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Letter to the Editor

PLAINTIFF'S
EXHIBIT

Assessment of Leukemia Mortality Associated with
Occupational Exposure to Benzene'?

Peter F. Infante,®> Mary C. White,* and Kenneth C. Chw®

We appreciate the opportunity to respond to the
interesting comments concerning the benzene risk
assessment. (White et al. Risk 4nalvsis, 2:195-203.
1982) Dr. Van Raalte of Shell and Drs. Grasso and
Imine of British Petroleum have raised issue with the
exposure levels and relative risks observed in the
varios studies of benzene exposed workers. Dr.
Gaffey of Monsanto has raised concern about the
concept of assuming constant relative k. and Dr-.
Chandler of Washington. D.C. is concerned about
the justification for selecting the linear model for
determining a dose response relationship for benzene
and leukemia.

We have divided our response into four separate
areas. namely: (1) estimated benzene exposure levels
experienced by the study cohorts selected for the risk
assessment: (2) results of studies not selected for the
risk assessment that were mentioned by the commen-
tors: (3) the concept of relative nsk used in the nsk
assessment; and (4) model selection.

(1) Estimated benzene exposure for the studyv cohorts

In regard to the Infante eral''’ and Rinsky
et al> sud! of Pliofilm workers. the authors con-
cluded that. based upon a review of available data.
benzene exposures to the cohort were generally within
the limits recommended at the time {i.e.. the 8-hour
time-weighted-average (TWA) exposures ranged
between 10 ppm and 100 ppm]. In their letter.
Van Raalte eral. questioned this assessment. Thus.
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we shall summarize benzene exposure for the Na-
tional Institute for Occupational Safety and Health
(NIOSH)cohort as published in 1981 by Rinsky
et al.?

For one Pliofilm manufacturing facility. infor-
mation on benzene concentrationsbetween 1946 and
1976 was available from a series of reports by the
Industrial Commission of Chio. the Ohio Depart-
ment of Health, the company. the University of North
Carollira and a NIOSH survey. According to NIOSH
investigators. most of the data in these reports ap-
pears to have been derived from area samples mea-
sured with detector tubes over a sampling period
ranging from 2-3 minutes. The company surveys of
1973-75 and the NIOSH walk through survey con-
ducted in 1976. measured concentrations in personal
breathing zone air. While the short-term area samples
measured over the years indicated that some benzene
levels were above 100 ppm. most were below 100
ppm. These latter data points seem to have been
ignored by Van Raalte et ai.

In addition. the area samples are often measured
in an effortto determine point source emissions and
may exaggerate actual worker exposure. Further-
more. exposure determined from short-term area
samples corresponds to relatively lower personal 8-
hour average concentrations because workers are mo-
bile and take breaks away from manufacturing

The Rinsky et al.'*' report cites documents indi-
cating that workers were required to wear respirators
when exposed (even momentarily, to levels consid-
ered above those recommended at the time. These
levels ranged fran a maximum allowable concentra-
tion of 100 ppm in 1941 to an 8-hour TWA of 10
ppm from 1969 to the present."" One of the several
documents does indicate that respirators were not
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used. Qverall, the evidence indicates that respirators
generally were used when ¢xposures were over the
recommended INIC.Van Raalte e &f. mentioned only
the one report which indicated this was not the case.

Van Raalte eral. further mentioned that the
White eral. assumption that exposures weft S0
higher (i.ev, 150 ppm, between 1937-40, as compared
to 1941, when the allowable concentration was 100
ppm) was **based on poor data.”* The 100 ppm level
was set in 1941. We thought it was a reasonable
assumption based on the data available for the 1940's.
Better data are not available.

We believe that the actual exposure levels to
individual workm comprising the NIOSH study*-?
will never be known precisely, However, much effort
has been made to characterize their exposure. result-
ing in reasonable estimates that are better in quality
and in detail then for most historical prospective
occupational mortality studies. Only studies of
asbestos and arsenic ¢xposed workers have provided
better exposure data.

Limited information on exposure levels wes
available from the second locatian. One report from
the Chilo Department of Hallth dated 1948 indicated
there were “a few conditions wherein an employes
might be subjected to an extremely high concentra-
ton of benzol” but that employees were “ well aware
of the toxicity of benzot and have been instructed to.
and do, wear respirators when they are required to
enter'” these areas. Environmental data from this
location believed to have been derived around 1957.
when the recommended 8-hour TWA was 25 ppm.
indicate atmospheric levels ranging tetween zero and
100 ppm based On short-term area samples. Siace
respirators were used at this facility and management
was aware of the toxicity of benzene. the assessment
that personal exposure to benzene at this facility as
well as at the earlier mentioned plant was generally
within the recommended limits at the time of ex-
posure seems reasonable. Upon review of the Rinsky
erai. rgort. it seems that our assumption in fact
overestimates average exposure to the cohort.

