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Accidents m the chemical industry, such as those that took place 1 Sevesoc (1976) and Bhopal
(1984), may kill or mjure thousands of people, cause senous health hazards and ireversible en-
vironmental damage The aim of this paper is to examine the ever-increasing risk of similar ac-
cidents becoming a frequent ocurrence 1n the so-called industnahzing countries. Using figures from
some of the worst chemical accidents i the last decades, data on the Bhopal disaster, and Brazil’s
social and wstitunonal charactenstics, we put forward the hypothesis thar present social, political
and economic structures n industriahizing countries make these countries much more vulnerable
to such accidents and create the type of setting where—if and when these accidents occur—they
will have even more catastrophic consequences. The authors argue that only the transformation of
local structures, and stronger technical cooperation between international organizattons, industri-
alized and industrializing countnes could reduce this vulnerability,

KEY WORDS: Major chemical accidents, socio-poliical amphfication of nsk, chemucal industry; mdustnal-
1zing countries, industnalized countnes

1. INTRODUCTION

Chemical accidents can result from emissions, fires,
or explosion of chemicals during transportation, storage or
industrial activines, leading to serious, mmmediate or de-
layed damage to human beings and/or the environment,
and involve one or more chemical substances.-* They are
considered major chemical accidents—even if, as argued
by Otway et al.* the concept of “‘major accident™ is a
rather fuzzy one. This article deals only with accidents that
have as source stationary activities, that is, storage and in-
dustrial production, and those that have occurred in the
pipelines. It fails to consider those that take place while
chemicals are being transported by road or sea.

Our main objective is to examine the increasing risk
of industrial chemical accidents occurring in industrial-
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izing countries. It is possible that, m attempting to detect
the causes for major chemical accidents, the overriding
factor to be considered should be the charactenstics of
the context where such accidents take place, and this
type of analysis could be even more important than con-
siderations on the absolute magnitude of the accident
Thus certainly applies in the case of major chemical ac-
cidents in industrializing countries,’® where the specific-
ity of social, polincal. and economic characteristics
should be the subject of further investigation and dis-
cussions n the risk analysis field!™ As peinted out by
Kasperson er al™ **. .| the practice of characterizing nisk
by probability and magnitude of harm has drawn fire for
neglecting equity issues in relation to tune (future gen-
erations). space (the so-called LULU or NIMBY issue),
or social groups (the proletariat, the highly vulnerable, the
export of hazard to developing countries)....”” These
discussions are of great importance to risk analysis and
the notion of socio-political amplification can help us 1n
the understanding of how present social and political
structures 1n industrializing countries have contributed to
aggravating nsk situatnions and events.
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2. THE SOCIO-POLITICAL AMPLIFICATION
OF RISK

Before embarking in the actual discussion, clarfi-
cation about what we call socio-political amplification
of nisks 1s called for, since, the notion we use here differs
in some aspects from the conceptual framework social
amplification of risk, developed in the relevant htera-
ture.*” By socio-political amplificauon of nsk we mean
the comparative powerlessness of certain societies to
control risks. The notion 15 linked to a view of the con-
temporary global economy as a system charactenized by
the interdependence between countries, and where the
production of goods for a world market is not just the
main objective but also requires the development of fi-
nancial and technological exchanges #>'* In this inter-
dependent system. each and every country has its
function n the international division of laber, and this
leads to an international division of benefits and also of
risks. About 80% of the global consumption of goods is
restricted to a quarter of the world’s population, most of
it in the industrialized countries!'"!'9 In India, for in-
stance, the per capita consumption of goods resulting
from chemical technology was estimated at 1 kg, while
m industrialized countries, this figure is in the 30-40 kg
bracket."” The positions are inverted when we consider
risks In industrializing countries, less elaborate meas-
ures for the protection of the environment, human health
and safety, have been, although not always explcitly, an
important item in global economic negotiations and
these have often led to an unfarr international division
of risks.'*'® How this has been accomplished will be
explained below.

