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Tackling & Very Difficult Problem

H. G. S. Van Raalte, P. Grasso, and D. Irvine

We were interssted to read the article by White
et al. published in Risk 4nafysis. The authors made a
commendable attempt at tackling a very difficult
probiem, but that an a aumber of points we would
like to make, particularly in relation to the estametion
Of exposure levels since any errors introduced in these
estimations @ bound to dave a major impact on the
assessment Of risk at low kevels of benzene exposure,

As the authors emselves admit, exposure levels
in the plants sekectad for study by Infante er o/
were not well documented prior to 1951. and at the
location where five out of Seven leukemia deaths
occurred, there were oo exposure data prior to 1957.

Thus, the actual exposures of the leukemia cases
during the aetiologically meaningful period (1939-
1951) are largely unkaown. There are horever some
indications that coacemtrations inside the spreader
and dryer NS have b2 occasionally measured and
indicated " a highly dangerous level of benzene, rang
ing from 200 1 350 ppm™ 1 which employess might
have been exposed while making adjustments to the
machinery, Although employees were required to wear
protective equipment when performing this task, this
tequirement Wes frequently ignored.®

At the other location where two deaths occurred,
there were N0 exposurs data until 1946 when an
extensive ¢xhaust system was iastalled. From 1946 to
1950 only 15 measurerpents were taken on four dif-
ferent days. Of these, 11 (73%) were above 35 ppm,
the standard in effect at the time. There is also
additional evidence of exposure in excess of 500 ppm
in certain instances.

Thus, In our view, the authors

arbitrary*" as-

sumption that benzene exposures before 1941 were
on *"average'* 50% higher than those during the period
1941-1946 is based on very poor data indeed, and we
consider it to be most unreliable to form the basis of
a Ak estimate.

It is highly questionable indeed whether the
""average''conczntration Of tenzene, even if based On
reliable data, can be considered as the only, or even
the main, rel¢van( exposure {actor associaied with the
disease, ignoring the possibly more relevant “peak”
valnu.‘l‘huwcwwouldappwtobempporwdby
the fact that the 5 workers who developed leukemia
and who formed the basis Of the risk analysis were
employed in occupations which made sxposurss
"'peak” levels very likely indeed.®

The importance of peak «xposure levels is also
apparent in the study coaducted by Ott er a/. In this
study, the authors concede that pak exposure [evels
of 937 ppm were measured. \\E are not however told
how frequent was the axposure to these high levels
nor how many workmen were exposed D them. Sia
we hold that exposure to high concentrations is cru-
cial in determining the onset Of leukemia, = fs2! that
important and relevant information IS missed when
the mathematical modelling B bassd on a cumulative
dose model.

The authors mention, but do not include in their
analysis, the papers by Askoy™® and Vigliani.® De-
spite their deficiencies these were the f(irst publica-
tias to indicate that benzene wes leukemogenic to
man. They also indicate that for the leukemia to
occur, exposure 10 benzene vapours has to he sub-
stantial. This is in keeping with what we believe the
study by Rinsky® and by Ott® really demonstrate.

With regard to the assumption that a cumulative
dose relationship exists for benzene, we would like to
point out that although there is, strictly speaking. no
acceptable means for testing the assumption, it would
not seem to accord with what is known about the
toxicology of benzene. In fact an analysis of epide-
miological data concerning the incidencs of leukemia
and marrow hypoplasia suggests that both these con-
ditions occur in persons exposed to levels of benzene
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concentrations above 100 ppm.* Although it would
seem sensible to assume a cumulative damage at
levels of 100 ppm or above, the assumption seems to
be less applicable to lower concentrations.
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Benzene

D. Irvine'

The authors have carmied out a useful exercise in
an attempt to demonstrate how existing ¢pidemio-
logical studies can be utilized in estimating the risk of
leukemia after long term e¢xposure to low levels of
benzene concertration.

