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A review of the literature on 
the epidemiology of leukemia in  persons 
exposed to benzene reveals a lack of 
broad based population studies. 
Browning' in 1965 reported a total of 61 
cases of various types which had been 
reported between 1897 and the early 
1960's. The majority of these were single 
cases, with seven being the largest num- 
ber in any one series. 

The lack of data on the 1897 case 
makes the diagnosis doubtful and ac- 
cording to Dameshek and Gum* the first 
clearly established case of leukemia in a 
benzol worker was published in 1928 
and the second in 1932. Vigliani and 
Saita3 in 1964 reported that they had 
seen 47 cases of benzene hemopathy 
between 1942 and 1963 at the Clinica 
del Lavoro - six of these had leukemia 
During the period 1960 to I963 the 
neighboring Institute of Occupational 
Health in Pavia observed five cases of 
leukemia. All the rest of Italy reported 13 
cases during the period 1941 to 1963. 
The majority of these were workers in 
small plants or cottage industries where 
solvents or glues containing up to 60% 
benzene were used and the exposures 
were apparently high, although no exact 
measurements were made. The duration 
of exposure ranged trom 4 to 20 years. 
Vigliani also cites Cavignaux' who 
reported on 42 cases of benzene 
myelopathy occurring in France during 
the years 1960 to 1961, six of these were 
cases of leukemia. 

Aksoyj in 1972 reported the deaths 
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trom leukemia of four Turkish 
shoemakers who worked for periods of 6 
to 14 years in  unhygienic conditions 
where air concentrations between 150 
and 210 ppm were measured. Although 
the fact of excessive benzene exposure 
appeared evident in all of these cases 
there was little, if  any, indication of the 
total number of workers at risk In an 
earlier work by the same group of in- 
vestigator+ however, they had reported 
a study which conforms more closely to 
a true epidemiological investigation. 
They compared the hematological find- 
ings in a control group of 1 0 0  males 
with those in 217 apparently healthy 
males employed in a number of poorly 
ventilated shoe  shops where benzene 
solvents were used. Benzene exposures 
ranged between 30 and 210 ppm for 
periods of three months to 17 years. 
Although 51 (23.5%) of the exposed 
workers showed hematological ab- 
normalities, consisting of leucopenia, 
thrombocytopenia or pancytopenia, no 
cases of leukemia were observed. Mild 
to moderate hypochromic or nor- 
mochromic anemia was present in the 
exposed group but was also noted in 
21% of the controls, so the authors were 
hesitant about ascribing this abnormality 
solely to benzene. 

One other fairly large scale study in 
the field was reported in 1971 by 
lshimaru et a17 as part of the follow-up 
work done in lapan by the Atomic Bomb 
Casualty Commission. The major work 
oi this group has been related to the 
correlation of the radiation dose received 
and the development of pathological 
changes in  various organ systems. In 
particular their work has shown that an 
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increase in leukemia incidence can be 
related to a single dose of 100  RADS or 
more, that the modal incubation time is 
about five years and that approximately 
90% of cases wil l occur within ten years 
of the exposure. 

In the work referred to here however, 
lshimaru and his co-workers attempted 
to evaluate occupational and other en- 
vironmental factors in relation to the in- 
cidence of leukemia in persons exposed 
to the radiation from single atomic bomb 
blasts in Hiroshima and it Nagasaki in 
1945. In 303 pairs of a ult leukemia 

proximately 2.5 times higher among 
those with a history of probable OC- 

cupational exposure to benzene or its 
derivatives and medical x-ray. Un- 
fortunately, the retrospective nature of 
the study, the fact that the(environmenta1 
exposure data in many cases had to be 
obtained from relatives or close friends 
of the leukemia victims and a lumping 
together of occupations where solvents 
probably containing bendene were used 
with those where medical x-ray exposure 
existed, make i t  impossible to really 
isolate the benzene effedt. 