India, in Asta. and Brazil and Mexico in Latin
America, are typical examples of countries where de-
velopment models and the form of insertion in the global
economy has contnbuted to increasing the number and
the magnitude of major chemical accidents. The three
countries had high rates of econormc growth from the
1960s to 1980s only at the cost of developing a huge
external debt—according to the World Bank!"” they are
the world leaders 1n external debts—of increasing inter-
nahization of international corporations and strong State
intervention in the economy. The search for rapid eco-
nomic growth and accelerated insertton 1n the global ec-
onomic system, led to an industnialization model that
was further sustained by the absence or weakness of
democratic political systems and by deep changes in the
structure and organization of soctety./'*'"

The adoption of ths industrialization model
brought in 1ts tow a quick and disordered industrializa-
tion and an wntense and uncontrolled urbanization pro-
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cess. The large migratory flow from rural and poor areas
to the industrial-urban centers was not met by an equiv-
alent number of openings in the job market, nor by the
necessary expansion in basic infrastructure that could
guarantee the newcomers minimum conditions m terms
of housing, sanitation and health care.'32%29 One of the
consequences of this process was that a large number of
low-income and empoverished communities had no al-
ternative but to setile in areas adjacent to potentially dan-
gerous chemical plants, thus becoming, for social rea-
sons, highly vulnerable to major chemical accidents.

Moreover, the elite’s vested interests in rapid eco-
nomic growth and industnialization encouraged 1ts mem-
bers to neglect or totally ignore the need for specific
regulations to protect the environment and workers from
industrial chemical risks.?*® Pressure groups and work-
ers’ organizations have been unable to counteract this
trend and to press successfully for regulations such as
the Seveso Directive in European Communities and the
Emergency Planning and Right-to-Know in USA 2" [n
Brazl, for example, the net resuit of this process is the
absence or weakness of most nstitutional strategies for
the prevention and control of accidents, such as the sit-
ting of hazardous facilities and land-use plannming, risk
analysis, obligatory accident notification, emergency
planning, and the dissemination of information among
commumty members and workers on risks and strategies
for emergency situations This absence or weakness of
adequate strategies for the prevention and control of ma-
jor chemical accidents seems to be a cornmon feature
also 1n other industrializing countries.

To build our notton of socio-political amphfication
of nsk we use as reference notions and concepts devel-
oped by a series of authors Some of these authors talk
about the nsk distribution both at the international
level—for instance, the concepts of export of hazards
and double standards™*“—an at the national level,
where concepts such as soctal inegualities and environ-
mental inequalities? = are looked at. Others work with
the concept of vulnerabilizy in “‘man-made’” and °‘nat-
ural”’ disasters. These particular studies introducing the
significance of socioeconomic factors and economic de-
velopment®* %! attempt to explain how similar hazards
can have different effects in different types of countnes
and populations. Yet another important group of authors
make use of the concept of coupling to study mixed
technological and societal systems, linking these systems
1o different types of uncertainty n the vanous phases of
risk assessment and management 3% A last group of
authors compare the particular decision-making proc-
esses Involving the acceptability and regulation of tech-
nological risks in different societies.3? %
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In constructing the notion of socio-political ampli-
fication of risks, this literature has contributed to a
greater understanding of why similar accidents have had
a higher rate of fatalities, myuries, and more severe en-
vironmental destruction in industriahzing countries due
to the international division of risks. The countries we
use 1n this article to exemphfy the application of the
socto-political amplhification of risks notion—India, Bra-
zil, and Mexico—have in common the adoption, in the
1960s and 1970s of similar development models and, in
the 1980s, some of the worst major chemical accidents.
either in multinational corporations {as in Bhopal, India)
or in national corporations (as in Sdo Paulo, Brazil, and
San Juan Ixhuatepec, Mexico). The official death figures
were respectively 2500 in Bhopal, 508 in Brazil, and 550
in Mexico.#V

3. QUANTITATIVE ASPECTS OF MAJOR
CHEMICAL ACCIDENTS IN DEVELOPING

COUNTRIES

The magmtude and severity of a major chemical ac-
cident is usually measured by some of its consequences
such as the number of fatalities, imjuries, immediate or
future and chronic health problems, ecological damage,
economic losses, number of peopie evacuated, etc.*-84142)
Among these consequences—or variables—figures about
the number of fatalities seem to be the ones most com-
monly registered in most cases of major chemical acci-
dents worldwide, and can therefore be used to compare
the severity of the various accidents in different countries.

