Annex: summaries of
selected incidents

The Environmental Accident at Schweizerhalle'
Background
On Saturday, 1 November 1986, the storehouse of a chemical
factory in Schweizerhalle, Switzerland, containing 1300 tonnes
of chemical substances (mainly agrochemicals) burned down.
Schweizerhalle is located about 5 km from Basle, a city with about
200 000 inhabitants. The fire was discovered at 0.30 a.m. It was
described as extremely hot, and probably either caused complete
combustion of products or brought the combustion products to a
height at which a strong wind carried them to the Black Forest.
At 3.00 a.m. the fire brigade decided to use water to extinguish
the fire, making the combustion process incomplete. A foul-
smelling cloud developed, and was driven by the ground winds
to Basle. The stench lasted several days and frightened people in
Basle more than the toxic flows into the Rhine, which caused
international consequences (1).

Only on 6 November did the complete list of stored products
become known; it contained:

Products Amounts (tonnes)
Acid phosphate esters 859
Chlorinated organic compounds 16
Organic mercury compounds T
Other agrochemicals 100
Adjuvants, colorants, solvents, stabilizers

and raw materials 364

' This section is based on the work of Ackerman-Liebrich et al. (1), Braun-
Fahrlander et al. (2), Heierli (3) and Helfenstein et al. (4).
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Investigations

The following investigations were proposed to describe the im-
pact the fire might have had on the health of the local popu-
lation:

* an analysis of daily mortality;

* an analysis of inpatient and outpatient attendance at the hos-
pitals in the region;

* an analysis of patients treated in private practice;

* asurvey of symptoms in different population groups;

e surveillance of fire-fighters involved in fighting of the fire;
and _

* long-term surveillance of congenital malformation (register).

Short-term effects

An analysis was made of daily mortality in the region over a six-year
period (1980-1986). Mortality did not increase on 1 November
or on the days immediately following. A peak of 21 deaths (in-
stead of the 12 expected) occurred on 8 November, a week after
the fire. There is no plausible hypothesis connecting the observed
peak with the event.

All hospitals in the region were asked to provide the number
of admissions to medical wards and the daily outpatient attend-
ance during October and November. These figures revealed no
difference in attendance. The medical association sent a ques-
tionnaire to its members, which revealed that 1363 people had
consulted physicians because of symptoms related to the fire. It
could not be judged from the questionnaires whether the pa-
tients or the physicians attributed the symptoms to the fire.

On 1 November, a population-based study of respiratory symp-
toms of preschool children (recorded on daily diary forms by their
parents) was already in progress. It could be used as an indicator
of the health effects of air pollution levels experienced in Swit-
zerland. Details on the methodology of this study have been re-
ported elsewhere (2). On average, 30% of the children experi-
enced one or more symptoms on a particular day. On 1 Novem-
ber, symptom prevalence increased to 50% in Basle; no increase
was observed in Zurich. Further, the symptoms seemed to have
persisted until the end of the study period and a high proportion
of children experienced three or more symptoms.
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The data were analysed by several statistical methods. It was
assumed in the statistical experiments that the time of the acci-
dent was unknown. Two different methods used for this purpose
found 1 November to be the most likely time of an accident. In
addition, the proportion of symptoms reported was significantly
higher than forecast (4).

Because the sample participating in the study of children at
the time of the accident was rather small and a strong effect was
not anticipated at the time, it was decided to send a question-
naire to all former participants and their families. This was the
most quickly available population sample. The 516 Basle families
that had participated during the year were contacted; 423 sent
back 1589 questionnaires. The questionnaire asked whether the
respondents thought they had experienced symptoms related to
the fire on 1 November. Symptoms were then detailed by organ
system (respiratory, gastrointestinal, skin, etc.) and date. Because
the sample described was composed mainly of young children
and their parents, a further sample of adults was drawn from the
population registry in Basle {300) and the suburbs (300). The
people from this sample were invited to an examination. An in-
terview concerning symptoms experienced in connection with
the fire of 1 November was conducted and hair, urine and blood
samples were collected.