This somewhat confusing situation i s  
not clarified by the fact tqat experimental 
attempts to induce leukymia in aliimals 
have not been uniforhly successful.8 
Thus, while there are a qumber of cases 
where exposure to high, levels of bm- 
zene i s  fo l lowed by marked 
hematopoetic changes, including acute 
leukemia, there i s  less than solid scien- 
tific evidence for attributing leukemia to 
exposure to low levels of benzene.8 

The comments by an official of a 
European government agency that data 
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cases and controls, the 7 risk was ap- 
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from medical records of a company such 
as Exxon might influence their action in 
recommending a ceiling limit on ben- 
zene provided the incentive for un- 
dertaking this study. Eight European af- 
filiates were asked to participate and all 
responded generously and en- 
thusiastically to our request for 
assistance. 

Methodology 
The eight affiliates chosen were select- 

ed because past experience had in- 
dicated they had a fairly broad based ex- 
perience with the manufacture, trans- 
portation and marketing of petroleum 
or chemical products containing ben- 
zene for at least ten years. They also had 
well organized periodic examination and 
absentee data collection for their entire 
population for a similar period. 

The participating affiliates were: (1) 
AIS Norske Esso; (2) Esso A.C.; (3) Esso 
Belgium S.A.; (4) Esso Italiana; (5) Esso 
Nederland N.V.; (6)  Esso Petroleum Co. 
Ltd.; (7) Esso Standard S.A.F.; and (8)  
Esso (Switzerland). 

Our original proposal was purposely 
rather general ir! natwe, particularly with 
respect to the diagnostic categories in- 
cluded. Figure 1 shows the form sent to 
the cooperating affiliates: 

As the completed forms were returned 
it became obvious that entities such as 
aplastic anemia were not frequent 
enough to have any statistical validity or 
the diagnostic terminology did not per- 
mit comparison with statistics reported 
for the general population. For these 
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reasons it was decided to confine the 
study to leukemia. 

Certain methodological problems 
were recognized from the onset of 
the study. They were: (1) Low incidence 
of leukemia in the general population; 
(2) The validity of the diagnosis of the 
cases of leukemia reported; (3) The 
quantitative definition of the extent of 
exposure to benzene of the population 
under study; (4) The inadequacy of 
follow-up on annuitants; and ( 5 )  In- 
complete occupational histories on in- 
dividuals with the diagnosis of leukemia. 

The problems listed above may be 
amplified as follows: 

1. The incidence of leukemia in the 
general population w i t h  an age 
distribution similar to that under study is 
very low - about three to eight cases 
per 100,OOO population. This makes 
meaningful evaluation of the occurrence 
of an odd case or two in a small com- 
pany or unit difficult. To overcome this 
problem we have used the "person- 
years" concept. This involved 
cumulating the population of each af- 
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filiate for the 10-year period 1962 to 1971 
chosen for study. This gave us a 
reasonably large denominator for 
calculating incidence rates. We were 
able to obtain the total employe 
population figure from all of the affiliates 
for the years in question and the an- 
nuitant totals from six of the eight. The 
age breakdown for the entire population 
for each year of the IO-year period was 
unobtainable. We were, however, able 
to obtain this data on employees for 
1971 from Esso Europe. This information 
plus the use of the percentage age 
distribution from general census data for 
1971 applied to the annuitant person 
years yielded an age distribution 
population which we believe to be 
reasonably accurate. 

2. The validity of the diagnosis of 
leukemia. The majority of the cases of 
leukemia were identified by a review of 
the annual absence data (which also in- 
cludes deaths). Many of these were un- 
der the care of their own physicians and 
we had no means of verifying the 
laboratory or necropsy data which form- 
ed the basis for the diagnosis. 

3. The quantitative definition of the ex- 
tent of exposure to benzene of the 
population under study is admittedly 
inexact. While data exist regarding cer- 
tain jobs primarily related to the han- 
dling of benzene containing products 
(operators in benzene extraction plants, 
barge operators, tank truck operators, 
etc.) these are necessarily "spot" o b  
servations. Shewood9 in 1971 sum- 
marized the results of personal air sam- 
pling from routine operations in an 
aromatics plant (Table 1). 

In 1972 the same author10 reported ob- 
servations on two loaders and one 
weigher at a loading rack where petrol 
containing 2.7% and 4.5% benzene by 
weight was handled (Table 2) .  