‘Tabie I shows some of this century’s {(up to
1984) major chemical accidents with more than 20 fa-
talities, that 1s, those that can be regarded as catastrophic
accidents.”*? The data clearly demonstrates that, until the
1970s, major chemical accidents happened predomi-
nantly in industrialized countnies, where there was a
much higher concentration of industries. From the 1970s
onward, however, even if a much greater number of in-
dustries was sull 1o be found in the industrialized coun-
tries, the number of accidents in developing countries
increased steadily, in spite of the ncipient and recent
industrialization of those countries at the time. And it
was in fact in Asia and Latin Amernica that some of this
century’s worst major chemical accidents actually hap-
pened

What we can conclude from the data in Table T,
therefore, 1s that even if industrialized countries have
had a greater number of accidents, the accidents that
took place in industrializing countries—mainly in Asia
and Latin America and in the 198(0s—have had more
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fatalities, being therefore regarded as more severe The
actual situation may be even more dramatic if we con-
sider that data on major chemical accidents and their
victims are more difficult to obtan in industrializing
countries. In Table II, prepared by Glickman er al,**”
the pattern outlined in Table I can be seen more clearly.
Here, India. Brazil, and Mexico, countries where the
worst accidents occurred in the 1980s, are, together with
Chimna. leader countries in major chemical accidents with
five or more fatalites per accident between 19435 and
1991,

Out of the total 295 accidents in ten countries
shown 1n Table I1, 79% occurred n industrialized coun-
tries while only 21% happened in industrializing coun-
tries. In the case of fatalities, however, the situation
changes: 65% happened n mdustrializing countries and
35% 1n industrialized countries. It is important to notice
that Table II covers a long peniod (between 1945 and
1991), while major accidents became more frequent in
industrializing countries after the 1970s

Table III uses data from the World Healtht Organ-
ization“! to compare major chemical accidents—with
more than 50 fatalities, or more than 100 people injured,
or more than 2000 people evacuated—that took place in
industnalized countries to those that occurred in the
same period in industrializing countries Since it covers
a shorter and more recent period {1974-1987) than that
covered by Table 11, it gives a better picture of how the
number and severity of accidents increased in industri-
alizing countries from the 1970s onward. In fact, after
the 1970s and particularly in the 1980s—the latter period
known m Latin Amenca as the lost decade due to the
prevailing social and economic crisis—accidents in-
creased dramatically in developing countries.

It shows, for instance, that of the 59 major chemical
accidents reported, 62% occurred in industrialized and
38% in industrializing countries, a clear increase in the
number of accidents in industrializing countries and an
equivalent reduction in the number of those in industri-
alized countries if compared with the respective per-
centages in Table [1. Of the ten accidents with mote than
50 fatalities, 90% happened in the industnializing coun-
tries, and of all accidents in the period, 92% of the fa-
talities were from accidents in the latter countries
Moreover, 1n the case of accidents with more than 100
injuries, more than half {57%) took place mn industrial-
izing countries and of all these kinds of accidents, 96%
of the injured were victims of accidents that happened
in those countries

It is interesting to notice that in Table 111, out of
the 31 accidents with more than 2000 people evacuated,
653% occurred 1n industrialized and 35% in industrnializing
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Table . Major Chemical Accadents with More than 20 Fatalities i This Century (up to 1984)
Year Country Kind of accident Chemucal Fatalities
1921 Germany Explosion of anilin factory Nitrate and ammonia sulfate >500
1926 USA Expiosion of munition store Tnnitrotoluol 21
1926 Usa Release art a tankage Chionne 40
1930 Belgum Toxic gases 1 the atrnosphere Hidrogen fluonde, sulphuric acid and sulphur dioxide 63
1933 Germany Explosion 1n a foundry Coke gas 65
1934 Hong Kong Fire in a gasometer Gas 42
1935 Germany Explosion 1n an explosive factory Dimtroluol, mtreglycenn, trintrotolucl 82
1939 Roumania Release at a chemical factory Chiorine 50
1942 Belgium Explosion Ammona nitrate =100
1944 Usa Explosion of a gas cloud LNG 130
1948 Germany Tankcar explosion m a chemical factory Dimenl eter 209
1948 East Germany Explosion in a gnnding plant Coal-dust 50
1950 Mexico Release at a factory Hidrogen sulphide 22
1959 Usa Tankcar explosion on a highway LGP 26
1966 France Explosion m a refinery Propane/butane 21
1968 East Germany  Explosion in a chermcal factory Vinylchionde 24
1968 Japan Contamination of water from a foundry Cadmium 100
1970 Japan Explosion Gas 92
1972 UsA Explosion from a coking plant Propane 21
1972 Japan Releases from six chemucal factones Unknown 76
1972 Brazil Explosion of a refinery Propane/butane 38
1973 Usa Fire in a liqufied gastank LNG 40
1974 England Release and explosion 1n a chemical factory Ciclohexane 28
1976 Finland Explosion Explosives 43
1977 Columbia Release at a fertihzet factory Ammonia, ammenia nitrate, and carbamide 30
1978 Usa Explosion of a tank wagon LPG 25
1978 Mexico Exploston Butane 100
1978 Mexico Pipehne explosion Gas 58
1979 Soviet Union Accident at a factory Diverse products 300
1979 Usa Fire and exploston of a tanker Crude oil 32
1979 Turkey Fire and explosion of a 01l tanker Crude oil 55
1980 Iran Explosion n an explosive storage space Nitroglycenn 80
1980 India Exploston at two factones Explosives 40-80
1980 Spain Explosion Explosives 51
1980 Thailand Armaments explosion Explosives 54
1981 Venezuela Explosion Hidrocarburets 145
1984 Brazil Pipeline explosion Gasoline 508
1984 Mexico Reservatory explosion LPG 550
1984 india Release at a chemical factory Metii-isocianate >2.500
1984 Pakistan Pipehne explosion Gas 60
1984 Indian Release at a chemical factory Mulisocyanate >2.500
Gas 60

