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To: T. Grumbles and Dr. Hamm -
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From: D. Penney VIST .

Date: November 2, 1993

Subject: Brain tumors and occupational risk factors

Dr. Mundt has provided what he considers the best review he has found on the
epidemiology of brain cancer in general. I think it would be useful for you to look at
this review this paper prior to our meeting on November 11. A general conclusion that
can be drawn from this review is that not very much is known about the causes of brain
cancer. A summary of some of the key points of this review is provided below.

The brain and other CNS cancer incidence rate amongst white males in the U.S.

is 6.7 per 100,000. The mortality rate is 4.9 per 100,000. These figures are
based on 1973-1977 data.

A high percentage of brain tumors reported on death certificates are gliomas,
particularly glioblastoma multiforme. Other types of brain tumors reported
include astrocytomas and ependymomas. Many death certificates list unspecified
brain tumor as the cause of death.

Mortality rates from brain cancers amongst individual over 55 years of age have
been steadily increasing since the 1940s.

Diagnostic bias does not seem to explain all of this increase. This suggests that
some genetic and/or environmental risk factor(s) may be involved.

Brain tumor clusters have been observed in certain occupational groups, including
polyvinyl chloride production, oil refining, petrochemical production,
pharmaceutical production, use or production of formaldehyde.

Most epidiemilogical studies of brain tumors do not specify the cell type. It is
possible that risk factors vary by cell type.

This article reports that gliomas have been induced in animals by inhalation of
vinyl chloride.
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"Brain tumors and occupational risk factors

A review
by Teiry L Thomas, MS,! Richard J Waxweiler, PhD?
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THOMAS TL, WAXWEILER RJ. Brain tumors and occupational risk factors: A review. Scond J Work
Environ Health 12 (1986) 1—135, Liwtle is known about the etiology of tumors of the brain and central
nervous syatem (CNS); however, epidemiologic studies have indlcated recently that excess brain and CNS
tumor risk may be masociated with employment In certain occupatlons or Industiries. Some studies have
shown that certain white-coliar professional groups (cg, Artists, laboratory professionals, veterinarians,
embalmers) appear 10 have an elevated risk of brain tumors, and they raise the issue of a dlagnostic sensitivity
bias. Some blue-collar oceupational groups, including rubber workess, ol refinery workers, chemical plant
workers, polyvinyl chloride workers, machinists, and others, have been reported to have an elevated risk
_of brain wamors, Moit of these waorkers are potentially exposed to multiple chemicals: nevertheless they
have some exposures in comman, for example, exposure to organke solvents, lubricating oll, acrytonitriie

3
hydrocarbons, phenolle compounds.

The age-adjusted average annual incidence rate for
malignancies of the brain and central nervous system
{(CNS) among white men in the Unitad States (US) dur-
ing 1973—1977 was 6.7 per 100 000, and the corre-

. sponding mortality rate was 4.9 per 100 000 (104).
Mortality rates for malignant brain and CNS tumors
among &1 age groups over 35 years have been steadily
increasing since the 19403 (95), Mortality and incidence
rates for CNS malignancies in the United States are

. higher among white men than among women and
blacks (45, 104). About half'of the brain tumors (be-
nign and malignant) diagndsed among white men of
all ages are glioblastoma multiforme, but this cell type
accounts for a much lower percentage of the brain
tumeors diagnosed among women and blacks (5). There
is & dramatic peak in mortality due to brain and CNS
malignancies smong white men between 45 and 65
years of age (45); the peak correspond: with that in
the incldence rate for glicblastoma multiforme between
the same ages (74). These patterns imply that some
genctic and/or environmental risk factor(s) may be
responsible for the elevated rates among white men
compared with women and blacks. The age peak and
increasing rates over calendar time suggest an environ-
mental risk factor, possibly occupational.

! Qccupational Studies Section, Environmentad Epidemiclogy
Brench, National Cancer Institute, Bethesda, Maryland
20892, United States,

¥ Special Studies Branch, Chronic Diseases Division, Center
for Environmental Health, Centers for Disease Control, Al
lanta, Georgia 30333, United States.

Reprint requests to: Ms TL Thomas, Occupational Studies
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Buitding, Room 4C16, Bethesda, MD 20892, USA,

and vinyl chloride, formalidehyde, polycyclic aromatic hydrocarbons, and phenolic compounds.
Key terms: orgenic solvants, lubricating oils, acrylonitrile, vinyl chloride, formaldehyde, polycyclic aromatic

One of the difficulties in comparing epidemiologic
studics of brain and CNS tumors is disease definition
and terminology. The term *"CNS tumors™ includes
tumors of the brain, craniai nerves, and cranial
meninges: however, because more thap 90 % of CNS
tumars are brain turnors (104), we have used (the terms
brain cancer (malignancies only) and brain tumor to
refer to all CNS tumors throughout our review, regard-
less of the original author’s definition or terminology.
More confusing Is the fact that brain tumors can be
coded as mealignant (International Classification of
Diseascs, Eighth Revision (ICDA-8) code 191, 192],
benign (ICDA-8 code 225), or unspecified as to
malignant or benign (ICDA-8 code 238). Unfortu-
nately, if a physician records just the words ‘braln
tumor’’ on a death cectificate, a3 i3 6ften the case, the
unspecified code (HCDA-8 238) will be assigned as the
underlying causc of death. Upon later pathological
review, many of these cases may be shown to be
primary malignant tumors. {n addition, there may be
some misclassification on the death certificaies between
primary brain tumors and those that are metastatic
from other cancer sites (62). Thus, If brain tumor risk
is to be thoroughly cvaluated, it is important to report
all ICD codes for primary brain tumors (ICD 191, 192,
225, and 238) scparately and combined. In most in-
stances investigators have reported mortality or in-

. cidence only for tumors of the brain specified as

malignant; however, in the accompanying tables, we
have indicated which results also include tumors coded
as benign or unspecified,

Very little i3 known about the etlalogy of brain
tumors; however scveral assoclations with occupational
and othe¢r environmental and genetic factors have ap-
peared in the epidemiologic literature (23). Although
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Tabis 1. Brain tumors among white-cgilar and professional gccupetions in surveys of monailty by occupation.

s Qbsstved

Occupation or typs of work® p:','g% -T:::ﬂ:?o:'b ,t':,l:,.‘ Ratlo< Reterence
svents

Prolessianal & technicg!, US 1850 SMR 168 1.34° Burainick (28}
Protessional & lechnical, Ganada 19631073 SMA 10 1.93 Hows & Lindsay (33}
Accountants & sudltors, US 1950 SMR a 1.9 Guralnick (25)
Flnanclal workers, MA 19711973 sMOR 13 229" Dubraw & Wegman (17)
Treaaurers, !Inmclal managers,
bank officers, M 19T1—1673 aMOR ] 3.47° Dubraw & Wegman {17}
Managera, olilclala. propriatars,
manu mturln? . 1950 BMA 43 1.30 Guralnick {25).
Managers, officials, propristors, WA 1050— 1078 PMR o4 1.50* Mitham {48)
Purchasing agents, buyars,
sales manegers, WA 1950-—1979 PMR 12 1.78 Milham (48)
Sales managers {age 85—T4 years), UK 1970—1872 PMR . 247 Regiatrar Ganeral (85)
Purchaalng agents & buyars,
salos Mansgers, CA 1858—1901 PMRA E] 2.88 Faterson & Milham (83)
Cradit man, WA 19501979 PMR [ 207 Minam (48)
insurance agants, brokers,
undervwriiars, & appratsers, WA 19301879 PMR at 1.58 Milham (6-8)
Enginears, nec, WA 10— 1678 PMR 26 1.47 Miinam (48)
Englneers, nea, CA 1959— 1961 PMRA 10 248" Paterson & Milham (83}
Machjnics) enginears, WA 1920—1979 PMR 8 4,234 Mitham (48)
Asronautical enginesrs, CA 18501981 MR 4 247 Peterson & Milham (63)
Cieotnoal sngineers, 1658— 1961 PMR 8 1.5% Pataraon & Mitham (63)
Elactrica! sngineers (ags B5—74 ynn), UK 1920—1972 PMR .. 275 Raglstrar Genara (65}
Inspactom, nec, WA 18501970 PMRA 7 2.48 Milham (48)
inspactors, nec, OA ) 19591061 PMA- 10 785" Pelarson & Milham {63)
Checkers, axaminers, inspaciors, MA 1974—1973 sMOR 4 5.57° Dubrow & wWegman {171
Public utility aupervltam & offlslals, WA  1950—137% PMR 10 1.99 Milhamn (48)
clulgym'n, WA 19501979 PMA 14 1.99* Mlilham (48)
Dantists, CA 19301961 PMR 2 1.52 Peterson & Milham (83)
Teachers, US 1950 EMR 21 1.75¢ Guralalck (25)
Artiats & grt taachers, CA 1980—1970 PMR 4 298 Paterson & Mitham (83}
Taachers, except musie & ant, CA 19501081 PMA 8 241" Petarson & Milhem (63)
Teachers, alsmentary & sacondary, MA 19711972 sMOR 7 ne Dubrow & Wagman {17)
Professors & Inatruotors, CA 1989-1061 FMR 8 2.92- Pgtazaon & Milpam (83}
School protessions, MA 18711673 sMOR 10 .54 Dubrow & wg;lm-n (M
Lawyers 8 judges, CA 1059-~10681 BMR 5 i5 ] faterson & Milham (83)
Lawyers & judgas, WA 1650-—1979 PMR K] 1.68° Miltham (a8}
Lawyers & ludges, MA 1971—1973 sMOR 7 .50 Dobrow & Wegman {1
Postal clacks, CA 10591001 PMRA ] 2.78¢ Peterson & Mitham (63)
Pontal Oloﬂu MA 18711973 sMOR [ 2.0 Dubrow & Wegman {(17)
Oftloers, enilatsd men, armed torces,
nac, OA 1959~1891 BPMK 7 138 Peterson & Milham {63}
Armad forcea (British & (oreign), UK 1970—1972 SMA . 183 Régisirar Generat (85)
Armed (orcea (Britlsh & tornlcn uK 1061 SMH . 1.87 Logan (A%

* USx=Unitod Btatas, MA = Massachusetts, WA = Washington, UK = Uniled Kingdonr, end nac = not sisewhere ciagsified.