An Institute of Petroleum study group 
headed by C. S. Parkinson reported 
results of a survey of retail filling stations 
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and normal gasoline transport operations 
in 1971.11 The survey which was carried 

people with a potential exposure to 1% 
or more benzene over a 5-year period. 

leukemia. Although the last job category 
of most of the cases of leukemia report- 

out in August and September 1969 in- Another way in which we approached ed was available, a number had 
cluded nine filling stations, one road car the problem was to solicit available in- inadequate histories of what jobs they 
loading station studied for two days, two formation on the percentage of benzene had held in the past or if they had any 
rail car loading stations studied for six in products handled in the major func- benzene exposure during a significant 
days and the loading of benzene tional units of each affiliate. From this part of their working career. 
enriched gasolines for three days at each we derived a "benzene exposure index" 
of three locations. The following con- which gives a very crude exposure com- 
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Table 3. - Leukemia Epidcmiolqical Study 
Distribution of Cases 

of Leukemia by Affiliate 

Essa AG. 3 
Esro Petroleum Co Ltd. a 
Esso Standard S.AF 6 

1 Essa (Switzerland) 

loading installations did not indicate any 
significant exposure to benzene." 

Until the 1950s employees tended to 
remain in specific job assignments in 
given locations in a plant for many 
years. With the introduction of man- 
power reduction and efficiency im- 

locations the concept of mobility or 
flexibility of job assignment developed. 
In some instances process operators did 
unit mechanical work and specific craft 

mechanic concept, so that employees 
might work near a pump or line con- 

provement programs in many company 

assignments gave way to the refinery 

taining benzene one or two days and 
then might be in a benzene f r e e  area for 

manufactured or transported are assign- 

days or weeks. Only in locations where 
highly concentrated benzene was 

ments reasonably constant and medical 

Our approach to this question was to 
controls in effect. 
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Fig 2. - Age distribution of 18 azcs of leukemia (age at death or Der 1971). 

type of leukemia is given in Table 4. 
Figure 2 shows the cases distributed 

by 5-year age groups in the two maior 
subdivisions "Exposed" and "Not Ex- 
posed". As previously noted under 
Methodology we defined the "exposed" 
group as those individuals who worked 
for five or m.ore years in jobs where 
there was a potential exposure to 1% or 
more benzene. While we received num- 
bers for this category from all affiliates, 
the physicians who reported them were 
well aware that this data was not as 
exact as it might appear. Some indicated 
that they were reasonably confident that 
the jobs included in this category did 
have an associated benzene exposure, 
usually at a low level, but the fact that 
one employee stayed in a particular job 
five or more years was more difficult to 
establish. Other medical directors in- 
dicated that the number reported in the 
"exposed" category was more indirectly 
derived: The number of people in ad- 
ministrative!clericaI lobs in headquarters 
or in the plants was subtracted from the 
total population and the difference was 
considered to represent the "exposed" 
group, What we have in Figure 2 then is, 
in effect, probably a spectrum extending 
from an occasional benzene exposure of 
unknown degree and duration down to 
absolutely no exposure. 

Table 5 recapitulates the jobs con- 
sidered to be in the "Exposed" and "Not 
Exposed" categories and reinforces what 
has just been said about the difficulty in 
making a sharp distinction between the 
two. Under the indirect method of 
calculating exposure one w o u l d  
probably consider the refinery carpenter 

and the kerosene truck driver as ex- 
posed. It so happened that the physician 
reporting these cases could categorize 
them as not having had any benzol ex- 
posure. 

An attempt to analyze the reported 
cases of leukemia by various 
pathological types was unsuccessful as 
shown in Table 6. 

vincing The number of persons 0 ~ -  

casionally exposed 10 benzene or ex- 
posed to verv low benzene con- 
centrations was s~ high that some 
cases of chronic leukemia could have 
cxcurred among them as among any 
other working population 

If the data were available and Vigliani 
is correct we might have had another 
parameter available by which to 
evaluate the relationship of the disease 
to possible exposure. 

Turning to the comparison of the ex- 
perience of the eight affiliates in the 
study with that of the general population 
in the same geographical area, Table 7 
shows the cumulative employee plus an- 
nuitant man-years and the number of 
cases of leukemia reported. 