1984 Pakistan Pipeline explosion

a Source: Refs. 43, 44, 45, and 46

countries. However, 1f we compare the twtal number of
people actually evacuated in these accidents, we see that
a greater number (74%) of people were evacuated in in-
dustrializing countries. The table suggests that evacua-
tions are not frequent in industrializing countnes and only
occurred in accidents of great magnitude—such as the one
in Bhopal in 1984, which mobilized 200,000 people—or
1n situations of total panic—as 1t happened also in Bhopal
in 1987, mobilizing another 200,000 people.®V

4. RISK PREVENTION IN INDUSTRIALIZING
COUNTRIES

The limitations of risk prevention in industrializing
countries—and their relation to the recent globalization
of the economy and the development mode] adopted m
the last decades by these countries—may be better un-
derstood through the concepts of coupling®”3# and vul-
nerability®3# nsofar as the institutional weakness and
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Table {I. Nauons with the Worst Record of Hazardous Matenals
Accidents (Five or More Deaths)y

Deaths per
Accidents Deaths accident

Nations n Rank n Rank n Rank
USA 144 1 2241 2 15.6 8
Japan 30 2 526 5 17.3 6
[ncdha 18 3 4430 L 246.1 1
W. Germany 18 3 158 10 8.8 10
Mexico 17 4 843 3 499 3
France 15 3 236 B 157 7
Italy 14 6 260 7 186 5
Brazil 13 7 815 4 627 2
China 13 7 454 ] 349 4
[9].4 13 7 170 9 131 9

“ Source Ref 47

uncertainty in the control of risks, and the existence of
those dangerous conditions that are a common feature in
developing countries—that is, rapid urbamzation, high
poverty levels, poorly built and dangerously located
housing, among others—can be easily correlated with an
increase in the number and gravity of major chemcal
accidents. Using the three basic major phases in the pre-
vention of hazardous industrial sites, the cases of India,
Bhopal, and Latin America, in particular Brazil, will be
used to give concrete examples of how these deficiencies
operate in producing the socio-political amplhification of
major chemical accidents.

The structural phase of prevemtion represents in-
vestments on new plants or technologies and includes
planning, siting, approval, construction, and hcensing of
new 1nstallations. In this phase, risk analysis can help in
the decision-making process with four sequential steps:
the identification of health and environmental hazards;
the quantification of the extent of these hazards, deci-
sions about the acceptability of risk; and risk reducing
or controlling measures that can be used to maintain a
situation of acceptable risk.

The second and third phases in prevention, mvolve
the plant in operation before and after an accident and
are the responsibility of risk management. The opera-
nonal prevention includes safety measutes to control po-
tential sources of accidents such as maintenance
procedures, work organization compatible with required
safety levels, existence and adequate use of safety equip-
ment, and continuous reviewing and evaluation of safety
performance.

The third phase—mitigant prevention—occurs after
an accident and 1s associated with the technical, medical,
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and institutional work that attenuates and/or repairs the
negative impact of an accident. It includes, among oth-
ers, the existence and effectiveness of on-site and off-
site emergency plans, emergency and medical response,
recovery of affected areas, social insurance procedures,
and monetary compensation. All these factors are essen-
tial to cut down the number of vicums and reduce other
negative effects of an accident. Actions taken in this
phase can wnfluence other phases of prevention, for in-
stance, through the so-called feedback effect of actual
accidents. The analysis and the legal/monetary conse-
guences of an accident may give the necessary feedback
to help improving safety systems for potential similar
accidents, for mnstance, by improving risk management
in the operational phase and speeding up the develop-
ment of safer technologies and plant design in the struc-
tural phase.

