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Socio-medical Intervention in Occupational

Health: Benzenism In Brazil

LIA GIRALDO DA SILVA AUGUSTO, MD, PHD, ANNICK FONTBONNE, MD, PHD,
EDUAROO MAIA FREESE DE CARVALHO, MD, PHD, TEREZA CARLOTA PIRES

NOVAES, MSC

This review describes the authors' experience with 2,000
cases of benzene poisoning reported between 1983and 1995
in Cubatdo, an industrial section of S0 Paulo, Brazil. invest-
gated through die integration of epidemiology and clinical
research. Conflicting economic interests were reflected in
disputes about medical criteria for evaluation of poisoned
workers. about proper means of conducting workplace
hygiene evaluations, about benzene exposure standards. and
about compensation for chronic bone-marrow damage.
Key words: benzenism; hematologic alterations; social medi-
cine; occupational health.
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cluster of cases ofbenzene poisoning was iden-
Atified among steel workers of a coke-oven oper-

ation in the city of Cubatio, Brazil (near Sao
Paulo), in 1983. The initial cases had only nonspecific
symptoms Of fatigue and headache, but were found
upon hematologic referral to have peripheral blood ab-
normalities (macrocytosis,giant platelets, and leukope-
nia/neutropenia). In 1985, more than 800 cases were
reported in this region. From coke-oven operations in
Cubatio alone, we diagnosed nearly 2,000 cases be-
tween 1983and 1995. The exposed workers were prin-
cipally coke-oven operators and maintenance people,
but the levels of benzene contamination were so high
that some administrative personnel were probably ex-
posed.

The identification of benzenism in Cubatio was an
important event in the community. Intense industrial
pollution of the air and water in Cubatiao had been pre-
viously studied, but the associated health problems had
not been considered in depth. As the workers became
aware Of the extent of the poisoning, the epidemic be-
came a national issue, and implementation of preven-
rive measures began to occur. The national importance
of the outbreak was underlined by the wide indusirial
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use of benzene in Brazil and its production for export.
Although the bone-marrow toxicity and carcinogenicity
of benzene haw been recognized internationally for
many years, these effects of benzene were not officially
recognized in Brazil until 1994.

Recognition of the outbreak of benzenism also pro-
duced discussion and some conflicts about the way to
conuol the problem from an epidemiologic and envi-
ronmental point of view. What was the best means of es-
tablishing a causal relationship between work in the
steel industry and the occurrence of bone-marrow de-
pression? How should epidemiologic surveillance and
individual health surveillance be conducted? What were
the most practical methods for environmental and bio-
logical monitoring? Of course, the most conwoversial
question was: how would workers receive compensation
and social security measures be implemented?>™*2

Tt was in this context that we studied the effect of ben-
zene on the hematopoietic system, the reasons for the
extensive human exposure to benzene in the steel-and-
iron indusury,!® and the economics of the benzene pro-
ducton process in Brazil.? The participants in rhese
studies included scientists from different fields: physi-
cians specialized in public health and occupational
medicine, clinical hematologists, analytical chemists,
biochemists, producrion engineers, and safety special-
ists.

EPIDEMIOLOGICSURVEILLANCE

In 1983, the Health Department of Sao Paulo’s newly-
elected state government launched initiatives 1 mon-
itor the health of indusuial workers. The Baixada
Santista region. which includes the town ofCubatao® be-
came an early focus of this effort. % pilot project was de-
signed in response to this request. 1ts initial strategy was
based on epidemiologic surveillance. The legal instru-
ments available at the time were the National and State
Sanitary Codes, providing quite limited authority to in-
tervene in workplace health problems. The Brazilian
Ministry of Labor legitimated the latter's monopoly in
public intervention and regulation of labor-manage-
ment relations—which included risks and health dam-
ages as well as preventive measures. For this reason, we
had to define intervention instruments, supported by
the health authority of the State Health Deparunent,®
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)at classified workers’ health problems and diseases as
ancommon events”and therefore an appropriate sub-
.ct for public health surveillance. This allowed work-
lace inspections to extend beyond ventilation and hy-
iene evaluations of bathrooms, dining areas, lodgings,
nd other physical spaces. Air monitoring data were not
xrensive, but several times documented levelsin excess
{1,000 ppm (parts per million) of benzene. Qualitative
bservation also showed visual contamination of the air
vith coke-oven emissions.