To make a valid comparison of the 
leu kem ia mortality experience between 
a population of 383,276 and that of the 
eight European countries involved with a 
total population many times greater, we 
chose to compare the "observed" with 
the "expected" number of deaths. This 
required apportioning the man-years ex- 
perience into the same 5-year age classes 
used to report WHO mortality data. This 
could be done for the age groups 15 
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While understandable in a retrospec- 
tive study reaching back more than ten 
years, it i s  unfortunate that we can only 
be specific about 3 of the 18 cases reported to us  by Esso Europe tor 1971 

through 69 by multiplying the total em- 
ployee man-vears (321,840) by the per- 
centage distribution in each 5-year class 

Vigliani) has said 

We have never seen a case or chronic 
myeloid or lymphatic leukemia in 
workers poisoned with benzene all 
cases seen by us and at the Institute of 
Pavia in which harmful and prolonged 
exposure to benzene vapors was 
ascertained, were hemocytoblastic in 
type Whether chronic types of 
leukemia can be induced by benzene 
is sti l l  an open question, but we must 
emphasize our view that in some of 
these cases reported in the literature 
the occupational history was not con- 

Table 6. - Types 01 
Leukemia Reported 

T r p  I(. 

Chronic Lymphatic Leukemia 
Chronic Myelold Leukemia 
Myelold Leukemia 
Acute Myeloblastic Leukemia 
Acute Leukemia 
Leukemia, Type Unspecified 

l U  
2' 
I U  
I 
I n  

12 

In ''Expored'' Group 
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When we sought a similar allocation of 
the 58,436 annuitant man-years we did 
not have an exact percentage 
distribution by age groups available 
within the region so we had to resort to 
an indirect approach. Utilizing the 
population of the U.K. (where 37% of 
our employee population is located) as 
recorded in the U.N. Demographic Year 
Book of 1971 for the 5-year age classes 
55 through 85 and over, we applied the 
proportion of the general population in 
those age groups to our annuitant total. 
Table 8 shows the estimated age ad- 
justed population arrived at after the 
above calculations. The "expected" 
number of deaths was calculated from 
the age specific mortality rates in the 
WHO data for 1966 (mid-point of the 
study). 

This information may be summarized 
by the Standardized Mortality Ratio 
(SMR) : 

SMR = Observed No. of Deaths 
Expected No. of Deaths 

SMR = -- l8 - 0.77 = 77% 
23.23 

Since the incidence of leukemia i s  
low, and the study population is  
relatively small, chance factors may have 
produced an SMR in this study which i s  
quite different from what might have 
been found i f  the study population had 
been infinitely large. Therefore, before 
any conclusions can be drawn about the 
significance of the SMR, we must 
estimate the most likely values of the 
true SMR. This must be done in two 
steps: 

1. Th.e Standard Error (SE) has to be 
calculated by the following formula: 

SE = SMR Expressed as % x 100 
No. of Expected Deaths 

SESMK= %f%ii% - = 18.21 
23.23 

2. A confidence interval (CI) must be 
calculated. This is an interval which we 
can say with 95% confidence includes 
the true SMR, and utilizes the following 
formula:12 

CI = SMR 2 (1.96 x SEWR) 

CI = 77 + (1.96 x 18.21) = 113% 
77 - ( l .% x 18.21) = 41% 

Since the interval within which we are 
95% confident that the true SMR lies also 
includes the value 100, we cannot with 
confidence rule out the possibility that 
the true SMR i s  in fact equal to 100. For 
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this reason, instead of saying that our 
leukemia experience is  better than the 
general population we prefer simply to 
say that it is probably no worse than one 
would find in the same age span of the 
population as a whole. 

The next question that arises i s  
whether this "normal" mortality ex- 
perience for the disease under suspicion 
(leukemia) could be unremarkable 
when the total European experience is  
considered and sti l l  conceal an ab- 
normal figure in a given location. If we 
look at Table 7 again we see that four of 
the affiliates have no cases, one has one 
case and another has !hree cases. Si in- 
spection we can say that these six do not 

have an abnormal mortality experience. 
This leaves Esso Petroleum Company 
Ltd. with eight cases and Esso Standard 
S.A.F. with six to be evaluated. Table 9 
summarizes the results of tedious 
calculations uti l izing employee- 
annuitant person-years and the 1966 
WHO Age Specific Mortality Rates for 
these two affiliates. 

