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ABSTRACT 

Epidemiology attempts to establish a quantitative causa- 
lity which is essential in preventive medicine strategies for 
occupational cancer. By studying carefully exposure effect 
relationships and populations at risk, subtle causes of oc- 
cupational cancer can be identified. The nature of epidemio- 
logical reasoning and the criticism of this methodology are 
outlined. Using combined epidemiological and industrial hy- 
giene data, a quantitative risk assessment of a lifetime expo- 
sure of workers to-benzene and its association with leukemia 
is presented. In a population of 1,000 workers exposed for 
a working lifetime to 100 ppm benzene vapor, 140 excess deaths 
from leukemia would occur. At a lifetime exposure of 10 ppm, 
it is calculated that 14 excess leukemia deaths would occur. 
Because the current legal standard is 10 ppms for occupational 
exposure, this epidemiological risk assessment indicates 
that an unexpectedly large number of excess leukemia deaths 
will result in a population of workers exposed to 10 ppm. 

INTRODUCTION 

In the prevention of occupational cancer, the function of 

epidemiology is t o  establish and quantitate causality. Through 
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210 LANDRIGAN AND RINSKY 

the exploration and defination of exposure-effect relationships, 

epidemiologists seek to identify the causes of occupational can- 

cers; to determine the populations at greatest risk; and hence 

to provide a scientific basis for regulatory, medical and 

other forms of intervention. 

In this report, we shall first discuss the rules of evi- 

dence which have been developed for assessing causality in 

epidemiologic studies of occupational cancer. Then, we shall 

present a specific example -- that of the association between 
exposure to benzene and subsequent death from leukemia -- to 
illustrate the application of epidemiologic techniques to the 

prevention of occupational malignancy. 

The Nature of Epidemiologic Reasoning 

Physicians and epidemiologists have traditionally ap- 

proached the establishment of causality through a process of 

inductive reasoning (1-3). 

scattered bits of data -- a clinical observation, the results 
of a toxicologic study, or an exposed worker's report of the 

occurrence of symptoms. From those fragmentary data, they 

That is to say, they begin with 

develop a hypothesis, which attempts to explain the development 

of disease by attributing its origin to one or more causes o r  

risk factors. In the simplest situation, a single cause if 

postulated -- a cause which is sufficient by itself to produce 
the disease in an exposed person ( 4 ) .  

the suggestion put forth on the basis of the observation of 

An example might be 
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APPLICATION OF EPIDEMIOLOGY 211 

four cases of angiosarcoma of the liver (ASL) in a small group 

of men employed in a single department of a plastics manufactur- 

ing plant that their common exposure to vinyl chloride monomer 

(VCM) was the cause of their tumors; (5) subsequent epidemiologic 

and toxicologic studies confirmed the validity of that hypothesis. 

In other more complex instances, a hypothesized cause may 

require the concomitant action of other risk factors to produce 

its effect, or it may be unable to exert its effect unless 

certain pre-existing conditions (necessary causes) are met. For 

example, the suggestion in experimental toxicology that certain 

substances, such as the phorbol esters act as tumor promoters 

in animals already predisposed to development of cancer as a 

result of their prior exposure to a tumor inducer, constitutes 

an example of this more complex sort of causal hypothesis (6 ) .  

It is important to realize that the establishment of a caqsal 

hypothesis in medicine, in epidemiology, or for that matter in 

any branch of science is frequently a tenuous process ( 3 ) .  

It depends on imagination, on insight, and the ability to 

reach beyond the data which are immediately at hand. 

indeed, the establishment of a new causal hypothesis may be 

truly revolutionary in nature if it involves a serious break 

with previously held scientific dogma ( 7 ) .  

At times, 

Once a hypothesis has been proposed, then the work of the 

epidemiologist is to test it, to determine whether or not it 

provides an adequate explanation of observed reality. 
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212 LANDRIGAN AND RINSKY 

Criticisms of Epidemiology 

Because epidemiologic studies almost inevitably take place 

after exposure has occurred, and because they evaluate events 

in the murky, imperfectly controlled world of human affairs, 

some critics have argued that epidemiology can never prove 

anything -- that the process of inductive reasoning in epidemio- 
logy is too tenuous to be believable, and that the data are 

too "soft" and too unreliable ever to permit the drawing of 

causal Inferences. 

Particularly ingenious arguments along those lines have been 

developed by apologists for the tobacco Industry in their 

efforts to refute the studies which demonstrate a causal rela- 

tionship between cigarette smoking and lung cancer in man. 

For example: 

"Epidemiology, like astronomy, is largely an observational 

rather than an experimental science and hence the scope for 

planned and controlled intervention by the investigator is 

usually either limited or absent. Precautions that are rou- 

tine in properly conducted experiments are unattainable in 

epidemiology. Inbred strains of the human species are not 

available and strict standardization of environmental condi- 

tions throught the lifespan is inconceivable. Even randomi- 

zation -- which can often be used to mitigate differences 
between experimental and control groups of animals -- is 
seldom possible when investigating the causes of diseases 

in man."(8) 
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APPLICATION OF EPIDEMIOLOGY 213 

Or again: 

"Epidemiology cannot prove cause and effect. All if 

can demonstrate is a relationship. The nature of the rela- 

tionship, causal or otherwise, has to be worked out by 

other methods, usually experimental."(9) 

Ln pursuing their logic further, those critics have argued that 

predisposition, rather than causation accounts for the fact that 

certain members of the population both smoke cigarettes and also 

develop lung cancer. For example: 

"Any observed differences...with respect to health out- 

comes may not, in fact, be the result of smoking, but may 

instead be due to other more basic factors (e.g., those of 

a genetic origin)... In other words, one can reasonably main- 

tain the view that smokers are constitutionally different 

from non-smokers, and that such constitutional factors 

cause such individuals both to smoke to develop lung cancer. 

