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Risks to the Offspring from
Parental Occupational Exposures

Joanna f. Haas, MD., and David Schottenfeld, M.D.

Risks to the offspring of workers with occupational
chemical exposures may derive from mutagenic, terato-
genic or carcinogenic effects of industrial agents to which

" the parents are exposed. Fvidence for impaired pregnan-

cies and hazards to the offspring of working populations
with chemical exposures is, however, very limited. Perhaps
the best documented example is increased spontaneous
abortion rates in fernale operating room personnel who
have first trimester exposure to waste anesthetic gases. Evi-
dence is reviewed for hazards to the offspring resulting
from parental occupational exposure to vinyl chloride,
benzene, chioroprene, radiation and petroleurnderived
hydrocarbons. It is essential in investigating the role of
occupational factors that other environmental and behav-
joral factors with major effects on pregnancy outcome be
accounted for. These include smoking alcohol, and drug
exposures. An approach to surveillance for chromosomal
abnormalities in offspring of occupationaily exposed
parents is outlined.

Derived from the Greek word “repae,” meaning a mar-
vel, prodigy or monster, the word “teratogenic’” was used
by 1857 to mean the “production of monstrous for-
‘mations or bitths.”' The term has been tefined to refer to
the biological science dealing with “the causes, mecha-
nisms, and manifestations of developmental deviations of
either structural or functional nature.”* An agent may act
as a teratogen when administered in a number of ways,
whether to the male or female before mating, to the
fernale during pregnancy, or to the fetus directly.! Agents
in the ervironment may produce alterations in the ge-
nome, mutations, and by that mechanism lead to abnor-
malities of development in the oifspring. Viral, drug or
chemical agents acting through common pathways may
produce ‘indistinguishable results. The outcome of such
mutations may theoretically be fetal defects or predis-
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position to neoplasia, Agents which alter the rate of
growth of the fetus or are [ethal to the fetus without pro-
ducing specific anatomic or functional anomalies are bet-
ter termed developmental toxins than teratogens,

Cancer in the offspring of individuals exposed to a car-
cinogen may theoretically be the result of any of three
types of exposure: prezygotic, by alteration of parental
germ cells; transplacental, by passage of carcinogenic
substances across the placental barrier; or postnatal, by
contamination of the environment with carcinogenic sub-
stances, primarily through ingestion (including substances
excreted in human breast milk) and through inhalation,

Evidence for risks to the offspring of humans occupa-
tionally exposed to potentially hazardous substances is
reviewed in the present work. The temm trans-generational
carcinogenesis is used to describe the occurrence of
cancers in the offspring which can be attributed to paren-
tal exposures. This term is proposed to encompass not on-
ly the established process of transplacental carcine-
genesis, by which a substance administered to the mother
during pregnancy results in cancer in the offspring, but
also the controversial issue of preconception alterations
in genetic matter resulting in increased teratogenic or
cancer risk in the offspring. The latter effect could theo
retically result from each of three distinct mechanisms;
chromosome breakage. point mutation, or abnormalities
in gametogenesis or fertilization.

Mutagenic and Teratogenic Characteristics of an Agent
and Trans-Generational Carcinogenesis

Mutagenesis, teratogenesis and carcinogenesis are re-
lated phenomena, but the nature of their relationship is
complex and occasionally controversial It has been
argued that the “same chemical that causes abortion in
the early stages mav produce malformations during organ
development and neoplasia when exposed later in preg-
nancy. Therefore, screening for transplacental hazards
should nclude, whenever possible, the entire range of
tetal response, including cancers that may develop some-
time after buth ¢ Teratogemic, mutagenic and carcino-
genic activities are all demonstrable for a number of com-
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pounds, but transplacental carcinogeric potential has
rarely becn demonstrated for known teratogens and mu-
tagens. Teratogenic effects may reflect a variety of ac-
tions involving the mother, the placenta or the fetopla-
cental unit. These effects can be indirect and may not in-
volve immediate action of the agent on the target fetal
tissue.® Transplacental carcinogens may act directly on
the fetal tissues which are inherently more vulnerable be-
cause of the high rate of cell division, high proportion of
undifferentiated cells and immaturity of immunosurveil-
lance mechanisms.

To appreciate potential danger from an environmental
exposure to offspnng of the exposed organism, the out-
come of all exposed pregnancies should be considered.
Early fetal wastage commonly results from abnormal
fetal development. At the other extreme, transplacental-
lyinduced tumors hardly ever appear in rodent species
until the animal reaches maturity. In the only docu-
mented example of chemical transplacental carcino-
genesis in humans, vaginal adenocarcinoma following di-
ethylstilbestrol (DES) exposure, the tumor occurs decades
following exposure. Thus, since transplacentally-induced
tumors, unfike malformations, are rarely present at birth,
one must also observe the offspring into adulthood to see
the full spectrum of resulting tumoss. -

Environmental Threats to Pregnancy Outcome
Recognized threats to pregnancy outcome are not un-
commonly encountered in the environment and must be
excluded when new probiems are suspected. Threats are
-posed by biologic, chemical and physical agents, and
may derive from medical therapeutic interventions, drug
and substance abuse, and enviconmental or occupational

exposures to chemical agents.

Alcohol. —The most widespread documented threats
to the fetus come not from the maternal physical environ-
ment but from the use of tobacco and alcohol during

* pregnancy. Only recently has the risk of alcohol ingestion
in pregnancy been evaluated and the concept of the fetal
alcohol syndrome refined.” Of infants bom to recognized
chronic alcoholic mothers, 83.3% had birth weights under
the tenth percentile, compared with 2.3% in a compara-
ble non-alcoholic population.! in addition to intrauterine
growth retardation, the infants had retarded postnatal
growth and intellectual development. A characteristic
facies, with short palpebral fissures, hypoplastic philtrum,
thin vermilion line of the upper lip and retrognathia, has
also been described.

in addition to these features of the fetal alcohol syn-
drome, congenital malformations of various types occur
with excess frequency. Recognition of an associated in-
crease in tha occurrence of congenital malformations
ironically reemphasizes ancient observations and ad-
monitions against alcohol use duting pregnancy.* The ad-
verse effects on the fetus of maternal alcohol abuse dur-
ing pregnancy were further quantified by Ouellette et al,®
who classified women at the first prenatal visit into four
categories according to alcohol consumption and in-
dependently evaluated pregnancy outcome. Compared
to those born to abstinent or moderate drinkers, infants
born to heavy drinkers had twice the risk of having an ab-
normality at birth, The frequency of congenital abnormal-
ities in the offspring of heavy drinkers was extremely

high—32% when minor abnormalities were included,
17% if only major anomalies wuere considered. Multiple
abnormalitics were present in 20% of the offspring of
heavy alcchol users. Major, minor and multiple abnor-
malnties occurred significantly less often amonyg abstinent
or moderate drinkers. Animal models, including chicks,
rats and guinea pigs, have been developed for evaluating
the effects of ethanol alone on offspring, and support the
view that ethanol itself is a harmful agent, and that its
teratogenic potential is common to several species.!

Smoking. —Another factor influencing pregnancy out-
come, maternal smoking habits, should be addressed in
efforts to tie environmental exposures of the parents to
the survival and integrity of the fetus, Kline et al'? suggest
that the odds of spontaneous abortion among women
who smoke are 1.8 times those of nonsmokers. This
association remains statistically significant after matemal
age, and number and outcome of previous pregnancies
are taken into account.

