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'!he central issues in cur.rent discussi,XlS aba1t the :relation betwaan 

benzene exposures and the risks of leukania are net whether there 1lBY be a 

causal link bJt :rather umer what ci.mm&t:mxES of exposm:e and far what types 

of leukemia might such a link c::perate. 'lhi.s dJapter will focus an the first of 

these tt«> questias. 'lhe sbxlies available to ad:kess the quantitative aspects 

of risk are few in nn:iber, small in size, and subject to vaeying 

.i.nbup:retaticmso 'Ibey are :reviewed here fran the point of view that an attempt 

to construct a quantitative risk pattem m the basis of these studies Jrll1Y help 

to identify questia,s of DlpC)rtance for further :resolut.i.al of this issue. 

Four studies have :ceported risks in relatial to sane measure of benzene 

exposure, as R;JD. in air in the workplace, the units an liltlich JIW:ISt of the 

disaJSSian and debate ·has centered (Figure 1) • 'lhese studies were pmlished 

between 1974 and 1983 (Aksoy, Erdem and Dincol 19741 Infante, R.insky, Wagoner 

et al. 1977; ott, Townse.rli, Fjsbbedk et al. 1978; Tsai, wen, Weiss et al 

1983) • CDp.rehensive discussion of each study is net possible here, bJt for 

each study the risks, exposures, and sace general ccmnent:s will be presented. 

Aksoy and, 001],eaaues 

In Decem:Jer, 1974, Aksoy and ex>lleagues at the secticri of Hematology of the 

Ist:anbu1 Medical Sdlcol. :ceported an analysis of their clinical experieooe with 

leukania cases at1IOD:J shoe-warke:cs expcsed cmaiically to benzene (Aksoy, Erdem 

and Dincol 1974). aver a seven year period they had identified twenty six 

cases which they attril:ut:ed to an umerlying p:p.ilatim of 28,500 such 

workers. A calculatian was described the :result of which the authors tco1c as 

evidence of a ''mal:ked and statistically significant increase" in the incidence 



of leukemia ~ such wcn:xers CM!Q:' that of the general pc:.pllaticm. '!hey 

claimed to have pn:,vided "cogent evidence far the clinical .illpJ:essia1 of 

leukemogeni.c effects of benzene in man." '!heir c:xn:::lusicm was based a1 a ratio 

of 13 per 100,000 events ci:Jserved to 6 per 100,000 expected, or 2.17. However, 

attentive reaclin;J of both their report and the~ cited for the expected 

value irdicates sane prd::,lems with tnis calculation. '1he ci:lserved cases -were 

incident cases of preleukemia and acute leukemia in Istanb.ll hospitals fran 

1967-1973; '1he expected rn.mt>er was based on a report of leukemia deaths in 

twenty-fCJIJr c:n.mt:ries in 1965 (Gunz 1970) • No adjustment was nade far age 

differen::,es between the pc:pll.aticas cxmpared, .in::idence was ocnpared with 

llDrtality, and oo evidence was pravided to suggest that the leukemia rates for 

'I\Jrkey resembled those of the twenty-foor cx:iuntries. 'lhese arr:l other issues 

( such as those raised by Matanoski in an earlier presentatia1 in this 

synposium) dictate saie caution in evalua:tirq the risk estimate presented by 

these investigators. 

M:>re crucial to the hmnedi.ate discussia'l is the infOJ:JDation on exposures to 

benzene related to this estimate of risk. '1he 1974 1.ep:>1.t just cited 

identified all twenty-six cases arr:I their san:oe pcp.il.ation as shoe 'W'Orkers, 

exposed to benzene <!S a solvent, said to be present in 9 to 88 percent of the 

caiposition of the adhesives in use (Aksoy, Dinool, Akgun et al. 1971; Aksoy, 

Erdem arr:l Dinool 1974). 'IlJe authors stated, "'Ihe working corxlitions in the 

llXlustry are not good; their shops a:re usually small, not hygienic, and px>rly 

ventilated; the concentration of benzene was foun:l. to reach a ma.-dm.Jm of 

2lo-650 parts per million when adhesives c:xntainirg benzene 'Wel.e in use. n In 

six aa:titional :reports, varioosly citirq these cases and others, other 

info:r:mation is given to suggest benzene ccn::atb:ations of lSo-650 :i;:pn, as 
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-.poauma occurrinJ far eight hairs or 1IIDl.'8 dlU.ly, fctt" a -<~ of 6l7 
YIIIU'S, marJ these c:aaes (Alaloy 1980: A1aloy 19771 A1aloy, Dincc,l, Akgun et al. 