® PMR = proportionats mortailty metio, MR = standartized monality retlo, PIR s rmponlonalo incidence ratio, SIR = standurdized
Incidence ratlo, SARA = standardized rate m!o SMOR = mandmﬂxed montality odds ratio, and OR= 00d? ratio.

° Ratio=obgerved:axpaated ratio of odda ratia,

* Statiaticaily significant (Polsson) at tha 0.05 level.

no causal industrial exposures have been identified,  riety of statistical tests (o judge the significance of their
brain tuniors seem to cluster in certain occupational  resuits, we have ignored the original significance tests.
groups. Historically, the first occupational association  Instead, we applied o common test statistic to sach re-
with brain tumors wgs reported among workess in the  sult for which the authors supplied an obscrved num-
rubber industry (42). Since 1968, clusters of brain  ber of brain tumor events and an expected number of
tumors have been scen among workers jnvolved in  events or an observed:expected (O:E) ratio. If the O:E
polyviny! chioride production, it refining, petrochem-  ratio was not provided by the original author, we cal-
jcal production, pharmaceutical production, usc or  culated it from the data published. This calculation in-
production of formaldehyde, and other occupations.  cludes results presented in the form of the propor-
This review summarizcs the scientific Hterature on 0c- tionate mortality ratio (PMR), the standardized mor-
cupational risk factors for brain tumors and cxamines  tality ratio (SMR), the standardized incidence ratio
some of the exposures that may be implicated. (SIR}, the proporiionate incidence ratlo (PIR), the

The measures of agsociation shown in the tables are  standardized morwlity odds ratio (sMOR), and the
not directly comparable; thus we have used a test of  standardized rate ratio (SRR). The statistical signif-
statistical significancs to cvaluate the relative impor-  icance of each of these results was determined from
tance of the results shown. Because the authorsof the  a table of significance factors for the ratio of a Pojs-
numerous studics discussed in this review used @ va-  son variable to its expectation (6). Since brain cancer
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accounts for only 2.5 % of all cancer deaths {(45), the
underlying Polsson assumption of a rare event {5
satisfied In this case. Because our test is inappropriate
for casc-referent analyses, the ¢ atistical significance
of tha odds ratios from the case-. efcrent analyscs pre-
sented in the tables was determined with the 9§ % con-
fidence intervals provided by the authors.

surveys of mortality hy occupation

Information from death certi) -ates, registries, or
record linkage systems has becn used in many surveys
to examine disease risks by occupation. Surveys of
mortality by industry were not included in tables 1 and
2 because of a lack of spacificity with regard to occu-
pation: however results from some of these surveys are
discussed in relatlonship with specific hypotheses pre-
sented later in chis review. Because an exhaustive list
of odcuparions reported In these surveys would be too
Jengthy to show in a single table, we decided to limit
the resules shown; thus, standardized mortality ratios,
standardized incidence ratios, and standardized mor-
tality odds ratios of less than 1.3 are uot shown and
proportionate mortality ratios of less than 1.5 are not
sbown, Resujts from the Washington state morality
data (48) were obtained from a table of statistically
significant results for brain cances,

The data indicated that certain white-collar and pro-~
fessional groups may have an elevated braln cancer risk
(table 1). These groups include financial managers and
accountants, sales agents, enginesrs, teachers, lawyers

FROM FPPLIED EP[DEMIOLOGY T—438 P.84

and Judges, postal clerks, and persons in the armed
forces. These occupatlonai groups presumably have
minimal exposure to chemicals and ather poientially
caréinogenic agents {n their jobs. Whita-collar and pro.
fessional groups may reccive bester than average
medical and diagnostic services because of thelr socio-
economic status and, thus, may be morse likely than
the population in general to have a brain tumor
diagnosed (24). Mortality waa elevated among Cali-
fornia residents in tha armed forces (63) and among
British members of the armed forces (39, 65), who
typically receive regular medical survelllance.

* Table 2 shows blue-collar worker groups with ele-
vated brain cancer mortality In otcupational surveys,
The most interesting arc the clevated brain cancer mor
tality ratios for electricians and power servicemen in
four of the surveys (23, 48, 63, 64). Several of the oc-
cupations listed in table 2 involve cxposure to solvents
and organic chemicals, but no prominent patterns of
common exposures are evident for particular occupa-
tions.

Several of these surveys obtained the information
an accupation from death certificates, Because the
*“‘usual occupation” listed on the death certificare may
be more representative of last occupation, many of the
persons classified in white-collar managemient occu-
pations could have begun their employement in biue-
collar jobs. Occupations were not cross-classified by
industry; thus it is not possible to evaluate whether ele-
vated risk occurrcd among whitecollar managers in
particular industries. Furthermore, relatives of a de-
ceased individual may tend to ''upgrade' the de-
ceased's occupation sociceconomically.

Tabis 2. Brain tumors emong,blue-callar ogcupations in surveys o0f moriality by occoupatian.

Qbawrved

Qacupation or type of wark® f::',gﬁ 3&'{‘.‘?‘0?:. t?:r:\‘gr Patia® Reterence
- avenis

Qperativea & kindrad workers, MA 1WT1—9970 sMOR 4 328 Dubrow & Wegman (13)
Painters, paperhangers, glazisre, US 1850 SMR ae 138 Guralnick {25)
Carpantars (age 20-~54 yoors), MA 1071 ~1073 sMOR 7 2.74* Dubraw & Wegman (17}
Brickmasens, atonemasons, {lle
aeitors, MA 1971=1973 sMOR 4 .14 Dubrow & Wegmaa {17)
Elgatricians, US ' 1650 SMA N 2.21° Guralaick (25)
Elactricians, WA 1950~1979 PMA 43 1.60° Mitham (48)
Electricians, Los Angeies Couniy, CA 1972—1077 PIR 11 1.42 Praston-Manin et al {64)
Linsthan & serviceman, telegraph, _
telephone, power, CA 1950-—-1581 PMR 5 207 Paterson & Mitham (83)
Weiders, matal, Sweden 19611073 SRR 44 1.44° Englund et & (18}
Bollermakars, CA 19591961 PMR 3 218 Patarsgn & Milham (63)
Machinists & Job satters, US 1950 SMR 3?7 1,42 Quralnick (25)
Hashiniats (age 20—54 years), MA 19741073 SMOR % 342 Dubitn & Wegman (3
Alrpiana mechanios & repatrman, WA 1950—1979 PMR 14 20" tAllham {48)
Fleaman & fire protection workere, WA 1850~1970 PMR 14 1,77 MEham (48)
Crane derickmen & holstnen, CA 1959—1961 PMR 3 .23 Psterson & Milham (63}
Dally en & routarnan, CA 19391081 PMR [ 2.03 Peterson & Milham (53)
Qiass & ceramic mekers, UK 19701972 SMR .. 1.31 Rag!strar Ganeral (65)
Gisan workers, Swadan 1981=-1973 SRR 10 2.30" Englund et &l (18)
Famnors & {arm workers, Canada 1985—1973 SMR 4 1.7? Howe & Lindsay {33)
Railroad cierks, WA 198019790 PMR 13 3,48* Mitham {48}

® Sea tuble 1 {footnote a) for a dellnition of the abbravialions.
b 8ae tabla 1 (footnote b) tar & definlion of the sbbreviations,
¢ Rutlo = gbsarvad:uxpacied ralic or 00ds ratio,

" Blallatlcally significant (Polsson) at tha 0.05 faval,
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Production of synthetic rubber

Table 3 shows results from studies of workers in the
production of synthetic rubber. In 1949, an unusual
cluster of deaths from CNS tumors was observed
among residents of Summit County, Ohio, and a pos-
sible link with the rubber industry was suggested (42).
Subsequenily, a cohort mortality study of workers in
a rubber plant in the same county indicated an elevated
brain cancer risk among employees In the curing and
tire-building department (43). Later studles of the same
plant population also implied that men employed in
tire assembly and tire building had an elevated brain
cancer risk, but brain cancer wortality was less than
expected in the entire plant population (51, 52), The
elevated risk occurred primarily among men whose at-
tained age was less than 65 years (O:E=8:1,3), those
who had worked less than 1§ years (O:B = 7:1.4), and
these who started working in the industry after 19235
(O:E=B:1.8). The findings suggested that the elevated
risk may be associated with exposures introduced into
the work cavironment in morc recent time periods (1),
Exposures in the tire curing, buildink, and assembly
arcas included hexamethylenetetramine and drum resing
containing ¢oal tas, carbon tetrachloride, and other

FROM APPLIED EPIDEMIOLOGY T-438 P.OS

solvents (51, 52). A slightly elevated brain cancer risk
wRs seen among workers in the rubber industry in
Sweden (1B), but brain cancer mortality was not
elevated among US rubber workers in a 1930 survey
by Industry (26) sor in other ¢chort studies of US rub-
ber plants (46, 83) nor among workers in the rubber
and cablemaking industrics in England (19).