The authors mention in detail many of the as-
sumptions they have had to make and give plausible
arguments to counter many of the dojections that one
may raise. HonBver, before one can aceept the ex-
trapolations that they produce, same further points
need 10 be addressed.

Firstly, no matter how the data of the Rinsky‘"
and Ot studies arc modelled mathematically using
a cunulative dosc model, large excesses of death due
to leukemia arc suggested at lav levels of exposure.
Since this is the case, the natural conclusion should
be that if these two studies are representative of
benzens—axocsad workers worldwide then potentially
large excesses of leukemia deaths will result with
prolonged follow-up.

Before we acczpt this reasoning we must de-
termine whether the two studies do in fact reflect
typical working exposures df industrialized popula-
tias to benzene. The studies are special in the sense
that complicating interactions with other chemicals
do not occur. but an attempt at quantifying exposure,
by necessity, concentrates On the available data and
produces 'average' values. The exposures during the
early period in the Rinsky study are not documerited
but one surmisss that the situation was much worse
than the period after installation of extensive exhaust
equipment, with a potential for temporary exposure
to high concentrations.

This point is o particular relevance in the
mathematical moedelling of the dose response rela-
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tionship since a heavy reliance on a cumulative dose,
ignoring the possibility that high exposures, albeit for
brief periods, may be necessary for the induction of
the leukemia, could produce completely erroneous
results in an extrapolation to lower cumulative doses.

There is nothing to be gained hers by smply
objecting to thiS modelling sincz the biological
knowledge is aot sufficient to proposs any alterna-
tive. What is essential is some further information
concerning the shape of the dose response curve in
the lower dosc region.

One can &ther produce negative studies as in
the case of the OSHA hearings, as counter exam-
ples (albeit with their inherent deficiencies— White
et al)® demonstrating that the projected risk values
from these two studies do not hold, or one can
attempt to see if the results do apply to actual
populations, Adopting this latter approach there are
two groups of workers that can be cited who provide
a good {ramewaerk 0N which tojudge the applicability
of the risk estimates,

The first corresponds to the "'dry side” workers
referred to by Hannis® who apparently did not
satisfy the cohort definition applied by Infante in his
original study. It has been stated that this group of
404 workers were expased t0 up t0 20 ppm levels of
benzene, and yet by the 1975 follow-up date no cases
of leukemia had been observed. Arguably a sufficient
latent period has not ban allowed, and the quantifi-
cation of exposure may not be accurate. but it B
possible that here is a group of individuals from the
same ethnic/geographical background for which these
extrapolationsdo not apply.

The scoad group is taken from the Rinsky
follow-upto the Infante study and is composed of all
those workers referred to as group 2 in the study who
first had exposure to benzene during the period
1950-1960.
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In carrying out an exersise Of this sort, several
assumptions have (0 be made 10 lest e extrapola-
tion since no details are given Of the duratioe of
employment in benzene-exposed occupations. Fol-
lowing the authors’ approach in te risk analysis, the
best and worst cases have been adopted and an
presented below. They aim t0 give a feel for the
typical range of deaths that might be anticipated
from s group.

Corresponding to a dose of 415 ppm years asso-
ciated with the observed SMR of 2100 in group 1 we
obtained a range of deaths equivalent to (1.3, 12.1).
The lower limit was derived assuming that all 258
workers worked for periods of less than one year (Six
months), while the upper limit had thres implicit
assumptions. The first wes that workers at locations 1
and 2 had a turnover rate among short term workers
equivalent to that in group 1—that is 58% less than
one year. The second assnption was that the re-
mainder of the 148 workers at location 1 had periods
of employment proportional to the number of * UM
in operation; this was a simplified attempt to reflect
that the size of the workforce would diminish as the
nurber of operational UNits was reduced. Finally,
that the 46 individuals at location 2 who worked for
longer than one year, all worked for a period of ten
years from 1955 to 1965 at which time it was consid-
ered the benzene exposures aliered considerably due
to the change from rubber hydrochloride manufac-
ture to vinyl filn

The same ¢xercise was repeated using the model
coefficient corresponding to 1500 ppm years asSCi-
ated with an SMR of 2100 which led © (.3, 39) as
the range of deaths under the assumptions described
above.

