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Biological and Ambient Monitoring of
Benzene N the Workplace

Bernard D. Goldstein, MD

Survellisnce of workers potentially exposed to benzene is
focused on detecting evidence of bone marrow toxicity.-A
particularly thorough bematoiogical avaluation should be con-
ducted upon entrance to the work force at risk. This should be
followed by semianoual surveillance using the routine compiete
bdiood count as the major monitoring technique. Attention
should aiso be placed on inctresses io the meen corpuscular
volume and decreases in the lympbocyte count as possible
early indicators of benzene toxicity. Other bamatologicel find-
iogs that may indicate sarly bepzene toxicity depend upon
alterstions in the characteristics of biood celis. eg. s prolon-
gstioa of the red cell glycerol hemolysis time, need to be more
fully evaluated. No single finding or constellation of findings
is pathognomonic of benzene hematotoxicity, and all ladings
must be carefully interpreted in terms of the individual or
group at risk.

fological monitoring of workers U a tool to detect

early svidence of benzene toxicity has been in use
for close to half a century. During this time. the work-
place standard fOr exposure to benzene has been made
more stringent &3 evidence da4 sccumulated of its he-
matotoxic potency. It L anticipated that the cew work-
place standard teing developed by the O<cupational
Safety and Health Administration (OSHA) Will decr=age
silowadle workplace levels, p=raace by an order of my-
nitude, {rom the CUITENt 10 ppm (time-weighted aver-
sg¢). Toe difficulty in establishing Sworkplace standard
is not only in determiniag whst tho allowable expeaure
level should te. but wiat sereening «ad routine madical
surveillance should be csnducted fOr workers whe are
exposed OF rho have the potential to = exposed. A
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reldtad question, pressnticg periars evem mom difm-
culty, is what should be stated in the regulations con-
carniag the definition of aboormal biological moaitoriag
data ead the necessary r+tposss O such o Aading,

In the «ass of 4azene, & major problem in using
laboratory ‘2sta fOr screening snd surveillance s that
there is NOt @ specific end point definitive Of enzecse
hematoxicity. It first fa necessary tDdetermine the tests
1 perform, to decide bow oftan they showld bo con-
ducted. and to determine the baseline zormal values.
Very often. these detsrmisations are complicatsd by the
(st that we are using testa in 1 public health satting
that were really designed for use (n a claieal sattlag, A
related predblem, preseal In many existing blological
moaitoriag programs, ls confusion tetwesn the differeat
strategies needed to fulflll two seperate aims: the clini-
cally orfented approsah Of detecting pessant rho have
teen significantly a(Tectad, and the more public healtd.
oriented approasnh OF detecting subtle changes in the
work group U s whele,

Most deaths from worrpiace sxpodurs to benzene are
A result of scutes eTects oo the CNS. The neurotoxic
effects Of benzene are very much like those oF all other
ulkyiteazenes, Structure setiviiy relationships, molec. _
war weight, doiling peizs, and ether physicechemical
characteristics can > Invoked to explala the aligat
differences in NEUrotoXiC potencies Of these compouads.
However. of sl the alkylbenzenes, only benzene damages
bone marrow sad produces & hamatological effect.'™

The bematological disorders assceisiad with benzene
w deser{zed In the Tabla. Although opinfon differs
about the sbillty Of benzene 10 cause some of these
disorders, there s omplsts agreement tHat Swnzsne
causes aplastic anemia. This has been known sinee the
nineteenth century. Benzane also causes acute myelo-
genous leukemia (AML) and its variants, including
erythroleuxemia rad & variety of other leukemiss, all of
waieh fit under the rubric of acute myelogenous leuke-
mia.! The evidence for e+ effects is primarily oz
spldemiologieal and =ase studles. Myelogenous jeukemia



Table
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Causaity proven
ADLSUC ANOTHA (DANCYIODSNS)

has also been reported in laboratory animasls exposed to
benzene, but the findings have ot been concluaive.*

The inberent difference between aplastic anemia and
AML ss s consequence of exposure to benzene must be
considered in the selection of appropriste surveillance.
Aplastic anemia due to benzene has not been demon-
strated in situations where peopie are routinely exposed
to levels within the current OSHA standard. A bigh
dose of benzene seems to be necessary to cause this
disorder. and it is reasonsbly clear that there is a
threshold for its induction in animsls and in humans.
Although the threshold respoase {or aplastic anemia can
be replicated in animal studies, there are lesser degrees
of bone marrow damage (pancytopenis) that may ex-
tend to levels that are not clinically appareat. In view
of the large bone marrow reserve, hematopoieti
cells can be affected without s dm;:.':ﬁf-cffmng
blood count below the normal range. ' Whether there is
& threshold Tor clinically inapparent bemtox!city
caused by benzene is unknown.