19,1: Alaloy, Dincol., Ems et al. 19121 A1a1oy ar11 Erdall 1978: AJcac,y, Er:daa mu 

Dincol. 1976) • Benzene ctl1C8Dtratims rarrpna tran 15-30 ppn "Wem nparted. 

autside workirq hours (Aksoy, Dincol., Akgun et al. 1971). 

'lhese napnts do not indicate which lccaticns wm:e :aa:dtm:ed or hew nany, 

hew they WEll.8 selected, when the np,rted wasw:anents W?e a,tained in 

relatial to the detecticm of cases of laikania, or precisely ,mat the expcau:es 

WEll.8 in teJ:ms of eight hem" Tme-Weighted Avmages ('!WA) • 'Ibey de not, with 

fa, excepticns, pn:,vide estmtes of mrposm:e specific to inli~idual s. 

Hcwevar, they do suggest that in a laJ:98 ocx::upaticnll 9%aJP exposm for aeveral 

Y9IU'S at levels ocmncnly maciling into the hurdl:eds of ppn, an excessive rate 

of laikemia occur.rence was c::ilServed. '!his e,'°ess risk of leukaaia in the late 

1960S and early 1970S was CCl1SideJ::ed to haw abated by 1975, the ~ 

decline bein;J attril::JUted. to substitutiai of other material for benzene 

begimirq in 1969 (Aksoy 1980). 

:Infante mi cqlJfM'Jffi 

In July, 1977, Infante am colleagues, of the u.s. Naticnal Institute for 

Occnpaticnal safety am Health, :nport-.ed the :results of a stmy of a cluster of 

7 leukemia cases and a pcp1Jatiat of 748 pl.iofil:m wmkers, at 'blo l.ocalities in 

CJii.o, all of lihan W?e jmged to haw had "direct exposu:te to benzene" in the 

period 1940-1949 (Infante, Ril'lsky, wagoner E.'I: al. 1977a) • Two overall 

estimates of leukemia risk WEll.8 presented, one bei.n; an SMR of 474 when 

pliofil:m workers am fibrous-glass 'WODte1:S -wem cxmpared, with seven deaths 

ci:lserved versus 1.s expected. 'When white m males WEll.8 the ccmparisal 9%aJP, 

the SMR was 506. An SMR specific for myelcgencus and nax:,cytic leukemia of 
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1004 was presented later in the :report, challerqed in subsequent p.Jblished 

oorrespon:ience, ard revised to 857 (Infante, Rinsky, 'Wagal8:r et al. 1977a; . 
Infante, Rinsky, 'Wagal8:r et al. 1977b; Taber.shaw and lam 1977). A st:.U later 

analysis, restricted to workers with greater than five years of expc:>f".n:e, 

msul.ted in an SMR of 2100. 

Regardless of '\rmich risk estil!late one can.siders, the levels of benzene 

exposure which may have been experienced .by these 'WOrkers a:i:e of particular 

interest. 'lhe available reports give differil'g .inpl.essions. 'lhe authors of 

the original report described t:be process of pliofilm production durin:r which 

benzene ~ cx:w.d occur and cited natl.toril'g data for one of the two 

localities (Infante, Rinsky, waga"lel:' et al. 1977a). Isvel.s fran o to 10 or 15 

i;pn had been described in a 1946 docut!ent '\rmich was cited, although the authors 

made the less specific clabn that "enployees' benzene exposure was generally 

below the reooimenied limit in effect at the time of each sw:vey. n A 

chronological table of these rec:x:lllle'¥ie limits was then presented which raJ'¥J8(i 

frcm a maxinum allowable concentration of 100 i;pn in 1941 to an eight hour '!WA 

of 10 i;pn in 1971. However, the 10 i;pn sl:amal.d was n:,t in effect until eight 

years after the death of the last of their seven cases, as indicated in a later 

report (Rinsky, YCJUrX] ard smith 1981). 

