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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 MAlA FREESE DE CARVALHO, MD, PHD, TEREZA CARLOTA PlRES 
NOVAES, MSC 

This review describes the  authors' experience with 2,ooO 
cases of benzene poisoning reported beiween 1983 and 1995 
in Cubario, an industrial section of SPo Paulo, Brazil. investi- 
gred through die integration of epidermology and clinical 
research. Conflicting eronomic inrerests were reflected in 
disputes about medical criteria for evaluation of poisoned 
workers. a b u t  proper means or conducting workplace 
hygiene evaluations, abour benzene exposure standards. and 
about compensation for chronic bone-marrow damage. 
Ke,v words: benzenism; henlatologic alterations; social medi- 
cine; occupational health. 
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cluster of ca..es of benzene poisoning was iden- 
tified among steel workers of a coke-oven opcr- A ation in the city of' Cubatso, Brazil (near S5a  

Paillo). 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/neuuopenia). In 1985, more than 1300 cases were 
reported in this region. From coke-oven operations in 
Ciih~t50 alone, we diagnosed nearly 2,000 cases be- 
tween 1983 and 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 beazenism in Cubatgo was an 
important event in the community. Intense industrial 
pollution of the air and water in Cubat50 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, rhe 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 indusuial 
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use of benzene in Brazil and its production for export. 
aUthough the bone-marrow toxiciy and carcinogenicity 
of benzene haw been recognized internationally for 
many years, these effects of benzene were riot officialh 
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\iew. U?latms the best means of e s  
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 sumeillance be conducted? What were 
the most practical methods for environmental and bio- 
logical monitoring? Of course, the most coniroversial 
question was: how would workers receive compensation 
and social security measures be implemei~~ed?"'~2 

It was in this context that we studied the effect of ben- 
zene on che hematopoietic system, the reasons for the 
extensive human exposure to benzene in the steel-and- 
iron and the economics of the benzene pro- 
ducrion 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. 

EPIDEMIOLOGIC SURVEILLANCE 
In 1983, the Health Department of SHo Paulo's newly- 
elected state government launched initiatives 10 mon- 
itor the health of industrial workers. The Baixacka 
Santisra region. which includes the town of Cubado'be- 
came an early focus of this effort. .% pilot project was de- 
signed in response to this request. Its initial suareg): was 
based on epidemiologic sun.rillance. The legal instru- 
nitnu available at the time were the National and State 
Sanitary Codes, pro.viding quite limited authority to in- 
tervene in workplace health problems. The Brazilian 
Ministry of Labor legitimated the latter's monopoly in 
public inwwention 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 imemention instruments, supported by 
the health authorin. of the State Health Deparunenr? 
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jar c]&fied workers’ health problems and diseases as 
lncommon events” and therefore an appropriate sub 
:ct for public health surveillance. This allowed work- 
lace inspections to extend beyond ventilation and hy- 
irne evaluations of bathrooms, dining areas, lodgings, 
nd orher physical spaces. Air monitoring data “ere not 
xrensive, but several times documented levels in excess 
#f 1,000 ppm (parts per million) of benzene. Qllditatl~’e 
)bservation also showed visual concamination of the air 
,ith coke-own emissions. 

We then developed an infhmadori system that in- 
.luded: 1) mandatory norificatioij of health prot>lems 
‘or some specific high-risk situations, d i n g  into ac- 
munt the npe of industrial production and known 
sorkplace hazards in C;uh~do; 2j epidemiologic inves 
Ligation of norifred cases; and 3) provision o f  full incd- 
ical assistance LO the affetcted workers. For c ’ w  iclentifi- 
cation, we adopted h e  Same notification instrumcnrs 
used for infectious diseases. M‘e 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 counu, or the results of bone-marrow 
biopsies (Table 1 ) . 