Dr. Irvine argues that a ""group of 404 workers
were exposed to up to 20 ppm levels of benzene. and
yet by the 19/5 follow-up date no cases of leukemia
had been observed."" hence the extrapolations of the
risk assessment do not apply. He attributes this state-
ment to HlS and Thorpe on behalf of the American
Petroleum Institute. ThiS statement is inconsistent
with information presented and discussed 6 years
ago. Prior to selection of the cohort. a thorough
evaluation of industrial hygiene data avaiiable plus
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the NIOSH walk through survey determined areas in
which benzene exposure occurred. As stated in
19779 *"Data previously requested of industry, but
never supplied, were introduced at the U.S. Depart-
ment of Labor hearings on a proposed bemzene
standard, which alleged that exposure to benzene
existed in an area not selected for study. NO details
(i.e., sampling location. duration, analytical proct-
dure, or definition of department) were given to
permit a valid interpretation of the only data points
(@©.11.8 and 20 ppm) in that report.”" Thus, it is
difficult to understand how 3 data points of unknown
arigin can be extrapolated to the statement that 404
workers exposed to benzene levels up to 20 ppm have
not developed leukemia.

When commenting on the study by Ott eral.*®
used in the risk assessmat, Van Raalte e al. <ite the
highest singie exposure peak (937ppm) measured in
the study, and state that they are not told how
frequent such exposure occurs. It is clear from the
Ott eral® report that the 937 ppm level was the
highest and was a rare occurrence. Van Raalte er df.
cite ¥15 single data point to support their opinion
that high concentrations of benzcne are crucial in
determining leukemia and thus mathematical model-
ling based on a cumulative dose concept misses
"important and relevant information.”* The average
tenzene exposure to workm in this production aea
wes estimated to have been 35 ppm.

None of the three leukemia cases (versus 08
expected, RR = 3.75) worked In the area of the plant
where the highest exposure existed. To the contrary,
two of the individualswho died from leukemia worked
in areas characterized as low benzene exposure 2-9
ppm TWA, while the third worked in an area char-
acterized as very low (i.e.. TWA exposures less than
2 ppm).

Further assessment of atmosphericbenzene levels
in the three production areas from which workers
were selected for study by Ott eraf. indicated that
exposures to the cohort had always been fairly low.
reflecting the use of closed continuous systems. In
production area 1 estimated TYWA benzene ex-
posures based mostly on breathing zone samples
ranged between 0.1 and 6.2 ppm for the years 1944 to
1973. In production area 2 TWAs ranged between
0.3 and 14.7 ppm between 1953 and 1972 while in
production area 3. the averages ranged between 4 and
3.5 ppm for the years 1952-1974. On the basis of
data presented in the Ott eral. study. the average
exposure for the entire cohort was about 5 ppm.
Thus. in the absence of any mathematical modelling
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for this study, one could be left with the impression
that fairly low average exposure to cenzsne results in
the development of leukemia.

(2) Resudts o studies not selected for risk assessment

Dr.Irvine cmments that one can produce nega-
tive studies demonstrating that the projected risk
values from White et al. “do not hold.” He sites for
his example the study of petroleum refinery workers
by Thorpe. The International Agency for Research
on Ganoer (IARC)*® reviewed the Thorpe study and
in addition to its criticisms of low power and Limited
methodology stated * the study suffers from problems
of ascertainment, specificity and validity of diagnosis.
and the *health worker effect’ in the calculation of
SMRs” (Standardized Mortality Ratics). More de-
tailed discussions of the limitations of the methodol-
ogy used by Thorpe have been published.””’

Dr. Irvine also matians that the extrapolations
of the risk assessment do not apply to a srall group
of individuals who first worked in a benzene-exposed
department between 1950-1959. The data do not
support his contention. For individuals who were
first exposed between 1950-1959 there were two
deaths from myelogenous leukemia when the ex-
pected deaths based on total leukemia was 0.46. For
one o these deaths due to acute myelogenous
leukemia (AML), however. the hematologist who di-
agnosed numerous leukemia victims who worked at
the plant noted that the discharge diagnosis was
changed from AML to aplastic anemia so the widow
would receive $10.000 in industrial compensation. If
the death was from leukemia the widow would have
been entitled to no compensation.® Although this
death was not included as attributable to leukemia in
the NIOSH studyv (asappropriate). there is justifica-
tion for including it in a maximal risk estimate which
would result in 2 leukemia deaths versus 0.46 ex-
pected. for a relative risk of 4.0 based on total
leukemia mortality. or a higher relative risk based on
myelogenous leukemia mortality only. The numbers
upon which the observation is based are small. but
nevertheless they are contradictory to Dr. Irvine's
interpretation of the results for these workers.