The manner in which smoking affects tetal survival is
controversial. Smoking results in lowered birth weight,
which may or may not be related to the increased fre-
quency of spontaneous abortion.” ' Lowered birth
weight may result from impaired maternal nutrition or
fetal anoxia, neither of which produces an excess of
chromasomal abnormalities in the conceptus. Altermnate
explanations for an association between smoking and
spontaneous abortion have been proposed. Since spon-
taneaus abortion serves as a means of selectively termi-
nating abnormal conceptions and since 95% of abnormal
pregnancies are believed to terminate this way, an associ-
ation between an environmental factor and increased
spontaneous abortion should always evoke suspicion of a
teratogenic phenomenon,'® Smoking increases the risk of
spontaneous abortions by 2 factor of 1.8, yet the percent-
age of abortuses which are chromosomally abnomal is
close to that expected. The absolute risk of a chromosom-
ally abnormal fetus appears, therefore, to be higher in
smoking mothers.

The relationship of karyotypic abnormalities in spon-
taneously aborted products of conception to maternal
smoking habits is complicated by variation in the propor-
tion of chromosomally abnormal fetuses with increasing
maternal age and by the fact that a large proportion of
smokers are younger women.'* An increase in the rate of
chromosomally abnarmal conceptions might be masked
in a proportionate ratio analysis if there was also an in-
creased loss of conceptions without demonstrable cyto-
genetic abnormalities,

Evidence for an increase in congenital malformations
in children of smoking mothers is limited and conflicting,
in a cohort of births occurring int the first week of March,
1958, in England, Scotland and Wales, Fredrick and col-
leagues'’ identified a 60% increased risk of congenital
heart disease among children of women who had smoked
at least one cigarette per day after the fourth month of
pregnancy (7.3 vs. 4.7 cases per 1000 live births). This ef-
fect remained statistically significant after adjustment for
maternal age, parity and social class. An investigation of
congenital defects of all systems registered in South
Wales from 1964 to 1966 which took into account mater-
nal age, parity, social class, area of residence and date of
delvery did nat associate maternal smoking habits with
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congenital malformations in any system '* 1t is possible
that moderate increases in relative risk might have gone
undetected

Analysis of data from a mailed survey of a farge num-
ber of professional women in medicine identifried a rela-
tive risk of up to 1.7 for spontanecous abartion and a risk
of congenital abnormalities of up to 2.3 in heavy smokers
after the effects of age, parity and exposure to anesthetic
gases were considered."

Drug Exposure. — In utero exposure to diethylstilbestrol
{DES) with the subsequent development of vaginal
adenocarcinoma, is the prototype for transplacental on-
cogenesis in humans. Appreciation of the causal mole
played by in utero exposure to DES followed hard uwpon
the report of seven cases of the hithertofore exceedingly
rare tumor, adenccarcinoma of the vagina, presenting in
young individuals, 14 to 22 years of age.**** The syndrome
appears to involve not only cases of vaginal adenocar-
cinoma, but a spectrum of abnormalities of the vagina
and cervix. Only when exposure to DES occurred during
the first four months of gestation were neoplasms or ab-
normaiities observed.

The DES vaginal adenosis-adenocarcinoma relation-
ship is the only documented example in humans of
cancer in the offspring attributable to parental environ-
mental chemical exposure. The therapeulic agent was
given in a high dose, commonly more than 10 grams in
the first half of pregnancy. DES, a synthetic nonsteroidal
estrogen analogue, was likely to have a direct effect on
the development of the target tissue at a crucial point in
embryogenesis. Since the risk to the offspring appears
limited to exposures which occur during the first four
manths of gestation, direct exposure of the fetus is likely
to be essential to the pathogenic mechanism. The long
latent period, with exposure in utero and emergence of
clinical sequelae in adolescence, probably reflects the im-
portance of pubertal endogenous estrogens as promoting
factors, and is a reminder of the need for an extended
period of observation following suspect trans-genera-
tional carcinogenic exposures. The association between
DES and vaginal adenocarcinomas, as important as it is,
does not serve as a model for preconception parental oc-
cupational exposures and transgenerational carcinogen-
esis, Teratogenic effects of a multiplicity of drugs are now
documented or suspected and these will rot be discussed
here further except to reiterate the need to remove the,
potentially confounding effects of such agents in investi-
gations of other possible causes of impaired fetal devel-
opment.?

Civen the current status of our understanding, it is
essential that in the search for exogenous causes of tera-
togenasis and abnormal pregnancy outcomes, the poten-
tial confounding impacts of maternal smoking, drinking,
and medication intake be taken into account.

Radiation. —\f preconception radiation exposure in-
creases cancer risk in the offspring, it would heighten con-
cermn over other agents which produce chromosomal dam-
age. Chromosomal aberrations attributed to vinyl chio-
ride and benzene exposure, for example, are reminiscent
of thase produced by radiation.

while the genetic consequences of irradiation from the
atomic bombings might be expected to produce some
lethal mutations in the offspring of survivars, this effect
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has been difficult to dermanstrate. Cohort studies of off-
spring of survivors classified by radiation exposure levet
dict not show excess mortality in the chiddren of the high
exposure group Neither were excess congenital malfor-
mations. increased infant mortality, nor impaired survival
during the first ten vears of life detected. regardless of ex-
posure level to either parent. Thus, although animal ex-
perience strongly suggests that such effects should be
manifest in offspring of individuals exposed to ionizing ir-
radiation, studies of Japanese atomic bomb survivors
have not demonstrated measurable effects.**

No substantial increase in leukemia risk has been de-
tected among offspring of survivors. Analyses having a
90% chance of detecting a fourfold increase in risk of
teukemia among children of heavily exposed survivars
were negative. Neither did age-atonset of observed
leukemia cases nor type of lsukemia in offspring differ by
level of parental radiation exp‘é"sure Despite the docu-
mented persistence of chromosomal aberrations in the
somatic cells of adults ‘exposed to the atomic bomb, no
measurable impact on mortality, congenitai malforma-
tions or leukemogenesis has been detected in their off-
spring.®*

in addition to radiation exposures related to the atomic
bombings, diagnostic and therapeutic medical radiation
of the parents has been investigated to assess risks to the
offspring. The magnitude of leukemia risk associated with
previous radiation was estimated, after adjustment for
maternal age and pregnancy history, to be 1.73 times that
of mothers who had not been xrayed. Despite the sugges-
tion of greater risk in women with higher x-ray exposure,
no clearcut dosetvesponse gradient was demons rated.
The relative risk of leukemia in the child associated with
preconception diagnostic radiation ot the father (1.31)
was not statistically different from unity. When both
mother and father had histories of preconception diag-
nostic x-rtays, the order of magnitude of the celative risk,
1.49, was about the same as that for children whose
mothers alone had received radiation.”’

Exposure to medical radiation has been widespread, By
the early 1960's, approximately 35% of a group of
mothers of healthy children reported having received
diagnaostic radiation prior to conceiving. Similarly, about
22% of fathers of the same children reported having had
some sort of diagnostic radiation at some time prior to
the child’s conception. Seifreporting considerably under-
estimates the extent of x-ray exposures.’® The tendency to
substantially underreport xray exposure points up the dif-
ficulty of excluding differences in prior radiation expo-
sure as a basis for observed differences in chromosomal
aberrations. Neither is it reasonable to automatically pre-
sume that medical radiation exposures have been equally
present in the study and comparison groups, especially if
these graups have not been matched by age or calendar
period of observations.

Occupational Exposures and Pregnancy Oulcome

Vinyl Chloride. —Chromosomal abnormalities may oc-
cur more often than expected in persons exposed to vinyl
chloride, especially following intense exposures of long
duration. The import of such abnormalities for reproduic-
tive outcome remains ill-defined,

Chromosomal aberrations were reported in 1975 in
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Swedish vinyl chloride workers. Abnormalites appeared
in cells drawn from seven males with occupational expo-
sure histaories of nine to 29 years {mean 16.6 years) at vinyl
chlonde concentrations which had declined to 20-30 ppm
by 1974. The group exposed to vinyl chloride had aber-
rations in 4 total of 3.52% of all cells, comparedto1.94%
for cells of three unexposed controls. Differerrces in the
trequency of chromatid and isochromatid breaks ac-
counted for most of the dispaiity. Considerable varation
was exhibited, with cells considered abnormal ranging
from 1.5% to 18% in the exposed workers. There was no
apparent relationship between dusation of exposure to
vinyl chloride and the proportion of cells which were ab-
normal. Age, radiation exposure or other environmental
factors were not evaluated, not was it clear on what basis
individuals had been selected for study.