Polyvinyl chlaride production

A cohort was assembled from 34 plants to exarnine the
relationship between polyvinyl chloride (PVC) expo-
sure and risk of cancer (11, 8%). Among psrsons who
had worked for at least ane year in a job involving ex-
posure to vinyl chioride, the total number of brain can-
cers observed was significantly greater than expected
(table 4). The 1weive brain cancers observed during the
study period included four glioblastoma, two astro-
cytoma, ¢one ependymosma, and {ive unspecified.

A proportionate mortality ratio study of deceased
workers in two plants using viny! chioride monomer
indicated an increased relative frequency of brain can-
cer (53). Five deaths were observed, and only 1.2 were
expected (table 4). Three of the five brain cancers were

Table 3. Braln lymars among worka In tha pragustion of synthetls rubbar.

N 4 ‘ Observagd
DOCUPANoN Of typa O WOrK® S:‘,'wf, :::::;:'Jog. ,2:';, Ralic®  Referance
avents

Tire buliding & curing, Ohlo 1940 —1984 3RA 4 563" Mancuso st al (43)
One rubber plant, US 1040 —=1974 SMR 20 0.80 Monson & Nakano (32

Tire building 1940-~1974 8MR 7 1.50 Monson & Nekane {52y

Tite sssembly (a & years) 19401978 SRA ? 4.1 Monson 8 #ine (51)
Rubber Industry, Sweden 1961~ 1973 SRR 0 1.23 Englund et al {18)
Rubber preducts industry, US 1850 SMR 13 .- Quralnick (26)
Four US rubber plants — Men 1940—1973 SIMR 14 0.78 McMichael et a! |48)
Tire building, US 19811971 OR 5 119 Symons et al (83)
Tire assembly, US . 19861 —1971 OR 1 043 Symons et al (83)
Rubber & catigmaking ladustry. UK 10881974 SMR 20 D.84 PFox & Colller (18}

Tire sector 1968 — 1024 aMmf 10 1.08 Fox & Collier (19)
* See tuble 1 (foatnote a) for A dalinition of the sboraviations.
= Sae table 1 {foatnota b) for a definlilan of the abbraviations.
* Rallo = obssived:expected ratio or odds ratio.
* Statlsiically significant (Poisson) at the 0.05 levat,
Tabis 4, Braln tumors among workers in the produstion of polyviny! ¢hioride (FVC).
o . - ) Jbssrved
Dccupation of type of work* sondl  Messureol DN matge  Aefersnce

avants

PYC workers expoded = 1 years, US 1030~ 1972 SMA 12 2.03* Cooper (11}
PVC workery svar axpoaad, US 1847 —1973 PMR 5 417 Monaon at 8! (33)
PYC workeras exposad = 3 yeéars,
> 15 yeary iaiency, US 1942—1473 SMRA J - 498 Waxweiler ¢t al (97)
¥iny! chloride monomer & PVC
production workars, Sweden 1940~=1974 SMR 2 8.12 Byren at a1 {O)
PVC workars, Germany < 19591975 SMR 2 162 Waeber el &l (38}
SYGC workers avar exposad, UK 1940—1974 SMA 2 0.93 Zox & Coilier (20}

» U3 = United Staies, Germany = Federal Republic of Germany, UK = Unt1ad Kingdom.

' 3es tabls Y {Jaotnole b) for a dafdinition of tha abdreviations.
+ Ratlo = gbserved:axpestad fatic or odds ratio,
* Stallstically gignlticant {Poisaon) at he 0.05 level.

}
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glloblastoma multiforme, and the czll types of the
other two were not specified.

Elevated brain cancer risk associated with polyvi-
nyl chloride production was observed In a cohort
stedy which combined data {rom four plants (tabic 4)
(©97). One major plant wes common to this study and
those done by Tabershaw (35), Cooper (11), and Mon-
son (§3). Among workers with at least five years' ex-
posure to polyvinyl chloride and surviving 13 years
sinca flrst exposure, three brain cancers occusred and
less than one was expected, Four additianal braln

-timors occurred among employees who had less than

five years® exposure to vinyl chiloride, Three parsons
who worked at the plants under study but never in the
vinyl c¢hloride-expased areas also died from brain
tumors. No expected numbers were shown for thess
categories of workers, Nine of the ten brain tumors
were histologically confirmed as glioblastoma multi-
forme. Age at death for these decedenty ranged be-
tween 33 and 63 years, Other exposures that workars
might have encountered included acrylates, acrylo-
nitrile, and chiorinated solvents (36).

Studies of polyvinyl chioride workers in Gecmany
and Sweden suggested an excess brain tancer risk (table
4), but the abserved numbers of brain cancer deaths
were very small (2, 98). Analyses of mortality among

FROM APPLIED EPIDEMIOLOGY  T-430 P.@6

7000 men potentially exposed to vinyl chloride
manomer in the manufacture of polyvinyi chicride in
Creat Britaln indicated no ¢xcess brain cancer risk {20).

Petroleum refining and petrochemical production

The first report of ¢levated brain tumeor rlsk among
oil refinery workers appeared in 1979 (table 5). In &
cohort study of } 208 men employed in a Canadian
oll srefinery for more than five years, three deaths (rom
brain cancer were cbserved and only 0.77 was expected
(87). Thig excess was confined to workers for wham
less than 20 years had elapsed since first employment
(O:E = 3:0.46). The work histories of the three brain
cancer cascs were vague with regard 1o occupational
exposures. Two died at 41 years of age and one ar age
43,

A proportionate mortality ratio study of deceased
active and retired members of the Qil, Chemlcal, and
Atomic Workers Internatiotal Union (OCAW) in
Texas indicated an elevated (requency of deaths from
brain cancer among white male hourly workers em-
ployed in petroleum reflning and petrochemical plants
(90, 92). The increased relative frequency of brain
tumors occurred primarily among active employees in

Table 5. Brain turmass among workers In getrolaum tetineries and pstroshemical production.

N Observed
Occupation of typs of work® p::’,g’; :::::l".'tfog', preor  Ratlos  Reference
asvents

Roﬂnaz workers {= 5 years), Canade 1928—1978 SMA 3 3.90 Thariault & Goulel {(87)
All OCAW mambars In refineries
AR CTX 1943 —1978 PMR 3¢ 2,10 Thomas st al {32}
Active OCAW members in refloeries
A, B,C 19431978 PMR 259 2.29" Thomas st a! (82)
OCAW membare — refinery A 1943~1978 PMR 184 214" Thomas st at (92
OCAW mambars — refinery B 10431978 PMA 1Q¢ 1.90 Thomas st & (92
OCAW mambers — refinary.C 10431978 PMR 7¢ 238 Thomaa o1 al (02)
OCAW members in refineriss A, B, C

Luba olt sefining 19431078 *0oA § 1.8 Thormas et al (81)

Pumping of produate 1943 —1976 QR 7 2.3 Thomas st al {(@1)
Toxaco (A) — saiarled & haurly 147 —1677 SMR 3t 1.08 Oivine ot =i (1)
Texsad (A) — research & quaity
ogntrol laba 19471877 QR 8 3.9 Divine et & (15)
Texaco {A} ~— lube oll refining 1947 —1977 OR 3 4.9 Diving et al {15)
Gulf (B) « ail hourly workeia 1935—~1978 SMR 20¢ 0.90 Wen et al (§9)
Gulf (B} — hourly workers (= 20 years)  1935—1078 8MR 19 1.40 Wen & af (39
Mobil {C) =~ salarigd & hourly 1945—1979 SMR g 1.09 Morgsn & Wong {549}
Ninleen reilnerles, US ) 19771978 MR B 1.63 Schottenieid ut al (75
Ninteen refineries, US 1077—1979 SIA 2 1.29 Schaoltaniald et al (75)
Patroleum & coa! products, US 1950 8MHA 13 .. Quralnick (26)
El?ht oll refinerlas, UK 1950~ 167% SMR 38 0.50 Rushlon & Alderaon (70)
Ol distribution centers, UK 1950-—1875 SMR ki) 1,07 Rushton & Anderson {(TY)
Bxxon — aperatos, machanie, laborer 1970—1977 SMR 4 1.11 Manis et & {28)
Unlon Carbide (MIQSH), TX 1841.-197Q SMR 229 206° Waxwallor et al (95)
Union Carbids (company) — > 6 montha  1841—1977 SMR 10 2.00 Austin & Schnatter (3)
Palrochemical oparators, LA and TX 1970—1980 PMR 129 3.40° Nichalsan et at (56}
Dow Chemical, TX 19491977 bsm%mﬂ 2549 AR FAcave ot at (39)

80

¢ OCAW = Qll, Chemical, and Atomic Workwrs fntarnational Unton; TX = Texan, US = United States: UX = United Klagdom,
NIOSH w Nallonal [nstituie tor Occupational Safety and Heaith; LA = Louisans.

° 8ae lable 1 (toatnote b) (or a definltian of the abbravialions.
¢ Ratio = obssrvad:expacted ratio or odds ratio,

4 Observad Includes beanign and unapecified braln tumors.

* Btatistically significent (Polsson) &t the 0.05 lgvsl,

“* Qiatlatically significant at the 0.05 level using the author's signiflcance lest.