Respiratory symptoms were more frequently recorded in the
group with young children. Mothers of young children frequently
mentioned nausea, vomiting or diarrhoea. But eye symptoms and
headache were also more prevalent among the parents of young
children. Those who smelled the smoke experienced more symp-
toms than those who did not. This might be an indirect measure
of exposure. From the adult sample, five people had experienced
symptoms of a degree that necessitated medical attention. Ex-
trapolation to a city with a population of about 200 000 estimates
that between 1400 and 3600 people would have sought medical
attention, which is more than the 1363 who had consulted in the
report of the medical association.

In a laboratory test in the general population, hair and urine
from a random sample of the population were analysed for mer-
cury. No elevated mercury levels could be found.

As to the health of fire-fighters, the blood of those who fought
the fire was examined. A total of 428 men were examined between
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6 November and 14 December 1986. The symptom questionnaire
applied in the other studies was not used in this investigation.
The 93 men who entered the enterprise services after the event
served as controls (3). One fire-fighter had to be taken to hospital
with a fit of hitherto unknown epilepsy. A significant increase
could be found in free iron and of gamma-glutamyl transpeptidase.
When the fire-fighters were subdivided into those who actually
fought the fire and those who later worked on the fire site, it
could be shown that this increase in free iron was present only in
the first group. A similar finding was reported (5} in workers ex-
posed to organic sulfides in a pulp plant. These results cannot be
interpreted further, since no attempt was made to examine the
workers clinically or to ask them about symptoms. The re-
examination of those with elevated plasma levels, performed by
the occupational health service of the enterprise in February 1987,
revealed only normal values (3).

Long-term effects

Discussion on the possible long-term etfects of a one-time expo-
sure to unknown concentrations of unknown or partially known
substances tends to be emotional. Long-term effects of the
Schweizerhalle incident could include cancer, poor reproductive
health or morbidity in general.

Cancer can probably be excluded in this case because a single
exposure is unlikely to lead to cancer without causing previous
serious health effects. In addition, phosphoresters are not among
the pesticides discussed for carcinogenity (6). Effects on reproduc-
tive health could be measured in terms of increased rates of abor-
tion or congenital malformation. The EUROCAT system (7) was
introduced in Basle on 15 May 1987, but data were incomplete in
the beginning; the system requires a certain time to become reli-
able. As to morbidity, the expert committee appointed by the Fed-
eral Government of Switzerland commented on a preliminary
report. Its recommendations included continuing the study on
air pollution and health for another year as a comparative study
of Basle and Zurich, in order to exclude an increased prevalence
of respiratory symptoms in Basle due to a weakening of the respira-
tory system. No difference in the prevalence of symptoms was
found between the two cities in the study, and an increase in aver-
age symptoms observed per child and day was found in both cities.



ANNEX 77

Discussion

The health effects of the Schweizerhalle fire can be described as a
general increase in respiratory symptoms in the population, which
in about 1% necessitated a visit to a physician. The effect seemed
more pronounced in preschool children and in people suffering
from chronic diseases, especially asthma. No serious or persistent
health damage was reported in the fire-fighters who were sup-
posed to have been exposed, except for one man who was admit-
ted to hospital with an epileptic {fit. The examinations were vol-
untary and conducted by the firm’s own health service. Most
took place one month after the event.

The most reliable sample examined here seems to be the par-
ents of preschool children in Basle who were keeping diaries for
respiratory symptoms in their children during the event. The
prevalence of symptoms in this group was higher than before and
higher than in Zurich. It was also higher than in people contacted
within the first week of the fire and the group from the general
population interviewed one month later. The pattern of symp-
toms (respiratory, followed by gastrointestinal symptoms (such
as nausea and diarrhoca) and irritated eyes and skin manifestations)
was very similar in the different population groups, with the excep-
tion of headache. The psychological strain on the population was
considerable. Fear and distrust of official statements prevailed. This
might have led to an increase in symptoms, either felt or reported.