In New York State, chromosomal aberations were re-
ported in somatic cells of 11 men who had worked in a
polyvinyl chloride pelymerization plant and who were be-
lieved to have experienced intense intermittant-exposures
to vinyl chloride in concentrations of aver 500 ppm, as
well as chronic, but unquantitated exposure for four to 28
years (mean, 15 years). Control samples were drawn from
four males in the same factory who were not known to
have had vinyl chloride exposure, and from six males
from outside the factory, Complex chromosomal aberra-
tions (rings, dicentrics, fragments) occurred significantly
more frequently in the exposed than in the control group,
a result which was properly interpreted with caution. The
authors point out the absence of agematched controls
and the substantial age difference between study group
and controls. The frequency of chromosome breaks and
gaps was unexpectedly high in both control and study
groups * No relationship could be defined between dose
or duration of exposure and frequency of chromasomal
aberrations.

lnvestigators reporting from the United Kingdom
studied 56 men who had had chronic exposure to vinyl
chlotide monomer in the course of manufacturing poly-
vinyl chloride and compared them with 24 urexposed in-
dividuals.’' Vinyl chloride expasure of men employed in
its manufacture could not be easily quantitated. Individ-
uals with exposures to radiation or with recent viral infec-
tions or prolonged drug treatment were excluded.
Samples were coded and read biindly. A higher propor-
tion of cells with chromosomal aberrations, the majority
of which were breakages, was found in vinyt chloride-ex-
posed workers than in controls. Unstable and stable
chromosomal aberrations and breaks were all signifi-
cantly more common in cells from exposed workers,

Not all investigators have identified such changes. No
differences were found in frequency of chromosomal
aberrations between a group of 209 employees of a vinyl
chloride plant (occupational exposures averaging 48.3
months} and a group of 235 individuals undergoing pre-
employment physicals 3* No relationship was established
between duration of vinyl chioride exposure and degree
of chromosomal damage. The absence of blind evalu-
ation in this study, as well as inclusion of individuals with
minimal exposures in the exposed group, makes interpre-
tation difficult. This difficulty is compounded by the sub-
stantial difference in mean age of study and control
group members.

Pregnancy outcome in the wives of men expased to
vinyl chloride monomer (VCM) has been said to be less
favorable than that experienced by wives of a group of
polymenzation and polyvinyl chlonde (PVC} fabrication
wockers, ¥ * Ope comparison group, the polymerization
workers, was believed not 1o have been exposed to VCM,
wheras PVC workers had low VCM exposure. Data on
pregnancies and pregnancy outcomes in the wives were

derived from interviews and questionnaires administered

to male workers. Participation rates for the groups
Gueried ranged from 62% to 779. Fetal death was de-
fined as any known conception which did not result in a
live hirth and rates were adjusted by patemal age. Mater-
nal age was not known, but was presumed to correlate
closely with paternal age. Analysis of. questionnaire re-
sponses suggested that the number of fatal deaths per 100
conceptions was higher in the VCM-exposed group than °
in the comparison group. This difference was reported on-
ly for the period following vinyt chlocide exposure. Ad-
justments removing women who were chronic aborters
eliminated statistically significant differences. While the

authors felt that these observations were likely to reflect’

a real difference In pregnancy outcome not attributable
to either interviewer or patient recall bias, the.conclusions
were t-ased on indiract sources of information and couid
not take into account the multiplicity of matemal factors
known to affect pregnancy outcome. The study design
precluded documenting in even the crudest manner the
validity of pregnancy histories. Without such adjustments
and validation, the inferences made by Infante and col
leagues*: ** cannot be sustained and little light is shed on
the possible association of abnormal pregnancy outcome
with paternal occupational exposure to VCM.

Studies of pregnancy outcome {i.e., spontaneous abor-
tion, late fetal death [stillbirth), low birth weight, necnatal
death) in other settings have shown the profound and sub-
tle effects of confounding variables such as race,
socioeconomic status, maternal age, birth order, parity,
smoking and alcohol exposure during pregnancy, mater-
nal infections, and previous pregnancy cutcomes. These
effects may readily reverse the direction of the relation
ship between a suspect antecedent factor and the out-
come of pregnancy.’* Future efforts to document a rela-
tionship between impaired pregnancy ocutcome and occu-
pational exposures of fathers must validate information
on pregnancies and take into “account known cone
founding factors.

Chloroprene. ~—Structural similarities between vinyl
chloride and chloroprene have raised questions about
long-term hazards resulting from chloroprene expasure.
Chloroprene is mutagenic In certain systermns and possibly

carcinogenic. The possibility that it has induced excessive

miscarriages in the wivet of male workers and led to
chromosomal aberrations has been asserted but not well
documented.’*

Benzene. — Benzene also may cause chromosomal
aberrations following heavy occupational exposures.
Twenty males working in a factory in which benzene had
heen used as a solvent were studied for chromosomal
aberrations. Members of this group had one to 20 years of
benzene exposure; 14 were known to have previously
been neutropenic. Chromosomal abnormalities were re-
ported in 2.5% of all cells from exposed workers, com-

610 Risks to Offspring from Parental Occupational Expasures/Haas and Schattantald

*r——-—w

AP00010415




[ —

o e man

pared to 1.0 to 1 4% for controls, Most of the excess was
due to chromosomal aherrations of the unstable types. in
addition to the excess of abnormal cells in the exposed
group, the number of unstable alterations per abnormal
cell was higher in the exposed group than in the
controls.”?

In a separate investigation, ten workers in an ltalian
rotogravure plant who had bad sequential exposures, first
to benzene and later to toluene and xylene, were studied.
These workers had been subjected to concentrations of
benzerie ranging from 125 ppm to 532 ppm or higher. The
maximal allowable concentration at the time of these ex-
posures had been 25 ppm. Another group of 24 workers
had primarily toluene exposures except for trace
contamination with xylene. These 34 workers were
matched with healthy controls of similar age and sex, who
had been drawn from the gencral population and who
had no history of benzene or radiation exposure, A signifi-
cantly higher proportion of abnormal cells was found in
the benzene-exposed individuals than in their matched
controls. In the group with toluene exposure, no such ex-
cess was present. When the benzene and toluene groups
were compared to each other, an excess of chromosome
changes was present in the benzene group. Most of the
excess was attributable to unstable chromosomal altera-
tions. "

These studies and others’* support the impression that
exposure to benzene, particularly exposures intense
enough to result in acute toxicity, can be followed by a
measurable excess of chromosomal aberrations which
may persist for years. If similar effects occur in germ celis
of exposed individuals, he consequences in fetal
wastage, congenital anomalies and even neoplasms might
be manifest in their progeny. To date no excess of such
abnormalities has been reported in offspring of benzene-
exposed individuals.

Anesthetic Cases. — Occupational exposures of
fernale operating room persannel to waste anesthetic gas-
es have been held responsible for decreased fertility, in-

7 creased rate of spontaneous abortion, low birth weight

and possibly impaired develapment in the offspring. An
excess of spontaneous abortions in wives of men pro-
fessionally exposed to anesthetic gases has been suggest-
ed but not confirmed.