Under this plausible hypothesis, then, smoking is an outcome 

variable just like lung cancer, being a manifestation of 

the constitutional factors possessed by people who choose to 

smoke."( 10) 

The nature of those proposed constitutional factors has been further 

elucidated: 

"Smokers are biologically older than non-smokers". . . [ Smo- 
king is associated with] "other correlated habits, such as 
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214 LANDRIGAN AND RINSKY 

drinking, living it up, staying out late, wenching, etc., 

i.e. a certain style of life the totality of which may 

increase the 'rate of living."(ll)* 

In similar fashion, spokespersons for the lead industry have 

argued that the association observed in children between low- 

level exposure to lead and neuropsychological dysfunction may 

not reflect causality, as has been suggested by the results of 

several epidemiologic analyses;(l3-15) instead those spokes- 

persons argue that children who receive poor parental care in 

homes of low socioeconomic status may be predisposed both to 

lead exposure as well as to diminished cerebral function.(l6)t 

Establishing Causality - Qualitative Aspects of Data Evaluation 

The above criticisms have been a powerful goal to epidemiologists. 

* The tobacco industry's criticisms have largely been laid to rest 
by the demonstration of a strong dose-response relationship between 
the amount of tobacco smoked and the frequency of lung cancer, and 
also by the observed decline in lung cancer mortality following 
cessation of smoking. (12)Further, it is important to note that the 
tobacco industry has been able to develop no firm evidence for the 
existence of the predisposition which they claim.(l) 

+ The lead industry's criticisms have been addressed in epidemiologic 
studies which have consistently found a positive dose-response 
relationship between degree of lead exposure and severity of 
neuropsychological impairment. Evidence for the existence of that 
relationship has persisted even when numerous socioeconomic and 
familial factors were held constant either through matching or 
through multivariate analysis.(l3) Further corroboration of these 
observations is anticipated to result from several prospective 
studies now under way of neuropsychological development in children 
exposed to lead in utero. 
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APPLICATION OF EPIDEMIOLOGY 215 

Their refutation has stimulated eloquent rebuttals, defending the 

ability of medicine and epidemiology to establish cause-and-effect 

relationships. For example: 

[We should not] "throw up our hands in despair, settle the 

cigarette in the corner of our mouths and decline to draw any 

conclusions from the available observational data. 

"It is a good deal more difficult to control variables in obser- 

vational than in experimental material, so that the experimental 

method has unravelled and will continue to unravel mysteries 

before which uncontrolled observation could be powerless. 

there is  no difference in principle. There are no such catego- 

ries as first-class evidence and second-class evidence. There 

are merely associations, whether observational or experimental, 

that, in a given state of knowledge, can be accounted for in 

only one way or in several different ways...To distinguish 

between statistical association on the one hand and relationships 

that are established by experimentation on the other, without 

any reference to alternative variable that are present in one 

case but not the other, seems to us to be neither good statistics, 

good science, nor good philosophy -- though it may be good red 
herring."( 17) 

But 

Additionally, this debate has fostered the development of a 

set of reasonably well standardized criteria for examining 

data pertaining to cause-and-effect. ( 3 ,  17-19) The use of 

these criteria serves to reduce uncertainty and imprecision in 

data analysis and thus "to carry our understanding beyond the 
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216 L A N D R I G A N  AND R I N S K Y  

l e v e l  of i n t u i t i o n " .  (3) 

The f i r s t  s t e p  i n  the  sys temat ic  eva lua t ion  of d a t a  from a 

series of human s t u d i e s  i s ,  of course ,  t o  eva lua te  ind iv idua l ly  

the  r e s u l t s  of each sepa ra t e  repor t .  The s t r e n g t h s  and weak- 

nesses  of each s tudy must be considered, and a l s o  t h e  p o t e n t i a l  

f o r  the  ex is tence  of b i a s  must be assessed  i n  each.(20) Note 

should be made a s  t o  t h e  ca re  with which t h e  methods of each 

study a r e  described. 

say t h a t  a l l  s t u d i e s  wi th  c a r e l e s s l y  descr ibed  methodologies 

are ca re l e s s  s t u d i e s ,  i t  is  never the less  t r u e  t h a t  s t u d i e s  

wi th  w e l l  descr ibed methodologies tend t o  be t h e  b e t t e r  r e p o r t s  

i n  the  published l i t e r a t u r e  and ought t o  rece ive  appropr i a t e  

weighting. A u se fu l  series of gu ide l ines  f o r  t h e  documentation 

of epidemiologic methods was provided i n  1981 by t h e  Interagency 

Regulatory Lia ison  Group;(21) t h e s e  gu ide l ines  may be used 

a s  a ya rds t i ck  aga ins t  which t o  a s ses s  published s tud ie s .  

Although i t  may be s t r e t c h i n g  a poin t  t o  

P a r t i c u l a r  s c ru t iny  must be app l i ed  t o  t h e  eva lua t ion  of s t u d i e s  

which have been repor ted  t o  show "negat ive r e s u l t s " ,  t h a t  i s ,  

s t u d i e s  which r epor t  an apparent  absence of evidence f o r  a 

hypothesized causa l  r e l a t i o n s h i p  between exposure and e f f ec t . (22 )  