Conclusion

Two basic issues are involved. The first is the importance of
familiarity with the potential health hazards in one’s surround-
ings and the reduction of these hazards whenever possible. Before
the Schweizerhalle incident, the issuc of disclosing storage and
production processes and the substances stored and produced was
discussed only in general terms. After the fire, however, the atti-
tudes of the government, public and industry changed completely.
As a result of the Schweizerhalle fire, an agency for the control of
chemical safety was established in Basle. Its task is to register all
stored products according to the risks involved and to control the
implementation of safety regulations. Further, a new ordinance
dealing with countrywide accidents and hazards was imple-
mented, forcing industry to disclose production and storage data
on hazardous substances and to detail emergency plans.
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The second issue highlighted by the incident is the need to
prepare epidemiological expertise and analysis for use once an
event occurs.

The Seveso Accident?

Background

A chemical incident occurred on 10 July 1976 near the industrial
town of Seveso, northern [taly, in a small chemical plant,.shortly
after closing down for the weekend. It was concluded that a run-
away reaction in a vessel for the synthesis of trichlorophenol
caused an uncontrolled surge of the temperature and pressure.
The satety valve of the reactor ruptured and a fluid mixture of
chemicals burst into the air causing contamination of the sur-
rounding populated area.

Early and unequivocal signs of contamination appeared in
vegetation, in domesticated and wild animals and in people. In
particular, skin changes were noticed in children living close to
the plant. When, on the tenth day, 2,3,7,8-tctrachlorodibenzo-p-
dioxin (TCDD) was publicly recognized as the main component
of the toxic cloud, fear arose for the health of human beings.

Apart from the health effects, the incident was an obvious
social and economic disaster, and people living in the incident
area suffered from anxiety, insecurity, mental stress and isolation
for months, if not years. Those in the most contaminated area
had to leave their homes. More than 50 handicraft and industrial
firms were forced to evacuate, abandoning buildings, goods, ma-
chinery and products. Many of the buildings were razed.

Investigations and results

In this emergency, health-related post-disaster activities had three
main tasks:

* delining the exposure, identifying its nature, characteristics
and extent and identifying the number of people involved;

* carrying out preventive measures and managing the identi-
fied risks; and

* establishing short- and long-term health surveillance pro-
grammes.

* This section is based on the work of Bertazzi & di Domenico (8), Bertazzi
et al. (9,10), Mocarelli et al. (11), Pesatori (12} and Pocchiari et al. (13).
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An extensive programme monitored different environmental
systems and media (soil, vegetation, water, animals, etc.); this
allowed the determination of the level of exposure and the ex-
tent of contamination, and the behaviour and fate of the TCDD
released into the environment. Environmental analyses in the
area provided the basis for delineating zones with different levels
of contamination. At various parts of zone A, the most heavily
contaminated, the average soil levels of TCDD ranged between
16 mg/m?and 580 mg/m?. Using the official residence registers at
the vital statistics offices of the towns within the incident area,
subjects were assigned to one of the three exposure zones (A, with
some 700 subjects; B, more than 5000; or R, with over 30 000) or
to a surrounding non-contaminated territory {around 220 000
subjects). In addition, information about exposure was derived
from signs and symptoms, such as skin burns and eye irritation,
that atfected pcople after the incident. Thousands of blood sam-
ples were collected. Each sample was stored and later used for
measuring serum TCDD levels and for blood chemistry testing.

The regional government set up a special office for Seveso to
manage all post-disaster programmes, including the rehabilita-
tion of the area. One of the office’s four branches was concerned
with epidemiological and health activities.

The complex crisis affected the ability to plan and conduct
valid epidemiological investigations. This complicated the task of
evaluating the early and mid-term effects following the incident.
Several different teams were called on the scene, and coopera-
tion among them and coordination of activities were often
difficult.