This close approximation of observed 
to expected deaths is of particular in- 
terest in the case of Esso Petroleum. This 
affiliate has been keeping good follow- 
up records on annuitant deaths since 
1964 (8 of the 10 years included in the 
study) which gives G :,oa;snable con- 
fidence that the observed number of 

Tabk 1. - Er)rcttd n. Obmtved Deaths From Lwkenir in 1 Europoan Affilialn 1W - 1971. 
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ukemia deaths is correct. Our overall 
appraisal of the data for the eight in- 
dividual affiliates is that there i s  no ab- 
normal concentration of leukemia in any 
one geographic location. 

Since we were unable to demonstrate 
any meaningful difference in the 
leukemia mortality experience in one af- 
filiate compared to the others, we 
decided to test the experience of the “ex- 
posed” versus the ”non-exposed” frac- 
tions of the total population. Un- 
fortunately we did not have the age 
distribution of these two groups for 
Europe as a whole to calculate ”ex- 
pected” vs. ”observed” deaths in the 
same way we did for the total employee- 
annuitant population. A simple 
calculation can be made using the total 
age adjusted “expected” deaths (23.23) 
mu iti pi i ed by the fraction: ”Exposed” 
person yearsiTotal person years and 
“Non-exposed” person yearslTotal per- 
son years with the results shown in 
Table 10. 

Although this indicates a slight 
preponderance of “observed” over “ex- 
pected” deaths in the exposed group, the 
CI extends from 37 to 205, which trans- 
lated in terms of expected deaths gives 
a range of 2.5 to 13.5 hence the ob- 
served difference i s  not significant. 

One final attempt was made to deter- 
mine whether there was a difference be- 
tween the exposed and non-exposed 
categories. Esso Petroleum Company 

Table 10. - Expected vs Observed 
Leukemia Deaths in 

Exposed and LwEmpored 6rw~1 

Expected NQ of Deaths 6.6 16 7 
Dbxrved No of Deaths 8.0 
S.M.R. 121. 60 

From Leukemia in “Exposed” and 
“NonExpd” Portions of 

Euo P e t  13. Ltd. Population 
E r p d  Ilon-trpard 

Expected No. of Deaths 4.62 4.33 

69 
Obrerved No. d Deaths 5 I SMR 108 

which, as we have noted, probably has 
the most accurate figure for leukemia 
deaths has exposed and non-exposed 
populations which are approximately 
equal (”exposed“= 70,570 person years; 
“non-exposed” = 72,984 person years). 
We assumed that al l  person years in  the 
age groups 15 to 19 and 20 to 24 were 
“unexposed” since our criteria for ex- 
posure included at least 5 years in an 
“exposed” job. We then allocated the 
person years for the age groups 25 to 85 
plus in the ratio 70,570 63.349::ex- 
posed: non-exposed, using the age 
distribution for the entire company. The 
calculations for the ”expected” number 
of leukemia deaths and their SMR’s were 
made as previously described. Table 11 
shows the results of this calculation. 

Our conclusion is that we could not 
prove that the number of observed 
leukemia deaths exceeded the expected 
number in the exposed group at the 95% 
confidence level. 

Although we had no convincing 
evidence that the leukemia mortality in 
the 8 affiliates in the study was abnormal 
we attempted to relate the observed 
mortality rates to the potential benzene 
exposure in the group. Since we lacked 
information of the exposure levels 
measured by multiple sampling we ap- 
proached this indirectly. In our original 
questionnaire we had requested data on 
the percentage of benzene in products 
processed or handled in various tvpes of 
operations - i.e. refining, transportation 
etc. Table 12 shows the form in which 
this data was reported by one affiliate: 

In a number oi the affiliates this in- 
formation was much more varied. We 
attempted to reduce this complex mass 
of information to relatively simple terms 
by using a Benzene Index as shown in 
Table 13. 

Table 14 shows the Benzene Index 
and the crude mortality rate for leukemia 
in each affiliate. 