Such s t u d i e s  need t o  be searched f o r  such obvious f laws a s  d i lu -  

t i o n  ( t h e  inc lus ion  of unexposed people i n  an a l l eged ly  exposed 

group of persons) ,  m i s c l a s s i f i c a t i o n ,  omissions ( f o r  example, 

of r e t i r e e s ) , ( 2 3 )  o r  premature examination of s u b j e c t s  f o r  

d i seases  which may r equ i r e  t h e  passage of many years  of so-cal led 
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APPLICATION OF EPIDEMIOLOGY 217 

induction-latency between exposure and first appearance of 

clinical illness; many cancers, for example, may require an 

induction-latency period of as long as 30 to 40 years between 

first exposure and ultimate manifestation. In addition, the 

statistical power of each "negative study" needs to be assessed, 

The statistical power of a study is defined as the probability 

that the study will be able to demonstrate an effect if an 

effect, such as excessive disease or death, is indeed present 

in a population.(24) An example of a formal statement on 

statistical power is provided by a recently published study of 

leukemia mortality in naval shipyard workers exposed to ionizing 

radiation; the authors of this study reported explicitly that 

their work had a power (or probability) of 99 per cent to be 

able to detect a 3-fold excess of leukemia mortality, had such 

an excess been present in the study population at the time of 

the study.(25) The absence of an explicit statement regarding 

statistical power weakens the impact of a 'negative' study. A 

power statement, i.e., a statement of the statistical limitations 

of a study ought to be a sine qua non in all descriptions of 

epidemiologic methodology.(21) 

--- 

An excellent summation of the approaches used for the evaluation 

of clinical and epidemiologic studies is provided by the Inter- 

national Agency for Research on Cancer (IARC),(26) as follows: 

"An analytical study that shows a positive association between 

an agent and an effeft may be interpreted as implying causality 
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218 LANDRIGAN AND RINSKY 

to a greater or lesser extent, if the following criteria are 

met: (a) there is no identifiable positive bias (By 'positive 

bias' is meant the operation of factors in study design or 

execution which lead erroneously to a more strongly posi- 

tive association between an agent and disease than in 

fact exists. Examples of positive bias include, in case- 

control studies, better documentation of exposure to the 

agent for cases than for controls, and, in cohort studies, 

the use of better means of detecting cancer in individuals 

exposed to the agent than individuals not exposed); (b) 

the possibility of positive confounding has been considered 

(By 'positive confounding' is meant a situation in which 

the relationship between an agent and a disease is rendered 

more strongly positive than it truly is as a result of an 

association between the agent and another agent which 

either causes or prevents the disease. An example of 

positive confounding is the association between coffee 

consumption and lung cancer, which results from their 

joint association with cigarette smoking); (c) the as- 

sociation is unlikely to be due to chance alone; (d) the 

association is strong; and (e) there is a dose-response 

relationship. 

Analytical epidemiological studies that show no association 

between an agent and a cancer ('negative' studies) should 

be interpreted according to criteria analogous to those 

listed above: (a) there is no identifiable negative bias; 
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APPLICATION OF EPIDEMIOLOGY 219 

( b )  t h e  p o s s i b i l i t y  of n e g a t i v e  confounding h a s  been 

cons ide red ;  and ( c )  t h e  p o s s i b l e  e f f e c t s  of m i s c l a s s i f i c a -  

t i o n  of exposure o r  outcome have been weighed. 

I n  a d d i t i o n ,  i t  must be r ecogn ized  t h a t  i n  any s t u d y  t h e r e  

are conf idence  l i m i t s  around t h e  estimate of a s s o c i a t i o n  

o r  r e l a t i v e  r i s k .  I n  a s t u d y  r ega rded  as ' n e g a t i v e ' ,  t h e  

upper  conf idence  l i m i t  may i n d i c a t e  a r e l a t i v e  r i s k  sub- 

s t a n t i a l l y  g r e a t e r  t h a n  u n i t y ;  i n  t h a t  case, t h e  s t u d y  

exc ludes  only r e l a t i v e  r i s k s  that  are above t h i s  uppe r  

l i m i t .  This u s u a l l y  means t h a t  a ' n e g a t i v e '  s t u d y  must 

be l a r g e  t o  be convincing. Confidence i n  a ' n e g a t i v e '  

r e s u l t  is i n c r e a s e d  when s e v e r a l  independent  s t u d i e s  

c a r r i e d  o u t  under  d i f f e r e n t  c i r cums tances  are i n  agreement.  

F i n a l l y ,  a ' n e g a t i v e '  s t u d y  may be cons ide red  t o  be r e l e v a n t  

on ly  t o  dose  l e v e l s  w i t h i n  or  below t h e  r ange  of t h o s e  ob- 

se rved  i n  t h e  s t u d y  and i s  p e r t i n e n t  o n l y  i f  s u f f i c i e n t  

time h a s  e l a p s e d  s i n c e  f i r s t  human exposure  t o  t h e  agen t .  

Experience w i t h  human c a n c e r s  of known e t i o l o g y  s u g g e s t s  

t h a t  t h e  p e r i o d  from f i r s t  exposure t o  a chemical c a r c i n o g e n  

t o  development of c l i n i c a l l y  observed c a n c e r  is u s u a l l y  

measured i n  decades and may be i n  e x c e s s  of 30 y e a r s .  

After t h e  a s ses smen t  of each  i n d i v i d u a l  r e p o r t  h a s  been com- 

p l e t e d ,  i t  i s  p o s s i b l e  t o  beg in  a comprehensive review of t h e  

l i t e r a t u r e  i n  which t h e  many pub l i shed  s t u d i e s  d e s c r i b i n g  t h e  

h e a l t h  e f f e c t s  due t o  a p a r t i c u l a r  a g e n t  a r e  cons ide red  c o l -  
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220 LANDRIGAN AND RINSKY 

Table 1. CRITERIA FOR DETERMINING CAUSALITY IN EPIDEMIOLOGIC 
STUDIES* 

-- The strength of the association 

-- Its consistency (or reproducibility) 

-- Its temporality (exposure must precede effect) 

-- Its biological gradient (existence of a dose-response pheno- 
menon) 

-- Its specificity 

-- Its biological plausibility, and coherence in regard to the 
generally known facts about the disease under study 

* From Hill (reference 2 7 )  

lectively. The best known guidelines for this exercise are 

those developed by Hill (27) during the debate on smoking and 

lung cancer (Table 1). Hill recommends that the following 

factors be considered in determining whether or not an observed 

association represents causality: 

-- The Strength of the Association 

The strength of an association between exposure and effect 
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APPLICATION OF EPIDEMIOLOGY 22 1 

i s  measured i n  terms of r e l a t i v e  r i s k .  Re la t ive  r i s k  may 

be expressed i n  terms of a p ropor t iona te  m o r t a l i t y  r a t i o  

(PMR), an odds r a t i o  ( i n  case-control  s t u d i e s ) ,  o r  a s t an -  

dardized m o r t a l i t y  r a t i o  (SMR) ( i n  cohor t  s t u d i e s ) .  The 

s t ronge r  is  a measure r e l a t i v e  r i s k ,  t he  g r e a t e r  t he  l i k e l i -  

hood t h a t  an observed a s s o c i a t i o n  is  causa l  i n  na ture .  