The most relevant finding of the assessment conducted at an
early stage was the identification of nearly 200 cases of chloracne
after the screening of thousands of children. Investigations on
congenital malformation and cytogenetic findings failed to dem-
onstrate any obvious effect related to TCDD exposure. Liver en-
zymes showed a temporary increase in children living in the most
polluted area. Major problems in interpreting the results of these
studies arose from, for example, the often insufficient size of the
samples, the lack of proper control groups, the scarcity and/or
uncertain validity of existing records, and the incomplete stand-
ardization of ascertainment and measurement methods and
procedures.,
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Investigations of long-term effects (mortality and cancer inci-
dence) were designed later. Experience in conducting occupa-
tional follow-up studies notably facilitated their planning and
conduct. The study population comprised all subjects ever resid-
ing in one of the 11 relevant towns (4 with TCDD contamination
and 7 serving as controls) at the time of the incident and through-
out the following 8 years, to take account of the persisting envi-
ronmental contamination. It also included the people who left
the area after the incident and the newborn. The tracing of study
participants and ascertainment of their vital status had a success
rate of more than 99%. Causes of death were ascertained through
the municipal vital statistics offices throughout Italy. For cancer
incidence, the study relied on the hospital admission registration
system of the Lombardy region, where the study area is located
(the emigration rate outside the region is 0.6% per year). For a
ten-year study, the number of individual medical files identified
was 41 801, of which 41 778 were successfully reviewed. An ad
hoc investigation estimated the proportion of true cases not de-
tectable because of erroneous records; for malignancies this pro-
portion ranged from 2.6% to 6.8%.

The ten-year mortality study revealed an increased occurrence
of cardiovascular diseases that might be related to stressors caused
by the disaster. The cancer incidence study revealed an increased
risk of hepatobiliary cancer in subjects living in zone B, espe-
cially in those living in the area for more than five years. In the
same area, men exhibited an increase in leukaemia, and women
experienced an increased incidence of multiple myeloma and
myeloid leukaemia. Subjects living in zone R, the most popu-
lated though least polluted area, had an elevated incidence of
soft-tissue sarcomas. A possibly reduced incidence of hormone-
dependent tumours, such as breast and endometrial cancer, was
suggested in the most polluted areas (zones A and B). All these
findings are consistent with the previous knowledge of the ef-
fects of TCDD on animals and human beings.

Discussion and conclusion

The follow-up of mortality and cancer incidence was planned to
continue for at least 20 years after the incident. Knowledge of the
mode of action of TCDD, including at the molecular level, has
advanced significantly over the past few years. Case-control studies
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are investigating the possible role for some recently identified
markers of susceptibility to TCDD in selected samples of the popu-
lation (people with chloracne, TCDD-associated cancer, etc.). These
late studies have been made possible by the close collaboration of
scientists from different {ields and public health researchers. The
experience gained underlined the need for the early involvement
of epidemiologists in planning, intervention and research.

The Shetland Oil Spill®

Background

On 5 January 1993, the tanker Braer ran aground on the south-
western coast of Shetland, United Kingdom. Over the following
6 days, it leaked 85 000 tonnes of crude oil, the maximum dis-
charge occurring as the ship broke up on 11 January. Concerns
were expressed about the immediate and long-term health ef-
fects on the exposed population, and the statements of certain
individuals and organizations exacerbated public anxiety. There
were anecdotal reports of acute toxic symptoms, mainly of a short-
lived, exposure-related nature. The volatility of the oil and the
extreme weather conditions resulted in its being blown over land,
exposing soil, crops, buildings, animals and human beings to hy-
drocarbons as vapour, droplets and oil/water emulsions. Disper-
sants were sprayed from the air, falling over land as well as sea.
Some of the constituents of the oil were known to have poten-
tially carcinogenic effects. .

Epidemiological investigations of major oil spills have been
infrequent, have focused mainly on workers involved in clean-
up operations rather than residentially exposed people, and have
been performed at later stages in the incidents. Similarly, studies
on hydrocarbon hazards have concentrated on occupational rather
than residential exposure and have emphasized chronic rather
than acute symptoms. A study was designed to determine the
human health cffects of the oil spill on the Shetland population.
It did not offer a health check, which is a clinical matter between
a person and his or her general medical or occupational health
practitioner. The Shetland Health Board’s Research Ethics Com-
mittee approved the study. It began within a week of the start of
the incident.