Among operating room nurses, 29.7% of pregnancies
terminated with spontaneous abortion, compared to
8.8% among control nurses, A similar excess of spon-
taneous abortion was observed for female physician
anesthesiologists compared to female physicians in other
specialties.*® Spontanegus abortions occurred two weeks
earlier on the average among the operating room ex-
pasure groups than among controls, at an average of
eight rather than ten weeks of gestation. Another survey
suggested that for female aurse-anesthetists who had
worked during pregnancy, the frequency of birth defects
in the offspring was 16.4% compared to 57% for
pregnancies in which the mother had not worked

Studies from Finland and the United Kingdom also sug-
gested a deleterious effect on pregnancy outcome from
maternal exposure to operating room environments. An
increase in frequency of early spontaneous abortions, as
well as low birth weight, has been reported for Finnish fe-
male operaling room staff.** Among female physicians in

England and Wales, greater incidence of congenital de-
fects, lower birth weights and higher stillbirth rates, but
not higher spontaneous abortion rates, were reported
from pregnancies of women holding anesthesiology
appowitments than from those of other women physi-
cians.*! .

The effects of paternal exposure to anesthetic gases
are uncertain. Congenital anomalies were reported to be
increasad by 25% in the offspring of male anesthesiclo-
gists compared to offspring of male members of the
American Academy of Pediatrics, but no difference was
reparted for spontanecus abortion rates among wives of
male operating rocom personne! compared to controls.*
Questionnaires completed by 5119 married male physi-
cians in the United Kingdom suggested an increase in
minor but not in major conggg:;%anomalies, and no dif-
ference in frequency of infertility, spontanecus abortion
or cancer in the offspring of mile anesthesiologists com-
pared to control physiciang.®® %~

Hydrocarbons. —-Two' stutlies offer conflicting evic
dence with respect to the risk of cancer in children .of
men whase work might lead them to be exposed to
petroleum-derived hydrocarbons. Fabia and Thuy** re-
viewed death certificates in Quebec during 1965 to 1970
to identify children who had died from malignant disease
while under five years of age. For 386 of 402 such
children, birth certificates were also found in the Quebec
population register. A control group of 772 children [two
for each cancer death) was selected using the birth
registration record preceding and following that of each
case in the official files. This effectively matched for
season, calendar period, and province of birth. Occupa-
tion of the father at the time of birth was taken from the
birth certificate. An industrial hygienist independently
grouped the fathers into three levels of probable exposure
to petroleum-derived hydrocarbons. Occupation of the
father was unknown for 30 cases and 56 controls. The dis-
tribution of occupation of the father at birth differed for
cases and controls. Most of this difference was the result
of an excess among cases of paternal occupations con-
sidered to be hydrocarbon-related. The relative odds of
cancer in the children of men holding hydrocarbonre-
lated jobs at the time of the child’s birth were 3.1, an in-
crease which was unlikely to have occurred by chance.
Most of the excess in exposed occupations was account-
ed for by motor vehicle mechanics, machinists, miners
and painters. When similar analyses were conducted by
the type of cancer in the child, the excess of hydrocarbon-
related occupations prevailed for the following group-
ings: leukemialymphoma, nervous system malignancy,
other tumors. Fathers of four of five cases of Letterer-Siwe
disease were in the hydrocarbonrelated work groups. No
such excess was present for children with Wilms’ tumor.
The differences observed could not be attributed to dif-
ferences in parental age or in geographic residence at the
time of birth, The investigation was based on deaths in
children under five, and it is possible that sacial class bias
may have been introduced in that fashion. If, of those
with a childhood neoplasm, children of more affluent
parents are more likely than children of paorer parents to
survive beyond age five, they wauld not be included in
thie study group. This would lead to a higher propartion of
children with parents of lower socio-economic status in
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the cancer death group and would bias the distribution of
father's occupation. Moreover, it was nat possible to con-
firm that fathers in the socalled “esposed” group did. m
fact, have contact with hydrocarbon-derived chemicals.
While not ideal, the death certificabe probably is a valid
source ‘of diagnostic information for cancer deaths in
young children. The cancer groupimgs employed in the
analysis = “leukemias arnd Iympbemas,” “nervous
system” and “others” — were quite bread and included
many histopathologic entities. Ocoupational association
was not restricted to specific entities within the broader
categories. Because the epidemidlogic features of the
various histopathologic types of leukemsias, lymphomas,
and nervous system tumors are distirctive, a specific
chemical exposure or class of exposuses. if assumed to be
of causal significance, would more likely be linked with
specific histopathologic as well as argam system effects.

A study with a similar design but different findings was
conducted in Finfand.¥ Chikiren pnder 15 years of age
who developed cancer were identitied from the Finnish

Cancer Registry, 1959-1968. Of 1409 cancer cases so iden-

titied, the final series consisted of 852 pairs for whom
birth records which included father’s occupation were
available. Each case was matched witix 3 child whose
birth date immediately preceded that of the case and
who was bom in the same maternity welfare district. This
procedure matched effectively by calendar period,
season and domicile at the time of birth. Father's occupa-
tion was drawn not from birth registration records but
from records of the free, nationwide antenatal care
system in operation in Finland. Father's occupation was
classified by likelihood of hydrocarbon expgsure in a
manner which was shown to be comparable with that
empluyed in the study done in Quebec. No excess risk for
hydiacarbanexpased fathers was detected for any class
of neoplasms either for children whose cancers occurred
under five or under 15 years of age.

-« The two studies differed primarily in the source of in-
formation on father's occupation. For the Finnish study,
that information was drawn from antenatal records com-
piled for the most part in the first trimester of gestation.
This may be 2 better index of exposure at the time of.con-
ception than information recorded at the time of birth in
the birth certificate itself. Although a large number of
pairs were discarded in Finland because father’s occupa-
tion was not recorded, these came from a circumscribed
calendar period. Since a matched pais design was main-
tained throughout the analysis, removal of these cases
should not influence the result. The Finnish study used in-
cident cancer cases and looked at age groups up to 15
years at the time of cancer diagnosis. The Quebec group
identified only cancer deaths up to five years of age.
Variation in terminalogy of occupational classification
might also contribute to the differences, although efforts
were made to estabiish their comparability. At present,
the contradictory findings of the two studies are not
readily reconciled.

Surveillance of Spontaneous Abortions as a Straiegy of
Environmental Monitoring

The relationship between mutagenic, teratogenic and
carcinogenic effects in the offspring of persons exposed
to noxious environmental agents is a complex one.

.

* Surveillance of spontaneous abortions may have a

~ number of advantages as a prospective means of
monitaring for such effects since defective conceptions
are aborted selectively. As a result, studies of terato-
genesis focusing on spontaneous abortions may be con-
siderably more efficient than those conducted in new-
borns. Because the frequency of abnormalities is higher in
spontaneous abortions, the sample size needed to
demonstrate a change in risk is much smaller than that re-
quired for a parallel query addressed to defects recog-
nized at birth. The magnitude of this difference can be
dramatic. if chromosomal defects diagnasable on the ap-
pearance of the newbomn are considered alone, the sam-
ple size required may be hundreds of times that required
in an investigation examining prévalence of chromosomal
anomalies in eary abortion.* |n Bddition to sample size
considerations, study of s aneoissly aborted concep-
tions offers a fead time of at least six months over studies
of live births, The abortion specimen can be studied with
care and thoroughness, permitting detection of anomalies
lethal to the fetys which might escape detection in
studies of live births.