>

goracgrBag (YA



NOU B2

'93 11:22 TO 1 512 331 2387

three ofl refineries (A, B, and C) In the Beaumont-Port
Arthur area of the Texas gulf coast (table 5}. A nested
case-referent study comparing work historles of the
brein tumor cases with those of persons who died {from
other causes indicated an elevated brain tumor risk
among OCAW members whose Jobs involved the intra-
plant pumiping and transporting of bulk liquids (crude
oil and products) and the manufacture of lubricating
oil, but the odds ratios were not statistically sigoificant
on.

Indusiry-sponsored studies of refineries A, B, and
C indicated slightly different results (table 5); however,
the study groups differed substantially in terms of
bourly/salacied status, average duration employed, and
induction-latency period, A cohort mortality study of
white male Texaco (refinery A in refersnces 90, 91, 52)
salaried (white-callar) and hourly (blue.collar) em.
ployees combined indicated no excess mortality from
brain cancer (15). A nested casé-referent analysis in-
digated significantly elevated odds ratios for brain can.
cer among persons whose longest job was in research
and quality control laboratories onvin lubricating oil
reflaing (15). All male hourly employees of the Gulf
refinery (refinery B in references 90.\91, 92) did not
have a significantly elevated standardized mortality ra-
tio for brain cancer; however, mortality was slightly
¢levated among those who had worked at the plant for
more than 20 years (99). The number of brain cancer
deaths observed among white male salaried and hourly
employees of the Mobil refinery (refinery C in references

© 90, 91, 92) waa almost the same as that expected (54).

Among white men employed 10 or more years at the
Mobil refinery there were slightly elevated standardized
meortality ratios for brain cancer {(10-—29 years, SMR
142,4; 2= 30 years, SMR 133.5).

In a mortality study of oil refinery workers employed
by 19 US companics (table 5), cight deaths from brain
cancer were observed, and 4.9 were expected (SMR
1.63) {75). The investigators suggested that there may
have been underreporting of deaths because of the
short study period (two years) and the lag time between
the date of death and receipt of a death certificate.
Cancer Incidence among actively employed refinery
workers during the study period was compared with
that for the United States from cancer registry inci.
dence data. Nine incident cases of brain cancer were
reported, and about seven were expected. No analyses
by duration of employment or occupation were shown.

Brain cancer mortality was not excessive among
35 000 employees of eight British oil refineries between
January 1950 and December 1975 (table 5) (70); how-
ever, about 20 % of the study subjects had scientific,
technical, administrative, ¢lerical, or engineering jobs,
most of which are presumably low-exposure occupa-
tions. The same difficulty occurred in a eohort of
workers at oil distribution centers In England (71), in
which supervitors, managers, administrators, and
clerical workers were included in the analyses. Analyses
were not shown separately for blue-collar (hourly)
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‘employees. In one study of refinery workers, investi-

gators found no association between brain cancer risk
and oil refinery employment (28), and two other groups
of investigators did not report the observed and ex-
pected values for braln cancer {29, 84). The follow-
up perlod for several studies (28, 29, 75, 84) wag very
short (less than 10 years), and risks of Tatal disease with
long latency periods may have been underestimated.

A cluster of primary brain cancer deaths among
workers at a Union Carbide petrochemical plant in
Texas City, Texas, was rcported in 1980 (2), All of the
decedents were less than 66 years of age at death, and
the best medical information available indicated that
15 of 18 tumors were glioblastoma multiforme. A
cohort mortality study of workers at this plant showed
a significantly elevated standardized mortality rato for
braln tumors among white male hourly workers (tablc
5) (95). A similar analysis of the same data by the com-
pany also indicated a significantly clevated brain can-
cer risk among workers who ever held hourly positions
(3), but nested case-referent analyses indicated no sig-
nificantly elevated odds ratios associated with expo-
sure to any specilie chemicals {4, 33).

Operating engincers employed in the petrochemical
industry in Texas and Louisiang had an elevated fre-
guency of brain tumors (observed 18, PMR 1.73) (56).
This excess was primarily due to a significantly elevated
proportionate mortality ratio for brain tumors among
persons employed as operators in oil refineries and
petrochemical plants {table 5).

A sample-based cohort mortality study of workers
at a Dow Chemical petrochemical plant in Freeport,
Texas, suggested a slightly increased risk {rom brain
turnors (table 5) {66). Clinical or pathological infor-
mation was obtalned for 19 of 25 brain tumors, Based
on the best medical information available, 12 were glio-
blastoma multiforme, and two others were gliomas. A
nested casc-referent study falled to jdentify a signife
icantly elevated risk associated with employment in any
particular department or with ¢xposure to any specific
chemical or other agent (8).

Qther chemical production

Studies of chemical plant workers exposed 10 formal.
dehyde showed inconsistent results regarding brain tu-
mor risk. A cohort mortality study of 2 026 workers
at & large formaldehyde-producing plant suggested that
workers hired before 1961 had an ¢levated brain can-
cer risk {table 6) (103). Two of the three persons with
brain cancer dlied after a latency period of 10 years.
A proportionate mortality ratio study of workers at
another plant involved in the production of formal-
dehyde and its use in the production of reslns did not
show un elevated frequency of brain cancer (44); how-
ever only 136 decedents had been exposed to formal-
dehyde, Both of these sludies included small numbers
of exposed workers, No data for observed and ex-

65765070080 a¥r



NOV B2 *93 11:23 TD 1 Si2 331 2387

pected numbers of brain cancer deaths were presented
in & report of the mortality ¢xperience of 7 680 work-
ors expased 10 formaldehyde in the British chemical
industry (1).

An elevated relative frequency of brain cancer was
secn among plant employees but not among sales rep-
resentatives of a large pharmaceutical firm (89). Brain
cancey moriality was elevated among white male
production warkers (O;E = 8:1.6) and administrative
and clerical workers (0:E=4:1.0) (table 6). Produc-
tion workers in this industry are exposed to multiple
chemical and blological agents,

Acrylonitrile has been reported to cause brain tu-
nors in animals (41); however only one epidemiologic
study of acrylonitrile-exposed workers has shown an
excess of brain cancer (table 6). Two brzin cancer
deaths were observed among acrylonitrile polymeriza.
tdon workers in the United Kingdom, and only 0.7 was
expected (100). In other studies, brain tumor risk was
not elgvated (57) or not shown (14, 88).

3
Nuclear Industry

A study of workers at a nuclear fuels fabrication plant
Indicated elevated braln cancer mortality and incidence
among male plant employees (table 7) (27). It was as-
sumed that all employees had expasure 10 low levels
of gamma radiation; however other exposures in the
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plant were similar to those in metal working and fab.
ricating plants and Included metal fumes, metal dusts,
and oil mists. Seven of the eight incident braln tumors
were gliomas, and one was not specified, All except
one of the men with a brain tumor were between the
ages of 40 and 56 yoars at death.

White men employed at the Rocky Flats nuclear
weapons fabrication facility for at least two years
between 1952 and 1979 (102) had a slight excess mor-
tality from malignant brain tumors (table 7), and there
was a significant excess of benign and unspecifled tu-
mors of the brain (O:E= 6; < 1.48). Exposures in the
work environment inclnded plutonium, uranium, beryl-
lium, other metal dusts, ail mists, and other exposures
typical of machining operations. Increasing mortality
trends by latency were seen for brain tumors; however
most of the tumors occurred among persons employed
less than 15 years, A hospital record review of |6 cases
in persons who had ever worked at the plant indicated
that 14 were gliomas, Age at death ranged from 31 to
77 years, with a median age of 50.5. A nested case-
referent study falled 1o identify any particular jobs or
exposures associated with unusually high brain tumor
risk (67).

A cohort mortality study of white men employed at
a Union Carbide nuclear weapans facllity showed an
exeess of brain cancer deaths among workers in de-
partments that did not have exposure 10 mercury (table
7) (12). The operations in these depaniments included

Yadle 8. Braln lumors among workers 0 other chemicas plants.

Observed

Occupation or type of work® S amesaureol  Dralo Rator  Aetersnce

svents

Formaldehyde produosrs, US
{hired < 1960} 1940~1977

SMR 3 2142 Wong {103)
Pharmacautical production, IS 1934--1976 PMR a 8.00* Thomas & Dacoufle (38)
Phammuceytical office workers, US 1854—1876 PMR 4 4.00* Thomas & Decoulls (839
Asrylonitrile polymarization, UK 1950—1978 SMR 2 2.90 Waerner & Caster {100}

- Adrylonitrile poiymerization, US 19501376 3133 1 e ©'Barg (5
Chemicais & alllad products, US 1960 ~ SMAR 22 100 Quralnick (26)
Chemlcal workers, italy 167919680 on 4 1.9 Musieco el al (55)

® US = United States, UK =Unlted Kingdom,

b Sae tatis 1 (foolnote b) for s daflnliion of the abbreviations.

¢ Ratio = phsarvad:expected ratlo or odds ratio,
* Statistically significant {Polsaon) at the 0.03 level.

Tahle 7. Braln tumors among workers in 1hs nuclaar fupls and weapans Mbrication ladustry.

Qbserved
Gccupalion or type of work g;r,gz, ::;;;:";‘?o%f. ll‘:‘r‘:lgr Aatia® Refersnce
svants

Nuclear fuals fabrication 19581978 SMR 4 2.40 Hadjimichaet et al (2N
Rooky (lats — smploysd = 2 yesrs

Maklgnant brain lumors 10581—1877 SMR [} 1,49 Wiikingson ¢ al {102)

Senign & unspecifiad 1051 —1977 SMR L} 4,08 Wiikinacn e al (102)
Unlon Carblde — nonmercury 1963—1978 SMR 13 2.30° Cragle et al {12)
Hanford plant empioyeess 19551974 SMR 28 0.9% Glibart & Marks (22)

& SMA = standardized mortality ratlo.
llo = obrerved:expacted ratio or cdds ratlo,
* Slavistically signiticant (Poissan) at the 0.05 igvel.
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separation of a uranium jsotope through an eléctro-
magnetic process and other engineering and manufac-
turing processes in the fabrication of nuclear weapons.