In that later report, Rinsky and others provided very extensive detail as 

to the available exposum infoniation. '!hey eq:hasized the conclusion, based 

on this study, that ''benzene is a human carcinogen at a range of e:xposures not 

greatly above the current legal stan:lard," which, at the tir".e of that report, 

was an eight hour '!WA of 10 i;pn (Rinsky, YClU!XJ ard Smith 1981) • However, that 

same report gave contrary information on :i.n::lividual exposure estimates for the 

leukemia cases, with five of seven havin:J 35 or 40 i;pn eight hour '!WA 
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exposures, one haviD;J "p.rc::bably less than 100 HD," and one, am:::,rq these 

employed prior to any ventil.aticm of the work area, havin:;J no quantitaticm

provided. In a still later :report, 'Hhite, Infante and Chu (1982) stated: "'Ihe 

average benzene exposure aver the period of 1937 to 1954 ••• was 83 HD· OVer 

the period 1937-1975, the~ exposm:e was 50 HD"• Sime, 

aocordirg to R:insky an:i others, the g:z:eat prepome:z:anoe of the potential 

exposure period am:n;i the seven -eases ocx:urred in the 1937-1954 interval., the 

figure of 83 HD appea:z:s to be the mo:z:e :relevant of the two (Rinsky, YOUDJ and 

Smith 1981). '!he basis for these estimates is unclear, however, siroe no 

mc:ru.torin:;J data were available, ac:x::orciin:;J to the Rinsky :z:ep:,rt, for the 

locaticm where five of the seven 'WOJ:kers were employed, until a date after all 

tut the last case had discontinued enploynent the:z:e (Rinsky, YOUDJ an:i Smith 

1981). 

sane additional infonnaticm can be gleaned f:z:an the :z:ep:,rts, as follows. 

L:illlited benzene monitorin:;J data were available for one location well within the 

actual exposure period of interest (Rinsky, YOUDJ an:i Smith 1981) • '!he authors 

estimated the perscmal benzene exp su:z:e histories for six of the seven cases 

tut indicated a lack of inforna.tion both cm the earliest years of exposm:e, for 

all tut c.ne case, an:i cm possible benzene exposures additiooal. to these 

involved in the pliofilm process, for fc:ur of the seven cases. '!he :reported 

values cnud the:z:efore be interp:z:eted as possible ur:derestbnates of the actual 

exposures of these "WOrkers. Use of respiratmy protective equipnent by 'WOrkers 

at sane times and locations was mentioned, tut not in reference to any of the 

leukemia cases themselves. For the six or seven cases, exposures appa:z:ently 

ocx:urred prior to any 'WOrkplace verttilaticm, such ocnlitions perhaps aoc:x:iuntin:;J 

for 50 percent of the amw.ative exposm:e period am:n;i these workers. No 
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atte:apt at dlaracterizatiai of persa1al. exposures amon;!' other members of the 

study pc:ptlatiai was reported. Notably, also, the last of these seve.t1 deaths

occurred. in 1961 (Rinsky, YCAJ1'¥J and Smith 1981). 

ott an:;l colleagues 

In 1978, ott and Colleagues, frail the Dew Olemical O:upany, reported ai 

100rtality am:n;J workers cxx:npatia,ally e,cposed to benzene (ott, Townsend, 

Fishbeck et al. 1978). Of 594 such workers, 335 had been expose:} prior to 

1950, the 'three work areas involved havin;;J been cperated frail 1920, 1935, and 

1936, respectively. In the analysis m:ist specific for benzene exp::an:es, the 

occurrence of one death coded as leukemia was related to o. 9 cases expected Cl'l. 

the basis of US white male llmtality CNer the oonespc::ni:in: calerdar period, 

which wcw.d yield a relative risk of l.ll. In a larger grwp with substantial 

other exposures, 53 additional subjects ad1ed 0.1 expe..,""ted cases of leukemia 

and one observed leukemia death, which waild yield a relative risk of 2. A 

third death was necessarily excluded frail these calc:ul::c, :.,·,s since it had not 

been recorded as due to leukemia as the underl~ cause on the death 

certificate. 