We then developed an information system that in-
Juded: 1) mandatory notification of health problems
‘or some specific high-risk situations, taking into ac-
-ount the type of industrial production and known
~orkplace hazards in Cubatao; 2) epidemiologic inves-
Ligation of notified cases; and 3) provision of full med-
ical assistance o the atfected workers. For case identifi-
cation, we adopted the same notification instrumensts
used for infectious diseases. We also employed a hospi-
talization bulletin as a secondary source of information,
and created a new bulletin for registering the workers’
general morbidity, obtained from the companies’ am-
bulatory medical services. The case definition employed
was based on clinical reports of hematologic illness,
screening blood counts, or the results of bone-marrow
biopsies (Table 1).

From 19830 1995, over 1,000 workers employed in a
steel-and-iron factory in Cubatao, Sao Paulo, were re-
lieved of their work because of hematologic alterations
that followed occupational and environmental expo-
sures tO benzene. }46.7

A follow-up of 61 typical patients with chronic neu-
wropenia secondary to chronic occupational benzene
exposure from the steel industry of Cubatao city was
performed between 1985 and 1990. All patients were
men between 20 and 60 years of age, and 80% were mill-
wrights (maintenance workers). The mean duration of
exposure wes 65 months. Bone-marrow studies of this
group showed histologic or cytologic abnormalities in
98.6%. Granulocyte precursors were reduced in 93.0%;
erythroblastswere reduced in 24.5%; megakaryoblasts
were reduced in 43.8%, with atypia in 87.7% of the
formed cells. One patient had global hyperplasia. By the
life-table method, the probability of normalizing the pe-
ripheral blood count was 52% five years after removal oF
the environmental and occupational exposure. The
hormalization of the blood count appeared to be phys-
lologic compensation rather than a return to normal
hematopoietic function, since borie-marrow siudies of
workers with normalized blood counts still showed cen-
wal granulocytopenia.

L—IEMATQLOGIC SCREENING AND WORKER
ARTICIPATION

At the beginning of case identification, the diagnostic
¢fort was concentrated 0N observed alterations in the
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TABLE 1 Protocal for Evaluation 01 Benzene Efects in Workers
with Benzene exposure and Abnormat Blood Counts

Prior hematologic tests were evaluated t0 estimate the date
of probable onset of the abnormal peripheralblood count.

When no prior blood count was ovalloble for comparison.a
clinical history and examination were done to evaluate the
presence of other conditionsthat could cause the identi-
fied hemotologicabnormality. if no such condition was
identified. the apnommal blood count was attributed fo
benzene exposure.

When (an)other disease(s) was (were) identified. o biopsy
was conducted to evaluatethe presence of bone marrow
aplasia.

peripheral blood cells. Although qualititative altera-
tias of platelets and erythrocytes were frequently ob-
served, neutropenia was the most common finding and
quickly became recognized as a hallmark of benzene
poisoning. This suggested that screening based on pe-
ripheral blood couns might be possible. Screening also
occurred outside the workplace under the jurisdicuon
of labor union medical services, with active participa-
tion of the workers in the process. This was necessary
because itwas unfortunately common for plant occupa-
tional physicians to conceal from the workers the dam-
age caused by benzene exposures.

The recognition of quantitative alterauons in the
blood count asa manifestation of benzene poisoning in
1983was a major step. Up to that time, the only condi-
tion recognized as related to benzene exposure was
aplastic anemia, which was generally fatal. Even though
the leukemogenic effect of benzene is well recognized
in the literature, leukemia cases in workerswho had ex-
periencetl constant exposures to benzene were recog-
nized by the Brazilian compensation (social security)
system only in exceptional cases. Emphasizing the peri-
pheral blood alterations made it possible, for the first
time, for affected workers to obtain compensation
through the social security system for hematologic in-
juries. Benzene-exposed workers who had hematologic
alterations compatible with benzene intoxication, and
who did not have other pathologic conditions that
could explain them,were considered as “compensated
hypersensitives” and were prohibited from further ex-
posure.®¥ This policy was reinforced by the findings of
the follow-up study (described above) demonstrating
persistent bone-marrow abnormalities in workers whose
peripheral blood counts had returned to normal .

Economic interests also influenced the debate re-
garding the significance of the observed hematologic
abnormalities. Even confronted with irrefutable evi-
dence of benzene hematotoxicity and of serious envi-
ronmental pollution within the workplace,!® some oc-
cupational physicians and plant managers insisted that
there was a simply a problem of incorrectly applying
”normal hematologic values* to the plant workforces.
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These managers and physicians suggested that, in fact,
the reductions of leukocytes and neutrophils were re-
lated, in the majority of cases, either to an ethnic (black
race) factor or 10 an endemic disease (schistosomiasis,
HIV infection, or tuberculosis) in the workers' home re-
gions.!! This creared more confusion than clarification.
but did allow factory management and the social secu-
rity System to deny the existence of a public health prob-
lem in work environmentswhere benzene was present.