By 1975 only one death had occurred against an
expected figure of .46 giving an excess of .54, It can
be seen that although the figures are only rough
approximations, that .54 just overlaps the (.3, 3.9)

D. trvime

interval and is oot contained in the (1.2, 12.1). In this
context the lower limit is not regarded as being
articularty representative of the actual work profile
& the oohon,mpmd there Ea suggestion that thepzual
exczss is not as large & anticipated. This may be due
solely f0 the assumptions made I calculating the
figures, that sufficienttime had not elapsed to mani-
fest the~excess, or that the original projections were
derived for individuals with greater than 5 years
exposure (we have extrapolated to 6 months for the
lower estimate, and used periods of less than five
years for the proportionality assumption in location
1).

We can either uncritically accept the projections
made by the authors, carry out relatively unproduc-
tive exercises similar to the one above to see whether
the Nk & real, establish whether 'negative studies'
exist. or concentrate effort on determining a better
understanding of the mechanism involved (which
might dictate peak values of exposure being included).

WItoE a clearer understanding of the mecha-
nism, Or data points established in the low dosc
region so that the shape of the simplified dosc re-
sponsecurve is characterized, the debate will never be
satisfactorily resolved.
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The Methodology of Risk Assessment

William R. Gaffey?

In their recent paper on a risk assessment of
leukemia mortality associated with occupational ex-
posure to benzene, White er o/."! invite comments on
their approach. Several things might be said about
their choice of dose response model and their ex-
posure estimates, HOnBVEY, I wish to raise a basic
question about the methodology that I believe may
be more important.

For practically all cancers there is a background
mortality that varies with age. In such casss. the
assumption that the relative risk associated with some
exposure is constant across all age groups is falx by
algebraic necessity.

To see that the relative risk must be age depen-
dent, consider the author’s Eq. (4), but denote the
dose response curve by f(d). That equation states in
effect that the relative risk is

(P,/Py) =1+ f(d)(1-Py)/Py

When 4 is constant the relative risk is a decreas-
ing functionof 2,. In plain words, if you have a dose

“Monsanto Companv.800 Nonh Linbergh Blvd.. St. Lows, Missoun
63167.

that produces a relative risk of 5 when Py =.2, it
cannot produce a relative risk of 5 when 2, =5.

Since the authors state that the assumption of a
constant relative risk justified their use of the SMR to
estimate that relative risk, and sin¢z the assumption
cannot be true, it sesms to me that their procedure is
not valid. It isn’t so much that the SMR may over-
estimate Or underssiimate the relative risk. as they
state on page 202, it’s that there is NO reladve risk to
be estimated, since it isn’t costant in the first place.

At the risk of jousting with a sacred cow (and of
mixing metaphors) | suggest that the real problem is
with the concept of relative risk, which has a seduc-
tive appearance of siraightforwardness until you took
at it carefully.

It may be time to rethink the way in which we
characterize the possible hazards associsied with
chemical exposures.
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Benzene and the One-Hit Model

Jerry L. R Chandler’

Future adverse health consequences subsequent
to occupational exposure to benzene were estimated
from epidemiologic data by White eral. A funda-
mental scientific and \egal issue is the question of the
relative health risks associated with chronic "low'
level exposure to benzene. If fact-based science and
value-based social policy arz 1 be articulated with
veracity, then the best estimate of the true human
risk should be sought The best estimate of the true
human risk demands the systematic evaluation of a//
relevant facts which may quantitatively influence the
risk estimate. In addition, the assumptions and the
implications of the predictive health model must be
evaluated for consistency and coherency with the
known facts.