Monson(28) has  o f f e r e d  t h e  fo l lowing  guide t o  the  assessment 

of r e l a t i v e  r i s k :  

Re la t ive  Risk S t rength  of Assoc ia t ion  

0.9 - 1.0 1.0 - 1.2 None 

0.7 - 0.9 1.2 - 1.5 Weak 

0.4 - 0.7 1.5 - 3.0 

0.1 - 0.4 3.0 - 10.0 

Mode ra t e 

Strong 

0.1 10.0 I n f i n i t e  

In  eva lua t ing  r e l a t i v e  r i s k s ,  i t  i s  important  t o  n o t e  t h e  ac- 

t u a l  numbers of observed and expected cases as w e l l  as 

t h e i r  r a t io . (29 )  I f  t h e  expected number i s  very small 

(fewer than  2 o r  3 c a s e s ) ,  then even a very h igh  r e l a t i v e  

r i s k  must be eva lua ted  wi th  cau t ion ,  f o r  rates based on 

small numbers tend t o  be s t a t i s t i c a l l y  uns t ab le  and are 

s u b j e c t  t o  s u b s t a n t i a l  random va r i a t ion . (22 )  

It is  necessary a l s o  t o  be cognizant  of t h e  so-cal led "hea l thy  

worker e f f e c t "  i n  eva lua t ing  r e l a t i v e  r i s k s .  This  term 

descr ibes  t h e  underest imat ion of m o r t a l i t y  of a working 
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222 LANDRIGAN AND RINSKY 

-- 

populat ion which t y p i c a l l y  r e s u l t s  from t h e  s e l e c t i o n  i n t o  

a c t i v e  work of only those  members of a populat ion who are 

f r e e  of obvious d e f e c t s  and f r e e  of chronic  d e b i l i t a t i n g  

disease.  As a r e s u l t  of t h e  hea l thy  worker e f f e c t ,  t h e  

o v e r a l l  r e l a t i v e  r i s k  of a working populat ion tends t o  be 

below t h a t  of t h e  gene ra l  populat ion p a r t i c u l a r l y  i n  t h e  

youngest age groups and i n  t h e  e a r l y  yea r s  of employment. 

Because of t h e  hea l thy  worker e f f e c t ,  even r e l a t i v e  r i s k s  

less than 1.0 (SMR of 100) may, i n  some ins t ances ,  be of 

concern; f o r  example, an  S M R  f o r  a p a r t i c u l a r  cancer of 120 

i n  a populat ion with an o v e r a l l  ( a l l  causes)  SMR o r  75 must 

be regarded with suspicion.  

F ina l ly ,  t h e  poss ib l e  inf luences  of such confounding f a c t o r s  

as c i g a r e t t e  smoking need t o  be considered i n  any assessment 

of r e l a t i v e  r i s k  i n  an occupat iona l  study. Calcu la t ions  

based on t he  r e l a t i v e  r i s k  of lung cancer a s soc ia t ed  with 

smoking and on t h e  f r a c t i o n  of smokers i n  t y p i c a l  working 

populations i n d i c a t e  t h a t  r e l a t i v e  r i s k s  f o r  lung cancer ,  

above 2.0 can seldom be explained by confounding wi th  smo- 

king. (30) 

The Consistency (Reproducib i l i ty  of t h e  Associat ion)  

Causal in f luences  a r e  s t rengthened by t h e  r e p e t i t i o n  of t h e  

f ind ings  "by d i f f e r e n t  persons,  i n  d i f f e r e n t  p l aces ,  circum- 

s tances  and t imes."(27) The r e p r o d u c i b i l i t y  of f i nd ings  
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APPLICATION OF EPIDEMIOLOGY 223 

consitutes one of the strongest arguments for the existence 

of causality. The International Agency for Research on 

Cancer has gone so far as to state that "the most convincing 

evidence of causality comes when several independent studies 

done under different circumstances result in 'positive' 

findings " . (2 6) 
-- The Temporality of the Association 

It is most important in making an inference of causality, to 

determine that exposure preceded illness. When latency pe- 

riods are involved, exposure must have commenced early 

enough to have produced an effect by the time of the study; 

a reasonable criterion to use in making that judgement is 

that exposure must have begun at least earlier than half 

the mean latency period.(22) It is important to realize 

that cross-sectional studies are seldom capable of establish- 

i ng temporality . 
-- The Biological Gradient of the Association (Dose-Response 

Relationship) 

