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INTRODUCTION

Prior research in occupational health has demonstrated an apparent
association between leukemia and solvent exposure In an industria:
setting. McMichael, et al.,(7) in a 1975 Occupational Health Studies
Group (OHSG) report, first demonstrated an ,jincreased risk of lymphatic
leukemia among rubber werkers with a history of solvent exposure as
judged by OHSG researchers. The resuits of that study are presentad in
Table 1, with the presumad level of exposure based en Occupational Title
frecups (0TG's}, an CHSG scheme for grouning OF workers by contact with
common product components and/or process equipment. McMichael rotas
that for some period of tima in the past, benzene was the solvent of
. choice in the industry.

Holf, et a?.,(zs) in a 1977 CHSG study, investigated the sama set
of leukemia cases using new occupational title groups based on mecre
recent environmental data. Results shcwed an increased relative risk
" similar to that of the McMichael finding for one study pepulaticn, but
the .1ack of ar association between leukemia and soTvents in another
cempany. An associ‘ation between myeloid leukemia and benzene exposura
w'és demonstratad by Inf‘ante.,' et al. ,(3) amona bliofﬂm workers exposed
petween 194C and 1949.
| In the 0HSG studies, no direct measuremsnts of past benzene or
other solvent exposures were available, ‘thus the analyses were basad on
subjective categories assigned ky industrial hygienists. Even with a

homoganeous group such a an OTG, however, there exists a gradient of

exposure potential, as individual jobs will vary with respect to ex-




pasure by virtue of geographical locztion, engineering controls, or work
practice.

McH?chae? ncted the need for mora detailed information about
solvents used in the rubber industry in order to more accuratzly assass
their impact on worker health. The objective of this research project
was 10 develop a detailed history of solvent usage and potential worker
exposure in a rubber tire plant and to use this infomation to reassess

the asscciation of lymphatic 1eukemi; and solvent exposure.
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POTENTIAL SOLVENT EXPOSURE
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TABLE 2.9
POTENTIAL SOLVENT EXPOSURE °
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Before this period, some extrapolztion iS necessary. ThIS can b2
.Jcne with sone confidence since the technology of drum-builf tires was
introducad at least a decade earlier. For tire building prior to the
early 1930"s and for cther operations such as tubes, belts, and hoses,
we do not have the job classification record, consequently a different
approach must be taken to establish exposure potential. The standard
operating procedure documents, thch describe how tasks are fo be per-
formed, offer clues to solvent us2 in a given plant area, FOr example,
a statzment that the finished tube is to be washed with "solvent X" IS
probably sufficient evidence to establish contact between "solvent X"
and an individual whose job title was Tube Finisher during the peried of
time in which the standard operating procedure i< an active documant.
" Likewise, knowledge that.an individual Mas a tire builder and that the
drum cement of that specific period contains "solvent Y, can be usad to

establish that the builder was potentially exposed to "solvent Y".
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Sinca the immediate Interest was the impact of banzane expesure
versus other solvent exposurs, it was decided to focus on this simple
dichotomy 0f potential solvent exposure. Therefore the exposure codes
shown in Table 3 were developed 'to distinguish use of the cocmmercial
solvent benzene from ail other solvents (while recognizing that.other
solvents may contain small quantities of benzene as a contaminant). the
criteria for assigning each of the eight codes are included following
the code 1isting. These cr:i-:teria and the data listed above were used to
assign one of the eight codes to eéb; 1ine of the 135 work histories
involved in the leukemia study. This portion ¢f the study was accom-
plished without the coders being aware of whether tha history being
coded was that of a case or control.

