-2010) mortality rates (2002-2009)
are less than the national crude death rate. Death rates observed between 2002-2009 bring out
the fact that mortality in all age groups has remained under national urban death rate for
respective age groups in respective year, except occasional and slight increase as mentioned
intable no.27 and graph no. 3. The study reveals main cause of mortality among gas affected as
well control area as respiratory iliness.

e. Morbidities

General Morbidities: During acute stage in all the three exposed areas, 98% of persons had
both lung and eye symptoms. The gastrointestinal symptoms were observed in 74% in severely
exposed area whereas in moderate and mild areas it was 48% and 14% respectively. The
morbidity related to skin was about 1-2% in the exposed areas. The morbidity rates in all the
areas indicated three distinct trends indicating a low rate up to the survey during May 1988 to
November 1988, later an increasing trend up to the survey in November 1990 to May 1991; and
afterwards a decrease. The severe area as expected had higher morbidity at all the periods.
The morbidity rates in the moderate area were higher than mild area up to May 91. General
morbidities showed a decreasing trend, however, always above the control area and since 1999
have been stable under23%, 20%, 17% and 8% in severely, moderately and mildly affected area
and control with occasional peaks in mild and control area till 2010.

Respiratory morbidities: Respiratory morbidities too have followed the similar pattern as seen
in case of general morbidities. During acute stage in affected areas 96%-98% people suffered
with respiratory morbidities however by end of 7th year post exposure these morbidities came
down to 20%, 15% and 16% in severely moderately and mildly affected area and since 1998
have remained below 20 % till 2010.

Ophthalmic morbidities: were seen in 98-99% of the affected population during acute stage.
This proportion came down to less than 16% in affected area in 1996 and since 1999 have
remained under 20% till 2010.

Gastrointestinal tract morbidities: which started with 74, 26 and 15% during acute stage
came down to less than 8% in affected area by 1991 and since then have remained under same
level till 2010 with occasional slightly higher peaks in all area. The mild area did show noticeable
increase in morbidities ie up to 13% during 2004-2008. The cause of this rise was investigated
and it was found that people started complaining excessively about gastritis abdominal pain.
This could be possibly due to excessive self medication for pain.

Skin morbidities showed consistent pattern of less than 2% in all areas in all times.

Limitation of the Study: The initial cohort registered population was planned on emergency
basis immediately after the disaster in 1984. The study was started with time constrains. The
limitations also included study design there were no house numbering or any identification for
preparing sampling. In spite of this the areas were demarcated as exposed and unexposed.




There were some effortin shifting of entire population from one area to another which
created depletion in the cohort. However, during later period the depletion was not significant
as reported in the first technical report of ICMR.

The study was planned as a household study viz. by including only persons living in the
households. It should be understood that the deaths of persons without holding the households
have not been taken into account. The cohort study was planned to collect information on a
longitudinal basis.

Initially, in the acute face, it was planned to collect data every fortnight from all the
households and later modifications were made as per the interim recommendations. It may be
noted during the period 1993 — 1995 there was no follow-up from any agency, and CRS started
follow-up cohort only during 1996.

VI. SUMMARY AND CONCLUSIONS

Multinational Union Carbide factory producing SEVIN, a carbamet pesticide got involved
in a disaster due to various operational and safety system failures on the night of 2"/ 3"
December 1984. It started with ingress of about 500 liters of water in to tank no. E 610 containing
42 tones of Methyl Isocyanate along with some metallic impurities. Ingress of water led to
exothermic reaction and thus release of 27-30 tones of Methyl Isocyanate gas along with other
products of reaction through 33 meter high vent gas scrubber in to atmosphere at 12°C of
temperature and 10-12Km./hrs wind speed in south west direction. Mixture of hot gases got
condensed in outside cold air and due to atmospheric inversion phenomenon settled down
slowly on the ground. This settled mist or cloud of toxic gas(es) evaporated and spread with low
wind velocity," over the densely populated old city situated on comparatively planes surrounded
by the high hillocks namely Idgah hills, Shyamla hills and Birla hills on three sides.

The disaster led to death of about 1000 people within 72 hours. Thousands of people
symptomatically suffered with irritation of eyes, rapidly developing into intense swelling and
burning sensation and inability to keep them open. Simultaneously, people were violently
coughing and felt choked, unable to breathe. Many of the exposed persons experienced the
smell and sensation like that of burning chilies in eyes. Within twenty-four hours of the single
inhalation of the MIC related toxic gas(es), it became clear that this one time exposure is likely to
resultin multisystem morbidities among the survivors.