4.1. The Structural Phase

The structural phase 1n industrializing countries
suffers from serious shortcomings. The legislation reg-
ulating the decision-making process for new installations
is very precarious wn practically all of these coun-
tries ¥+ Hardly any country in Latin America has leg-
islation equivalent to the European *‘Seveso Directive’’
or to the North American ‘‘Emergency Planning and
Right-to-Know ** In the cases where legislation exists,
the technical and financial deficiencies of the regulatory
institutions, added to the lack of efficient pressure
groups In political systems that are not exactly demo-
cratic, strongly limits enforcement of the law.

In Brazil, the technical difficulties of controlling in-
dustrial nsks by regulation have been aggravated by the
financial crisis that assailed recent Governments. This
means that many of the existing hazardous plants have
been built without efficient government control, and
safety becomes dependant almost exclusively on the
self-regulation of ndustries in programs such as respon-
sthle care, which are very incipient in Brazil. Thus, an
eventual decision about the unacceptability of a partic-
ular hazardous plant is delayed until later, when some
catasthrophic effects would already have occurred, and
when implementing new preventive measures or closing
up the industry may no longer be so easily accomplished
because the region around the plant has become eco-
nomically dependent on its presence, or preventive
measures too expensive to implement once the design
and building phases have been completed.®® The ab-
sence of competent technical fora where questions such
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Table III. Total of Major Chemucal Accidents Between 19741987 with More than 50 Fatahues, or 100 Inmuries, or 2000 Evacuations in the

World«

Accidents with

Acctdents with

Accidents with  Total of people

more than 50 Total of more than 100 Total of more than 2000 mobilized in
Accidents fatalities fatalities Injuries njunes people evacuated evacuations
# (%0} n (%%} n (%) n (%) n (%} n (%) n (%0}
[ndustnalized
Countnes 38 62 1 i 349 8 i6 57 2783 4 20 65 178330 26
Industnalizing
Countries 21 38 9 90 3932 92 12 43 71.580 96 11 35 313,000 74
Total 59 100 i0 100 4281 100 28 100 74,363 100 31 100 691330 100

« Source Ref, 41

as the choice of technology, technology tansfer and
plant design can be discussed and whose recommenda-
tions can provide the technical elements necessary for
optimizing the result of the decision-making process,
further reduces the possibility that the adopted technol-
ogy will be the safest one **"

The deciston-making process about the acceptabil-
ity of nsks 1s essentially 2 political process. The for-
mulation of the problem, the night to participate m the
decision process, the responsibilities specified by legis-
lation and the ability 1o influence or constrain the actions
of other actors can define the course of judgements. This
social process can be viewed as a social control of risks
and expresses the form in which a society accepts and
influences the control of nsks created by technological
and industrial development. The construction of a tech-
nical risk analysis is, in most cases, and in all its phases,
influenced by the prevailing interests in society. This
happens also 1n industnalized countries, a fact that can
be easily noticed by an examination of technical reports
and results about the acceptability of liquefied energy
gas terminals ™ [n industrializing countries, the deci-
sion-making process s normally restricted to commis-
sions closed to representatives of workers” organizations,
or of ecological and citizens” groups that m any case are
usually not strong or organized enough to succeed in
having their interests met. This obviously limits the ef-
ficiency of the social control of risks and increases the
vulnerabihity of some social groups.

One of the main causes for the increase in the num-
ber of major chemical accidents 1n developing countries
has to do with the siing of hazardous industries in
highly populated or chaotically urbanized areas. As sug-
gested above, mn these countnes, rapid and disordered
industrialization—associated with the process of
modernization 1n the countryside with a view to increas-
ing the export of staples—led to also disordered migra-

tion from the countryside to urban centers. Jobless and
homeless, these people settled in the peripheries or
poorer sectors of cities. This, combined with local and
regional governments’ nability to—or lack of interest
in—drawing and implementing feasible urban plans,
gave origin to a senies of slums or poor settlements that
shared the space with hazardous industrial sites.