The problem of power and sample size is only one of
the issues which beleaguer investigators of associations

. between exposures to parents and outcomes of pregnan-
cy. Relatad factors are the timing of the exposure, mater-
nal or paternal, in relation to conception andfor gestation,
and the specific measures of pregnancy outcome.** Pater-
nal exposures may act in two ways — by contamination
of the maternal environment rasulting in secondary
maternal exposures, or directly by affecting patemnal ger-
minal tissue. Since spermatogenesis is a continuous pro-
cess, paternal exposures occurring shortly before concep-
tion are those requiring the most investigative attention.
Cumulative or delayed effects are more likely to be of im-
portance in matemal exposures. By focusing on early
pregnancy wastage, particularly if the frequency of
chromosomal abnormalities in the aborted product of
conceptions can be determined, the objectives of study
are better focused and achieved with reduced sample
size, and the confounding effects of the maternal in utero
environmental factors are minimized.

In conclusion, while the potential clearly exists for tera-
togenesis and trans-generational carcinogenesis in the off-
spring of warkers exposed to mutagenic and carcinogenic
agents, such effects have been difficult to demonstrate
conclusively in humans. Future investigations must take

" into account a variety of environmental and behavioral
factors which can affect fetal development if causal
associations between occupational exposures and
pregnancy outcome are -to be identified.
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ABSTRACY

A considerable number of studics have associated occupational vinyl chloride
monomer (VCH) exposure with a variety of adverse health effects. The extent
to which VLM induces these abnormalities in the workforce is not well defined.
This cross-scctional medical survey of 433 predominantly white male employees,
divided into four VCM exposure groups (never, light, heavy, former), deter-
mined the prevalence of ilinesses and abnormalities bosed on data gathered

by interview, medical examination, blood and pulmonary function tests, liver
scans, and hand and chest x-rays. Age-adjusted analyses indicated that
hepatomegaly, central nervous system symptoms, diastolic hypertension and
spouses’ fetal wastage (the latter Lwo statistically significant at p <05}
were more prevalent among past or present VCM exposed workers Lhan among
controls. Although VCM-related respiratory system piroblems, acroosteolysis,
Raynaud's phenomenon, and chromosome aberrations have been identified by
other fnvestigators, no excessive prevalence of these toxic effecls was

found in this population compared with industrial worker controls.

.
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‘ INTRODUCTION

The causal relatfonship belwean occupational exposure to vinyl chloride
monomer (VCM) vapor and’the development of liver angiosarcoma iz now well
established. Following the first cluster of VCM-inducud human cases of ltiver
angiosarcoma discovercd by Creech and Johnson (1), thore have Leen a number
of corroborative findings including animal bioassay tests (2,3), additional
case reports of VCM-induced liver angiosarcoma (4), and formal epidemiologic
studfes (5-7).

* Available evidenco also indicates that VCM can induce non-malignant
liver alterations (9-35), portal fibrosis fn particular, long bafore the
development of clinically manifest liver malignancy. Furtherfore. patho-
physiologic effects do not appear to be Yimited to the liver. For example,
experimental animal research (2,18), as well as clinical {17) and epidemio-
togic (5,7,8,16,19} studies of workers exposed to VCM and polyvinyl chloride
(PVC) plastic dust, indicate a toxic effect on the respiratory system. Some
of these same studies have also found increased risk of hematopoietic and
central nervous system tumors. Microbfa) test sysiem studies (20-22) and
crtogenetic studies of V{M-exposed workers (23-26) indicate possible genetic
effects. The anesthetic properties of vinyl chleride monomer (14) have been
implicated as causing numerous central nervous system sympitoms such as head-
aches, dizziness, and fainting in exposed workers (27).

The extent to which VCM induces clinically detectable abnormalities among
workers occupationally exposed has not yet been well defined. Consequently,
in order to determine the range of hcalth offects assocsated with VCli, the
National Institute for Occupational Safety and Health (NIOSH) and the Burcau
of Epidemiology of the Center for Disease Control (CDC}, in collaboration
with the Occupational Health Studies Group (OHSG) of the University of North
Carolina, conducted a cross-sectional medical survey at a chemical ptant in
Pottstown, Pennsylvania, which has a PVC polymerization operation, a PVC
fabrication operation, and a rubber tire production operation. The specific
objectives of the survey uwere: 1) To compare the prevalence of liver abnor-
malities and liver disease in V(H-exposed workers and appropriately selected

.econtrol workers at tha plant; 2) To identify those tests best suited for

detection of other illnesses and abnormalities in these groups of workers.

[P |
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The plant sclected is one of the older PVC polymerization plants in the
United States, having operation continuocusly since 1948. The plant thus
provided a faborable research opportunity, since sufficient time had elapsed
for the appcarance of VCM-induced chronic effects. In addition, the plant
provided the unique situation where a PVC polymerization (“chemical”) plant,
2 PVC fabrication (“plastics") plant, and a non-VCH plant (a rubber tire
operation) were located next to cach other within one large corporate
facility, although the individual plants were physicatly distinct from one
ancther. Further, selection of non-VCH-exposed controls was facilitated
because the University of North Carolina had conductied prior industrial
hygiene surveys within these plants as part of an ongoing joint company-union
research project. )

’

Shown in Table 1 are the four groups of hourly {production) employees who
were requested to participate in the study. The first three groups arc ordered
by current VYCH4 exposure. The first group consisted of a 9% sample of the 2400
rubber workers in the plant who were nat exposed to YCM. These workers were =
age-frequency matched to Lhe VCM-expased chemical workers, and were chosen
from departments <n the plant identificd as having the least exposure to other
potentially confounding toxins such as solvents, dusts, and fumes.

The second group. the plastics workers, included everyone currently working
in the PVC fabrication operation vho had never worked in the chemical polymeri-
zation operation. Since these men were working with solid PVC plastic, their
8 hour time weighted average exposure to VCM was probably below 10 ppm prior
to this survey. However, for the third group listed, the chemical workers,
the YC4 exposure before 1974 was considered to be very much higher than in
the plastics area. Every employee working in the chemical plant at the time
of this survey was inciuded in this group. All former chemical workers
working elscwhere in the plant made up the fourth group surveyed. Participa-
tion rates of those requested to participate varied from a low of 82% in the
rubber workers to a high of 77% in the chemical workers. ' .

Using these four groups, two etiologic models were designed for classi-
€ying subjects in the analysis of the relationship of health status to YCM
. exposure. The first., the Acute Exposure Model, reflects the abovementioned
sampling design, and is basced on the subject’s job at the time of participa-
tion #n this health survey. The former chemical workers were treated as a
separate group for this anmalysis, regardless of their current jobs, since
under an assumption of acute exposure etiology, their past VYCM exposures,

AP00010425
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horover brief, might be associated witn some residual health eoffects. A

second etiologis model, a Cunwlative Cxposure Mode!, Lased on each wrher's
entire work histery at the plant, afforded no meaningful comparisons

because of the citremely high correlation hetween age and dose, which pre-
cluded any leyitimate age adjustment. NDatd presented hore are therefore .
confined to thu cross-sectional (“Acule [xposure") comparisons. N

The healtth teating proorum, as outlined in Appondix A, consisted of a
comprehensive 710 item questicnnaire, iacluding the Rnse cardiovascular and
British Medical Research Council respiratory symptom (BMRC} quesitions,
administered to participants by trained medical intorviewers, a thorough
physical examiuelion performad by NIOSIl and CDC physicians, pulmonary
function tests, uhost x-rays, and a series of laboratory tests including a
complete blood count, platelel count, urinalysis, liver function, serum
protein €lectrophoresis, hepatitis antigen, and sputum cytology. In addition,
a1l study subjccts who had been chemical warkers for at least ten years
underwent liver-spleen scans with lead markers and hand x-rays performed at
a ncarby hospital. Cytogenctic studies were carried out on a very small
sampie of workers (Appendix 8) (39).

Participants from a1l three shifts were tested during the shift they
worked during the month of October, 1974. All physicians, interviewers, and
technicians were blind to the occupational status of each worker; accupation-
8l stztus was determined independently, by use of the company's personnet
records.

