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An Evaluation of the Associations of Leukemia and 
Rubber Industry Solvent Exposures . 

Harvey Checkoway, mol Timothy Wilcosky, Pho, Pamela Wolf, wH, and 
Herman Tyroler, MO 

Excessive leukemia m o d i t y  has appeared codstentiy in epidemiological srudics of 
British and U.S. rubber industry workers. Attempts to identify causative factors have 
f- on exposure to benzene and other soIvuw. Interpretations of findings from 
these studies have often been influenced by expectations of a benzcnelnonlymphocytic 
leukemia association, Seen from previous wort  in other settings. However. data from 
the rubber industry studies have nos becn consistent with this expectation. as lymphocytic 
and nonlymphocytic leukemia have shown similar mortality excuse. Diua from a small 
casecontrol study of Iympbocytic leukemia am presuucd to illusu;ut an approach tha 
consiJers multiple solvent exposures. The assock&nr with lymphocytic leukemia risk 
observed for a number of solvems, most rocably carboa tetrachloride and carbon 
disulfide, were stronger than those dctectd for benzene, 

INTRODUCTION 
Background 

Leukemia mortaiity excesses have been prominent among the findings from 
numerous epidemiological srudies conducted in the British and U.S. rubber industries. 
Recognition of the extensive use of organic solvents in rubber and tin manufacturing 
stimulated a priori suspicions that there might exist lcukcmiia hazards in the industry. 
The welldocumented causal association between benzene exposures and leukemia 
Seen in the rotogravurc and shoe industries [ v i g i i i  and %ita, 1%; Ahoy and 
Erdem. 19781 served as a guide in this regard 

The relationship between leukemia risk and solvent utposures in the rubber 
industry has ken.  a! most, indirtctly inferred. The main reason has been that these 
investigations were retrospective designs-a common, often necessary feature of 
epidemiological studies of m e ,  chronic diseases-with either nonexistent or 
unsystematically obtained environmental exposure data. Nonetheless, the consistently 
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observed patterns of elevated leukemia mortality rates, accompanied by apparent 
localization of risks to workers with the greatest potential for past solvent exposures. 
prompted the International Agency for Research on Cancer to conclude in a recent 
monograph on the rubber industry [IARC, 1982aj that therc is sufficient evidcncc to 
consider the association as causal. 

In this paper we review the studies of leukemia and solvent exposures in the 
British and U.S. rubber industirs. particular attention is paid to the specificity of this 
relationship, in terms of leukemia cell type. and with regard to the various solvents 
used in the industry. Much of the interpretation of the findings from previous research 
has been influenced by how well or poorly the results accord with expectations 
derived from studies of benzeneexposed workers in other occupational settings. In 
particular, the presence or absence of a bemendacute nonlymphocytic leukemia 
association has been the standard for causality, despite some conflicting evidence. 
The implications of this approach are discwed. 

In addition, we present findings from a small-scale casecontrol study that are 
suggestive of etioiogical associations between lymphocytic leukemia and a number of 
rubber industry solvents other than benzene. most notably carbon tetrachloride and 
urbon disulfide. 

A detailed summary of the findings from the British and U.S. studies of 
leukemia among rubber workers is given in Table i. Selected important findings and 
conciusions drawn from these investigations are discussed below. 

British Rubber Industry Studies 

Two companion series of epidemiologic studies have been undertaken by the 
Employment M e d i d  Advisory Service (Fox et al. 1974; Fox and Collier, 1976; 
Baxter and Werner, 19801 and the British Rubber Manufacturers' Association [veys. 
1981; Parkes et aI, 19821. Modest excesses of leukemia have been observed generally. 
The most direct evidence pertaining to solvent exposures was a marked excess of 
acute myeloid leukemia in one tire plant (SMR=714) when plastic film manufacnrr- 
ing, entailing benzene exposure, had occurred in past years [Baxter and Werner, 

. 19801. In contrast, Parkes et al(19821 discounted the likelihood of a causal association 
between leukemia mortality and solvents because the observed excesses occurred in 
years when benzene was mi longer used, and therc was M) unusual leukemia cell type 
distribution. 

U.S. Rubber Industry Studies 

- 

I 

Epidemiologic research in the U.S. rubber industry has revealed faidy consis- 
tent patterns of elevated I-dity rates (see Table I). While there has been 
considtrabl>anability the reported relative risks, most have k n  in the nnge of 
1.5 to 3.0, and lymphocytic leukemia excuses generally have been as prominent as 
those from the noniymphocytic leukemias. Cell tvpe distinctions were not made in 
many of the studies. howcver. 