Workers employed in the manufacture, chemical
sepwation, and purification of plutonium at the Han-
ford plant in Washington state did not have an elevated
brain cancer risk (22) overall (table 7) or in any
cumulative radiation dose category. Data for men in
metaiworking and machining occupations were not
shown separately.

Nons of the studies at nuclear weapons fabrication
facilities showed an association of ¢levated brain can-
¢er risk in relation to any particular radiation lavel.
One factor common to all of the facilities was the
presence of machining operations {n which there was
an oppottunity for exposure to metal dusts and fumes
and lubricating .oll mists. Beryllium was machined at
one of the facilities (102).

3

Other industrial workets i

\
Numerous ¢hemicals, some of which gontain formal-
dehyde, are used in photographic processing opera-
tions, and high levels of formaldehyde have been mea-
sured in print laboratories (21). After preliminary stud-
ies Indicated a possible brain cancer excess among em-
ployees of an Eastman Kodak plant, a nested case-
referent study of brain cancer by exposure category
-~indicated an elevated risk among photographlc pro-

Table 8. Braln fumars amoag other (ndustrial workers,
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‘cessing workers exposed to color developers (24). Risks

were slightly elevated among workers exposed to sol-
vents, animal tissue, and fllm developers (1able 8),
Noue of the resuits were statisticalty significant, No
deaths {from brain cancer were observed among 208
deccased white male press photographers who pften
developed their own {ilm (49).

A study of 47 glioma cascs diagnosed in 1979 and
1980 in Milan, {taly, indicated & twofold axcass risk
of glioma amang textile workers (55). Tha odds ratio
of 2.1 was not statistically significant (table 8). About
20 % of the cases had worked in the textile industry,
where formaldehyde and other chemicals were used in
processing fabrics. {n a 1950 survey, US men empioyed
in yarn, thread, and fabric mills bad an elevated
standardized mortality ratio for brain cancer {26).

White mate members of the Pattern Makers League
of North America who died between 1972 and 1978
had an increased relative frequency of brain tumor
deaths (68). The proportionate mortality ratios were
elevated among pattern makers who worked predom-
inantly with wood and among those who worked pre-
dominantly with metal (table 8). A ¢ohort analysis of
cancer morbidity among automobile pattern makers
who worked with wood found no significant excess of
brain ¢ancer (79).

Machinists employed at an automobile manufactur-
ing plant far five years or mare in jobs with exposure
to cutting oil mists did not have a significantly elevated
risk of death due to brain cancer {O:E =5:3.3) (13).
Among men who entered the study group aftcr 1948,

" . Obeerved
Occupation or typs of work® :3‘1% ey Jrad Ratior  Rerersnce
avents

Kodak workers {age 5559 yaars), NY  1904—1975 SiA 14 281" Gresnwald &t al {24)
Kodsk workers — sotvenia 1958--1975 oR 32 1,40 Greanwald et al (24)
Kodak warkers s &ator devalopars 1956 —1076 OR 8 218 Gresawaid et gl (24)
Kodak workers — animal {1s3us 1968 —1975 oR 13 1.32 Greenwald ot ai (24)
Kodak warkera — black & whita
developera 19561975 oR ? 1.31 Gresnwald et o (24)
Taxtile workees, Itely 1979—1860 OR 0 21 Musicco et al {55)
Yarn, thraad, fabrlc milis, US 1850 SMR 22 .48 Qurainick et af (28)
Patierm makers — wood, US 19721978 PMR 7 1.78 Rodinson et 2! {88}
Pattarn makers — matal, US . 19721978 PMR L 2.94 Robinsan el ai {88}
Automobile wood patters makers, Ml 1070—~1978 SiR 1 1.63 Swanson & Rells (79)
Automoblle machiniats (1948 +), US 1937 —=1967 SMR k] .75 Decoufie gax
Avistion s{actronigs workars, US 1950— 10980 PMR 9 3.01° Sweeaney hranhalz (80}
Aluminum reduction workars, US 1946—107¢ SMR g4 2.25 Milhgm (47}
Bua machanics, UK 18671975 SMR 4 3.20 fushton at al (72)
Aailroad varmen, Canada 1995~1977 SMR 7 278* Howa et al (32}
Rallroad — wekling fumaes, Canada 19851977 SMR 10 3.18* Howe a1 sl (32)
Raljroad workgra, US 10671978 SMR 3 132 Sehenker ot al {73)
Asbesloa Inauiation workers, US 1967—1076 SMA 21¢ 1.89 Saidman et sl (78)
Elgglricians, insman, serviceman. .
engincers, MD

Glial lumors 1960— 1982 OR a7 215" Lin ot at (38}

Unapac!fied brain 1069—1982 OR 15¢ 144 Lin o1 st {38)

® NY = New York, US=Ualtad Stales, Ml = Michigan, Ui = Unitgd Kingdom, MD » Maryland,
b Sae table 1 {tootnote b) for a deflnition of the abbrevistions.

2 Hatia =cobserved:expected ralio or odda tailo,
¢ QObserved Inaludes benign and unspecifled bealn tumars.
> Statistically significant (Polssan) at the 0.05 level.
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however, there was a notable excess of brain cancer
deaths (tabie 8).

A proportionate mortality ratio analysis indicated
shat white malc hourly and salaried employees of an
aviation electronics plant had an elevated frequency
of deaths from brain cancer (table 8) (80). Six of the
fine brain cancers were glioblastoma multiforme, one
was neurllemmoma, and two were unspecified. Poten-
tial workplace exposures included trichlorethylene, be-
ryllium, and a halogenated aromatic hydrocarbon
balancing fluid. All five hourly employees with brain
cancer had worked as machinists,

A mortality study of aluminum reduction plant
workess (table 8) indicated an elevated risk of benign
brain tumors (observed 5, SMR 9.09) but not malig-
aant tumors (abserved 3, SMR 0,99) (47), All {ive per-
sons with benign brain tumors had worked In **ex-
posed”” jobs in the carbon plant, rodding, potlining,
potrooms, or quality control, Bxposures included fluo-
rides, particutate alumina, polycyclic 2romatic hydro-
carbons, and sulfur dioxide, An excess of benign neo-
plasms was found In another study of workers ain-
ployed in 14 aluminum reduction plants (69); however
no derails were given regarding the pritnary site of these
tumors.

Mauintenance workers exposed to hydrocarbons In
the form of diesel exhaust in London bus garages had
a slightly elevated standardized mortality ratio for
brain cancer (SMR 1.21) (72). This excess wag prima-
rily duc to the elevated standardized monality ratio
for brain cancer among bus mechanics, who were glso
exposed to ofls, greases, and salvents (tgble 8),

A study of Canadian railroad workers exposed to
diesel fumes and coal dust showed an ¢jevated brain
cancer risk among carmen (table 8) (32). Railroad
workers exposed to welding fumes had & threefold ex-
cesy of brain cancer mortality. A survey of mortality
by accupation in Sweden glso showed excess braln can-
cer among welders (table2) (18). US railroad workers
had a stightly clevated svandardized mortality ratio for
brain cancer (table 8), but no deta were shown fer
those with high levels of exposure to dicsel or welding
fumes (73). :

A nlightly elevated brain tumor risk was reported in
a cohort study of asbestos insulation workers (table
B) (76). These workers were employed primarily in the
bullding construction trades, but they also could have
worked in shipyards, chemical plants, and ol refin-
eries, where there are exposures 10 numerous sub-
stanccs.

A case-refercat study using the accupation listed on
death certificates suggested an elevated risk of glioma
and unspecified brain tumors among & category of
warkers which included electrie and telephone com-
pany servicemen, linemen, foremen, and engineers;
railroad and telecommunication engineers; electricians;
and electric and electronte engineers (table 8) (38).
These findings are consistent with thosea seen In four
surveys of mortality by occupation (table 2) that found
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elevated brain cancer mortality among electricians and
power servicemen. Electrical engineers (table 1} also
had elevated brain cancer mortality. These occupations
have potential exposurc to tlectromagnetic fields, po-
lychlorinated biphenyls, soider fluxes, and solvents.

Professional and other nonindustrial groups

The National Institute for Occupational Safety and
Health (NIOSH) evaluated the mortality experlence of
whitc men employed as motor vehicle examiners in
New Jersey for at least six months between 1944 and
1973 (77). The ¢xaminers were exposed daily to mo-
tor vehicie exhaust consisting of aldehydes, carbon di-
oxide, carbon monoxide, hydrocarbons, lead com.
pounds, nitrogen, oxides of nitrogen, oxygen, and sul-
fur dioxide. Four deaths from brain cancer were ob-
served, and only 1.7 wera expected (table 9). All four
braln cancers were malignant gliomas.

A proportionate mortality rato study of profes-
sional artists indicated a significant threefold excess
frequency of brain cancer deaths among white male
artists (table 9) (50). The excess deaths were not tinked
to any particular art specialty. Artists may be exposed
to numerous potentially carcinogenic substances in-

cluding components of pigments, dyes, solvents, metal
fumcs, and dust.