Individua) consant was obtained from cach participating worker. Results
of testing werc released only to the participant himself and to the physi-
cfan{s) designated by each worker. Detailed medical reports on all of the
questionnajre and physical cxamination findings, as well as most of the
laboratory findings, were sent to the designated phsyicians within two
months of. the examination., Sunmary leiters of these findings were sent to
all the workers at the same time. Meetings were held with study partici-
pants before, during, and after the medical examination to discuss procedures
as well as findings.

The United Rubber, Cork, Linoleum and Plastics Workers of America and the
Joca} union (URK Local #336) tlealth and Safety Cosmitice at the Pattstown
plant provided considerable support ia obtaining participation of workers
in the study. Almost all examination were performed during working hours,
and the plant persannet department and local union safety representatives
assisted in the examination scheduling.

Similarity of the groups was measurcd in terms of age, race, sex,
alcohol consumption, and cigarctte smoking. All of the study subjects were
Eleven {3%) of the study subjects
were black and were distributed farily evenly over the four occupational
groups. All sex-race groups were included in the analysis. The age
distributions of the current chemical workers and rubber worker controls

~ AP0O0010426



- e, - —————
i - o— ¥ — —— —

v — e,
——
- i m——

were stwilar since they had been greup-matched on aqe fnitially, However,
whea all fuur occupational qroups were considered, the age disLrributions
vere significontly different {Table 2). Therefore, ayge atjustment of ol
test results wos carricd out using the dircct method with the age distri-
bution of (he cntire 411 persons as the standard.

Analysis of daily alcohol consumplion based on curvent drinking habits
showed that the Tour groups were nearly identical; Lhws 1o adjustment for
alcohol} consumption was, deowed necessary {Table 3). Although thore ware
no statistically significant differcnces in smoking habits, the distribu-
tions did vary sufficiently for pulmenary funciion testing and respiratory
symptom results Lo be swoking adjusted.

Liver
Only one person, a chemical worker, gave a history of cirrhosis.

Approximately 3% of those interviewed in each occupational group gave a
positive history of gall bladder discase, whercas hepatitis (Tuble 4) was

slightly more prevalent among persons who had been cxposed to vinyl chioride.

The four liver function tests used - serum glutamic oxaloacetic trans-
aminase (SG0T), total bilirubin, lactic dehydrogenase (LOH), and alkaline
phosphatase - were analyzed by comparison of mean value, and by prevalence
and saverity of abnormals (Table 4}. ’

In the total study population reported herein, 21% had an abnormal SGOT,
5% an abnormal total bilirubin, 4% an abnormal LDH, and 13% an abnormal
alkaline phosphatase. For the most part, similar abnormality prevalences
were found in each of the occupational groups, the major exception being
abnormal LDH levels in 11.8% of the former ¢hemical workers. Heither the
overall mean valuves nor distribution of the abnormals by severity differed
notably among the occupational groups. .

Two methods were employed to detect hepatomegaly: physfcal examination
{measured by both paipation and percussion) and liver scan. The liver scan
procedure, described in Appendix A, consisted of s{x pictures with lead
wmarkers to aid in liver size determination. However, when the liver size

~ measurements from the scans were tested for inter-reader variation, 1t was

found that reader number one averayed 3 ceftimeters in height and 2.4
centimeters in width greater than rcader number two. These differences were
statistically significant ( p < .001) in a matched pairs t-test. Standardi-
zation of measuring technigues among the readers was thercfore deemed
fnsufficient for their use in the analysis of hecpatomegaly.

Hepatomegaly as measured by palpation or percussion §s somewhat subjec-
tive. Yo determine whether one physician might have been overzealous in
diagnosing hepatomeqaly, thus passihbly biasing the results, prevalence of
palpated hepatomegaly by individual physician was calculated. No statis=
tically significant difference was observed. Of the two measurements on
physicat examination, palpation {as defined by palpable liver) appeared to
be the more sensitive, diagnosing 112 of the total population as having
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hepatamegaly compared with 6% by percassion {> 11 centimeters) (Table §).
The good consistency between the two ‘techniques for determining hepatomegaly
was demonstrated by agrcement §n over 902 of Lhe cases diagnosed by percussion,

One of the more interesting findings in this study was tha Relatfonship
Between Hepatomegaly and VCH Cxpasue., Current chemical workers had almost
twice the age-adjustad prevalence (13.224%) of paipated hepatomegaly as did
rubber workers (7.1%) and plastics workers {7.3%). A gradient in the same
dirvction ‘from chemical workers 16 plastics workers and rubber workers also
existed when hepatomngaly was diagnosed by percussion alone (5.2%, 5.0%,
3.47), and by Loth percussfon and palpation (4.6%, 3.5%, 0.8%). However,
no differences weve found betwuen current chowical workers in high, medium,
and low exposure jobs (not shown). B

Two of the eleven people with hepatomegaly by percussion and palpation
were heavy drinkers and one of these two also had a history of hepatitis.
To investigate the occurrence of liver problems evidenced by combinations
of abnormalities, cases were analyzed that had two or more of the four liver
function iLests abnormal and hepatonegaly by both percussion and palpation.
A1l four cases that mot these criteria had been exposed to YCM. One was a
former chemical warker and the olher three were current chemical workers.
Al) of them had an elevated SGOT.

Of tihe 123 Yiver scans performed on long term VCM-exposed vorkers {a
fow salaricd and hourly employees not in the four major occupalional groups
were included in this number}, 94 were read as normal by all three nuclear
medicine specialists independently. Of the 29 scans read as abnormal, only
four were read as abnormal by two revicwers and none were read as abhormal
by all thrce reviewers. One revicwer read a total of two scans as abnormal,
and the other two read 13 and 13 scans, respectively, as abnormal (Table 6).

The four cases read as abnormal by two readers included 1) a 33 year
old salaricd process control enginecr (not a member of the four occupational
groups) whose LD was elevated, 2) two chemical workers who worked as polymer
reactor cleaners (the job associated with the highest VCH exposure in the
chemical plant) aged 44 and 47, both of whom were light drinkers and had .
no abnormal liver function tests, and 3) a 52 ycar old former polymer reactor
cleaner now working elsewhere in the chemical plant who was a greater-than-
moderate drinker and had ne abnormal liver function tests. ’

Other Abnormalities

There were no significant differences between groups for symptoms
suggestive of Raynaud's phenonenon (Table 7). [n addition, there was no
difference between groups for the presence of an.abnormal Allen Test (which
has been suggested as an indicator for acroosteolysis). .

. Ywenty-tvio of the 207 hand x-rays taken were read as abnormal for same
state of acroosteolysis by at least one of the two indepundent radiologists.
Most of the abnormal findings reported were from Reader #2. All but two

- of the abnormalitics related to damage to the tufts of the cortex, a less
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severe state of acroosteolysis, and many were possibly related to other
causes such as trownma. Although the other two x-rays showed possibly sore
severe changes of the shaft, they were only rcad as positive by one reader.
One of the two cascs had worked since 1952 in the chemical plant, while'
the other, a maintcnance man since 1964, had worked intermittently in the
chemical plant. 3 .

Central nervous system symptoms clicited during the interview {Table 8)
showed that severe parsistent hcadaches were slightly more prevalent among
chemical and plastics workers, compared Lo vubber and former chemical workers.
A history of having cver lost consciousness on the job was less coumon in
the rubber workers. On ncurologic examination, the four occupational groups
were found to be similar, with the exception of slightly diminished reflexes
in the chemical group.