Follow-up studies refuted the hypothesis that neu-
tropenia was a sensitive early sign of benzene poisoning.
Because of the large functional reserve present in the
bone marrow, biopsies or aspirates frequently showed
that central damage was present even when peripheral
blood alterations in benzene-exposed subjects were
minimal. Typically, the bone marrow exhibited de-
creases in leukocytes, erythrocytes, and platelet stem
cells, but the effects on the leukocytes, particularly gran-
ulocytes, were the most severe.!® According to Snyderet
al.,'2 the physiologic process compensating for loss of
central cells is more efficient for erythrocyte and
platelet precursors than for granulocytic line. The find-
ings of these follow-up studies underlined the impor-
tance of recognizing the earliest alterations in the pe-
ripheral blood—even small decreases in the count of
neutrophils.!* Neutropenia in benzene-exposed work-
ers also became identified bv the Program of Epidemi-
ologic Surveillance of the Sao Paulo State Health De-
partment asa Sentinel Health Event (sentry event). This
allowed identification of high-risk exposure situations,
in pardcular steel-making operations,and identified po-
tentially exposed co-workersfor purposes of screening,
using serial blood counts. However, this policy had
some unfortunate results: occupational medicine physi-
cians and other experts focused exclusively on evalua-
tion ofthe peripheral blood, often disregarding effects
of benzene on the central nervoussystem, manifested as
headache, drowsiness, fatigue, and nausea.

EFFECTS ON MEDICAL SERVICES AND
MEDICAL PROVIDERS

One unintended effect of the diagnostic criteria was
the massive number of hematologic examinations, o
rhe extent rhat testing laboratories actually enjoyed in-
creased revenues and profits. There were also frequent
invitations to pathologists to discuss normal hemato-
logic values. A seminar was held in the town of Sao
Roque-SP, in 1987,0rganized by the Brazilian Society of
Hcmatotherapv and Hematology and the Brazilian Col-
lege of Hematology. Various hematologists and public
health physicians who attended the event and who had
a swong ethical and social commitment presented ar-
guments contradicting those physicians and company
managers seeking to reduce the standards for hemato-
logic normality. This seminar pointed out a series of
options Lo collectively solve the problem. Discontented,
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the company physiciansorganized a meeting at the
Paulo Medical Association, in 1993, in order to ong
again question the criteria for diagnosis of benzene pei
soning endorsed by the Brazilian public organs of Socia
Security, Labor, and Health. Our position is that neg
only should hematologic evaluation be maintained g,
central to identifying benzenism cases, but also an evaj.
uauon of neuropsychological, immunologic, and cyto.
genetic damages should be included. Up to now the lay.
ter disorders have been largely ignored.

EXPOSURE STANDARDS

Brazilian legislation, until 1994, allowed exposure to §
ppm (parts per million) of benzene for 48 hours each
week.!3 This legislation permitted exposure, based on
environmental evaluation!4 at excessive levels. Since
1976, other countrieshave recommended reducing the
benzene-exposure limit o 1 ppm,!® or even to alto.
gether eliminate allowable exposure. with the justifica.
tion that benzene is a human carcinogen.!®

Brazilian legislation with respect to occupational §
medicine is still supported by the so-called "risk-factor f
model," whose main characteristic is a monocausal ap- §
proach, and, in the case of chemical risks, relies on en-
vironmental and biological exposure limits, mosty de-
rived from experimental toxicologicstudies.? Thisdaes
not take into account the superposition of various envi-
ronmental factors in the work process, work organiza-
tion aspects, biological variability and individual sus-
cepubility, or other pre-existing illness factors.

This model of environmental evaluation based on iso-
lated quantitative measures was first challenged in 1982
by technicians from Fundacentro (Center of Research
of the Brazilian L.ab>or Ministry) with regard to the ques-
ton ofbenzene, and in 1993a new regulatory directive
for health surveillancewas issued in Sao Paulo. which in
itsturninspired other regulatory instruments at the fed-
eral level.i8-21

CONCLUSION

This rare example of worker empowerment in Latin
America demonstrates the power of education in the
political arena. More than 3,000 benzene poisoning vic-
tims asserted their right to occupational health and
safety. By so doing, they forever changed the social chi-
mate of work in Brazil.
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