Professional chemists are exposed to numerous

chemical agents in the laboratory setting. An elevated
standardized mortality ratio for brain ¢ancer was seen
unong 526 chemists who had been educared at one
school in Sweden (38) between 1930 and 1949, No brain
cancer deaths oecurred among 331 men educated at
a second Swedish school (58). Further follow-up of the
first cohort indicated a significantly elevated mortality
from brain cancer (table 9) (59). Other studies of
chemists have not reported clevated brain cancer mor-
tality (31, 37).

Members of the Royal College of Pathologlsts in
1973 were followed for vital status in 1981 (30). Among
2 300 men, six deaths from brain cancer occurred and
less than two were expected {table 9). Hematology was
a common subspecialty among the decedents with
brain cancer, Pathologists are exposed to formalde-
hyde and other laboratory chemicals. Anatomists, who
are exposcd to similar chemicals, had a significantly
elevated braln cancer risk (78) compared with the US
general populaton {table 9). When another profes.
sional group was used for a comparison, the stan-
dardized mortality ratio was 6.00. Risk appeared to
increase by duration of employment, but was also
elevated among those employed less than 20 years. Risk
was elevated regardless of presumed level of ¢xposure
to formaldehyde. Four of the 10 brain cancers were
listed as “*astrocytoma'® on the death certificate, while
the remaining six were listed as “*glioblastoma.”

Proportionate mortality ratio analyses of deaths
among embalmers and funeral directors in New York

2
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Table 9. Braln tumars among profassional ang other nonindustrial workars.
Btud M 1 Obt;“md ‘
. y ansure of rain
Ocoupation or typa of work period azsooiations tumor Ratlos Raterance
sventy

Moto vehicle axaminera, NJ 1044 —1972 SMR 4 235 8tern et al (77)
Protesalonal artiats, US 1M0-- 1966 PMRA B 2.90* Milter w\ 3l (50)
Chemiats — one schoot, Swedan 15301977 SMR 5 aar Olin A Ahlbom (59)
DuPont chemiate, US 1084—1877 SIA 2 0.67 Hoar & Pell (31}
Pathologlsts, UK 1974--1081 SMR 8 > 300 Harringlon & Oskes (30)
Anatomists, U8 1924—1879 8MR 10 271" Stroup o1 &l (78)
Embaimers, NY 1928— 1960 PMR -] 2.4 Walrath & Fraumaeni (93}
Embalmara, CA 1925—1980 MR 9 1.94 Walrath & Fraumeni {34}
Embalmers, Ontarly 19501077 EMR 3 1.18 Laving ot al 3
Female cosmetolagiets, OT 10351978 SIA 18 1.68 Tels 2t &) (20)
Replstered temaie nureas, Wi 1963—1977 PMR 3] 1.61 Katz (38)
Velerinarians, US 1947-=1577 PMR 28 1.63 Binlr & Hayes {7)
Farmers sf{ar 1980, Italy 1079—1980 OR 13 38 Musicco ot al (55
Agricultural Industry, Canada 1085—1073 SMR 4 2.88 Howe & Lindsay {33)
Agriouitural workers, Sweaden 1061—1973 SMR 744 1.08* Wiklung (101)

* NJ = Naw Jersey, US = United Siates, UK » United Kingdom. NY = Naw York, CA = California, CT w ConnectiGut,

Wi =Wisconsin.

» See table 1 {foolnote b) for @ definition of tha abbreviations.

¢ Ratlo = observediexpooted ratlo or ¢dds ratio,
« Stdtistically significant (Poissan) at tha 0.05 javet.

A \

{93) and California (94) indScated elevated frequencies
of brain cancer deaths (table 9). Amorg white men in
New York licensed only as embalmers, there was a
2.5-fold excess (93). A cohort mortality study of On-
tario embalmwers did not show an excess brain cancer
risk, but the study group was smalil, and no data were
shown by latency or duration of exposurs (36). Em-
balming fluids consist primarily of formaldehyde, but
also contain phenol and methanol.

Professional cosmetologists are occupationally ex-
posed to numerous chemical substances, including for-
maldehyde solutions, hair dyes, permanent wave solu-
tions, and other cosmetic preparations. Femak cos-
metologists in Connecticut had an elevated incidence
of brain cancer (table 9) (36). This excess was more
prominent among thosa who began hairdressing school
between 1925 and 1934 (observed 6, SIR 2.02), Ten
of the 16 cases observed were histologically confirmed
glioblastoma multiforme.

A slgnificantly elevated frequency of nervous sys.
tem cancers was seen among registered nurses in Wis-
consin (h o comparison with other gainfully employed
women (table 9) (34). The obscrved number of deaths
was also greater than the number expected on the basis
of mortality among other {female professional workers
(PMR 1.47).

An analysis of mortality among veterinarians indi-
cated an excess frequency of deaths from brain can.-
ces (table 9) (7). The increased relative frequency was
not confined to any particular veterinary specialty
group.

Four studijes have shown an elevated brain cancer
risk among farmers (table 9). Odds ratios for gliomas
were statistically significant among Itaflan farmers who
had been farming for more than 10 years and among
thosz who had been cngaged in farming since 1960,
when the use of phosphoric acid and organochloring

10

compounds became very common as pesticides in Ita-
ly (35). A study of primary CNS neoplasms in Minne-
sota indicated a slightly higher than expected propor-
tion of farm residents among the brain tumor cases
(10). The authors speculated that there may be an as-
sociation with toxoplasmosis gondii infection, Elevated
brain cancer risk was also found in a study of Swed-
ish agricultural workers (101) and among agricuitural
workers in Canada (33).

Rlscussion

There were several limitations in the presented epide-
miclogic studies, Flrst, there Is a pauchy of case-
referent studies of brain tumors; thus most of the in-
formation was obtained from mortality studies that
Jacked sufficient statiztical power 10 evaluate specific
occupational risk factors adequately for brain tumers,
The observed and expected numbers of brain tumor
cases in most of the siudies were very small, Exposure
information was ascertained from work histocies in
some of the studies and from interview data in some,
but, in others, no specific information on workplace
exposures was available. In the nested case-referent
studies the numbers were very small, and there were
difficultles in relating exposures to specific jobs. In
most instances workers had multiple expoures, and
risks due to any single exposure could not be ade-
quately evaluated.

Braln tumor diagnosis was ascertained from death
certificates in most of the studies; therefore the accu-
racy of the diagnoses may be questionable. The dlag-
nosis “*brain tumor’' listed on a death certificate would
be nosotogically coded as a primary tumor of the brain,
unspecified as to whether malignant or benign, Many
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of these tumors may actually have been primary mas  populations (eg, workers in the tire building sector of
lignancies of the brain. Alernatively, siuce the brain  rubber production, rcfinery workers in lubricating oil
is a common site for metastases of other primary can-  manufacturs), In addition other groups with medical
cers, 2ome death certificate diagnoses may not reflect  surveillance programs, for example, Du Pont em-
the actual primary site. A study of deceased persons  ployees, do not show an elevated braln tumor risk (61).
“  in the Third National Cancer Supvey areas indicated Desplte limitations in study methodology, some si-
that about 97 % of deaths from malignant brain tu-  milasities are seen between the findings of these stud-
mors would be ascertained from death cortifloates (62),  ies with respect to age and cell type diagnoses. Ages
whereas-only 89 % of all primary brain capeer diag-  at death for mpst of ¢he brain tumor cases ranged
noses on death certificates were confirmed by hospital  between 40 and 65 years. It Is not clear whethac this
records, This finding indicates that about 10 %% of the  pattern reflects the age distribution of the populations
brain cancer cases ascertained from death certificates  studied or a blological phenomenou rélated to the
may be misdiagnostd. The issue of misdiagnosis isnot  origin of brain tumors. Age-specific martality rates for
considered a major problem, particularly if the general  US white males indicate a psak between the ages of
population fs used to calculate expected numbers of 45 and 635 years (45).
death in studies that ascertzin cause of death from Very few studies included diagnostic information
death certificates. from sources other than death certificates. Since death
in 1981 Greenwald et al (24) concluded that an ex-  certificates do not often indicate the cell type of these
cesy of brain tumors noted among Kodak employses  tumors, most studies grouped ali brain tumors without
may have resulted from e “*diagnostic sensitivity bias,**  distinction by cell type. 1t Is possible that risk factors
This conclusion was drawn because none of the results  vary by cell type, In the studies that had diagnostic
of the hested case-referent study were statistically sig-  information from medical records, a high percentage
nificant and because Kodak empioyees had brain tu-  of the diagnoses were gliomas, particularly gliobias-
mar dlagnoses that were ldstologically confirmed more  toma multiforme; however, no expectsd numbers
often than did other brain tumor patients in New York,  could be calculated for this type.
This explanation might appeac plausible in light of the Table 10 shows selected categories of exposures com-
txcess risk noted in several professional and white-  mon to the work environments of the occupational
collar groups: however, all of the workers reportedt0  groups that gppear to have an elcvated brain tumor
have elevated brain tumor risk in this review were  risk, This list is by no means all-inclusive, and one must
probably not enrolled in comprehensive medjcal sur-  keep in mind that most of the occupational groups
velllance programs. Furthermore excess brain tumors  listed are exposed to multiple agents. Numerous groups
were seen only among certain subgroups of someplant  with elevated brain tumor risk are likely to be exposed

Tabie 10. Common ocupational axposures aMong Groups with slavated brain tumor rak.