“Since some of the known effects of VCM on humans (angiosarcoma, acrooste-
olysis, and Raynaud's phenomenon) involved the circulatory system, there was
a specific interest in the results relating to the cardiovascular system. No
noticeable differcnces among the occupational groups were found for prevalence
of angina pectoris, as measured by the Rose Questionnaire, but a much higher
prevalence of systulic hypertensian (> 140ms) in the former chemical workers,
and 2 higher prevalence of diastolic hypertension (> 90mm) in all three VCHM-
exposed groups compared to rubber workers, were seen (Table 9). Current and .
former chemical workers a1so had an increased history of having been tald of
bypertension in the past by a physician, and an increased history of having
taken either "water pills” or blood pressurc medication in the past, compared
to rubber workers, Furthermore, the age-adjusted {by analysis of covarifance)
mean diastolic blood pressures were significantly different among the four
groups (p< .05},

Tables 10 and 11 present prevalences of Pulnonary Function (PF) fmpair-
ment among job groups. Ia Table 10, smoking, age, and height differences
between study subjects were automatically controlled by comparing actual
PF value with cxpected PF value derived from the appropriate smoking cate-
gory of the total plant population. In Table 11, the actual PF values of
study subjects in each job group and smoking category were compared to
expected values derived from the literature, and the prevalence reported in
other VCH workers. FEFg/fVC and FCFyg/FVC {mpairment cut-off points have
been shown to be effectfve in distinguishing normal subjccts from those with
obstructive lung disease (33).

"7 There was no difference between job or smoking groups in the prevalence
of volume impairment (FVC). Flow impairment was not consistently associated
with any job group. For example, the former chemical workers had the highast
grlva\nnce of impaired FEFp5_75, FEV/FVC (non-smokers), FEFgn/FVC and FEF 75/
Ve (smokers) and FEV1 (smokers). Present chemical workers Rad the Towest
:revalence of impairment of airflow (FEF25.75 FEV 1/FVC, FEFgg/FYC), but
ighest prevalence for FEV1 {overall) and FEV] (non-smokers). Rates of
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airflow impairment > 10% of lowest :..° :5 were obhserved in non-smoking

former chomical workers {422) compined Lo hourly chemical warkers (22%)

for FCYI/FVC, and smoking former chemical workers (657%) compared- to rubbor
(50%), plastics (56%), and hourly chemical (812) for FEFyy/IVC. Wilh veyard
to FEF,5/FVC, rates of impairment were consistently high for all groups.
Hearly fale of the study subjects had small airways obstruclion to which
this test pertains, [lorunr chemical workers also had the highost provalence
of CV/YC impairment, and rubber workers the lowest prevalence. The groatest
and most consistent effccts were those of smoking. Cxcepl for FVC, snokers
hag consistently higher prevalence of impairment by all PP tests.

. Because of the possibility of more recent, or more subtle, exposure
effects among workers in this study population, befarc-and-aftor shift PF
tests were carried out on 2 samplie of 56 of the participating warkers
(Figure 1), Since therc was a higher proportion of smokers within the
subsct of chemicals workers, compared to the rubber and plastics subsets,
results are presented separately for smokers and non-smokers.

Smokers overal) had statistically significant reductions for all seven
PF tests. Non-smokers, however, siowed little reduction, with the mast
obvious being for flow rates at low lung volumes, FEFgg and FEFy5 (measuring
smal1l airways performance)s Chemical workers who were smokers had signifi-
cant reductions for five of the seven tests, predominantly reflecting
small airways obstructive change. However, both the plastics and rubber
workers who smoked showed rcductions of similar magnitude,’although the
smaller number of plastics smokers precluded thcir attaining statistical
significance. The other two respiratory system health tests, sputum cytol-
ogy and chest x-rays showcd minor inter-occupational group differences. No
sputum cytology findings revealed more than moderate atypia. Mild and
moderate atypia age-adjusted prevalence rates were 26%, 29.4%, 33.3% and
17.9% for the four groups, respectively. When the chest x-rays were read
by three radiologists by the UICC/ILO criteria for pneumoconiosis, only one
definite case was detected; and he was a formar silica worker.

The heatth questionnaire fncorparated the British Medical Research
Council’s chronic respiratory system questionnaire (see Appendix A}, A
comparision of age-smoking-adjusted respiratory symptom prevalence rates in
the four occupational categories is presented in Table 12. For three of the
four symptoms analyzed, the current hourly chemical workers had symptom
rates slightly higher than those of the rubber worker control group., The -
plastics workers, and former chemical workers however, had rates substan=
tially higher than the rubber workers.

Information on the pregnancy outcomes of the workers' wives, gathered
as part of the questionnaire, were analyzed by age of father at time of
conception, both before and after exposure at the plant. Since the number
of pregnancies was so small, all workers in the chemical and former chemical
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or early changes., 1L {s possible, n.wever, that with continued collabora-
tion in an ongoing testing program, these problems could be overcome. lhe
divergent Tiver scan results reported by our three readers could be secon-
dary to a number of factors: a) Centier where the scans were performed and
the rospective institutions of the three revicwers, despite a major effort
on o part to standordize techniques before the study started, b) different
standards for the inlerpretation of normal and abnormal by the three reviews
ers, and ¢) the possibility that a number of these scans represent truly
equivocal findings, i.c., changes that are minimal or borderline and for
which agreement or diagnesis would be difficult to attain. The Tatter
interpretation is supported by the fact thai many of the rcported findings
were in Lhe possible or probable catcgories, rather than the definite
category.

There were only four workers vwho were judged as having hepatomegaly and
who also had two or wore atnormal liver function tests {one of which ivas
always the SGOT). In addition, liver scans of four other workers were read
as abnormal by two rcaders. The fact that all efght were exposed to VCM
suggests the possibility that such screening tests, separately or jointly
are detecting early VCH-induced liver disease. Only by following this, and
other, populations prospectively rvould it be possible to fully assess the
predictive value of any of thesc tests for detecting VCM-induced disease. ’

Splencmegaly and decreased platelet counts, two findings which have
been noted in earliier studies of VCM-exposed workers (30,13), were not
seen in this study. The extent to which these VCM-associated changes are
related to primary discase in the spleen or secondary to portal hypertension
is not entirely clear, but this study does suggest that these screening
tests may be related to a slightly more advanced stage of the disease than
might have existed in this survey.

Other previously rocognized health effects due to vinyl chloride exposure
were not very frequent in this population. Prevalence of symptoms of
Raynaud's phenomenon were not increased, and Allen test abnormalities were
no more comman among VCH-exposed than non-exposcd workers. Although indica-
tions of acroosteolysis were seen in over 10% of the hand x-rays, poor
inter-observer reliability among the x-ray rcaders, the fact that most
of the x-ray changes noted were for the carlicr stages of acroosteolysis,
and the absence of increased symptoms or physical findings suggestive of
acroosteolysis indicate that this disease is not a major problem at the
plant now. (A review of serial x-ray taken in prior ycars would provide a
clearer picture for the development of this discase over time.) A history
of central nervous system symptoms, expected from the anesthetic effect of
viny) chloride, was found more often in vinyl chloride exposed workers.

This is consistent with an earlier study by Spirtas, et al. (27) of the

same plant. Because of changing working conditfons over time, it is quite
possible that many of the central nervous system symptoms reported in the
medical history occurred well in the past, and although no neurologic
abnormalities were noted during this cross-sectional examination, one should
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not rule out the possibility that su;'. abnormalilics might have been present
at a timc when central nervous syslowm symptoms were mere prevalent. Overall,
there iz tittle proof that currcnl YCM exposures are high cnough to induce
these VCH-related central nervous system health effects.