From 1983 no 1995, over 1.000 workers employed in a 
steel-and-iron factory in CubacSo, Sio Paulo, were re- 
lieved of their work hecause of hematologic alterations 
that followed occupational and environmental e x p c ~  
sures to henzene.’.4*6,.7 

A follow-up of 61 typical patients wiith chronic net!- 
uopenia s econdq  to chronic occupational benzene 
exposure from the steel indusq  of Cubatso city was 
performed between 1985 and 1990. All patiens were 
men between 20 and 60 years of age, and 80% were mill- 
wrights (maintenance workers). The mean duration of 
exposure was 65 months. Bone-marrow studies of this 
group showed histologic or cytologic abnormalities in 
98.6%. Granulocyte precursors were reduced in 93.0%; 
erythroblasts were reduced in 24.5%; mepAkaryohlasts 
were reduced in 43.8%, with atypia in 87.7% of the 
formed cells. One patient had global hyperplasia. By the 
lift-table method, the probability of normalizing the pe- 
ripheral blood count was 52% years afirr removal of 
the environmental and occupational exposure. The 
nomalization of rhr blood count appeared to be phys- 
ioiogic compensation rather than a return to normal 
hematopoietic function, since bonernarrow srudies of 
workers with normalized blood counts still showed ren- 

granulocytopenia. 

HEMATOLOGIC SCREENING AND WORKER 
PARTICIPATION 
At the beginning of case identification, the diagnostic 
cfion was concennmled on obsemed alterations in the 

TABLE 1 Protocol for Evaluation 01 Benzene Ef fec ts  In Workefs 
wlth Benzene Exposure and Abnormal Blood Counts 

Prior hematologic tests were evoluoted to estimate the date 
of probable onset of the obnormol peripheral blood count. 

When no prior blood count was ovalloble for comparison. 0 
cllriicol history and examination were done to evaluate the 
presence of other conditions that could Cause the Idenh- 
fied hemotologic abnormollty. If no such condition was 
identified. the abnormal blood count was attributed to 
benzene exposure. 

When (un)other disease(s) was (were) tdenffied. o biopsy 
wos conducted to evaluate the presence of bone marrow 
odasia. 

pripheral blood cells. Although qualititative altera- 
tions of platelets and erythrocytes were frequently oh- 
sened. neutropenia was the most common finding and 
quickly hecame recognized as a hallmark of benzene 
poisuning. This suggested that screening based on pe- 
ripheral blood counh might be possible. Screening also 
occurred outside h e  workplace under the jurisdicuon 
of labor union medical services, uith acGve participa- 
 ion of the workers in the process. This was necessa? 
because it was unfortunately common for plant occupa- 
tional physicians to conceal from the workers the dam- 
age caiised by benzene exposures. 

The rccc.~iilion of quantitative alterations in the 
blood counr as a manifestation of benzene poisoning in 
1983 was 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 c’ases in workers who had es- 
periencetl constant exposures to benzene were recog- 
njzrd by the Brazi1i.m compensation (social srrurity) 
system only in exceptional cases. Emphashing 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. Benzeneexposed workers who had hematologic 
alterations compatible with benzene intoxication, and 
who did not haw other pathologic conditions that 
could explain them, were considered as “cornpenuted 
hypersensitives” and were prohibited fiom fui-dirr cx- 
posure.8.9 This policy was reinforced by the findings of 
rhe follow-up study (described above) demonstradng 
persistent bone-marrow abnormalities in workers whose 
peripheral blood counts had returned to normal. 

Econoniic interesrs also influenced the debare re- 
garding the significance of the observed hematologic 
abnormalities. Even confronted with irrefutable e& 
dence of benzene hematotoxicity and of serious enti- 
ronmental pollution within the workplace,16 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. 

. 



Dec-30-99 08:25am From- T-342 P.04/08 F-573 

__ -- _-- __ ----- 

INT J OCCUP LFJVIRON HEALTI 
22 . Augustoet ai 



Dec-30-99 08:27am From- T-342 P.05/08 F-573 

Mainrer,ur~ce woi~e i  whiou: raspriotor ond prorxtive clothing 

Ai: ponunon m,grares rnrn surrounding communiP# 

______-- -__c 

VOL 5/NO 1, JAN-MAR lW9 Benzenism in Brazil 23 



Dec-30-99 08:29am From- 
T-342 P 06/08 F-573 

the company physicians organized a meeting at the 
Paul0 Medical Association, in 1993, in order to 06 
again question the criteria for diagnosis of benzene p& 
soning endorsed by the Brazilian public organs of 
Security, Labor, and Health. Our position is that 
only should hematologic evaluation be maintained I 
central to identifying henzenum cases, but also ail 

uauon of neuropsychological, immunologic, and cyto. 
genetic damages should be included. Up to now the h. 
ter disorders have been largely ignored. 