> This section is based on the work of Campbell (14}, Campbell et al. (15,16)
and Foster et al. (17).
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Investigation
The method utilized was a cohort study with comparison against
controls, with exposure status being assigned on the basis of resi-
dence. The exposed group was defined as the people permanently
resident within a 4.8-km radius of the wreck and present in that
area at any time after the incident, a decision based on the geo-
graphical area most affected and a practical study size. An unaf-
fected location, 96 km north of the incident, was used as a con-
trol area. A statistical power calculation was performed to deter-
mine the numbers of exposed and control participants required.
Controls, matched for sex and age distribution, were randomly
selected and those who confirmed no contact with the study area
from the onset of the incident were invited to participate.
Information was collected using a personally administered
structured questionnaire. It covered personal details, past medi-
cal history, current drug treatment, perception of health, and the
presence or absence and date of onset of specific symptoms oc-
curring both during the two weeks preceding the wreck and dur-
ing the time between the wreck and the interview. No defini-
tions of symptoms were given or clinical examinations performed.
Participants were asked to state whether their activities since the
incident had principally taken place inside or outside a building
as a proxy for exposure dose. Owing to the non-uniform geo-
graphical distribution of participants, it was not possible to allo-
cate degrees of exposure based on their place of residence. A tel-
ephone survey of non-participants within the exposed popula-
tion was performed utilizing a one-in-four systematic sample with
substitution. Resource constraints precluded any follow-up of
control non-participants. Height and weight were measured and
respiratory function estimated by peak expiratory flow. Urine
analyses were performed and laboratory testing carried out for
hydrocarbon toxicological markers. Haematological estimations
were determined, biochemical tests were performed for liver and
renal function, and toxicological tests were made for hydrocar-
bons. All results were reported to the participants’ general medi-
cal practitioners, from whom they were available to participants.
In June 1993, the participants were invited to take part in
further studies. The original questionnaire was extended, encom-
passing the participants’ perception of their health since the inci-
dent, changes in reported health and the attributed reasons, and
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long-term symptoms potentially associated with exposure to oil
and hydrocarbons. A systematic sample of non-participating e¢x-
posed people was surveyed by telephone to ascertain their re-
ported health experiences. To study psychological effects, partici-
pants aged 16 years or over self-completed a version of the gen-
eral health questionnaire with 28 questions. Repeat measure-
ments of biological markers were performed.

The long-term follow-up of the exposed cohort continues by
means of the “flagging” of national cancer and mortality registers.

Results
The principal health effects arose on the first and second days of
the incident and included headache, throat irritation and itchy
eyes. No significant differences between the exposed and controls
were found for any of the biological markers. Toxicological stud-
ies did not demonstrate any exposures known to affect human
health. In the follow-up phase, the physical symptoms identified
after the event had passed. Significantly more exposed individu-
als considered their health to have deteriorated since the inci-
dent, although less than half attributed this to the event. No dif-
ferences in biological markers were found. The exposed people
showed more anxiety and somatic symptoms than the controls.
The results of the two phases of the study were reported to
the sponsoring body, presented to the exposed population at public
meetings and published in peer-reviewed journals. The opinions
of members of the public on the activity were sought.

Conclusions

1. In Scotland, epidemiologists work in support of the public
health managers of an incident. In this case, a team from the
Environmental Health (Scotland) Unit (now the Scottish Cen-
tre for Infection and Environmental Health) performed the
study on behalf of the Director of Public Health, Shetland
Health Board.

2. The people of Shetland were consulted about their views on
carrying out such a study and its possible methods. The re-
sults of such studies must be communicated in an acceptable
manner to those potentially exposed. Lessons were learned
from the Shetland study.
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3. Speed is of the essence but should not be secured at the ex-
pense of scientific rigour; this study began within six days of
the start of the incident.

4. Such studies are cooperative activities involving several disci-
plines at not only the local but also the national and possibly
the international level. Many people will come forward with
their own proposals for studies after an incident.

5. Incidents such as the grounding of the tanker are rare and
therefore unique training experiences; four trainee epidemi-
ologists participated in the work.

6. Negative findings are as valuable as positive ones.

7. Groups with occupational exposure during an incident should
be studied, as well as those with residential exposure.

Toxic Oil Syndrome in Spain*

Background '

The first evidence of this incident (early May 1981) came {rom a
number of children admitted to hospital with an unusual asso-
ciation of fever, pleuropneumonia, rash, myalgia and eosinophilia.
Within a few weeks, some 20 000 people were affected in Madrid
and in the north-western provinces of Spain; more than 300 died
(18). This episode is unique for at least two reasons: the novelty
and the etiology of the disease.

First, medical nosology had no previous record of toxic oil
syndrome. Although currently interpreted as a non-necrotizing
vasculitis atfecting several organs, its pathogenesis, long-term
sequelae and possible late complications are not yet understood.