Van Raalte er a/. state that we did not include
the Aksov and Vigliani studies in our risk assessment
and that these studies indicate benzene exposure has
to be substantial for leukemia to occur. In our paper
we previously stated they were not included because
we felt the benzene exposure information from the
studies was not as detailed as that n the
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Infante-Rinsky and Ott etal. studies and that the
estimates of risk were uncertain, However, we recog-
nize that Aksoy, Yigliani, and their co-workers have
made tremendous contributions in their pioneering
work addressing the clinical manifestations of an
entire spectrum of blood abnormalities associated
with benzene exposure. Workers described in the
Vigliani and Aksoy reports were exposed to high
levels of benzene resulting in the occurrence of over
200 cases of leukemia. However, Vigliani and Aksoy
did not have data upon which to assess the carcino-
genicity of benzene among workers exposed to low
leveb.

(3) The concept of relative ik used in the assessment

Dr. Gaffey has illustrated the confusion that can
arise from the use of the term relative risk. Rates of
the disease may be exprassed in wnits of time, such as
the number of deaths per 1000 persoas per year. or
may be ¢xpressed as proportions which are unitless,
such as cumulative nortality. It may be useful to
distinguish a ratio of time-dependent rata fron a
ratio of proportions. since both types of ratics are
referred to as relative nds.

When mortality rates are for a very small inter-
val of time. the ratio of two rates can be viewed as an
instantaneous rate rai0. An instantaneous rate ratio
need not be age dependent, and at least theoretically
could be constant over tI@ and across ages. On the
other hand. cumulative mortality expressed as a pro-
portion s upper-bounded by one. A ratio of two
proportions cannot exceed one if the denominator
proportion is equal to one.

In our calculations. we treated the SMR as an
estimate of the ratio of two cumulative mortalities.
As such. the SMR can be thought of as a composite
measure of instantaneous rate ratios for all age groups.
When one compares SMRS between study popula-
tions with different age compositions. one is im-
plicitly making the assumption that the instantaneous
rate ratio is constant across age groups. The ap-
propriateness of the comparison is dependent on the
validity of this assumption. The assumption of a
constant instantaneous rate ratio also is made when
one uses the SMR from one study to calculate 1 risk
for another population with a different age composi-
tion.

In our calculations. we expressed the probability
of death from leukemia as the cumulative risk over an
adult lifetime (i.e.. a proportion). The SMR was
treated as an estimate of the ratio of the cumulative
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mortality from leukemia following occupational ex-
posure t0 benzene over the cumulative mortality from
leukemia in the absence of occupational benzene
exposure. In our model, the ratlo of cumulative
mortalities was dos¢ dependent. The use of Abbott's
correction assured us that the estimate of the total
cumulative mortality from leukemia would not ex-
ceed oOne.

Thus. the measure of relative risk that we relied
on was the ratio of cumulative mortalities, which
could be estimated from the SMRs. The assumption
of a constant instantaneous rate ratio was not in-
tegral to our calculations. However, this assumption
is important to consider when assessing the validity
of the Nk estimates.

(4) Model selection and cumulative dose relationship
for benzene and leukemia

Dr. Chandler has questioned the appropriateness
o using the one-hit, or linear model, and suggests
that molecular mechanisms which determine the dose
response relationship for benzene toxicity should be
evaluated in estimating the sk of benzene,

We believe that an assessment of benzene toxic-
ity could be improved by knowledge of biological
factors such as the dose of the ultimate metabolite(s)
in bone marrow (and other organs), the toxicity of
these compounds. and the.rates and sites of their
transformation as well as the cumulative nature and
pharmacokinetic distribution and action aloag with
modifying effects of intrinsic and extrinsic factors.
However. after decades of study. the basic mecha-
nism by which benzene affects bone marrow pre-
cursor cells is still unclear. Furthermore. even if these
factors could be identified. it would be difficult to
determine the weight that should be given to each
factor in the development of a mathematical model.
Nevertheless. selection of this model seemed ap-
propriate since linear dose response relationships ex-
ist for several end points measuring the toxic effects
of benzene on the bone marrow. (These are discussed
below.)