If this data is plotted with the Crude 
Mortality rate on the ordinate and the 
Benzene Index on the abscissa there i s  
no demonstrable relationship between 
the two (Figure 3 ) .  

One conclusion i s  that low levels of 

potential benzene exposure are 
unrelated to leukemia mortality Other 
possible explanations are (1) The 
amount of benzene handled in our 
operations is not related to the actual ex- 
posure of employees (2) The criteria for 
estimating exposure are not uniform 
from one affiliate to another This em- 
phasizes the point that more data are 
needed from our industrial hygienists to 
classify lob exposures to potentially 
hazardous materials 

Discussion and Conclusions 
Despite the problems of data collec- 

tion outlined in the early part of this 
presentation, the resultant necessity for 
making a number of assumptions and 
recourse to what some may consider 
”statistical manipulation”, we beiieve 
that this effort was worth the time and 
energy on the part of all concerned. We 
believe that two oblectives were at- 
tained: 

1. The demonstration that the oc- 
currence of leukemia in a population of 
38,000 working in a variety of petroleum 
and petrochemical operations, some of 
whom were exposed to low levels of 
benzene over a 10-year period was not 
abnormal compared to the general 
population in the countries concerned. 

2. The demonstration of the need for 
improvement in the recording and 
storage in a readily accessible form of 
biological observations, job histories, oc- 
cupational exposures and demographic 
data. In practical terms this means: 

A. The adoption of a form for record- 
ing the results of periodic examinations, 
the causes of sickness disability and 
death of employees which can be en- 
tered and stored in a computer system. 
In order for this information to be col- 
lected centrally where it can be of 
maximal value the information collec- 
tion system should be uniform or at least 
compatible. 

B. The development of a method for 
acquiring information on the cause of 
death of annuitants. In affiliates where 
the company is paying al l  or part of an 
annuity there must be some mechanism 
whereby the Employee Relations Depart- 
ment is notified of the death of such in- 
dividuals. If possible there should be a 
requirement that the company receive a 
death certificate. If so, a copy should be 
forwarded to the Medical Department 
where immediate follow-up can be 
made with the attending physician to 

380 Epidemiological Survey of Leukemia and Potential Benzene Exposureflhorpe 



verify (and clarify) the diagnosis. This is 
particularly important where the 
possibility of a neoplasm exists, (as 
demonstrated in our present study by 
our limited information regarding the 
type of leukemia) 

Where the annuitant has no con- 
tinuing contact with the company, 
strong efforts should be made to enlist 
the cooperation of public health 
authorities to obtain a periodic report of 
annuitant deaths. This should not be an 
impossible task if a social security num- 
ber identity system is in effect. 

It is recognized that in some countries 
current laws forbid the transmittal of 
medical information to the company. In 
view ot the current interest in the 
epidemiology of occupational disease 
the reversal of bureaucratic attitudes may 
be a less formidable task than we have 
believed to date. Efforts in this direction 
should certainly be made. 

C. In a number of affiliates there has 
been a program to develop personnel 
data banks. Medical Directors and Ad- 
visors should consult w i th  their 
managements about the possibility of 
entering good job histories and potential 
hazardous exposures into this system. 
Observations of the industrial hygienist 
might well form part of the input into 
this data bank. 

D. Computer soft-wear programs 
should be developed to obtain yearly 
summaries of the distribution of the em- 
ployee and annuitant population in 5- 
year classes which correspond with 
those used for reporting census figures 
and WHO mortality data. 

While this concept of improving in- 
formation storage and retrieval may ap- 
pear unduly idealistic and expensive we 
are convinced that it i s  essential and a 
swnd investment for the future. We are 
in the early stages of increased govern- 
ment and public health interest in 
regulating worker exposure to a 
multitude of environmental factors. In 
many instances regulations are proposed 
on highly theoretical considerations. We 
may expect that unrealistic regulations 
wilt tx passed i f  there is no sound in- 
formation available in the formative 
stage of such laws or decrees. The chief 
source of such data with long term 
statistical validity will be industries or 
companies such as ours which have had 
good medical programs for years. The 
irony of the present situation i s  that we 
probably have literally tons of data in 
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