Second, although a causal association has been established
with a definite source of an exogenous agent, the agent itself
(most likely a chemical) remains unknown. The source was
allegedly edible olive oil contained in typically shaped, unlabelled,
five-litre plastic bottles, sold by travelling salespeople in April
and May of 1981. In fact, a sizeable proportion of this oil (hereafter

* This section is based on the work of WHOQ (18), Abaitua Borda et al. (19)
and Kilbourne et al. (20).
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called illegal oil) was rapeseed oil, imported for industrial use
after denaturation with aniline (as required by Spanish law). It
had later been illegally processed to look like olive oil, although
substantial amounts of aniline derivatives were subsequently
detected by chemical analysis. Assembling the evidence for a
causal role of an agent so unusually defined took several years;
dissent finally vanished as late as 1987.

Throughout May 1981, etiological clues were desperately
needed to stop the spread of the disease. The distribution of hos-
pital admissions was inconsistent with an infectious origin: no
cases in children aged less than 6 months; no aggregation in hos-
pitals, schools, barracks and underprivileged groups such as Gyp-
sies; and resistance to treatment with antibiotics. Alert paediatri-
cians first conceived the hypothesis of food poisoning. Over several
weeks they had persisted in questioning the relatives of sick chil-
dren about dietary habits: the use of illegal oil turned out to be
common among children with the new syndrome and much less
so in those hospitalized for other reasons. In the uncertainty pre-
vailing at the time, these investigations — which some epidemi-
ologists might consider crude — were carried out with a zeal and
commitment reminiscent of John Snow’s search for clues to pre-
vent the spread of cholera in London in the late summer of 1854.

An announcement by the Spanish Government on the role of
the illegal oil on 10 June was followed by an official offer to ex-
change any suspect oil for guaranteed olive oil. This led to the
creation of a bank of returned oils, sufficiently well organized to
allow for the later identification of a number of containers of
definitely case-related oils.

Case numbers started to subside in the second half of June,
probably owing to both the Government’s announcement and a
reduced availability of illegal oils in Spain.

Investigations

Achieving more satisfactory proof of causality relied exclusively
on observational epidemiological studies. No experimental model
for toxic oil syndrome has been identified, and all attempts to
reproduce it in animals treated with case-related oils have failed.
Similarly, little information has yet been obtained from labora-
tory attempts to mimic the procedures that had plausibly been
used for illegally refining denatured oils.
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An ad hoc national plan for toxic oil syndrome was soon set
up. Since 1986, research has been coordinated by the Spanish
Social Security Health Research Fund (FIS), in collaboration with
the Centers for Disease Control and Prevention in the United
States and under the supervision of a joint Committee of FIS and
the WHO Regional Office for Europe. Epidemiological investiga-
tions passed through a number of phases.

Within several weeks of the first suspicion, case-control stud-
ies independently carried out in different areas consistently con-
firmed the strong association between toxic oil syndrome and
the consumption of illegal oil. Their design allowed for
unquantifiable misclassification of exposure, recall bias and lim-
ited comparability between cases and controls. None provided
evidence of a dose-response relationship. With a couple of ex-
ceptions, these early studies were not reported in peer-reviewed
literature, which limited the interest of the international scien-
tific community in the episode.

For some years, epidemiological findings were descriptive:
reports of individual or small series of cases occurring after the
spring of 1981 and/or in remote geographical areas. In the end, it
was [ound that everyone whose symptoms corresponded to the
clinical definition of toxic oil syndrome had consumed illegal oil
produced or bought in the spring of 1981. In a couple of con-
vents, it was found that only residents dressing their salads with
the illegal oil were affected. At a time when the causes of the
disease were chaotically debated in the mass media, identifying,
evaluating and unravelling apparent clusters of cases was not easy.
The exclusion of alternative hypotheses (such as non-correspondence
to the clinical definition of toxic oil syndrome or non-consumption
of illegal oil) required even more skill, scientific rigour and time
than usually demanded by the demonstration of any negative.
Eventually, more formal proof of causality came from compari-
sons —in a case-control model - of the concentration of aniline-
derived impurities among case-related and non-case-related oils
stored in the oil bank “toxico-epidemiologic studies” (20).