. The assignment of pntential solvent exposuré codes 1 throuch 4 |
proceedad in a 'straightforward manner as documentation existed for a7l

Yines assigned these four codes. For the period of time covered by a

lire on a work history, the solvent use charts were consulted to detar-

catad. A :msitive finding was adequatz to assign a potential area
exposure in the appropriate solvent class, either Cade 2 or 4.
Assigynrent of a Code 1 exposure required that benzene be authorized
for use in that department during the time covered by the work history
linz and that the job title be cleariy associated with solvent use. Job
titles such as fire Builder, Cement Tires, and Core Cemenier satisfied
this latter requirement. Code 3 was assigned in an analogous rlranner in
departments where benzene was not authorized or after the tine at which

the commercial benzene solvent was removed frem use.
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TABLE 3 (COST.)
CRITERIA FOR ASSTCNING CODES

SOL = solvent Use Charts

S0? Standard Operating Procedures
FPS = Final Freoduct Specification
JCR ~ Job Classificacion Record

[Q]
’-l

CoDE 1: Assigned when there IS documented use of the commercial solvent
benzene In tha department during the job period; and documented
roucine, direct use or handling of solvent by job title or task
deseziption. T - -

Documentaticn: SOL, SO?, F2S, JCR
CODZ 2 Assigzmed uhen there is docuzentzed proxizmity to the us2 of cth
cocmercial solvent beazenme during the job period; buf no docu-
mented direct use or handlizg of solvent by the jcb title or
task.
Documentation: SOL, SOP, ¥PS, JCR
CooE 3: Assigned uhen there iS docuzmeated us2 of solvents in the deparz-
ment during the job period; and documeaced routine, direct use
or handling of solvent by the job title or task.
Documentation: SOL, SOP, FPS, JCR
CODE 4: (A) Assigned uhen there is docuzentad proxizity to selvent use
during the job period; but zo documented direct usa or hzndling
.0f salvents by ehe job title or task; or’
(8) Assigned when a job title or task has no docu=satad diract
use Or handling of solvents; but is classified as an assisczant o
a job title that Goes.
- Documentation: SOL, SCP, FPS, JCR
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Mo krown sclvent exposure, a Ccde 7, was attributad to thoses werk
history lines listing departments where no solvent use was authorized or
suspectad or where the job description exists and mekas no reference to
solvent-csntaining materials. This category lists jobs such.as Warehouse ~
Man, Elevator. Operator and Yard Crane Qperator. Codz2 7 was also assignad
those lines carrying job titles where solvant use would not be narmal to
the operation even though docmentation was not available. Job titles
falling under this category iIncluded Cafe Helper, Steam Table, and Spot
. Seam Yeldar.

Code 9 is essentially a missing data ccde made necessary because a
nuender of jobs were in production araas not covered by this study, i.e.,
Steel Preducts, and in areas where the investigator cauld not rendar a
Judgmant bdased on personal industrial hygiene experience. In addition,
scme lines o’ work history were simply unintelligible and cculd not be
assigned any other code.

Assignment of a Code 5 =+ 6 was base4 primarily on the judement of
the investigator and involved jobs normally associattd with solvent use
such as Painters, Dagrsaser Operators, and Zlectricians whose materials
1ist would not be carried in a company documant devetsd to producticn
materials. In total, the 135 worx histories included 2163 individual
lines to be coded. The distribution of codes assigned.is shown in
Table 4. Approximately 80 percent are documentsd codes while Cede 9 was
invoked 326 times or 15 percent of the listing,

A potént&'aﬁy major shortcoming in this coding process has to de
with the lack of a record specific ts Cement House workers. These
personnel dispense solvent, mix and dispense cament t0 user departments,

and formulate mixtures for outside shipment. They are assumed to be
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exposed to the cumulative solvent Jirt for the niant at any point in
time. However, there is no way of kncwing, from the available infor-
mation, what matsrials were being procassad for outside shipmant oOr for
users entirely outside of the rubber industry. 1t czn be assumad that
Cenent Housa personnel were potentia?Jy exposed to at least the solvents
that appear on the cumulative list, but there is no certainty that they
were not-exposed to a material, such as benzene, after it was removed
fmm plant use. A raview showed that one of the cases fell into this
category, having been employed as a cement mixer frca 1942 to 1948. He
was coded as a "3"--contact with solvent other than benzene. ThiS may
be an under-ceding, however it is the only coding that cculd be justi-
fied by the data in nand.