Exposure

Occupational group potenthally exposed , Lubrl- Aarylont. Polycyclic  Phenats
Qrganic

» satin ke or Formalde aromatic and
salvants T vinyt hyde nydre- phenallc
chiorige carbons  compounds

%

Acrylonttrile polymaerization worksrs
Alrplane mechanics and repalrmen
Aluminem raduction plant workers
Anatomists

Astlsis

Bua mechanics

Chemists

Coametologisls

Electriaians

Embelmers -

Farmora and agricultural workers
Formaldehyds production workers
Machinists

Motor vehiala exsminara

Nuclens fuels & weapona fadrication
Nurses

Qit rafinery workers . . .
Pathologista . . . x
Pattern makers — metat x .
Pelrochemical plant workara

Pharmaceutical workers
Pnotographic procest workars

Polyvinyl entoride productian workeca
Rubbar workers

Taxtlin workers
Yalarinarians

C XX -

e X
- X X X
x X

K X~ A X M XXX XXX
% .

x
CXe XXX s

.4
AN XXH: - v

- XXX XXXX
CRXe e -
x

x
%X X X-

1
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to organic solvents, This broad category of compounds
includes aliphatic hydrocarbons and allphatic bha-.
logneted hydrocarboas like methylene chloride, car-
hon tetrachloride, tetrachloroethylene, and others. It
also includes aromatic hydrocarbon solvents like ben-
zene and toluene. One of the common acute effects
of exposure to many of these cotmpounds is CNS de-
pression (16); however solvents are not known to cause
brain tumors expeérimentally. Oil reflnery workers,
chemical plant workers, rubber workers, and many
other occupational groups aré expossd to organic
solvents.,

Exposure to polycyclic aromatic hydrocarbons oc-
curs in the rubber manufacturing, petroleum refining,
and afuminum reduction industries, Motor vehicle ex-
aminers and bus mechanics may also be exposed ta
these hydrocarbons in motor vehicle ¢xhaust. Certain
poalycyclic aromatic hydrocarbons have induced brain
tumors in animals by direct implantation and trans-
placentally, but not by inhalation exposure (81).

Libricating oils produced by oil refineries are used
for maintaining mechanical ¢quipment and machines
and ¥or lubricating cutting edges: Thus several of the
groups with elevated brain cancer mortality are ex-
posed Lo various types of lubricating oils.

Gliomas have been experimentally induced in ani-
mals by inhalat{on exposure to acrylonitrile and vinyl
chloride (40, 41). Thesc compounds are similar in
chemical structure and are found in plastics depart-
menis in tha rubber industry, in polyvinyl chloride
production, and in acrylonitrile polymerization.

Formaldehyda has recently been shown to induce
nasgl ¢ancer in rats (82), a finding implying that it may
also be carcinogenle in humans, Several of the groups
with clevated mortality from brain cancer were occu-
pationally exposed to formaldehyde, These geoups ins
clude blue-collar workers involved in formaldehyde
praduction, phatographic processing and textile
production, professionals who use formaldehyde in the
Iaboratory setiing, and embalmers. .

Phenols and phenolic compounds are used widely
in maoufacturing industries, and many of the com-
pounds have commercial uses. Thesa Include phenol,
chlorophenols, cresol, resorcinol, hydroquinone, and
quinong, Phenolic compounds arc used in the produc-
tion of explosives, {ertilizers, textiles, paints and paint
removers, rubber, wood preservatives, synthetic resing,
pharmacecuticals, photographic chemicals, rubber, and
organic chemicals. Commerdal uses include fungicides
and herbicides, disinfectants, laboratory reagants, and
photographic processing (60). Acute intoxication of
these compounds causes severe CNS effects, including
tremors, convulsions, vertigo, and mental disturbances,
Nonec of these compounds have induced brain tumors
experimentally; however some phenols arc known to
be tumor promoters and cocarcinogens in certain tis-
sues (16).

Of the broad categories of aforementioned sub-
stances, only a few have be¢n shown to cause brain

12
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tumors in laboratory animals, These include certain

polycyelic aromatic hydrocarbons, viny) chloride, and
acrylonitrile, However, several of the substances, spe-
cifically, formaldehyde, certain soiveats, and some
phenolic compounds, are known to cause neurotoxie
effects after acute high-level exposure. Thus, the brain

is obviously a target organ for the 1oxic effects of these
materialy.

Clearly, further epidemiologic studies are necessa-
ry to ¢veluate the relationship between brain tumers
and occupational exposures. These studies should in-
clude large nusmbers of cases and diagnostic confirmar
tlons ¢0 that data may be analyzed by cell typs, Suffi-
cient care should be used in selecting referents so that
the diagnostic sensitivity problem, if it exists, is mini-
mized. Finally, and most importantly, an attempt
should be made to develop detailed occupational ex-
posure indices,

NOTE: Use of trade names is for identification only
and does not constitute endorsement by the Public
Heelth Service or by the United Stares Department of
Health and Human Services.
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As most of you know from the last Dioxin Work Group meeting, Bob Ku and I have
been working in tandem on a first draft of the IGCCA dioxin Q&A document.

We've mét in person and by telephona in the last couple of weeks, and Bob i
completing a draft which I am editing for lay compr ibility and suitable tone,
content ahd structure. [ will distribute It to each of you on Decembar 1, 1993, as
planned.; ! i
' o :
Bob's answer to tha question "What are the sources of dioxin in the environment to_ £
which [ may be exposed?” {s general, which may be enough for & documant as

modest in scope as this one. In any case, he is reluctant to answer in greater detall

on behalf of your respective industries, and suggested that some of you drait a one-

to one-and-orie-half page (double-spaced) response to the isgue of source emissions
based on'your knowledge and experience. He suggested the following assighments:

, Pulp and paper mills ~ Stewart Holm and John Festa
: Vinyl mnnuf{cturing - Dave Pennay
! Incineration Phil Watanabe

Menufacture pf chlorinated

pesticides — ¢ Phil Watanabe and Bob Kaley

Manufacture jof chlorine
and chlorinated compounds - Bob Smerko
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CHEMICAL MANUFACTURERS ASSOCIATION
CHLORINE CHEMISTRY COUNCIL
SCIENCE TASK GROUP

_ DIOXIN WORK GROUP
MINUTES OF MEETING

NOVEMBER 9, 1993

M Street Conference Room CMA, Washington, D.C.
PARTICIPANTS AFFILIATION

R. G. Kaley, Chair Monsanto Company
S. E. Holm Georgia Pacific

F. Kinoshita Hercules, Inc.
D.?Penny Vista Chemical

R. ;Smerko Chlorine Institute
P. Watanabe Dow Chemical

J. Wilkinson Vulcan Chemicals
CMA Staff

A. M. Mason, Staff Executive CMA

D. B. Fischer CMA

M. Gallant¥* CMA

R. B. Lienhart* CMA

By Invitation

E. Tait* Ketchum

# Indicates Part-Time Attendance

The following business items were discussed. Action items are
underlined.

1.0 Administration

1.1 Minutes:

The minutes of the October 1, 1993, meeting were approved without
changes.

1.2 Meeting Expectations:

The work group identified the following meeting expectations:

a. Agree on Mission Statement
b. Concur with direction of sub-group
c. Identify new challenges

1.3 Meeting/Conference Call Schedule:

> Conference Call: Thursday, Dec. 16,1993 1:00-3:00 p.m.

»
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Dioxin Work Group--Page 2
Minutes (#3--FY 93/94)
Topic: Discuss dioxin /A document
» Next Meeting: Tuesday, Jan. 11, 1994 9:00a.m.-3:30p.m.

1.4 Work Group Mission Statement

The work group discussed and revised the draft mission and goal
statements. A. Mason will make the changes.

International Joint Commission

B. Lienhart presented a summary of the IJC Meeting. He discussed
the groups on which additional industry representatives could
serve, including the IJC Science Advisory Board.

During his presentation, he discussed several issues including the:

» Virtual Elimination Task Force's final report and the
recommendations that call for a thorough evaluation of
chlorine chemistry - specifically recommendation 22.

> Weight-of-evidence workshop which was a series of case
studies but not a process for determining the
weight-of-evidence.

» Formation of an IJC ad-hoc group to address weight-of-
evidence. The group discussed the IJC weight-of-evidence
group, identified the key players, and discussed alternatives.

J. Wilkinson reminded the group that an understanding of the IJC
process will be important for U.S. legislative efforts. The work
group suggested a joint meeting with the Federal Advocacy Task
Group to discussion scope and direction of the dioxin issues and
to agree on a joint strategy. A. Mason and M. Gallant will work
on setting up this joint meeting.

American Public Health Association (APHA)

During a discussion on the APHA resolution, B. Lienhart

discussed the process and indicated that CCC will be sending a
follow up letter to APHA.

R. Kaley will send A. Mason a copy of Dr. Frank's speech for
distribution to the work group.

Sub-group Reports:
4.1 Dioxin Q/A Subgroup
E. Tait, Ketchum Associates, presented the status of the

Q/A document and passed out two documents: one prepared by
Ketchum and the other by R. Ku.
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She lead a discussion about the scope and audience for the
document. The Work Group agreed that the primary audience is
the public and the answers would be two-tiered: the first
part of the answer should be targeted to the general public
and then followed by more detailed fact-based answers.

The Work Group was asked to send third party quotes to
A. Mason and E. Tait on key issues.

The Work Group agreed that the primer will have references.

The work group discussed and agreed to the following
schedule. E. Tait will send out a revised draft by 12/1/93.
Each member will send comments back to E. Tait for receipt by
12/9/93. E.Tait, R. Ku, and CMA staff will meet on 12/9/93
to revise the document. The Work Group will have a
conference call on 12/16/93 to look.at the revised document.
E. Tait will send another draft out by 12/15/93 for a second
conference call on 1/3/94 that will approve the document.