The etiological and clinical uncertainties surrounding toxic
oil syndrome induced alertness for the occurrence of clusters of
clinically comparable conditions. “Eosinophilia-myalgia syn-
drome” appeared several years later, associated with the consump-
tion of one particular brand of tryptophan marketed in the United
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States. This syndrome does not show all the features of toxic oil
syndrome, although its causes are as complex to understand. The
point to emphasize, however, is that recent programmes devel-
oped jointly by the teams investigating both syndromes proved
to be fruitful (21).

The clinical course of toxic oil syndrome deserved as much
attention as its etiology. Exhaustive rosters of affected people were
needed in order both to launch adequate prospective clinical stud-
ies and to ensure that attention was provided to everyone who
needed it. In 1981/1982, the national plan for toxic oil syndrome
compiled an official census of affected people to be used in pro-
grammes of financial compensation, social services and special
medical care. At the time, diagnostic criteria for the syndrome
may have not been consistently applied, so that the specificity of
this census may have been lower than 100%. When FIS scien-
tists started to design studies using this database, they were able
to correct a sizeable number of errors and omissions by review-
ing other medical files. The current (from 1985 onwards) version
of the census includes over 20 000 people for whom a reason-
ably specific case definition of toxic oil syndrome has been veri-
fied. The sensitivity of the census is deemed satistactory, on the
basis of comparisons with lists of people requesting financial com-
pensation and special medical care.

Results
Since 1981, clinicians have consistently reported severe chromnic
changes in toxic oil syndrome patients, such as peripheral neu-
ropathy, hepatopathy, scleroderma and pulmonary hypertension.
In spite of the availability of an adequate database of affected
people, clinical and epidemiological investigations have been
hampered by drop-outs, inconsistencies in physicians’ attitudes
towards reporting, recall bias and the inadequacy of control groups
used as standards in the estimates of prevalent conditions. Cur-
rently the tendency is towards a retrospective estimate of the
bias introduced by these limitations and towards a retrospective
standardization in the collection of clinical data. It is assumed
that follow-up will allow the identification of excess cases of can-
cer, if any.

Confidence in the completeness of the census allowed an as-
sessment of late mortality. In Spain, mortality databases do not
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identify people by name. Thus, the deaths of people included in
the census were retrospectively identified through direct contact
with the families concerned and subsequently verified by other
procedures. As yet, there is no evidence of any excess of late
deaths, and findings (19) suggest decreased mortality among sur-
vivors of toxic oil syndrome as late as 1988; if confirmed, its in-
terpretation will be complex but interesting. Analysing mortality
by causes requires ad hoc studies on possible bias in death certifi-
cates.

Conclusions
This episode illustrates at least four issues in epidemiological stud-
ies following a chemical incident.

First, the biological plausibility of the only sustainable causal
hypothesis was limited, but ad hoc studies centred on it turned
out to be productive. The perception of the importance of appar-
ently marginal, anecdotal episodes (such as the distribution of
cases in convents) was crucial to the confirmation of causality.
Equally crucial was, later, epidemiologists’ ability to design the
“toxico-epidemiologic studies” (20) that formally provided proof
of causality.

Second, in spite of the failure of experimental animal studies,
the cooperation and exchange of ideas between toxicologists,
chemists and epidemiologists has had a major role in the devel-
opment of etiological knowledge. Over the years, the refinement
of chemical analyses in the course of the “toxico-epidemiologic
studies” has led to the retrospective identification of new sub-
stances in case-related oils, some of which may be candidate causes
of toxic oil syndrome and worth being tested for toxicity in proper
experimental systems.

Third, toxic oil syndrome, like other disasters, has probably
modified individual lifestyles and interrelationships within the
community, as suggested by the persisting decreased mortality, if
confirmed. These aspects are as important and as difficult to in-
vestigate as more conventional etiological or clinical parameters.

Fourth, although the original goal of the victims’ associations
was more related to civil rights than to epidemiology, the asso-
ciations are taking part in a new dialogue in epidemiological re-
search. This is most valuable for both the technical and the ethi-
cal aspects of investigations.
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