One other caution should be mentioned. The standard aparating
. pr’ocedure documants for Tire Buiiding concantrate an passenger tires
although materials 3r2 specifically designated for use with racing
tires, téuc,’é and bus tires, and others. Nonetheizss, It IS conceivable
that the data are less accurate for a plant building truck ard bus tires
tran for a passenger tire plant. Five cases includsd In this study had
werk experiénce in the company®s truck tire plant. Thrae of these we're
considered as benzene-exposed (code 1 or 2).in the e2rly part of the
giuuy, while two who began work in 1542 were considared “code 3" ex-
.posed. It is unlikely but possible that mixtures ccntaining solvents
ather than those shown could have been authorized for the truck tire

plant by a sp~:ification not reviewed for this study.
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ample, all 15 cases at some paint in their work histories recesived a

coding of 7 (Mo Known Solvent Exposure), whila only two of the 15 ever
received a coding of 6 (Judgmant Secendary Other Solvent). The results
indicate that Secondary Benzene exposure (Cod2 2) and Primary Other -,
Solvent exposure (Code 3) are associated with an increased risk of

lymphatic leukemia, with fourtsen-fold and ten-fold increases , respec-

tively. |
The exposure codes were combined t;) form groupings of particular
interest: benzene, non-benzene solvént, all. solvent (including ben-
zene), primary solvent, and area solvent sxpasures. The resulting
relative risk estimatas for any work experience with th;se exposurss are
. given In Table 7. Exposure to the all solvents catagory (codes 1-61
shews an elevated ratio of 17.0 with 14 of the 15 lymphatic casss ever
exéused. Primary exposure to solvents (codes 1, 3, and 5) results in an
elevatad ratio of 10.50, while ares exposure [codes 2, 4, and 6) shows a
ratio of oniy 1.60. Benzene, the principal solvent of interest shows an
elevated ratio of 5.09 with eight of the 15 cases having direct contact
or in tha vicinity of potentia? use at seme point in their working
caregrs. ' )
Qr=:r solvents (codes 3-6) also shew a strong association with the
disease. As was mentioned prev.iously, thesa other solvents may contain
benzene as a Contaminant, which suggests that low Jevel concentrations
of this chemical may be potentially as hazardous as the raw material
itself. A4ltsrmatively, benzene might not be ‘the active agent, and the
. production of the disease might be the result of exposure tc other

solvents, or some material common to both benzene and other solvents.

s




COAL-CASED SCLVENTS

During tk2 record search describe4 earlier, a raw material speci-
fication for xylene was found, dated 1938, that listed a sourcs of
'supply which indicated the chemical might he derived from a material
nther than petroleum: According to Meﬂen,(g) In 1939 arcmatic solvents
| were coal-based materials; and according to the history offered G
Hamﬂtcncz) the ccal-based zarematic.solvent industry of the United
States could trace its origin to the time of Horid War I. It seems
possible that this study may have encountared a set or materials, aromatic
solvents, that were derived frem a different source in the 1520's and
1330's than those of more recent years, If so, those raw materials
could contain a significantly differsnt set of contaminants in both
sccoe and level from those same raw materials of todzy. This could
occur even theugh the materials would carry the same generic ciassifi-
caticn--aromatic solvents--2nd the same chemical identity—benzene.
) This due-freer the —ay's raw matserial specificaticn led to a
search of the literature for the source of supply and possible erigin of
the aromatic solvents over the study period, According to the U.S.