When considering the concept of threshold. one must
clearly distinguish between the population threshold, as
a reflection of the aversge human, and the individual
threshold for sensitive persons. The threshold for sen-
sitive workers is of particular concern to public health
officials and will always be lower than the average
population threshold. One can consider two distributions
of the population of individual thresholds: a normal bell-
shaped curve in which standard expressions of variance
will describe the statistical relation between the sverage
person and more susceptible persons; and a biphasic
distribution in which there is a subset of particularly
sansitive persons, perhapa related to genetically deter-
mined differences {n metabolizsm. For benzene. there is
oo clear-cut evidence for the existence of a specific
subset of sensit{ive persoas, (o contrast to the idiocsyn-
cratic resction observed with chloramphenicol. where a
few persons exquisitely sensitive to small doses of the
drug develop a severe aplastic anemia. Although some
data on benzene suggest a familial tandency. snd per-
hape an effect of sex and of body size on susceptibility,
there is not good evidence of an exquisitely senaitive
group.'*® This simplifies the approach to biological
moaitoring of benzens.
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Whea the disease of concern is acuts myelogenous
leukemis. instesd of aplastic snemis. we are talking
about cascer. For regulatory purposes, in the Unitad
States we usually assume a linear no-threshold dose-
responas curve for cancer. In essence. once s chemical
s shown to be a carcinogen, it is treated as ~guiity until
provan innocent™ of baving no threshold for this effect
in humans. However. it has been argued that benzene
could be “innocent,” that the dose-response curves for
leukemia and aplastic saemis are the same, because
splastic anemia. or at least clinically overt pancyto-
peuia. is & necsssary precursor of leukemia. However.
there is ao coavincing evidence for this supposition.
Therefore, the prudent public health approach in a case
such as this, where we do not have convincing evideoce
either way, is to sssume the worst case, that s, that
there i{s no threshoid. and therefore any one moleculs of
benzene bas a finite risk of producing acute myelogenous
feukemia.

There is evidence in anima!ls of toxicity to bons mar- ~
row stem cells occurring from exposure at or below the
current standard of 10 ppm in an eight-bhour day.™
Animals exposed to benzene at 10 ppm, for six hours
esch day. five days every week for 6 months bave
developed evidence of stem csll refore, it is

clear that stam cells are affectad at the current OSHA
standard, which supports decreasing the standard, no
matter which dose-responss curve is considered to be
accurate.

Detection snd measurement of benzene {n blood are.
pot reasonable indicators of benzene exposure because
of the relatively rapid half-life of disappearance of ben-
zene: SO% is exbaled unmetabolized.” Further, in animal
studles, it has beea shown that the rate of disappearance
of benzene (o the blood varies according to the sumber
of times the snimal hes been exposed.’® Assuming that
this holds true for humsns, blcod levels of benzens
cannot be ised except to indicats recent exposure.

Another approach to biclogical monitoring, measur-
ing metabolites in body fluids, presents another problem.
Benzene itself is not hematotoxic. but we do not know
which of its metabolites is responsible for hematotoxic-
ity. The work of Irons and his collesgues has suggested
a role for a polyhydrozylaud derivative of phenol, &
major metabolite of benzene.!’ We have suggested that
an opened-ring product of benzene participates in he-
matotoxicity.’® Urinary phenol bas been used ss sa
indicator of benzene exposure. In rabbits, approximately
one quarter to one half of administered benzene is
metabollzed to phenol, and roughly the same proportion
s metabalized to phenol in humaps. Theveforse, urinary
phenol is a reasonably good indicator of recent benzene
exposure. However, it is not itself hematotoxic. There
are other sources of urinary phenol, including dietary-
When exposures are to relatively iow leveis of benzens.
the background level of phenol obscures the benzene
exposure. Messurement of phenol may be useful to
determine whether someons has been recently exposed
to high levels of benzene. but it is sot likely to be useful
for screening at the workplace, particularly if the bea-
zene standard is lowered. There is no evidence that asy,
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otber metabolits will be of value uniess we can identify
the metabolite that (s responsible for hemsatotoxicity.