For a number of carcinogens. the linear non-
threshold model has been shown to describe the dose
response relationship (i.e.. radiation and leukemia.
arsenic and lung cancer. and ashestos and lung
cancer). This model also has been used for carcino-
genic agents by the World Health Organization's
Arsenic Working Group. for ionizing radiation on an
international basis. by a Task Group on Air Pollution
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and Cancer in Stockholm in 1977, aS well as by
regulatory bodies in the U.S. such as the Carcinogen
Assessment Group (CAG)of the EPA.®

With specific regard to benzene and leukemia,
OSHA requested several reviewers t0 comment ON
the model used by White etral. for the risk assess-
mcm.‘w‘ = -

In response, Dr. Norman Breslow, Dr. Philip
Cole, Dr. Charles Brown, and Dr. David Gaylor all
thought the linear model was acceptable and that
other more complex models were not justified. How-
ever. Dr. William Rowe felt other models should be
evaluated in addition to the linear model. while Dr.
Karrh felt the linear model wes unverifiable. In our
opinion. the issue of model selection can best be
summarized by Dr. Charles Brown who stated

The *correct’ model is unknown, and Will remain so until we
know the mechanistic relationship between bemzene ex-
posure and leukemia: however, 1 00O not believe chat the
data warrant more Syhistication than the simple linear
model (10 which the one-hit model IS a very dose approxi-
mation at low response rata); I addition, since the range
over which the dose extrapolation is performed appears t0-
be relatively small (one order of magnitude?). the dose
response model should have a small effect on the risk

assessment resuits.

With regard to benzcne and leukemia Dr.
Norman Breslow recently stated that dose additivity
and low dose linearity should be adopted as biologi-
cally reasonable and scientifically prudent assump-
tions in the absence of specific ¢vidence to the con-
trary.®®

Van Raalte er a/. have the opinion that a cumu-
lative dose relationship would not seem to accord
with what is known about the toxicology of benzene
and. based upon their interpretation of epidemiologic
data. further allege that both marrow hypoplasia and
leukemia only occur in persons exposed to benzene
concentrations above 100 ppm.

In the Ott eral.'® report, there is no evidence
that the leukemia Cases experienced high peak ben-
zene exposures. Likewise. studies of several
refineries'*~!'2 and chemical manufacturing
facilities!® where relative leukemia risks are signifi-
cantly elevated and average exposures have been low.
do not provide data to indicate that the leukemia
deaths resulted only from substantial peak exposures
to benzene.

The only epidemiologic study to address maxi-
mum peak exposure and cumulativeexposure to ben-
zene in relation to cancer was the recently reported
industry-wide mortality study of chemical workers
exposed to benzene sponsored bv the Chemical
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Manufacturing Association (CMA)."® When data REFERENCES

were analyzed by cumulative exposure, statistically
significant dose response relationships were demon-
strated for leukemia as well as for all lymphohema-
topoietic cancers. Analyses by maximum peak
benzene exposure (i.e.. below 25 ppm. or between
25-100 ppm. or &bove 100 ppm) did not demonstrate
a significant trend. However. the latter analysis dem-
onstrated a relative risk greater than 3 when maxi-
mum peaks were below 25 ppm. The findings suggest
that cumulative exposure may be a valid measure of
dose in determining dose response relationships for
benzene and leukemia and that maximal peak
exposures below 25 ppm may also induce lympho-
hematopoietic cancer.

In order to further evaluate the issue of the level
of benzene required to cause toxicity to the bone
marrow. one can look to experimental studies where
dose and dose level can be controlled. In this regard.
the NTP bioassay on benzene demonstrates dose
response relationships for multiple cancers as well as
for leukopenia in both mice and rats.**' The low
dose in both speciesis equivalent to an 8-hour atmos-
pheric exposure of 20 ppm. Additional experimental
studies have now demonstrated that inhalation of 10
ppm benzene causa significant bone marrow depres-
sion (6 hrs/day. 178 days)*® and disturbances of
immune system function (6 brs/day. 6 days).'*® Since
most leukemias and related disorders in man seem to
involve stem cell abnormalities and immune system
deficiencies these findings may be highly relevant to
benzene and leukemia.

Several recent experimental studies have demon-
strated adverse effects on chromosomes and bone
marrow in relation to low level benzene exposure.
Collectively. these studies demonstrate chromosomal
damage in bone marrow cells as a result of only one
6-hour exposure to 10 ppm‘'™ or one 4-hour exposure
to 28 ppm."* or to an equivalent of two 8-hour
exposures to 6 ppm.*'?