(14-25) virtuaﬁ;{ all the aromatic solvents--

Tariff Ccmissi.on reﬁcrts,
berzene, toluene, solvent naphtha, xylene—were produced from coal up to
the early 1948's. Toluene was produced fmm petroleum in 1943, followed
by xylene in 1944, Benzene berme available from petrscleum in 1951.
These dates of course, do not include the smal!l supply of aach of these
chemlcals which has always been available frem petroleum by fracticnal

distillation. Probably governed by the economics of the two chemical
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paralleled, of coursa, by the Cement Hcouse. Tire 8uilding and Stock
Cutting show a brief use history as does Miscellaneous Rubber Goods.
Since there was no precise date docurmentad for the presumed change in
aromatic supply, any choice will be somewnhat arbitrary. The year 1950
was chosen as the assumed cross-cver date. This date 1S mid-way between
the first appearance of Xylene from petroleum and the company's earliest
record of a petroleum-based supplier. It is also the last year of the

coal garbon'iz_at'ign industry's total domination of the domestic benzene

supply.
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shews the greatest association with a relative risk of 7.3.3, while tk2
elevation for benzene is slightly lower at 5.09. The measure of associ-
ation for both the xylene and benzene categories combined, comarising
the coal-based solvent, expcsure, is significantly elevated at 5.42.

Wnen only the tight controls are considered, the only significantly
elevatad risk corresponds to Xxylene exposure.

Another way to assess the effect of thesa differant solvent scurcas
is to assign the cases and cantrels to mutually exclusive exposure
severity groups. Table 9disptays the number 0f-cases and- controls
assigned to each category, and their ratio. An individual with any tima
in the Coal Based Solvent category received that severity assignmant.

An individual with time in the Petroleum 8asad Solvent category but no
Coal Based Solvent time was classified as Petroleum 8asad expssure. =
Those with Judgment Other Solvent exposure (codes 5 and 6) but never
codas 1-4 were placed in the Base Unknown categary, while those with
cades 7 and/or @ only were Nb Known Solvent £xpasure, With the 4:1.

. matching:ratio. of the-]é éases and 63 controls, a ratio of .250 would be .
. expected. Gnca again the Coal Based catagory shows an éfevated“}atio.

Fina??};ftheéé findfﬁﬁgjunder the coal-based chemical h&%oiﬁeﬁfs‘“
are examined one further way. Figure 4 shows the fraction of total
workforce time spent In each of the potential exposure cat=gories by
case and control. The basis for this chart 1s the work experience of 60
contrals totalling 22,237 months and 15 cases totaling 5,495 months.

The potential exposure categories af the earlier analyses are repeatad
on this chart. Nota that the fourth entry IS the combined entry of.(2)
benzene and (3) xylene and is labeled Coal-8ased Solvents. Again,

this categary of exposure shows a marked contrast Setween case and




AUROALYD mc:«amxm 4¢Hbzukam
[

o T8 o 1
. v .‘._-— ‘ — —ﬂ ! : _ — .
3660 e T | §\ = \\ 7 00°0
BI0ULNDY [ _ =V 2 P . 9
- q \ L a P [~90*0 D
o ___,,m T a A
. m g .. " —el'0 xa
_ =
| £ —e1°0 A
BN-LNATS NMONX BH 8 = n
g4a HNATWLd-LNATS 8 _ - _ —pz0
abya WPI (6+2) N | | 9
BANAAX € | _ - o g0
ANAZNEG 2 \ | | -
HONMHA 35HA~LNATS T l—geep O
NN 35Ye: b = _ 8E'0 o
T \ 8 0 =
JAY SHLNGH T . @ i | —an0 &
‘“ H
W10L SHINDH 182‘%2 = © . P 3
ST0ULNDI 09 . S I T L AL
_IBLOL SHLNOW 8Bh‘S g o x m
636U 81 . _ i ~ pgeo

AHDIF LY mm:mamxu TYILNILOd A8 FWIL A0HDANUOM TULOL 40 NOIDJCH
m#amhzou G3HI LUK m> mumcu

- . by o
Wzgé R




DISCUSSION

Two points should be mentioned with regard to these findings. First, °*
many of the coal-based exposure individuals continued to work and entered
petroleum-base exposure categories. Second, many of the petroleum-derived
solvents probably contained a small quantity of benzene as a contaminant
as do the gasolines of today, and certainly refined solvent naphtha -- -
xylene(s) == would have contained 'r-neasurable levels of benzene. Yet in all
three methods of analysis--relative risk estimates, severity code assign- -
ment, and fraction of workforce time--the findings are consistent with
the hypothesis of an agent common to coal-based materials which is either
absent or not present in sufficient quantity in petroleum-based solvents
to produce the disease entity under study.