It is not a ceincidence, therefore, that the victims
of the three most serious major chemical accidents in the
number of fatalities that happened 1n the second half of
the twentieth century-—namely in Mexico, Brazil, and
India, all in 1984—were largely members of these mar-
ginalized communities. A comparison between the
growing rates of the slum population and those for the
population as a whole in the State of Sdo Paulo—Latin
America’s main industnial metropolis and where the
worst major chemical accident in Brazil took place—is
revealing: between 1973 and 1987, the growing rate of
the total population was approximately 63%, whereas
the growing rate of the population in slums was
1145%.52 The mushrooming of these poor and densely
populated areas next to industrial plants is the onigin tor
the social vulnerability of this contingent of the popu-
lation. At the same time, the political weakness of these
social groups limits their ability to press for the drawing
and implementation of new social policies and regula-
tory practices

4.2. The Operational Phase

The social relations of work play an important role
in the ongn of industrial accidents at the operarional
phase In industrializing countnes the lack of qualifica-
tion and formal education of the workforce should in the-
ory lead to an extra effort by employers to provide extra
traiming to make up for this, particularly i the case of
technological transfer. This is largely not the case, how-
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ever, because in these countries, effective labor legislation
tends to be non-existent or is easily evaded by employers,
and therefore, it becomes easier for employers to dismss
workers. The high turnover rates act both as a form of
mamtaining mcomes at low levels and as a way to
weaken workers’ organizations. And weak workers’ or-
ganizations mean less pressure for safety and nsk control
in the workplace. In Bhopal, previous to the accident,
the number of blue-collar workers had been reduced
from 850 to 642 over a 2 year penod and qualified plant
operators had been replaced by less qualified workers.
This dismussal of experienced workers was appointed as
one of the many causes of the accident. In Brazil, high
turnover rates and the replacement of expenenced by
non-expetienced workers is a common occurrence in re-
cent years. Also a stramned and hierarchical mode of
work relations, in making communication between the
various work groups more difficult, limuts the feedback
effect—that is, reduces the possibilities of effectively im-
plementing technical and organizational measures to
avoid future accidents

The degeneration of equipment and the lack of safety
precauttons in mdustrializing countries during the oper-
ational phase can be associated with the transfer of tech-
nology and the firms’ lack of sufficient investment,
normally due to the constant financial crises. This also
mcreases the potential for chemacal disasters such as those
in Bhopal, S&o Paulo, and San Juan de Ixuatepec.®®*®
Technical, organizational and economic difficulties dis-
courage the maintenance of adequate operations and 8ys-
tems and this can affect the safety performance - In
Bhopal, demand for carbaryl pesticides had been lower
than anticipated. This reduced the firm's profits and dis-
couraged owners to make additional investments n safety
measures, or equipment modernization. The closing up of
the refrigeration system and the reduction of maintenance
operators in Bhopal is an example of the type of economy
measures that can lead to a major chemical accident.®"
Institutional weakness contributes to increasing the cou-
phng of hazardous production systems m this context.

4.3. The Mitigant Phase

Another essenual factor that must be considered in
any attempt to explain the magnitude of major accidents
in developing countries 1s the fact that off-site emergency
preparedness plans are often not enforced by law in these
countries, and therefore tend either not to exist at all or
to be less than adequate. This limuts an efficient mitigant
prevention. Since no official information becomes widely
available after an accident, when an accident does occur,
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the population living m the neighborhood of the hazard-
ous site—usually densely populated slums as was the case
in Bhopal, where density rates were on the range of
25,000 people per square kilometer—reacts instinctively.
This leads to disordered spontaneous evacuation or situ-
ations of total panic that aggravate the impact of the ac-
cident, killing, injuring, or m any way affecting the health
of a greater number of people. ="

In Bhopal, 1t was found that whereas most of the
people living in well-built houses escaped the worst ef-
fects of the accident, those living in the pnmitive con-
ditions of the densely populated shanty towns were
unable to protect themselves from the gas emitted by the
accident. In Brazil, the worst major accident ever to hap-
pen (1984)—with 508 casualties—had 1ts effects made
worse by the fact that the surrounding population, in
their poverty and ignorance, begun to store the spilt gas-
oline 1n the hope of being able to sell or use it later,
thus creating an mflammable path between their own
poorly built houses and the source of the accident and
provoking further explosions and fires.*® By comparing
two simular accidents, one in Feyzin (France, 1966) and
the other 1n San Juan Ixhuatepec (Mexico, 1984) it be-
comes clear how the proximity of densely populated and
poorly built houses to hazardous sites can more than
double the number of victims of an accident. The ex-
plosions in Feyzin n a tank with 6,400 m* of LPG re-
sulted 1n 17 fatalities and about 80 injuries whereas the
accident in San Juan Ixhuatepec, with 12,000 m?® of
LPG, killed 500 people and injured 7,000. The greatest
difference here was the presence of adequate urban plan-
mng in Feyzin where the distance of the nearest house
to the storage perimeter was in the range of 1,000 me-
ters, while 1n Mexico city this distance was only 100
meters.* This proximity of houses to chemical plants
1s, nowadays, a common feature in Brazil %%