Benzene exposure levels, by work ama, were report.Erl as eight hour 'IWA 

values frail 1944 at the earliest, in cna ama, t'.o 1952-1953 in the other two 

areas. 'lllE! eight hour 'IWA values CNer the period of study were estimated frail 

vru:yin;J J'lUl1i:>ers of saJ!l)les, at specified locatioos. 'Ibe lDllUl'llllll and maxilmJm 

values of these estimates were 0.1 and 35.5 RD, respectively. For the 

in:lividual cases, the work histories pennitted estimates of eighteen m::mths of 

potential exposure belcw 2 RD eight hour 'IWA, for one case, and two years of 

potential exposure at 2-9 RD, .in addition to other dlemical exposures, for the 

other case. 
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'lhe 'WOrkplaoe m:::,nitorirq data for tl:le mi.d-l940S and early 1950s, 'Whal these 

\<JOl:kers were exposed, were lllllited, blt the c::m:1.eSp.Jtdi.ng estimated 8-hoor 'IWAs 

were in the 9-35.5 i;pn ran;ie. 1'l.lltiple oocupatioos, and JDJltiple exposures 

while enployad by Dow, ocx::urred for the first and secxni of these two cases, 

respectively. An incidence est.inate was also given, in a single sentence in 

the diso.lssion section of the Ott. report. Hc,,,lever, there is a difficulty with 

this calculation, in that the expected :rum::,er- of cases excluded lynphocytic and 

m:,nocytic cell types, while the cell types were not kncM.n for all three of the 

cases included. For one case, death was ascribed to •leukemia• and not further 

specified; a later statement gives the .illpressioo of myelocytic leukemia, type 

not specified. Accordirqly, the expected value may have been umerestimated, 

the ratio of ooserved to expected therefore overestimated, and the .illpressioo 

of a statistically significant excess was incorrect. 'lhe sensitivity of all 

risk estimates fran this study to the addition or subtraction of a single case 

is to be noted, althrugh the expecte:i l'lUili:lers of deaths are only slightly be1Clri7 

those of the Infante study (Infante, Rinsky, wagoner et al. 1977) • 

Tsai am colleagues 

In 1983, Tsai and colleagues, of the Gulf Oil o:»:poration, reported on a 

study of worke.rs in benzene areas of a refinery (Tsai, Wen, Weiss et al. 

1983) • 'Ihe study cx:i1ort included all lllale workers ever enployed in the 

principal petrochemical units of a single refinery fran late 1952 thrcugh 

1957. Fran nortality data for us lllales, 0.42 deaths f:ran leukemia were 

expected amorg the 454 "WOrkers st:..ldied. No case of leukemia was observed, so 

that the SMR was o. It was noted as 'Well that n::, still-living enployee had 

developed leukemia, as of 1979, blt the methods of ascertainment were not 

stated. 
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MautarmJ data wra jm;,ed to be·.inadecplte ~ tdfa.97i, blt.pi:ic&il
sanpli.rq data, based m a total of 1394 sanples taken txan 1973-1982., ~ 

benzene ocuoeub:atians ti:an. below o .1 Rill ( 43 percent of S2D1Ples) to 25 Rill or 

abcve (1 percent of sanples}. 'lbese values were not adjusted to eight b:AJr 

'IW,~. 'lbe duraticn of exposum was m awrage a.o years for white mu 4.5 

yeim; for nm-white wi::mcem, with cme-baJ.f of the. CXUJrt. world.D'J in benzene 

areas prior to l.S65 mu sot so enployed for at least cme year. 