As coal is aromatic in nature, while petroleum is more aliphatic(8)
it is possible that coal-based products would be contaminated by cyclic
compounds to a greater extent than would the petroleum-based counter-
parts- As a class af chemicals, the polycyclic hydrocarbons have few
peers as cancer-causing agents-.“ Coal is the source of production for a
number of poTycyclic chemicals. A brief literature review of th;Iym— S
phatic Teukemogens unearthed references to three material S .apparently
capable of inducing lymphatic 1eukemia in laboratory animals. These
three are 9, IO—DimethyI-1,2-Benzathracene,(4) 3,4-Benzpyrene, and

Metnyl cholanthrene. (10)

Interestingly, all three materials were applied
to the skin of test animals using benzene as the solvent carrier. A1l .
three are soluble in the aromatic solvents and would likely remain in

the commercial material if no special attempts were made toward separa-

tion. This was pointed out by Lijinsky and Raha(s) with reference




COMCLUSICN

Following earlier findings by OKSG investigators of an apparent *
asscciation of lymphatic leukemia with sclvent- using job groups, an
attempt was made to extend the analysis through more precise estimates
of potential exposure, This was accomplished by a recreation of solvent
use at a rubber tire operation over a 55-year period, utilizing company-
developed business records. o

When this more precise method of assigning potential expc;éures was
applied to individual workers in the casa-contrsl stucdy, the reportad
association between lymphatic leukemia and solvent exposurs was not an't~-
reaffirmed but was'substantially strengthened. Whereas McMichael re-
portad relative risks up ‘tu 9 for workers in the group presuzed to have
high sclvent exposure, this study showed risk estimates or" 35 to 14 for
workers exposed to benzene and 1.75 to 9.5 for those whao contzctad other
solvents. If the assigned causes of death for the cohort are assumed to
be valid, the.risk of death from lymphatic.leukemia does indzed appear
to e assomat°d-mttrpr*or- history of wark with solvent

This extension of the solvent-Teukemia study was mz2 de possible by .

—— e
data extracted frcm records develcped for purpeses far different frcm
oczupational healtb re'search. These data frecm existing company records
have providad the capabili_ty to detarmine the raw material, location,

time and duration of use, and identity of workers pctentially in contact

with or in the vicinity of the potential exposure agents. In the ab-
sence of actual workplace measurements, the approach presanted here may

offer the next best alternative. A search of campany records uncovered
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" Reinhold Puoliisning Carp., New York, 1957.
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APPENDIX I
MANTEL - HAENSZEL ONDS RATIO

We can represent the data for each ser I of a leukemia case and the four

Dacched controls as follows :

. Bot i
Exposed Exposed Totai
\ Lr:u‘;gm:.a case . ! 'Ai Bi hi
& Qi Q
Matrche: cweatrols ci Di Xi
. L !

” 1 ) ’

Toral I]’i 3 Vi Ti

The Mantel — Haezszel Odds Ratio for each set is:

0.R. = AiDi /B c

aad fur rpe entirze study population wa usa:

0.5. = L (A.Di)

i _ 1
. Ti
; (BiCL)
ST
IS

© The chi- square s:¢:i.t:ir:is' caIcula:ed ass
2 m (TA, - 3 1"1 y2 i
. . i i i(

, (T .-
ii[uiviwixllri‘(rl ;)]

waich is distribuced as chi-square with one degrew of freedon

i*rom 6]