One of the essential items of emergency planning
1s the availability of adequate medical facilities. This just
does not happen in industrializing countries. The medi-
cal response in Bhopal, for instance, was totally inade-
quate, inspite of the heroic efforts of the untrained and
uninformed local health staff.*%® In general, in develop-
ing countries, the hospitals serving the densely populated
and low-income areas that surround chemical plants, due
to the so-called diseases of poverty, are permanently
overcrowded with patients. They are also understaffed
and lacking equipment, drugs,and dressings. When a
chemcal accident occurs, they are simply unable to re-
spond adequately Here again, social causes such as the
lack of public investment in health, contribute to an in-
crease in the number of victims of chemical accidents in
these countries ®"
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Cal Law Costs of Accsdents

Sopi2.
for High Cocts of

T1 Total Costs for Low Costs of Dameges
T2 Total Costa for High Coxts of Damsged

o Soptl Sopt?  5(%} 100

Fig. 1. Safety investments, danger costs. and econommical optimum
safety standard See Refs 62 and 63

5. ECONOMIC RATIONALITY VS. SOCIAL
CONTROL OF RISKS

The lack of adequate legislation on industrial chem-
ical risks in developing countries, and the fragility of
existing decision-making processes involving technolog-
ical nisks hmt the social control of risks and allows
firms—the risk creators themselves—to do their own
regulation with resmcied legal enforcement and hardly
any government control, Companies’ self-regulation n
industnalizing countries, tend to be based on cost-benefit
calculations and a strict economic rationality and there-
fore their investments 1n safety precautions are relatively
much lower than the ones in industrialized countries
where government regulations and public pressure are
much stronger.

Also one important instrument of prevention is the
incorporation of environmental and occupational costs
resulting from industnal hazards. These potential costs
to the firms may be lower i industrializing countries
depending on whether they are or not incorporated by
the firms, thus encouraging or discouraging investments
in safety measures

A chemical accident 15 a costly affair with de-
stroyed equipment and installations, repair expenses, 1n-
terruption of production, first aid, and medical
equipment and treatment, emergency response facilities,
decontamination activities, payment of indemnities and
eventual pension to victims, loss of image and market.
and so on. Here there are two important questions: the
actual cost of an accident and how these costs are dis-
tributed berween firms—or insurance companies—and
society as a whole. In a strict economic analysis of safety
investments the optimum value is the one which maxi-
muzes the relationship between investments and costs, as
we can see in Fig. 1,%26% in a theoretical approach to
the optimum value The optimum economic safety stan-
dard leaves a residual risk that may be economically
acceptable. This does not mean, however, that this risk
is morally acceptable.
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There are some ndications that the costs of major
accidents, particularly 1ts human costs, are not as expen-
sive 1n industnalizing as they are in industnalized coun-
tries. The 1mitial compensation payment requested by the
Indian authorities from the Union Carbide was $3 bil-
lion, but, in the end, they were satisfied with $470 mui-
lion. Parents of the fatal victims received between $4500
and $12,500, invalids berween 51000 and $8000, and a
provisional pension of less than $10 a month was offered
to the victims by the government. If a similar accident
had occurred 1in an industrialized country, costs would
have been much higher than these./®