If a factor is causally related to a disease, the risk of 

developing the disease should be related positively to the 

extent and severity of exposure to the factor.(31) In 

chronic disease of long latency, cumulative exposure to a 

factor may need to be summed over many years.(32) 

the criterion of dose-response is extremely useful in asses- 

Although 
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2 2 4  LANDRIGAN AND RINSKY 

s i n g  c a u s a l i t y ,  i t  must be noted t h a t  occasions a r i s e  i n  

which a confounding f a c t o r  may be so intermingled with an 

exposure t h a t  t h e i r  e f f e c t s  cannot be separa ted  even by 

app l i ca t ion  of t h i s  c r i t e r i o n .  Examples inc lude  exposure 

t o  mul t ip le  t o x i c  metals i n  smelter workers a t  r i s k  of lung 

cancer ,  and the  in te r twined  r o l e s  of "age a t  f i r s t  b i r t h "  

and "age at  f i r s t  l a c t a t i o n "  i n  t h e  e t io logy  i n  women of 

breas t  cancer.(31) Also, paradoxes occur occas iona l ly  i n  

analyses  of dose-response. For example, a h igher  frequency 

of occupat ional  d i sease  w i l l  be seen sometimes i n  sho r t -  

term than i n  long-term workers. 

is explained by recogni t ion  of t he  f a c t  t h a t  du ra t ion  of 

employment se rves  only as a su r roga te  measure of a c t u a l  

This  apparent  con t r ad ic t ion  

exposure; some heavi ly  exposed e n t r y  l e v e l  workers 

may a c t u a l l y  experience g r e a t e r  t o t a l  exposure t o  a tox in  

than  long-term workers i n  c l eane r  jobs.  F ina l ly ,  some 

agents a c t u a l l y  appear t o  produce g r e a t e r  d i sease  r i s k  a t  

lower doses. For example, low doses  of i on iz ing  r a d i a t i o n  

appear t o  produce higher  r i s k s  of thyro id  cancer than h igher  

r a d i a t i o n  doses.(31) 

Related t o  dose-response is the  concept t h a t  very s t rong  

evidence f o r  c a u s a l i t y  is provided when a change i n  exposure 

br ings about a change i n  d i sease  frequency.(22) The decrease  

i n  r i s k  of lung cancer which fo l low cessa t ion  of smoking i s  

a good example of t h i s  s o r t  of evidence.( l2)  

evidence can a l s o  be obtained i n  i n t e r v e n t i v e  epidemiological  

s tud ies .  

This  type  of 
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APPLICATION OF EPIDEMIOLOGY 

-- The S p e c i f i c i t y  of t he  Associat ion 

225 

The term s p e c i f i c i t y  r e f e r s  t o  t h e  not ion  t h a t  i f  a p a r t i c u -  

l a r  exposure is  a s soc ia t ed  wi th  only one d i sease  and v i c e  

versa ,  then t h e r e  e x s i s t s  s t rong  evidence f o r  a c a u s a l i t y .  

Examples of one-to-one correspondence abound i n  t h e  s tudy  of 

i n fec t ious  d i sease  - measles,  d i p h t h e r i a ,  smallpox -- but  

a r e  less common i n  noninfec t ious  d i seases  which tend t o  be 

of m u l t i f a c t o r i a l  o r ig in .  Reasonable examples of s p e c i f i c i t y  

i n  chronic  d i sease  might, however, inc lude  mesothelioma i n  

persons exposed t o  asbes tos  and bladder  cancer  i n  persons 

exposed t o  c e r t a i n  aromatic  amines such as benzidine.  

S p e c i f i c i t y  is not a s  e s s e n t i a l  c r i t e r i o n  of c a u s a l i t y . ( l )  

The presence of s p e c i f i c i t y  argues f o r  c a u s a l i t y ,  bu t  i t s  

absence does not exclude i t . (29 )  

-- The Bio logica l  P l a u s i b i l i t y ,  t h e  Assoc ia t ion  and Its Co- 

herence i n  Regard t o  Generally Known Facts  About Disease 

Under Study 

H i l l  i n s i s t e d  s t rong ly  t h a t  a proposed causa l  r e l a t i o n  not 

c o n f l i c t  s e r i o u s l y  wi th  knowledge of t h e  biology and patho- 

physiology of a d i sease  under s tudy.  Although t h i s  c r i t e r i o n  

is not abso lu t e ,  t h e r e  i s  no ques t ion  t h a t  an epidemiologic  

inference  as t o  c a u s a l i t y  is  s t rengthened  by t h e  f i n d i n g  of 

s i m i l a r  f i nd ings  i n  experimental  s t u d i e s  and by t h e  demon- 

s t r a t i o n  of consis tency between epidemiologic  r e s u l t s  and 
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226 LANDRIGAN AND RINSKY 

some underlying b io log ica l  mechanism. 

r ad ia t ion ,  f o r  example, causes increased incidences of 

numerous cancers not only i n  man, but a l s o  i n  a v a r i e t y  of 

animal species. It has  been demonstrated t h a t  t he  a b i l i t y  

of ion iz ing  r a d i a t i o n  t o  r e a c t  wi th  and a l t e r  t h e  s t r u c t u r e  

of deoxyribonucleic ac id  (DNA), t h e  fundamental g e n e t i c  

material, almost c e r t a i n l y  unde r l i e s  and expla ins  i t s  ca rc i -  

nogenic po ten t i a l .  

A t  the  conclusion of t he  process  of q u a l i t a t i v e  eva lua t ion  

Exposure t o  ion iz ing  

of t he  a v a i l a b l e  

s t a t e  t h e  degree 

The In te rna t iona  

human s t u d i e s ,  i t  should be poss ib l e  t o  

of evidence which e x i s t s  f o r  causa l i t y .  

Agency f o r  Research on Cancer (IARC) has 

o f f e red  the  fol lowing semiquant i ta t ive  c l a s s i f i c a t i o n  of 

degrees of evidence:(26) 

"Suff ic ien t  evidence" f o r  c a u s a l i t y  i n  human s t u d i e s  is  " t h a t  

which provides a causa l  a s s o c i a t i o n  between exposure and 

cancer or o the r  i l l n e s s e s " .  