Etiologicrrl ;Lsmciation. with solvents havc hccn cxamind by .some invc5tigators 
who uscd work history infomiation to indicate the likeiihoori for past exposure. 
Sevenl of these studies wamnt comment. 

Researchers from the National Institute for Occupatiod Safety and Health 
reported a Standardized Mortality Ratio (SMR) of 560 for leukemia among 748 
workers engaged in rubber hydrochloride (Pliofilrn) manufacturing in the 1940s 
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(Infante et al, 1977; Rinsky et al, 19811. Benzene exposures were known to have 
occurred in the Pliofilm departments studied. An argument for a potent leukemogenic 
effect of benzene was offered on the basis of the estimated low exposure levels, 
presuqd to be in compliance with existing standards, and because all seven observed 
leukemia deaths were either myelogenous or  monocytic [Rinsky et al, 1981). Andjel- 
kovich et al [1976, 19771 previously had found no leukemia excess among Pliofilm 
workers. 

McMichael et al [19741 r] 
(SmTQtor workers aged 40-64 in o w  t. Leukemia risk was related to work 
experience in a number ot Jobs where there existed potential for solvent exposures 
[McMichael et ai, 1976bl. An apparent dose-effect relationship W e e n  solvent 
exposures and lymphocytic leukemia was detected in a case-conuol study of 15 deaths 
from several plants [McMichael et al, 19751. Specific solvents were not identified in 
these studies, as the exposures were considered to be mixtures of various aromatic 
and aliphatic compounds. 

In a larger cascconml study of Ieakemia death in four companies, Wolf et al 
[I9811 confirmed the association of lymphocytic leukemia with solvent exposures in 
the company reported on earlier by McMichael et a1 [ 19751 but did not find similar 
results for the other three companies. Also, myeloid leukemia was apparently unre- 
lated to solvent exposures. 

In the casecontrol studies &ported by McMichacl et al[1!375] and Wolf CI al 
(1981], solvent exposures were inferred from occupational titles recorded on work 
history records, where the occupational titles were functionally homogeneous group- 
ings of jobs, similar with respect to materials handled and machinery used [Gamble 
and Spirtas, 19761. Occupational titles were useful for distinguishing jobs according 
to generalired solvent exposure potential; however, cxposures to individual solvents 
could not be specified. Consequently, Arp et al I19831 devised a method to estimate 
worker exposures to the specific solvents encountered in the company that experi- 
enced the greatest lymphocytic leukemia excess [McMichacl et al, 19741. From 
company documents dating back to the 19209, Arp created historically validated 
charts of annual authorirod solvent usage by process area for all solvents used in 
order to study the association between solvents, especially benzene, and lymphocytic 
leukemia. The cascs and convols in Arp's sNdy were the same subjccts from this 
company that were included in the larger case-contml study wolf et al, 19811. The 
entries from work history cccords and the solvent charts indicated whether workers 
spent time in a process area when a solvent was authorized for use. Descriptions of 
the job titles listed on the work histories permitted differentiation of the jobs that 
involved routine handliig of solvents (priinary exposure) from other jobs in the 
process which pnsumably involved lesser exposure to solvents (scamdary exposure). 

Table II shows data from Arp's study [Arp et al, 1983) of the solvent exposure . . 
history comparisons of 15 I>mphocytic leukemia cases with 30 matched controls. In 
this analysis, workers with potential solvent exposum of at least I year were 
considered exposed. Although workers with secondary solvent exposures experienced 
only a slight excess of lymphocytic leukemia, the data indicated a 4.5 times greater 
risk among workers who routinely handled solvents (primary exposure). It is note- 
wonhy that the cxposure odds ratio for the benzene categories and the aggregate 
'other solvent" categories were almost identical. 
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TABLE 11. Solvent Exposure and Lymphocytic Leukemia Relative Rslc 
F-\t i t n ~ i d  

Number of OJJS Chi 
Exposure utcgory cases cxpoxd d0 square 

Primary benzene 3 4.5 I .M 

Primary othrr solvent I 1  4.5 3 .M 
k o n d a r y  txnzcne 2 I .5 0.13 

Secondary other solvent 8 1.6 0.4 I 

*Data from Arp d al[1983]. - 

N E W  RESULTS FROM A STUDY BASED ON MULTIPLE SOLVENT 
EXPOSURES 
Methods and Results 