Thus. numerous recent findings seem to con-
tradict the opinions of Van Raalte eral. and Irvine
that only peak benzene exposures above 100 ppm can
cause leukemia or bone marrow toxicity. Further-
more. both epidemiologic observations and experi-
mental studiessupport a cumulative dose concept for
benzene and leukemia. and indicate that even short-
term exposures to 10 ppm are toxic to the bone
marrow.

1

2.

kN

n

1.

16.

17.

18,

. M. J. Sakol, “Clinical Qbservation of Di

P. F. Infante, R A Rinsky. J. K. Wagoaer, and R. J. Young,
Leukemia N Benzene Workers,'" Lancer 2 76-78 (1977).

R. A. Rinsky, R. J. Young. and A. B. Smith. “Leukemia in
Benzene Workers." Am. J. Ind. Med. L 217-245 (1981).

P. F. Infante, R A. Rinsky. J. K. Wagoner, and R. J. Young,
“Benzene and Leukemia ™ Letter 10 the Editor. Lancer 2.
868-869 (1977).

. M. G. o, J. C. Townsend. W. A Fishbeck. and R. A.

Langner. *Mortality Among Individuals Occupationally Ex-
posed to Benzene.” Arch. Env. Health 33. 3-10 (1978).

. IARC Monographs on the Evaluation of the Carcinogenic

Risk of Chemicals to Humans. Some Indusirial Chemucals and
Dvestuffs. TARC, WHO. Lvon. Vol. 29 (1982).

. S. M. Brown, "'Leukemia and Potential Benzene Exposure.””

Letter to the Editor, /. Occup. Med. 17.5-6 (1975).

. P. F. Infante and M. C. White. “Benzene: Epidemiologic

Observations of Leukemia by Ceil Type and Adverse Health
Effects Associated with Low-Level Exposure.” Env. Health
Perspect. 52, 75-82 (1983).

Gugliclmo Leukemia
at Ope Division of One Ohio Plant Where Workers Were
Exposed to Bemzeme,” Testimony at Dept. Labor. Docket
H-059A. TR 285-339(1977).

. World Health Organization. Environmental Health Criteria 18.
10.

Arssenic, Geneva (1981).

Formali Comments Submitted i© OSHA on Bemzene Risk
Assessment, Docket H-059B, EX No. 137, (1983).

T. L Thomas, R. J. Waxweiler, R. Moure-Eraso, S. Itava, and
J. F. Raumeni. “Mortality Patterns Among Workers in Three
Texas Oil Refiperies.” J. Occup. Med. 24, 135-141 (1982).

. R. E. Joyner. * Leukemua at Sheil Wood R and Deer Park

Manufacturing Complexes.™ Letter and reports of studies to
J. D. Millar, Director. NIOSH, dated July 28.1983). OSHA
Docket H-059B, Ex. No. 142-13.

. O. Wong. “An Industrv-Wide Mortality Study of Chemical

Workers Occupationally Exposed KO Bemzene,” Report sub-
mutted 10 Chemical Manufacturers Association, (Dec. 19831

. NTP Technical Report on the Toxicology and Carcinogenesis

Studies of Benzene. NTP 289, US. DHHS. NIH Pub. No.
84-2545 (inpress).

. K. A. Baarston, C. A. Snvder. and R. E Albert. “Repeated

Exposure of C57BL Mice 10 10 ppm Benzene Markedlv De-
pressed Ervthropoietic Colonv Formaton.™ Toxicology Letters
20:337-342 (1984).

M. G. Rosen. C. A Snyder.and R. E Albert, “Depressions in
B and T Lymphocyte Mitogen-lnduced Blastogenesis in Mice
Exposed 10 Low Concentrauons of Benzeme.," Toxicology
Letters 20:(1984).

A. D. Kligerman. G. L. Erexon. and J. L. Wilmer. “Develop-
ment of Rodent Peripheral Blood Lyvmphocvte Culture Svs-
tems to Detect Cytogeneuc Damege in Vivo," Paper presented
at International Symposium on Sister Chromatid Exchange.
Brookhaven Natl. Lab.. (Dec. 1983,

R. R. Tice. J. L tvett. SI.J. Sawev. D L. Costa. R. T. Drew.
and C. P. Cronkute. “Cytogenetc Marufestauons OF Benzene
Induced Damage in Munne Bone Marrow.™ Paper presented
at International Conference on Benzene, Collegium Ramazzima,
New York. (Nov. 1983)

-M. M. Gad-El-Kanm. B. L. Harper. and M. S. Legator.

“Madifications 1n the Mvelociastogeme Effect 0 Benzene 1n
Mice with Toluene. Phenobarbitol. 3-Methvicholanthrene. Ar-
oclor 1254 and SKF-525A." Muratton Res. (in press).