"Limited evidence" f o r  c a u s a l i t y  i n  " t h a t  which ind ica t ed  a 

poss ib le  carcinogenic  [o r  o the r  disease-producing] e f f e c t  

i n  humans. " 

Benzene and Leukemia 

Studies  which examine t h e  a s s o c i a t i o n  between occupat ional  

exposure t o  benzene and subsequent dea th  from leukemia i l l u s t r a t e  

t h e  app l i ca t ion  of epidemiology t o  the  prevent ion of occupat iona l  
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APPLICATION OF EPIDEMIOLOGY 22 7 

cancer. The a s s o c i a t i o n  between benzene exposure and leukemia 

was f i r s t  recognized i n  a series of case  r epor t s  publ ished 

from the  1890's t o  the  1960's. To eva lua te  t h i s  a s s o c i a t i o n  

more sys t ema t i ca l ly ,  t h e  Nat ional  I n s t i t u t e  f o r  Occupational 

Safe ty  and Health (NIOSH) undertook a combined epidemiologic  

and i n d u s t r i a l  hygiene study.(33,34) The epidemiologic s tudy  

employed a r e t rospec t ive  cohort  design. It examined a populat ion 

of 1,006 non-salaried white  male workers who had been exposed 

t o  a i rborne  benzene vapors at  two rubber p l an t  i n  Ohio. The 

only chemical present  a t  these  p l a n t s  which was known t o  be  

a s soc ia t ed  wi th  blood dysc ras i a s  was benzene. 

The study populat ion was d iv ided  i n t o  two groups. Group 1 

cons is ted  of 748 men who worked a t  l e a s t  1 day between January 

1,  1940 and December 31, 1949, i n  a department with benzene 

exposure. Group 2 cons is ted  of 258 men who f i r s t  worked i n  a 

department with benzene exposure between January 1, 1950 and 

December 31, 1959. 

V i t a l  s t a t u s  follow-up was conducted t o  June 30, 1975. Vital 

s t a t u s  was a sce r t a ined  f o r  98% of t h e  cohort .  The remaining 

2% were considered t o  be a l i v e  a s  of t h e  study end-date. 

Death c e r t i f i c a t e s  f o r  a l l  known dea ths  were obtained and 

coded by a q u a l i f i e d  nosologis t  according t o  t h e  r u l e s  of t h e  

In t e rna t iona l  C l a s s i f i c a t i o n  of Disease Adapted f o r  Use i n  t h e  

United S t a t e s  (ICDA) i n  e f f e c t  a t  t h e  t i m e  of dea th ,  and were 

then converted t o  7 th  r ev i s ion  codes. A NIOSH l i f e - t a b l e  
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228 LANDRIGAN AND RINSKY 

computer program was used t o  c a l c u l a t e  expected numbers of 

deaths  by cause wi th in  5-year age and 5-year ca lendar  t i m e  

periods.(32) 

male death r a t e s  were used as r e f e r r e n t s .  Observed and expected 

cause-specif ic  m o r t a l i t i e s  were compared us ing  a 2- ta i led test 

of s ign i f i cance  based upon t h e  Poisson d i s t r i b u t i o n .  

Age- and ca lendar -spec i f ic  United S t a t e s  white  

I n d u s t r i a l  hygiene information concerning atmospheric concentra- 

t i o n s  of benzene vapor a t  t h e  f i r s t  p l a n t  was a v a i l a b l e  t o  

NIOSH from seve ra l  sources.  

The I n d u s t r i a l  Commission of Ohio: On November 19, 1946, 

representa t ives  of t h e  I n d u s t r i a l  Commission of Ohio v i s i t e d  

t h i s  plant .  A l e t te r  dated November 21 ,  1946, s t a t e d :  

"The presses have been completely enclosed and the  exhaust  

systems now i n  opera t ion  are so e f f i c i e n t  t h a t  t he  charac- 

t e r i s t i c  odor of benzol could not be de tec ted  i n  t h e  a rea .  

Tests were made with benzol d e t e c t o r s  and t h e  r e s u l t s  i n d i c a t e  

t h a t  concent ra t ions  have been reduced t o  a s a f e  l e v e l  and 

in most ins tances  range from zero  t o  10 o r  15 p a r t s  p e r  

mil l ion.  " 

A s  a r e s u l t  of an  occupat iona l  d i sease  claim, an i n d u s t r i a l  hy- 

giene engineer  v i s i t e d  t h e  p l a n t  on December 15, 1955. His 

r epor t ,  da ted  December 27, 1955, s t a t e d :  

"The company has  used a g r e a t  d e a l  of ingenui ty  i n  exhaus t ing  
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APPLICATION OF EPIDEMIOLOGY 229 

a l l  opera t ions  where benzol vapors a r e  l i a b l e  t o  g e t  i n t o  the  

a i r .  P r a c t i c a l l y  a l l  of t h e  opera t ions  t ake  p lace  i n  a 

closed system. The company has  made repeated tests and t h e  

benzol concent ra t ion  is  kept  below 35 ppm. 

opera t ions  the  concent ra t ions  may go up momentarily f o r  a 

few moments but t he  company has never found more than 200 

ppm i n  these  exposures. When t h e  exposure is above 35 ppm, 

even momentarily, employees a r e  requi red  t o  wear a chemical 

c a r t r i d g e  r e sp i r a to r . "  

On c e r t a i n  

The corpora te  medical d i r e c t o r  i n  a review of t h e  same d i s e a s e  

claim s t a t e d  i n  an i n t e r n a l  memorandum dated  February 22 ,  

1956, t h a t :  

"...the p a t i e n t ' s  s t o r y  was t h a t  cons iderable  amounts of 

benzol vapors were inhaled.  The f a c t s  concerning t h e  working 

environment a r e  contained i n  t h e  I n d u s t r i a l  Hygienis t ' s  

repor t  i n d i c a t e  t h a t  t h e  concent ra t ion  is kept  below t h e  35 

parts p e r  mil l ion.  Indeed i t  is  my opinion t h a t  i n  gene ra l  

working a r e a s  these  vapors a r e  below 10 p a r t s  p e r  mi l l ion ."  