The casecontrol analysis of lymphocytic leukemia reported by Arp et al (19831 
was extended to consider risks associated with 24 specific solvents. As before, 
solvents exposure chans for process areas were reconsvucted from historid plant 
records. The determination of workers' exposure histories differed from the method 

ment rather than to the individual job title entries on the work history records. This 
simplified method of exposure coding enabled the use of a computer algorithm, and 

agents than did the manual coding process used in the previous analysis, which was 
restricted to an evaluation of only two classcs of txposure, benzcne and ail other 
solvents grouped together. The only information sacrificed was rhe judgmental dis- 

.D. used previously in that exposure codes for each solvent were assigned to the depart- 

it proved to be more cost- and time-eficient for examining risks related to multiple 
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tinction between primary and secondary exposures. 

The cases in the present analysis were 11 male, hourly workers whose underly- '& 
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ing cause of death was lymphocytic leukemia (ICD 8th Revision Code 204) who were 
identified from the cohon reported on by McMichael tt al[1975]. These cases were 
also incfuded in the studies by WoIf et aI (19811 and Arp et al(1983). Controls were 
a 20% age-stratified random sample of the cohon [McMic id  et al, 1976b). A total 
of 1,350 controls (1.280 whites and 70 blacks) was included. 

Age-adjusted relative risk estimates, as approximated by the odds ratio, and 
associated with chi-square tests of statistical significance were computed according to 

,proctdures described by Mantel and Haenszd (19591. Worlrcrs were considered 
exposed to a particular solvent if their cumulative duration of work in a solvent- 
related department e x d e d  12 months. 

Table III shows the odds ratios associated with each of the 24 solvcnrs. As 
mentioned above, no distinction was made between primary and secondary exposun 
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to benzene, which accounts for the lower rdative risk Cstimate; however, the odds 
ratio (2.5) is within the range of the estimates f d  in the pmious analysis (see 
Table n). Among the solvents listed in Table m, carbon terrachloride (OR= 14.8) and 
cubon disulfide (OR3.8.7) showed the strongest aSSOCiations with lymphocytic 1- 
kcmia. Several other solvents w e n  also related to leukrrni mortalii, and these 
d u p l e  aSSOCiations probably reflect simultaneous utposurcs to diffmat solvents 
used cotacumntly in the industry. 

I /  

f 
Neither carbon tetrachloride nor carbon disulfide has been shown previously to 

be leukemogenic, and it is possible chat the present furdings arc spurious. Neverthe- 
less, the high odds ratios for these solventssuggest that, even if they an not etiological I 
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TABLE 111. Casecontrol Analysis of Lymphocytic Leukemia Risk 
Associated With Exposures to 24 solvcnts 

3 5. I 6.x'* 
1 2.4 0.7.1 
4 2.5 I .59 
7 8.7 12.82- 
8 14.8 , 18.00- 
I I .o 0.00 
4 2.0 1: 14 
3 5.1 6.33. 
9 4.9 3.10 

I* I Accconc . 1, Aqua ammonia 

x I, Carbon tetrachloride 

B e m C n C  
carbon disulfide 

.. Dipcf im 
!; *. . .! . 

x i  . !-. 2 0.9 0.0 1 

Ethanol 

Gasoline 
Ethyl - 

.. 

7 3.8 4-32. 

1 8.3 5 3  I 
0 - 0.32 
1 I .5 0.15 
I 0.7 0.09 
1 0.5 0.40 

H C X m  

~ P r o p a ~ l  6 1.8 0.84 
MUhaJlOl 
Medrylcne chloride 
M i d  spirits 
pefihlomcthylery 
Phenol 
Solvent A' 
special m p h h  
Toluene 
Trkhloroatwe 
Trichlomtthylene 
VMandPrr;rphthas 
Xylmcs 

.Ropriaay mixfun of tducrre and other solvent$. 
'p < 0.05. 
"p < 0.001. 

7 27 2.14 
8 2.7 I .62 
2 3.0 1.81 
0 - 0.52 
2 0.8 0.07 
3 2.9 2.68 
4 3.2 3.35 

agents themseives, they arc probably closely associated with the actual causative 
txposurt(s). 