'lbe size of the sb.liy pql1]..atiat provided for cnly a ve:ey saall expec::taticn 

of leukemia deaths. 'lbe fact that exposures were xeported as sin;Jle mmple 

values rather than 8-hcur 'lWAs SIJgg8Sts that potential exposn:e levels were 

well below these in the o:iw study, at least in the period for whicb data were 

available. Qualitative infcmaatim m the na'b.lre of the benzene exposures of 

these wi::mcem was not provided. 

D:lncltn1q,s 

'lbe data m benzene cxmcentratiais in these sbziies an valuable, t:hcugh 

far shart of the ideal, as a guide to arrayirg the xeported leukania risks in 

nuaticn to potential exposm:es. Differences in data quality, immner of 

reportin';J, am at:her aspects not addxessed hem, limit the oaiparal:>ility of 

these studies. Further, the tmm 11ElllVircnlattal data" am not 11ex:pc:isum data" 

shculd pemaps be used, since acbJal in:lividual exposmes can cnly, at best, be 

infermd. 

'lbe qualitative infcmnaticn m the work emrhaDents .x.ep:twented by these 

studies, When available, is also valuable in further dlaracterizin;J the nature 

of the potential exposm:es, as to general hygienic features, c::hrcnol.ogy of 

process ctJan;Jes, am so oo.. Mom detailed and nore oansistent mportirq of 

such infcmnatial, as in the RinsJc¥ (Rinsky, YounJ and Smith 1981) x:eport, wcw.d 

be useful. 
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It has bean inpliad that exist:ing data dai:nltzat:e'iigiu.t'imnt a- or 
leukemia for workers near the airrent exposure stamard of 10 ~ e~ ~

'lWA (Rinsk¥, Ya.DJ and Smith 1981) • '!be stia,¥1SL evidence f:mD these studies 

is that excessive risks are related to exposures at levels in the hurmeds, 

eighties, or fifties of IPR, for several yeam; the ccnflicting .inpressims 

abcllt the pliofillll. workers' exposures, pemaps in the 35-40 IPR rarv;ie plus 

other, urquantifi.ed expc,;mes, sbonld be msolved. In any case, these · 

c:bservaticris are :rx,t ocnsistent with the ccntenticn that the 10 i:p11 level has 

been deaa1Sltated to J:elate to significant ac:ess risk. If valid, this 

ccntenticn CQlJ.d be of great illportance for the health an:i safety of 

potentially exposed workers. Resolutim of this issue woold be aided JD:lSt by 

further epidemiolcgic stu:li.es which addl:essed, anaq others, the follc:,win;J 

questials: 

- can the c:bservaticris amcn;;r the Chio pliofillll. workers be :replicated 

elsewhel:'e, thus possibly add.inJ to the li'eight of evidence ftan cril.y seven cases 

of leukemia c:xn:,ernizq lcn;J-t:erm exposures in the 25-100 IPR rarv;ie? 

- can actual e>ress risks of leukemia at or near a 10 IPR eight hcur 'lWA 

~ level be denalstiatecl? If so, under what ocnliticris of exposure? If 

:rx,t, can such risks reasaiably be excluded at this or higher exposure levels 

1:ll't bel.or,, these descril:>ed far the affected pliofillll. workers? 

- What is the d.i.st:ribltia', and what are the ocnliticris, of benzene 

~ levels in the worl!place today? 'lb what extent do the hazards shown in 

two of these foor historical studies persist? 

If there were, as clamecl, scme two millicn potentially exposed workers as 

recently as 1977 (Infante, Rinsky., W8galer et al. 1977a) , and presumably many 

more in the more :rem::,t;e past in the U.S. alcme, studies of ~ size and of 
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at least the quality of those :r:eported to date shculd be feasible. ~ 

sb.nies ocw.d add inportantly to the llllited data presently available at the 

quantitative relatioos between benzene exposm:es am the risks of leukemia. 

Ctlsel:vatioos oo specific types of leukemia 'Walld be of greatest value. 'lbe 

bplicatioos of these questioo,s for plblic health practice, for ,:egulat:ory 

policy, am for the extensive litigatioo in progress am in prospect 'Walld seem 

to lerd saxe w:gerx:y to establ~ a fimer basis for the answers. 
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