The Ohio Department of Health: On January 17, 1956, an in-  

d u s t r i a l  hygiene engineer  of t h e  Ohio Department of Heal th  

conducted an i n v e s t i g a t i o n  a t  t h i s  l o c a l i t y .  His r epor t  s t a t e d :  

"Local exhaust v e n t i l a t i o n  i s  used throughout t he  process  

t o  capture  benzol vapors a t  p o t e n t i a l  escape points .  The 

processing and ma te r i a l  conductance i s  maintained wi th in  
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230 LANDRIGAN AND RINSKY 

complete enclosures  and t h e  r eac t ions  a r e  c a r r i e d  out  w i th in  

sea led  vessels ."  

Employees a r e  requi red  t o  wear chemical c a r t r i d g e  r e s p i r a t o r s  

during any exposure t o  benzol i n  those  working areas known 

through a i r  check t o  con ta in  concent ra t ions  of benzol above 

recognized s a f e  values." 

The Universi ty  of North Carol ina:  The Occupational Heal th  

Studies  of t he  Universi ty  of North Carol ina conducted i n d u s t r i a l  

hygiene surveys of t h i s  f a c i l i t y  dur ing  1973-74. Concerning 

the  mixing room t h e i r  r epor t  s t a t e d :  

"Levels of 0 t o  29 ppm of benzene were measured i n  t h i s  area 

where one man is required t o  spend approximately 10 minutes ,  

four  times per s h i f t  t o  monitor t h e  mixing operat ion.  The 

exposure l e v e l  f o r  an  eight-hour day i n  t h i s  a r e a  might 

average s l i g h t l y  over  10 ppm. The TLV, on a t ime-weighted 

bas i s  is not exceeded, because t h e  area is not cont inuously 

occupied; t h e  c e i l i n g  value,  however, may be exceeded from 

time t o  time." 

Location Two 

Limited information was a v a i l a b l e  f o r  an i n d u s t r i a l  hygiene a t  

t h i s  l o c a l i t y .  

"Plant One": On A p r i l  27, 1948, t h e  Ohio Department of Heal th  
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APPLICATION OF EPIDEMIOLOGY 231 

conducted a n  i n d u s t r i a l  hygiene su rvey .  The r e p o r t  s t a t e d :  

"Various type  machines such  as d r y e r s ,  s p r e a d e r s ,  m i x e r s ,  etc. 

are a l l  exhausted.  There are,  however, a few areas of t h e  

p l a n t  and a few c o n d i t i o n s  wherein a n  employee might b e  

s u b j e c t e d  t o  a n  ex t r eme ly  h i g h  c o n c e n t r a t i o n  of benzol .  

The benzol  test  t a k e n  a t  t h e  f r o n t  end of t h e  d r y e r  showed 

120 p a r t s  per m i l l l i o n .  The employees working on t h i s  

d r y e r  are w e l l  aware of t h e  t o x i c i t y  of benzo l  and have 

been i n s t r u c t e d  t o ,  and do,  wear r e s p i r a t o r s  when t h e y  are 

r e q u i r e d  t o  e n t e r  t h e  f r o n t  end of t h i s  d r y e r .  The door  

which l e a d s  i n t o  t h e  d r y e r  i s  marked, i n d i c a t i n g  t h a t  r e s p i -  

r a t o r s  must be donned b e f o r e  e n t r a n c e .  Th i s  d r y e r  i s  #C. 

A s p r e a d e r ,  a l s o  d C ,  c o n t a i n s  a n  e f f e c t i v e  e x h a u s t  sys t em 

but  a t es t  showed 120 p a r t s  p e r  m i l l i o n  under  t h e  dam. 

Again, employees use  r e s p i r a t o r s  whenever t h e y  e n t e r  t h i s  

sp reade r .  " 

" I n  a test  t aken  a t  t h e  t o p  of a (benzene s t o r a g e )  t a n k ,  t h e  

t es t  showed 500 p a r t s  p e r  m i l l i o n  of benzol.  The i n f o r m a t i o n  

o b t a i n a b l e  seemed t o  i n d i c a t e  t h a t  one o r  more employees 

would spend approx ima te ly  1 hour p e r  day a t  t h e s e  tanks."  

"P lan t  Two": The Ohio Department of H e a l t h  r e p o r t  s t a t e d :  

"The company is i n s t a l l i n g  a new ( rubbe r  h y d r o c h l o r i d e )  u n i t  

i n  t h i s  p l a n t ;  and w h i l e  i t  is f a r  from complete ,  one can  see 

t h a t  adequa te  exhaus t  systems w i l l  be used t o  e l i m i n a t e  h i g h  

concen t r a t ions . "  
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232 LANDRIGAN AND RINSKY 

As knowledge of benzene toxicity increased, recommended environ- 

mental levels were continually revised downward as follows: 

Year 

1941 

1947 

1948 

1957 

1963 

1969 

- Recommended Standard 

100 ppm 

50 ppm 8-hour time-weighted average (TWA) 

35 ppm 8-hour TWA 

25 ppm 8-hour TWA 

25 ppm 8-hour ceiling 

10 ppm 8-hour TWA 

Our analysis of the available environmental data lead us to the 

conclusion that although there were occasional excursions above 

recommended limits, for the most part, employees’ 8-hour time- 

weighted average exposures to benzene were within the recommended 

standard in effect at the time of the exposure. 

RESULTS OF THE MORTALITY STUDY 

Group 1 

Among the cohort who worked at least 1 day in a benzene-exposed 

department at either location between 1940 and 1949, there were 

180 deaths from all causes, compared with an expected number 

of 161. Although not statistically significant, this increased 

number of deaths from all causes was nevertheless unanticipated, 

since in an industrial population one normally observes fewer 
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APPLICATION OF EPIDEMIOLOGY 

than the  expected t o t a l  number of deaths .  