The exploratory nature of this analysis and the small sample size preclude firm 
conclusions about specific solvent-leukemia associations. However, these findings 
illustrate c l d y  the danger of focusing exclusively on a single exposure, ie, benzene, 
in a dticxposurc mimnment, 

DISCUSS1ON 

The examinations of leukemia risk factors in the British and U.S. rubber 
industries have pnmeded Sequentially from the identification of mortality excesses, 
nlative to the generally unexposed national andngionai populations, to more inten- 

tndustry. Leukemia mortality excesses of'varying magnitudes have been observed in 
most studies. The use of soivents in various proctsscs of rubber and tin manufactur- 
ing (eg. tire building) and the well-recognized leukemogenic potential of benzene 
suggcst an obvious etiological association: howcvcr, thc findings from m n y  investi- 
gations of mbbcr worker populations do not fit especially well with a bemcne-related 
cffaz. In this regard it is noteworthy that the animal data on WtperimentaI benzene 

2-.- I-----I---.- e --y related work environments and exposures within the 
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carcinogenesis also have been conflicting [wad et al, 1975; h4altoni and Scarnato, 
1979; Snyder et al. 1980; IARC. 1982b3, and the reported mutagenicity results have 
been largely negative [Dean, 1978; IARC, 1982b]. Contradictory results in human 
populations are therefore not surprising. 

Benzene was used in the industry as a g e n d  purpose solvent in the 1920s 
[Davis, 19291, but following repons of toxicity [Hunter, 19391, benzene was sup- 
planted by toluene and other aromatic and aliphatic solvents (Mellan, 19571. W e  
benzene exposure still occurs in the industry, it is present primarily as a concaminant 
of other substances Wan Ert et al, 19801, and ~posurcs arc much lower than in the 
1920s; thus it is quite Iikeiy that onty mail proportions ofthe cohorts studied were 
ever exposed to benzene in concentrations known to induce leukemia. 

_ T h e n g a t  y s a l  associations for benztne have k n  wirh the 
acute myeloid types ot leukemia, -;- lcukcmii [Goldnein, 19771, yet 

are also case reports of lymphocytic leukemia as a -la of benzene poisoning 
[Delorc and Borgomano, 1929; Hunter, 1939; Vigliani, 1975). Excessive mortality 
from lymphocytic leukemia has been & great as that from the nonlymphocytic variants 
in a number of rubber industry cohorts, a tcsult that has prompted seven1 investiga- 
tors to discount an etiologic relationship with solvents [Monson and Fine, 1978; 
Parka d al, 1982). 

The NIOSH study of Pliofilm workers (Rinsky et ai, 19811 perhaps offers the 
most convincing demonsPation of a benzare/nanymphocutic lcukunia association. 
The importance placed on the fivefold mmaiity excess dctcctd in this snrdy is 

e x e x ? .  Even in view of the magniadc of the reported risk for noniymphocyuc 
leukemia associated with benzene exposure, the specificity ofthe asxiation remains 
uncertain, as exposures to other rubber industry'solvents were nat evalutated in the 
analysis. Findings from a reanalysis of the case-controi data of Arp et al(l9831, that 
were presented in this paper, demonstrate the extent to which intcrprctations of 
seemingly causal relationships can change in light of newly considered expostm 
information. 

Additional research into the etiology of leukunia in the rubber industry should 
be guided by several considerations made apprvent from prcvbus work. It .should be 
recognized that the presumed c l i  of causative agents, solvents, is a mixed group of 
compounds, of which betuene is gmbally a minor quamitative component. The 
indication therefore is to examine possible etiological rdatiotlships with other solvents. 

As shown from the data presented in Tabie UI, muncrous solvents were used in 
the industry. Momver, usage has varied qualitativdy and quancitativeiy over time, 
and there has been conside&le temporal ovdap of atpoaurcs. consequenty, the 
identification of the spa5fic agcnt(s) responsible for leukemia exctsses is likely to be 
a complicated process requiring investigator judgcmcnt as to which solvents arc likely 
to be leukemogenic, based on previous experimental and human observational data. 

While the foregoing discussion suggests the llftd to investigate the potential 
leukemogenic effects of solvenu other than benzene, we do not imply that continued 
-h into benzene toxicity in the rubber industry should be abandoned. Rather, 
the scope of the research should be expanded to include assessment of effects of 
multiple exposures, and the interpretations of the findings should not be evaluated 
necessarily with respcct to a benzene/nonlymphoqtic leukemia association. 
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