Indian Council of Medical Research through its own and along with major research
institutions spread all over the country and the academic intellectuals and research scientists of
national and international repute planned about twenty two studies to answer this question.

Of the twenty two research projects “The population based long term epidemiological
study on health effect of toxic gas exposure through community health clinic was initiated on 1
January 1985 following disaster due to toxic gas leak. The documentation of the part | of the
study (1985-1994) is already available in form of a technical report published by Bhopal Gas
Disaster Research Center, Gandhi Medical College, Bhopal M.P. India and Indian Council of
Medical Research, Ansari Nagar, New Delhi- 110029. The study concluded:




“The mortality and morbidity caused by the toxic gas(es) inhalation was a “one time acute
injury” to the respiratory tract and the ophthalmic system and which often healed with resolution
or necrosis and fibrosis, but did not lead to progressive ophthalmic disease resulting in
blindness. The scars produced after the acute lung injury and their sequel may however,
continue to produce recurrent/episodic respiratory illness and possibly disability because of
secondary respiratory infection and airway hyper reactivity or fibrosis, emphysema,
bronchiectasis etc. for a long time or even the whole life. People with pre-existing lung disease
(presumed at least 5% in any population), or smokers, after the gas exposure would have
suffered more than those who were healthy before the exposure.”

Presentreportor part |l covers the period of 1996-2010. It concludes:
1. Cohort

Over the period of 25 years (14 years under the present period of reporting) study has
suffered a cohort loss of 79% in affected area and 64 % in control area.

2. Socio-economic profile
In general the profile has improved on all evaluated parameters.
3. Mortality profile

The mortally rates were very high during the acute phase. The mortality rate calculated for
the period of 3" to 6" December 1984 were 21.98 in severe, 1.33 in moderate and 0.29/1000 in
mildly affected area. For period 4" - 31* December 1984 these were 12.57/1000 for males and
11.6/1000 for females in severely affected area. Mortality rates showed a decreasing trend with
passage of time throughout the study. In present study (1996-2010) Mortality rates most of the
times (2002-2009) are less than the national crude death rate. Age specific mortality rates too
are observed to be within national averages, in all areas including control. The study reveals
main cause of mortality among gas affected as well control area is respiratory.

4. Morbidity profile

General morbidities since 1999 have been fluctuating under 23%, 20%, 17% and 8% in
severely moderately and mildly affected and control area till 2010. Respiratory morbidities since
1998 and ophthalmic morbidities since 1999 have remained under 20%. GIT morbidities came
down to 8% affected area by 1991 and since then have remained under same level till 2010. In
nut shell it can be said that all the morbidity levels have been fluctuating under 20% since 1999.
However, all the morbidities in affected area are found to be higher than the morbidities seen in
control area.

Hence, it is recommended that the difference in morbidities in affected area in reference to
control area needs to be examined with the help of instituting clinical /clinico-epidemiological
studies among those who are either chronically ill or chronically and severely ill, with more
clinical orientation using newer clinical diagnostic tools to diagnose the clinical entities among
the symptomatic cases identified so far.




VIl. RECOMMENDATIONS

The Bhopal MIC toxic gas leak disaster on the night of 2"/3" December 1984 led to 1000
death within the following 72 hours. A study titled "The Population Based Long term
Epidemiological study on health effect of toxic gas exposure through community health clinics”
was initiated on 1 January 1985. This study completed its part | (1985-1994) and through part |
study period of 1996-2010 is being reported.

Annual mortality rate came down to level lower than national crude death rate as early as
1985. And since then have remained under national crude death rate till 2010. During acute
stage 97% to 99% affected people suffered with respiratory and opthalmic morbidities, with high
abortion rate of 523/1000 and general morbidities (98.99%), respiratory morbidities (98.2%) and
gastrointestinal morbidities (74%) in 1984. Since 1999 general morbidities are fluctuating below
23%, respiratory below 20% since 1998, ophthalmic below 20% since 1999 and GIT morbidities
under 8% since 1991, however, these symptomatic morbidities are higher than those seen in
control area.

Since this studys is the only cohort study which has been carried out on gas affected people
in last two decades and there is no other health monitoring system with inbuilt research
component in practice as on date. Hence it is recommended that newer studies on remaining
population of original total gas exposed population of 5,74,000 may be undertaken and
extensive follow-up with major focus on clinical disease identification and treatment. The
studies should be planned in such a manner so that they can impart guidelines for health service
sector to implement treatment measures.
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1. Sudhir Shrivastava, Section Officer
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& Mr.Krishnadas V.K. Senior Stenographer
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5. Mrs.Anita S. Pillai Lower Division Clerk
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