White et al. “selected the one-hit model for ben-
zene, primarily tecause it is a simple model.” The
one-hit madel is not merzly a statistical distribution
but is mathematically derived from a set of spesific
assumptiions which relate the *‘dosc™* to an irrevers-
ible biolagical process. Mathematically, the one-hit
model desctibes a continuously increasing saturation
function which starts at zero and asymptotically ap-
proaches one with increasing dosc. Chemically, the
logic of the one-hit model requires that a single
unique chemical event constitutes the causal diologi-
cal event, The causal biological event must be ini-
tiated in a single cell in order to be unique. In
addition, the chemical event must be irreversible to
be in accordance »ith the mathematical assumptions
for a Poisson process. A critical determinant of the
model's risk predictions is the assumption that the
number of irreversible biological events & directly
proportional to the dose. hence the critical public
health conclusion that a ample proportional relation-

17412 Churchill Road. McLean. Virgima 22101

ship exists between the dose and the response at
“low"" doses.

Is the one-hit model an accurate predictor of the
future incidence of leukemia in exposed populations?
White era/. state *"the current biological evidence
concerning the chemical induction of leukemia was
considered insufTicient to defend the use of a mort
complex model™ Unfortunately, the nature of the
evidence considersd 1 be insufficient was not stated.

The notion that “simplicity” is adequate justifi-
cation for predicting future incidence of human dis-
ease disguisesat least four substantial s¢ieatific issues:

1. The fundamental issue of whether or not the

dose-response relationships for benzene are
continuous functions or are discontinuous
functions is side-stepped by the simplicity
argument, From a public aealth perspective,
the aitical issue of the existence of NK out-
side the observable raage is thereby avoided.

2. Justification of selection of the linear model

by noting its simplicity also lsads to the no-
tion that the response is proportional to dose.
Of the infinite set of possible relationships
between dosc and response, the assumption
that a simple proportional relationship exists
nesds to bejustified. Since it is possible that
the molecular mechanism of benzene-induced
toxicity involves a set of complex nonlinear
biochemical reactions, the simplicity argu-
ment may eventually be shown to be incon-
sistent with the molecular mechanism.

3. The argument of simplicity is insufficient sci-

entific rationale to justify the strong conclu-
sion that disease incidence & Linear in a
heterogensous human population. Hit theory
is based on the premise that rare stochastic
events occur as first order processes in a
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homogeneows population. Discussion of the
weight of evidencz supporting the equisensi-
tivity Of all workers (oward benzene intoxi-
cation is needed if this assumption of the
model is 1 be credible.

. Metabolic considerations may be critical to
understanding the functional relationship be-
tween the dose and response. Sincz the parent
benzene molecule is a relatively unreactive
molecule at biologic pH and temperature, a
spontaneous irreversible reaction with bio-
molecules at a biochemically significant rate
is deemed unlikely. This suggests that the
presence of benzene itseif in a cell represents
only the distribution of a foreign substance in
the body and not the critical irreversible event
assumed by the model. Benzene is metabo-
lized to phenols and quinones by saturable
enzymalic processes. Phenols, quinones, and
unstable oxygenated benzene derivatives
which lead to the formation of phenols and
quinones are substantially more reactive than
benzene itself. Kinetically. these reactions are

Chandler

not simple unimolecular reactoas but follow
higher order, saturable kinetics. Oxygenated
metabolic derivatives are sufficiently reactive
to covalently bind to lssue constituents, in-
cluding genetic elements. The importance of
these reactions N e molecular mechanisms
which determine the dose response rela-
tomships for benzens toxicities could (and
should) be evaluated in estimating the risk of
benzene.

Simplicity in model selection is desirable when
the selected model can account for the complete set
of factual observations. However, our current under-
standing of human disease procasses, including ben-
zene toxicities, suggests that they arc multifactorial in
nature and more complex then a single, unique,
irreversibleevent. TO be credible, prediction of future
disease incidence nesds to be consistent and coherent
with the intertwined biochemical, cellular, physiologi-
cal, and genetic chta. FOr these reasons, | believe that
the best estimate of the true human risk for benzene
will require a broader and desper evaluation of the
existing set of relevant facts.