This is not to say that Union Carbide management
knew of the possibility of such a severe accident hap-
pening and accepted 11 because of an econemic invest-
ment analysis, although, it is clear that the American
management knew that the Indian company was not a
good example of safety performance.*> However, as
all industrializing countries, there was neither strong le-
gal requirements nor enough pressure from workers’
groups and communities, and therefore, the firm’s own
economic rationality—rather than a balance between ec-
onomics and the more desirable social/institutional con-
trol of risks—guided 1ts policies on safety. The result
was that many of the essential safety measures were n-
existent 1n Bhopal. To name a few: (a) the vent scrubber
was designed to neutralize only 7 tons of MIC, whereas
a tank contamned 40 tons; (b) whereas an European fac-
tory will work with a process that has a maximum in-
ventory of 10 kg of MIC, the Union Carbide factory 1n
Bhopal was designed to provide storage to up to 120
tons of MIC—one of the most toxic chemicals on an
industrial scale—probably obeying economies of scale
of chemical plants and not taking into consideration the
potential danger of such high inventory; (c) technical
reliability was reduced by the non-existence of redun-
dant safety systems for flaring the MIC and for the pres-
sure monitoring systems; (d) the prime protection system
was not in operation—the refrigeration system had been
closed down 6 months before the accident simply in or-
der to reduce running costs in the factory: (e) the number
of operating personnel in the MIC plant had been re-
duced from 11 to six operators.‘29.51:69

6. CONCLUSION: POSSIBILITIES OF CHANGE

The contemporary orgamzation of the global econ-
omy, with its intemational division of labour, benefits
and risks, has been contributing to the socio-political
amplificatton of industrial chemical accidents i indus-
trializing countries, a tendency that also applies to other
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industrial risks In Brazil, for instance, the official num-
ber of accidents at work between 1980 and 1989 was
10,500,000 (ten and a half millton) resulting in 260,000
permanent injuries and 46,000 fatalities. This number
may be in fact greater, since accidents at wotk are not
always reported 1n this country.®” Simiar figures for
accidents have been reported in other industrializing
countries. where the International Labour Office esti-
mates that rates of fatalibes and injuries at work are
about sixfold those in industrialized countries.'*®

Reversing the socio-political amphfication of risks
in industnializing countries involves imtiatives of differ-
ent nature and degrees of complexity, both at national
and international level This recognition, however,
should not encourage immobility nor imply that change
15 not possible. The Bhopal accident in india and Mex-
1c0’s participation in NAFTA have, 1in different ways,
been contributing to the development of some nstitu-
tional strategies for prevention and control of major
chemical accidents. If compared to the existing policies
in industrialized countries, however, these strategies are
still incipient and in most developing countries, just
starting, in spite of the efforts of internattonal organi-
zations such as the United Nations Environmental Pro-
gramme, the World Health Organization, and the
International Labour Office.

In a global world, mtensification of international
cooperation between international organizations, and be-
tween industrialized and industrializing countries 1s an
important step toward the reduction of prevatiling differ-
ences 1n standards of prevenuon and of the severity of
major chemical accidents 1n the latter countries The
OECD guide for chemical accidents goes in this direc-
tion when 1t proposes the same safety standards for mul-
tinational corporations even when the latter are located
in developing countries. How this proposal may be im-
plemented, however, 1s still unclear, and all our efforts
must be directed to finding the necessary instruments to
do this. As suggested by Inhaber” the Society for Risk
Analysis may also play an important role in this process,
by dedicating attention how to make trade-offs between
risk and economic, social, and political concerns, putting
forward proposals for the control and prevention of ma-
jor chemcal accidents through discussions and the de-
velopment of joint projects between institutions and
researchers of industrialized and industrializing coun-
tries.

A global approach reveals that the social vulnera-
bility within hazardous sites in industnalizing countties
will not be reduced without the drawing and implemen-
tation of major social policies. In those countries, a large
part of the obstacles to the regulation of industrial risks
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can only be overcome by changing the socio-political
structures that amplify the frequency and effects of
chemical and other industrial risks. For this to happen.
however, we must strive for two things' first, and at the
international level, a deep transformation of the social
and environmental inequalities that characterize the pres-
ent global economic system is needed; and second. and
at the national level, a more intensive participation of
the involved actors—and this means an effective redis-
tribution of wealth and the consolidation of civil rights
for all—to guarantee the modernization and enforcement
of appropriate legislation and the elimination of other

obstacles.

Perhaps safety standards in the case of chemical
accidents even in industrialized countries are not yet per-
fect. However, in order to achieve giobal ecological
change it should be necessary for all spaceship Earth’s
passengers to have similar sets of basic protection meas-
ures and to he able to discuss dicections together. The
fact that there are different classes of passengers in this
ship may jeopardize the development of a common al-
ternative solution for the present impasse. Thus unfor-
tunate concepts such ‘‘Third”” and *‘First”” Worlds
should be forgotten 1f we genuinely believe that both
major industrial accidents and fusure ecological disasters
must be prevented
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