The work group reminded the group that these drafts should
not be distributed publicly. Each member was asked to work
with their own attorney during their internal review process.

The work group emphatically stated that NO document should go
to the European partners for broad distribution until after

the revised draft is prepared from the 12/16/93 conference
call,

Dioxin Science Subgroup:

P. Watanabe presented a summary of the conference calls and
discussed the key scientific issue areas.

P. Watanabe outlined the plans for a group meeting at L.
Birnbaum's EPA laboratory in January and a co-sponsored

ILSY workshop to discuss immunotoxicologic tests and their
interpretation.

The outcome of the ILSI conference is a published paper
outlining the issues/controversy around the different models
and interpretation around toxicology and immunotoxicology.

F. Kinoshita presented an ovefview of the current EPA work
on host resistant model.

The group discussed the importance of getting NOEL's.
The sub group urged a joint meeting with the endocrine sub

group of the Science and Health Work Group. P. Watanabe and
A. Mason will work out these details.
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The work group approved the concept of the ILSI workshop and
recommended $20K for its funding. P. Watanabe and A. Mason
will take this recommendation to the Science Task Group.

R. Ku is asked to coordinate with R. Kalev on the Toxicity
Equivalence Factors to ensure consistency with previous CMA
comments to EPA (re: PCB panel).

The group discussed meeting with Linda Birnbaum in
Washington but the work group recommended waiting until after
the Dioxin S5cience Subgroup visit in January.

Dioxin Reassessment Subgroup

D. Penney presented the subgroup's work plan and identified
the key tasks for the subgroup.

The work group discussed the pros and cons of advocating for
an EPA stakeholder meeting to discuss the Risk
Characterization chapter. The subgroup scheduled a
conference call Friday, Nov. 12, 1993, 9:00am to noon eastern
time to set the agenda for the meeting with Bill Farland.

D. Penney identified the opportunities and constraints

about jointly funding work to evaluate the science issues in
the Risk Characterization chapter. The subgroup recommended
jointly funding the scientific panel and/or review of the
Risk Characterization chapter. The subgroup agreed that
CMA/CCC will develop and submit separate interpretative
analysis and comments.

D. Penney and J. Festa will explore how best to fund s
joint scientific evaluation of the Risk Characterization

chapter,

D. Penney and A. Mason will prepare the lst draft
requesting additional funds for the subgroup review.

D. Penney and A. Mason will communicate with M. Ferris and
L. Smith about the need for additional funds and will

transmit the request for additional funding to the Science
Task Group and Operating Committee.

The work group endorsed having a joint meeting with AFPA to
review the tasks of covering all aspects of the dioxin

reassessment process. A. Mason will work with J. Festa to
coordinate a joint meeting.

NRDC Petition:

J. Wilkinson briefed the group about a meeting with outside
counsel discussing a long term strategy around the NRDC
petition, the pulp and paper cluster rule, and the dioxin
reassessment process.
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These lawyers indicated that the industry may want to begin
building factual basis to challenge EPA if it becomes
necessary or-to file an amicus to support EPA vs. other
litigants. J. Wilkinson identified a timeline for future
conversations with outside legal advisors and D. Fischer

discussed some of the key aspects underlying future basis for
discussion.

EPA will take no action on the NRDC petition until the dioxin
reassessment is completed.

5.0 Pulp and Paper Cluster Rule:

S. Holm identified the AFPA actions on the pulp and paper cluster

rule. He indicated that there was a reg-neg on the land part of
the rule.

S. Holm discussed some of the proposed tests that AFPA is

considering; including a chemical characterization of dioxin and
chlorinated phenol compounds. '

6.0 NIOSH:

R. Kaley presented an overview of a conversation with E.
Delzell on the examination of the NIOSH dioxin study. She
indicated that there was one plant driving the conclusions.

J. Collings, G. Bond, R. Kaley plan to meet on Dec. 20,

1993. R Kaley will summarize these discussions at the next Work
Group meeting.

7.0 CanTox Incineration:

B. Lienhart said that CanTox is about to release the chapter to
the work group for review. A. Mason will send the document to

the Work Group and to the RCRA Combustion Work Group for 1ts quick
review.

;
8.0 Adjourn -

The meeting adjourned at 3:30 p.m. Eastern

Ann M. Mason
Associate Director
Regulatory Affairs

MINUTES SUBJECT TO APPROVAL
November 10, 1993

AMM/DF
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The The Campaign Against Vinyl — The Facts
Vinyl
Institute

A Division of The Society of The Plastics Industry, Inc.

In recent years, certain environmental groups have pushed for the elimination of various
chlorine-containing products, claiming that their manufacture represents a threat to human
health and the environment. But the evidence these groups present to support their campaign
against chlorine rely either on bad science or emotional rhetoric.

One product singled out for attack is PVC (polyvinyl chloride, or vinyl), the world’s second
largest selling plastic material. What's vinyl’s crime? Apparently, nothing more that its use
of chlorine as a feedstock. In fact, Greenpeace has admitted in public meetings that vinyl is
merely a piece in its "chess game" against the entire petrochemical industry.

One result of this chess game campaign can be seen in the April 1992 report issued by the
International Joint Commission of the United States and Canada. That report, the I[JC’s sixth
biennial report on Great Lakes water quality, deals with those lake contaminants known as
persistent toxic substances. However, one of the specific recommendations in the report
(Recommendation Seven) suggests that the IJC develop timetables to sunset the use of chlorine

and chlorine-containing compounds used as industrial feedstocks. Vinyl is the largest such
use for chlorine and is not a persistent toxic substance.

Why the vinyl industry vigorously objects to the 1JC's recomnmendations, especially
Recommendation Seven:

The report treats all chemicals within a class the same, regardless of the safe performance

history of individual products within the class. Vinyl is one of those products with a
demonstrated record of safe production and use.

¢ The report acknowledges, but deliberately chooses to ignore, that harmful effects have not
been established for many of the substances it examines. Vinyl is one of those substances
for which the IJC does not establish, with any scientific validity, harmful effects.

The report erroneously concludes that chlorine-based manufacturing is an uncontrollable
process and that the environmental impact of that process is unknown and un}fredictable.
To the contrary, the manufacture of vinyl chloride and polyvinyl chloride is a
sophisticated and well-understood process that is entirely predictable and controllable.
All of the by-products are known and quantifiable.

In fact, one independent consultant, ICF Incorporated, characterized Recommendation Seven

as "overly broad and not supported by analysis of risk and costs, including net environmental
costs."

In essence, through business and payroll taxes, the vinyl industry is being forced to underwrite an
effort that will put it out of business — without justification!

More facts about vinyl's environmental pertormance:

* The overall vinyl production process has a 99+ percent conversion rate. By-products are

either contained, neutralized, recycled or incinerated, or disposed of in an
environmentally approved manner.

-more-
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e Vinylis a highly efficient user of energy and feedstocks. For instance, it takes about half
the energy to make PVC sewer pipe as it does to make other plastic pipe, and about a
third the amount it takes to make cast iron pipe. In its 1992 lifecycle comparison of
various packaging materials, Chem Systems found vmyI to be the material with "the

lowest production energy and carbon dioxide emxssmns, and the lowest fossil fuel and
raw material requirements of the plastics studi

e Vinyl chloride, the raw material used to make vinyl plastics, is one of the most studied
and carefully regulated chemical substances in use today. There are strict controls in
place to measure and limit all environmental emissions. Those controls, along with

voluntary efforts undertaken by industry, have virtually eliminated any health hazards
to workers and plant-site communities.

e Sirce the 1970s, the industry has reduced its VCM emissions in the U.S. more than 95%.

What are the consequences of eliminating the production and use of vinyl?

In April 1993, the consulting firm of Charles River Associates, Boston, looked at the cost to
replace vinyl with alternative materials in fourteen major applications and markets. The study
calculated the amount of material needed to maintain the same market share currently held
by vinyl in each application. It also estimated, where appropriate, the capital cost to build
Tnew capacity or convert existing capacity to produce that material or fabricate end-products
from it, and considered any incremental or additional costs to install the material compared
to the current cost to install the vinyl product.

The study found that the cost to replace vinyl in these markets would require an additional investment

of $974 million in new equipment and cost consumers $6.7 billion more per year to purchase
substitute materials.

The vinyl industry contributes $4 billion to the U.S. economy each year and operates 1,008
plants in the Great Lakes states alone, where approximately 60% of its employment is
concentrated. Eliminating vinyl would shut down this business, and have serious implications
for customers in hundreds of markets, including health care, communications, aerospace,
automotive, retailing, textiles, construction, durable goods and agriculture.

Even more important are the societal benefits at risk by eliminating the use of vinyl. A few examples:

¢ Pipe made from it economically delivers pure water to places that have never had this
basic necessity; PVC irrigation pipe helps increase crop yields, and studies Have shown
that PVC pipe is less expensive to install and maintain than competitive materials.

¢ Medical goods and pharmaceutical packaging made from vinyl help provide a higher,
safer standard of health care.

e Wiring made from it makes electrical service safer and more dependable.

¢ Construction products made from it make housing more affordable.

» Packaging made from it reduces food spoilage and waste, and helps package designers
create innovative "downsized" packaging that reduces landfill waste.

The Industry’s position

The vinyl industry is proud of its environmental performance and welcomes an examination
of its record. Any such review, however, should be based on sound science and conducted
in the public interest. The current campaign against vinyl does neither and does society a

misservice by potentially restricting the use of products that have demonstrated their value
for years.
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