These managers and physicians suggested that, in fact, 
the reductions of leukocytes and neutrophils were re- 
lared, in the majority of cases, either to an ethnic (black 
race) factor or 10 an endemic disease (schistosomiasis, 
HW infection, or tuberculosis) in the workers' home re- 
gions.11 This creared mnrc confusion than clarification. 
but did allow factory management and the social secu- 
riy system to deny the existence of a public health p rob  
lem in work environments where benzene was present. 

Follow-up studies refuted the hypothesis that neu- 
tropenia was a sensitive early sign of benzene poisoning. 
Because of the large hnctional reserve present in the 
bone marrow, biopsies or aspirates frequently showed 
that central damage w s  present even when peripheral 
blood alterations in benzeneexposed subjects were 
minimal. Typically, the bone marrow exhibited de- 
creases in leukocytes, erythrocytes, arid platelet stem 
cells, but the effects on the l e ~ k o c p c ~ ,  particularly gran- 
ulocytes, were the most severe.1.Y .kccording 10 Snyder et 
al.,*z the physiologc process compensating for loss of 
central cells is more efiicient for eryhrocyte 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 
neutrophi1s.l.' Neutropenia in benzeneexposed work- 
ers also became identified bv the Program of Epidemi- 
ologic Surveillance of h e  .%IO Paul0 State Health De- 
partment as a Sentinel Health Event (sentry event). This 
allowed identification of high-risk exposure situations, 
in particular steel-making operations, and identified po- 
tentially exposed co-workers for purposes of screening, 
using serial blood counts. However, t h i s  policy had 
some unfortunate results: occupational medicine physi- 
cians and other experts focused exclusively on evalua- 
tion of the peripheral blood, often disregarding effects 
of benzene on the cenml nervous system, 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, co 
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 S5o 
Roque-SP, in 1987, organized by the Brazilian Society o f  
Hcmatotherapv and Hematology and the Brazilian Col- 
lege of Hematology. Various hematologists and public 
health physicians who attended the event and who had 
a strong ethical and social commitment presented ar- 
guments contradicting rhose physicians and company 
managers seeking to reduce the standards for heniatv 
logic normality. This seminar poinccd out a series of 
options LO collectively solve the problem. Discontented, 

EXPOSURE STANDARDS 
Brazilian legislation, until 1994, allowed exposure to 8 
ppm (parts per million) of benzene for 48 hours each 
week.13 This legislation permitted exposure, based on 
environmental evaluation's14 at excessive levels. Since 
1976, orhcr countries have reconimendcd reducing the 
benzrire-cxposurc limit to 1 ppm,l5 or even IO a b  
gether eliminate allowable exposure. with the justific;t. 
uon that benzene is a human carcinogen.16 

Brazilian legislation with respecr to occupational 
medicine is still supported by the so-called "risk-factor 
model," whose main characteristic is a monocausal a p  
proach. and, in the case of chemical risks, relies on en- 
Vironmental and biological exposure limits, mostly de- 
rived from experimental toxicologic studies. *: This daes 
not take into account the superposition of various en\+ 
ronmental factors in the work process, work organiza- 
tion aspects, biological variability and individual sus 
ceptibiliy, or other preexisting illness factors. 

This model ofenvironmenrd evaluation I>ased on  is@ 
lated quantitative measures was first challenged in 1982 
by technicians from Fundacentro (Center of Research 
of the Brazilian Labor Ministry) with regard LO the ques- 
tion of benzene, and in 1993 a new regulatory directive 
for health surveillance was issued in SBo Paulo. which in 
its  turn inspired other regulatory instruments at the fed- 
eral 1 e ~ e l . i ~ ~ ~  

CONCLUSION 
This rare example of worker empowerment in latin 
America demonstrates the power of education in [he 
political arena. More than 3,001, benzene poisoning vic- 
tims asserted their right to occupational health and 
safety. By so doing, they forever changed the social cli- 
mare of work in Brazil. 
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