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The Bhopal gas tragedy: An environmental disaster

S. Sriramachari

The multi-disciplinary study of histopathology and toxicology of Bhopal gas tragedy resolved seve-
ral issues. First, the progression of severe pulmonary oedema to chronic fibrosis was confirmed
experimentally, following a single exposure to MIC. Analysis of the residue in Tank 610 revealed
over 21 chemicals. Apart from MIC and HCN, some of them were tracked down to the blood and
viscera of dead and living ‘exposees’. The rationale of NaT§ therapy was substantiated by elevated
urinary NaSCN levels in Double Blind Clinical Trials as well as patients. Apart from cyanide, the
‘cherry red’ discolouration was also shown to result from binding of MIC to end-terminal valine
residues of Hb, as shown by changes in 2-3DPG levels and blood gas profiles. The finding of N-
carbamoylation of several other end-terminal amino acids of tissue proteins confirmed the distribu-
tion of MIC within the body, although the underlying mechanism is not yet fully understood. Possibly,
the much faster S-carbamoylated compounds of the blood like glutathione and other sulphydryl-
containing enzymes like rhodanese could be responsible for re-circulation of MIC and protracted
cyanide toxicity. It is hoped that eventually the enigma of the ‘Bio-chemical Lesion’ of MIC toxicity

will be unraveled.

BY all accounts the Bhopal gas leak on the night of 2-3
December 1984, is the worst chemical disaster in history.
It took a heavy toll of human lives. People started dying
within hours and more than 2000 lives were lost in the first
few days. Late Heeresh Chandra, the man who had to
deal with it first-hand, presented the forensic aspects at
the Third Indo-Pacific Congress on Legal Medicine held
at Madras in December 1989, followed by Sriramachari
on the histopathology and toxicological studies. Accord-
ing to Ivor Doney who reviewed the proceedings, ‘A silent
stunned audience listened with awe the terrible story of
1984, when on one tragic day poisonous fumes killed
hundreds of people or maimed thousands of them in the
ensuing months’. He likened this tragedy to ‘Pompeii sud-
denly engulfed in the dust of Vesuvius, or Hiroshima
when the atom bomb was dropped’. He concludes ‘that the
story should be told at some future international forensic
meetings again and again and again’.

By 7.00 AM, 70 people were dead, by 9.00 AM 260 were
dead and thereafter the figures continued to rise. Though not
all dead bodies were brought to the Medico-Legal Institute
(MLI), 311 bodies were received on 3.12.1984, followed by
another 250 on 4.12.1984. Thereafter, the rate declined.
A total of 731 bodies were received in December 1984
alone, 103 in 1985; 90 in 1986 and 44 and 22 respec-
tively in 1987 and 1988. These figures from the morgue
may not account for all the deaths in the city of Bhopal.
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The MLI continued to perform autopsies on gas-affected
victims in subsequent years.

Brief clinical manifestations

According to Dureja and Saxena', one of the earliest of the
‘Rescue Teams’ to reach Bhopal when panic was at its
peak at major hospitals of the city, the patients could be
graded symptomatically into four categories: (i) Minor
eye ailments, throat irritation and cough, (ii) Severe con-
junctivitis, keratitis, acute bronchitis and drowsiness, (iii)
Severe pulmonary oedema leading to cardio-respiratory
distress, and (iv) Convulsions, followed by cardio-respi-
ratory arrest. Intense fatigue and muscular weakness was
another common feature. Another early and comprehen-
sive report is by Kamat et al.*. Soon thereafter, other cli-
nicians like N. P. Misra3, P. S. Narayanan, and S. K. Jain
had encountered similar patterns, with minor variations.
Several thousands survived with a variety of morbidity
and permanent disabilities. According to the recent press
reports, there are a large numbers of survivors, with lin-
gering ailments and incapacity to work.

Non-availability of any information about the toxicity
of even the parent compound, MIC (methyl isocyanate),
was a great impediment to institute ‘detoxication measures’
and lay down guidelines for therapeutic intervention and
management of the victims. Hence, there was an urgent
need to generate de novo, authentic scientific evidence
and information. The ICMR rushed to the scene and tried
to fill the void. It funded, amongst 24 other projects, two
comprehensive studies on toxicology and a collateral pro-
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ject on PFT (pulmonary function tests)/blood gas analy-
ses. Both these projects rapidly transformed themselves
into ‘multidisciplinary and multi-institutional investiga-
tions” (Tables 1 and 2).