Before discussing the completa blood count. the blo-
logical monitoring spproach usually used to determine
exposure, it would be useful to look at other end points
that have been reported in the litersture to be early
indicators of benzepe hemeotoxicity. One indicator la
simply that the red cells get larger (macroerythrocy-
tosis). This occurs fairly early in the course of benzene
poisoning in humans and in laborstory animals.'*"
There really is no satisfactory explanation why the red
biood cells enlarge, although it is tempting to relate the
change t0 macroerythrocytosis present in disorders such
as folic acid deficiency or peranicious anemia, where
there is interference In DNA metaboliam. Macroe-
rythrocytosis is readily detected as an incresse in the
red cell mean corpuscular vaiue (MCV), routinely re-
portad in automated blood ocell counting reedouts or
obtainable by dividing the hematocrit by the red cell
count. A major problem in using enlarged red blood cells
as an early indicator of benzene exposurs is that thers
are competing causss, For example, macroerythrocyto-
sis is very useful as sn early indicator of aicoholiam.**
Other causes of large red cells Include liver disease,
bhypotbyroidism, and B,, and folic acid deficiencies. De-
spite the difficuity in distinguishing the csuse of ma-
crosrythrocytosia, it remains s useful confirmatory tool
in combination with other indicators of benzene hema-
totoxicity.

Another early indicator of benzene polsoning is lym-

phocytopenia.’'* In the bone marrow, the primary atam___
cell that is affected in benzene toxicity is the stem call

amma——

for platelets, granulocytic white cells, and
red blood cells. The ymphocytes are also severely uf-
fected and. in studies of occupationally exposed groups
where benzene toxicity is clearly evident. lymphocyte-
penia has been A relatively early and consistent find-
ing." In rodent.. lymphocytopenis ts thO eariiest find-
ing. occurring before granulocytopenia.’’

A major problem with using lymphocytopenia i a
diagnostic aid is the large degree OF inherent error in
measuring total lymphocytes aaed ON the usual white
blood Il differential in which omly 100 cells are
counted. A lymphocyts percentage of batween 20% and
35%. for example, is not important to the clinician.
Although a cousnt Of below 10% may implicate a variety
of diseases. the normal range and tho inherent variabil-
ity in tbc count are so large that it 1s NOt possible to use
this parameter in & program aimed at early detection
of benzene effects.

What may be of value b those who plan and design
tests for studying workers exposed to bewnzene s that
sutomated counting devicea for tho whits cell differen-
tial count ary coming DO use. |f 1.000 white blood cells

¢_inherent varisbility in
the lymphocyte count may be sufficlently eored 30 as

to be useful in surveillance of & work force exposed to
benzene. Using automated squipment, the incremental
costs for counting more white blood cells than the 100
needed for clinical determinetions may be just:fied.
Altbough there is no question that benzene produces
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cytogenetic abnormalities, results are negative in the
Ames test and related in vitro tests for mutations.'>"™
The question is whether cytogenetic teets are valid as
screening tests. Iuo my fudgment, there are 50 many
problems with using cytogenstic abnormalities as the
besis for screening that its uss has not yet been justified
in the work force. However, a aumber of new and slegant
approaches to studying chromosomes have yst to be
used in medical screening. These warrsnt exploration.

An alteration in serum immunogicbulin levels has
been reported in Esstera European workers exposed to
benzene which might reflect lymphocytopenis.™ Altered
porphyrin levels, and both decreased and increased leu-
kocyte alkaline pbosphatase activity have also been
reported in workers.! My laborutory previously found
marked prolongetion of red oell glycerol hemolysis time
in mice exposed to benzene.” This may be relsted to
whatsver is causing the large red cells. The validity of
this test in humans exposed to benzens has not been
evaluated because, fortunataly, it {s now hard to find o
group of workers poisoned with benzene. If there were
& large work force with benzene poisoning, the red cell
glycerol bemolysis test could be tested for its value in
predicting benzane toxicity.