2 3 3  

Moreover, t h e r e  was a s t a t i s t i c a l l y  s i g n i f i c a n t  excess  of dea ths  

from malignancies of t h e  lymphatic and hematopoiet ic  system 

(ICDA codes 200-205). Ten such cases were observed ve r sus  

3.03 expected (p  < 0.01) (Table 1). When leukemias (ICDA code 

204)  were considered a lone ,  seven cases  were observed vs. 1.25 

expected (p  < 0.001). Although t h e  ICDA code f o r  leukemia 

encompasses lymphatic,  myeloid, and monocytic leukemias, a l l  

seven cases  were of the  myeloid o r  monocytic cel l  types ,  a s  

ascer ta ined  by dea th  c e r t i f i c a t e  des igna t ion .  Five of t h e s e  

seven cases  were seen by one hematologis t ,  who confirmed t h e  

diagnosis .  

Of the  748 workers included i n  Group 1, 437 (58%) had exposure 

t o  benzene f o r  less than a year.  Because only 1 day of exposure 

q u a l i f i e d  a worker f o r  en t ry  i n t o  t h e  cohort ,  i nd iv idua l s  wi th  

s h o r t  dura t ion  of exposure cont r ibu ted  a l a r g e  propor t ion  of t h e  

t o t a l  person-years a t - r i sk  used t o  c a l c u l a t e  t h e  expected number 

of death.  Inc lus ion  of these  persons with b r i e f  exposures  

served t o  lower the  ca l cu la t ed  r i s k  of dea th  from leukemia 

from what i t  would have been if a requirement f o r  minimum 

dura t ion  of exposure had been imposed. When exposure t o  benzene 

i s  examined i n  terms of dura t ion ,  a sharp  inc rease  i n  t h e  SMR 

i s  seen among t h e  group of workers exposed f o r  longer  than  5 

years.  For those  persons who had a t t a i n e d  5 o r  more yea r s  of 

exposure, f i v e  leukemia dea ths  were observed, while  only 0.23 
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234  LANDRIGAN AND RINSKY 

was expected (SMR = 2100). 

years  of employment, 3 leukemia dea ths  were observed, whereas 

only 0.09 were expected (SMR = 3300). 

Also f o r  those  wi th  more than  10 

The observed excess of leukemia dea ths  remained ev iden t  when 

the  Group 1 cohort  (1940-1949) was d iv ided  according t o  l o c a t i o n  

and t h e  loca t ions  examined sepa ra t e ly .  A t  Locat ion One, two 

cases of leukemia were observed vs. 0.58 expected,  y i e l d i n g  a n  

SMR of 345. A t  Locat ion Two, f i v e  cases were observed vs. 

0.67 expected, y i e ld ing  a n  SMR of 345. A t  Locat ion Two, f i v e  

cases were observed vs. 0.67 expected,  y i e ld ing  a n  S M R  of 746. 

Thus, both l o c a t i o n s  considered as independent cohor t s  experienced 

an  excess of leukemia deaths .  

Group 2 

Among the  cohort  who f i r s t  worked i n  a benzene-exposed depart-  

ment between 1950 and 1959, t h e r e  were 49 observed dea ths  from 

a l l  causes compared t o  56 expected (SMR = 87). 

one case of leukemia was observed VS. 0.46 expected (SMR = 

I n  group 2, 

217). 

Conclusion 

These d a t a  show a s t rong  a s s o c i a t i o n  between occupat iona l  expo- 

s u r e  t o  benzene and dea th  from leukemia. They suggest  s t r o n g l y  

t h a t  t he  a s s o c i a t i o n  is causal .  They t h e r e f o r e  form a b a s i s  

f o r  prevent ive ac t ion .  
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APPLICATION OF EPIDEMIOLOGY 

From t h e  combined ep idemio log ic  and i n d u s t r i a l  hygiene d a t a  

235 

o b t a i n e d  i n  t h i s  s t u d y  i t  was p o s s i b l e  t o  unde r t ake  a q u a n t i t a -  

t i v e  assessment  of t h e  r i s k  of leukemia i n  workers exposed f o r  

a working l i f e t i m e  (40  y e a r s )  t o  benzene vapors .  I n  t h i s  r i s k  

a s ses smen t ,  i t  was c a l c u l a t e d  t h a t  i n  a p o p u l a t i o n  of 1000 

workers exposed f o r  a working l i f e t i m e  t o  100 ppm benzene vapor ,  

140 excess  d e a t h s  from leukemia would occur . (35)  S i m i l a r l y ,  a t  

a l i fe t ime exposure of  10 ppm, i t  was c a l c u l a t e d  t h a t  14 e x c e s s  

leukemia d e a t h s  would occur .  

Because 10 ppm i s  t h e  c u r r e n t  l e g a l  s t a n d a r d  f o r  o c c u p a t i o n a l  

exposure t o  benzene, and because t h i s  ep idemio log ic  r i s k  assess- 

ment i n d i c a t e s  t h a t  an unaccep tab ly  l a r g e  number of e x c e s s  

leukemia d e a t h s  w i l l  r e s u l t  i n  a p o p u l a t i o n  of workers exposed 

t o  benzene vapor f o r  a working l i f e t i m e  a t  t h a t  l e v e l ,  t h e r e  

e x i s t s  a s c i e n t i f i c  j u s t i f i c a t i o n  f o r  l ower ing  t h e  c u r r e n t  

l e g a l  s t a n d a r d  f o r  o c c u p a t i o n a l  exposure  t o  benzene. I f  ep ide -  

mio log ic  d a t a  h e l p  t o  b r i n g  abou t  that  r e d u c t i o n ,  t h e n  e p i d e -  

miology w i l l  have a s s i s t e d  i n  t h e  p r e v e n t i o n  of o c c u p a t i o n a l  

cancer .  
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