Nature of the toxic gases in Bhopal

Public attention to the high reactivity of MIC was drawn
by Devkumar and Mukherjee*. It was followed by more
authoritative accounts in the Varadarajan Committee Re-
port’. According to the report, there was a massive leak
of MIC stored for a long period in the incriminated Tank
610 of the Pesticide Plant of Union Carbide of India Ltd
(UCIL). Several hypotheses attributed for this disaster
include, ‘prolonged bulk storage of 42 tons of MIC, non-
functioning refrigeration system, failure of safety mea-
sures and malfunctioning of neutralization facilities’. One
or more of these factors might have contributed to the
accidental and uncontrolled runaway reaction. From all
accounts, quite unlike leakage of a single chemical like
ammonia, sulphuric acid, phosgene or hydro cyanic acid,
the gas release in Bhopal is not due to mere leakage of
cold MIC. The presence of an array of multiple chemicals
was demonstrated®’. Careful re-examination by the toxi-
cology project of the ICMR, revealed the presence of as
many as 21 chemical constituents, including 9 or 10 addi-
tional unidentified compounds®. However, the toxicity was
NOT known about any of the compounds, including MIC.

Table 1. Multidisciplinary studies undertaken

Human autopsies

Histopathology

Electron microscopy

Experimental studies

Pulmonary function tests (PFT)

Elevated levels of haemoglobin (Hb)

Alterations in blood gases

Elevated 2-3 DPG (di-phospho-glycerate) levels

Evidence of acute and chronic cyanide toxicity

Therapeutic response to detoxification by NaTS

Forensic toxicology

Proof of direct binding of MIC to Hb and
tissue proteins through N-carbamoylation

Faster and reversible S-carbamoylation
(attempted but not successful)

Table 2.

While elevation of pressure and temperature inside the
closed tank or container in Bhopal was widely recogni-
zed, the liberation of hydrogen cyanide (HCN) became
one of the most contentious issues. In retrospect, it is amus-
ing that the Union Carbide Corporation (UCC) decried
cyanogensis and let loose a campaign of misinformation.
There were sufficient indications to that effect even in
UCC’s earlier reports’. And it was amply confirmed in
the publication of Blake and Ijadi-Maghsoodi'®, about
two years prior to the Bhopal disaster. While there is no
doubt about the decomposition of MIC, it was suppressed
on puerile grounds, due to uncertainty of the temperature
attained within Tank 610 and in the absence of consensus
as to the quantity of HCN liberated at specific tempera-
tures, say 200°C, 300°C and 420°C! Further, it was known,
ever since 1927, that apart from other nitrile compounds,
HCN forms an ‘adduct with MIC” itself''. Depending on
the reactions, theoretically it is even possible for the more
lethal ‘cyanogen’ to be formed. It is proposed to discuss
later several issues related to confirmation of ‘cyanide
toxicity in Bhopal®.

Critical human autopsy studies

Heeresh Chandra and his colleagues started performing
autopsies within 72 h of the disaster. It was noticed that
the usual post-mortem lividity or cyanosis was not pre-
sent; instead, there was a pinkish discolouration over all
parts of the body.

The most important findings were in the lungs. There
was a gross increase in the weight of nearly 2 2— 3 times
the normal. The entire respiratory tract showed a series of
pathological changes. The lungs were heavily water log-
ged and had a distinctive cherry-red colour (Figure 1 a).
The mucosa was intensely congested. The trachea and the
major divisions of the bronchi revealed necrotizing or
ulcerative changes. The following striking microscopic
findings were noticed. Severe tracheitis and bronchitis
with denudation of the epithelium was seen in some sec-
tions (Figure 1 b). There was marked congestion and thic-
kening of the alveolar septa (Figure 1 ¢). The alveoli were
filled with eosinophilic albuminous fluid (Figure 2 a).
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