Undoubtedly, the most important biological monitor-
ing test of benzene hemotoxicity at present is the com-
plete blood count (CBC), including a platelet count and
a white cell differential as well as the usual CBC com-
popents: white blood cell count, red blood oell count,
hemoglobin, hematocrit. and red cell indices. It must be
emphasized that these tests have been developed for the
clinician, not for public health screening.

Major problems with the CBC are the wide range of
“normal” values and the lack of specificity of findings
just above or below this range of normal. If we are to
be serious sbout surveillance, we are going t0 bave to
pay sttention to minor variations in blood-cell counta.
Failure to understend these changes may lead us to
remove people from the work force for inappropriste
reasons. or ignore sarly indicators of benzene-induced
effects.

1o my opinion. surveillance in the work force exposed
to benzene cannot be useful in detecting early cases of
scute myelogenous leukemia. The natural history of
acuts myelogenous jeukemia is such that even if blood
tests are conducted every 3 moaths, it will not be
detected early in its course, particularly because there
is at least s week or two between the time the white
count is taken and the physician talks to the worker. By
that time, if the person reaily has scuts myelogevous
Jeukemis. the usual explosive development of clinical
symptoms will mean that the worker will have coms to
medical atteation in all but the rarest of cases. Accord-
ingly, the sim of survelllance in the work force sxposed
to benzene should be to prevent AML. not detect it.

Onue aim of biological monitoring is to detect an early
indication of a benzene effect that should have been
preventsd by the usual type of primary preventicn—
ambient monitoring. Ambfent monitoring, although eb-
solutely necessary, will present difficulties in identifying.
local hot spots: the worker who (s splashing b‘n-npt on



okin. the person who bas bad work practices, and the
undiscovered leaks.

Anotber aim of biological monitoring is to protect the
worker; it would be most helpful to have a specific
laboratory marker. for example. & blood count below
which we must start looking very closely at what is
happening to the worker to be sure that he or she is not
being adversely affected.

Choosing the numbers ls not difficult, but the choice
must be recognized ss an arbitrary one. It is even less
useful to look at just one count at a time. Here eguin,
the importance of clinical judgment must be smphasized.
If « worker has a white count of 4.500/uL. the appro-
priate response would be to look at the red count, the
platelet count. the mean corpuscular volume (MCV),
and the lymphocyts count at the same time. Beazene
would be expected to produce s pattern of response: eg,
the likelihood that a white count of 4.500 is due to an
adverse effect of benzene rather than due to & normal
statistical variation will be much greatsr if the platelet
and red counts are at the lower rather than upper range
of normal. Although that seems obvious, in some work-
places it is difficuit to obtain those data because the
computer has not been programmed to do so.

It is also necessary to be alert to the fact that there
could be a worker whose white count is sormally 10,000
uLl., whose platelet count is normally 300,000 uL. and
whose hematocrit value is normally 50% (le. at the
upper ranges of uormal). These numbers could fall
precipitously snd still be within the normal range. In
order to detect such a benzene effect, it is necessary to
have a surveillance program to look for this type of
change, one that follows each person over a period of
time.

It is a challenge to those who write computer pro-
grams and design surveillance approaches to take into
account as much as possible the variety of effects that
occur. It is also a chalienge to realize that finding an
sbnormal count must lead to an analysis of all the data.
We must be aware that apparently aboormal data can
actually hide normalcy, and data that are supposedly
within the normal range can hide an adverse effect.

Let me conclude by posing what to me is the moet
difficult question that OSHA may be facing right now:
what to do about the affected workers. Suppose that a
worker has a white count that drops down to 3,600 uL
following known exposure to an inappropriately large
amount of benzene. If the person (s removed from that
work environmeat, rapid clinical recovery would be
expected, based on what is reported in the literature.
However. do you let the person return to s work envi-
rounment with a potential for benzene exposure, even
after correcting the cause of the untoward exposure?
In thé situation where it is not known whether benzene
is responsible. but the laborstory data are suggestive,
what should be done? It Is prudent to temporarily
remove such a person from the potential exposure.
However, in the absence of conclusive svidencs, do you
let that person go back to the same workplace? What is
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the dividing line? There is no simple answer. What is
necessary is the use of laformed judgment oa the part
of occupational bealth stall in an open process that

_inciudes discussion with the worker.
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