The substantially lower prevalence in the rubber workers of diastolic
hyperiension, measured as greater thah 90um Hg, is difficult to explain,
The excess hypertensives in the other three groups are all in the 90-105mn Hg
range. While the anxicty levels may have been higher §n workers currently
or formerty exposed to VCM {since most of them were aware of its carcino-
genic potentfal), if such ecmotions were responsible for the differential
prevalence of diastolic hypertension one would cxpect 2 concomitant dif-
ferential prevalence of systolic hypertension ~ which did not exist except
in the former chemical workers. Additionally, pulse rates were similar in
the four groups which argues against an anxiety etiology. Hore chemical
and former chemical werkers reported previously diagnosed hypertension than
rubber vorkers, and there wias also an increased history for having taken
water pills or anti-hypertensive medication in the past; however, it was
impossible to tell from interview data whether their exposures or hyperten-
sion came first. The increased prevalence in former chemical workers of
systolic hypertension, if due to VUM, would also be expected in the current
chemical workers, unless the systolic hypertension temporarily follows a
diastolic hypertension-induced selection out of the chemical area. Such a
hypothesis, although very tenuous, would be consistent with Table 9.

While these cardiovascular findings may be unrclated to VCl exposure,
VM has definite knoun vascular effects such as ang{osarcoma, acroosteolysis,
and Raynaud's phenomenon. Therefore, it is plausible, at lcast by analogy
that VCM in some way is responsible for the hypertension., Although there
was a random allocation of subjects to the various examining physicians,
{t 1s well known that & single blood pressure reading is a somewhat unreli-
able finding in epidemiclogic studies, and the relationship noted here
between systemic hypertension and VCM exposure warrants more detailed
{nvestigaticn. »

Experimental studies and case histories suggest that VCH acts a a lung
jrritant at high exposure levels (10,13,14). The reported epidemiologic
study of VCM-PVC workers tends to support this literature (19}. This study
suggests no difference in PF on respiratory symptoms related to VCM exposure.
Former chemfcal workers tended to have higher rates of impairment, but this
could be due to esposure in their non-VCM jobs, or could refiect some self-
selective migration away from that work area by individuals most prone to
develop symptoms in response to exposure to the chemical plant environment.
However, $n the absence of information on jobs held subsequent to chemical
plant jobs, no conclusions can be made.

_ The environmental factor having the greatest effect on baseline lung’
function was smoking. Smokers in all job groups had higher rates of flow
{mpairment when compared to non-smokers. This was a consistent finding,
and the impairment was of greater magnitude than any differences observed
betwecn job groups.
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While the increased frequency of clrasasomal aberrations among the
different occupational groups, comparad with contiols from outside the
plant, may he duc to exposure to VCM andfor other plont-wide chimicals,
the results reported in Table 14 might alse be due, at least partially,
to age or seciocconomic status differences. Additionally, 1t should be
noted that although the magnitude of the differences hotween the occupa-
tional groups studied at the plant do not suppert othar investigations
assaciating VCH exposure with chromosomal aberrations (23-26), there
are differences among these various sludies in the compesition of the
papulations under study which might pule direct comparison somewhat
difficult, and the sample size in this study was small.

The sfgnificant excess of fetal loss experienced by the wives of
workers subsequent to thwir husband's VCM exposure must be assessed
against the wcaknesses inhernnt in @ questionnaire survey. These weake
nesses have been discussed elsewhere (28) lending credence to the belief
that these findings arc not spurious.. This excess is hiologically consis-
tent with the previously domonstrated mutagenie vesponse to VO in micro-
bja) test systems (20-22), and the increased frequencies of chromosomal
aberrations in VCH-expused workers found by other investigators (23-26).
This evidence mandates furiher rescarch into this new adverse health
consequence of VCH and additional agents found o be mutagenic in labora-
tory test systems and which are in broad use in the plastics and rubber
industrics, .

Finally, while no cases of hepatic angiosarcoma, far advanced liver

discase, or cancer of other sites were detected by the study omong those
currently enployed, this should not be misconstirved with regard to the
recent extensive documentation of YCM liver carcinogunicity and toxicity: i
nor does it preclude the existence of such YCM-related conditions within i
this study population. In fact, liver angiosarcoma has been found |
previousty at this VCH pelymcrization period, and with a short period of [
time elapsing between carliest clinical manifestation and death. Hence, |
only a small proportion with such silent and difficult-to-diagnose diseases

could be expected to be found in a cross-sectional medical survey. i

It should be pointed out that there are differences between plants with
respect to work practices, production techniques, working conditions, and
composition of workforce, in the presence or absence of various associated
toxins, and other factors. This potential diversity of exposure within the
PYC industry cautions against drawing general conclusions frowm this single
study, about the hazards of VCM exposure, and the usefulness of screening
tests in general VCHM-exposed working populations, It is, therefore, necessary
to put these into perspective alongside those reported from other plants,
both in this country and eisewhere. Nevertheless, there are some tentative
conclusions bascd on our findings which merit further evaluation.

13
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Finally, with regard to the currenfly recomscnded liver screening
procédures, the apparent Tow speeificity of the Tiver function tesis as
a screening procedure tuken together with their unknown sensitivity and
predictive value, eaphasize the generally perceived nced for a more specific
test for delecting carly liver damage in YCM cxposed workers.  Simultancously,
the true carly screening value of Lhese standard liver function tests used
in this study needs to be determined by a longitudinal medical surveillance
program of the workers. .
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TABLE 1
Subgroups of Workers Included in Survey
¥CH Occupational Sample §f Participants
Exposure Sroup (1) Souqht {Participation Rate)
None Rubber (2400) ] 134 {62%)
© Lightly Plastics {105) Al 20 {76%)
Exposed ‘
Exposed Chemical (164) All 126 (77%)
Past Former 71 (70%2)
Exposure Chemical (101)
B
, 18
. -
L] ¢ ? ‘;
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TABLE 2

. Age Distrubution of the lFour Qccupational Groups

—— e ammamo s a— ——

. ' “ Former
Age ~ Rubber ., Plastics Chewical Chemica)
15-29 36 (27%) 19 (24%) 26 (217) 12 (17%)
30-39 23 {173) 7 { 91) 13 {11%) 13 {18%)
40-49 34 (25%) 12 (15%) 47 (36%) 29 (41%)
> 50 41 (307) 42 (51%) 40 (32%) 17 (28%)
Total 134 (1002) 80 (100%) 126 (100%) 71 {100%)
Mean Age 40.3 44.4 - 42.3 - 42.A

chi square = 29.8B3 p = .01

19

v

1.

Total

‘93 (237)
56 (14%2)-
122 (30%)
140 (35%)
411 (100%)
42.1

2
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Alcoho)
Score*

0

.01 to .74
.75 to 3.75
»3.75
Total

——— —
s . ——va s Sl

TABLE 3

" rrh—— - -

Alcohol Consumption by Occupational Group

Rubber , Dlastics
31 (232) 13 (16%)
35 (26%) 24 (30%)
58 (43%) 37 (46%)
10 { 8%) 6 ( 8%)
134 (100%) 80 (100%}

Former

Chemica) Chemical
26 (21%) 14 (202)
36 (29%) 18 {25%)
58 (46%) 35 (49%)
6 ( 5%) 4 { 63)
126 (100%) 71 (100%)

* Equivalent ounces of pure alcohol per day

x* = 2,54

(p ».05}

PO

20

. |
(8
tya

Y e mtan pmamie T

Total
84 (20%)
113 (28%) -

. 188 (46%)

26 ( 6%)
411 (100%)

.
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ooy P

Severity of Liver Function Abnormalities

$GOT (>39 Abnormal} Rubber Plastics Chamical
Mean 31.6 32.1 32.86
. Total Abnormal 22 19 25
40-49 16 16 17
243 & 3 8
Prevalence* 17.1% 22.8% 19.8%
Tota) Bil{rubin (>1 Abnormal} .
Mean .69 .63 .64
Total Abnormal 8 3 4
1.01-1.40 . 6. 4 4
>1.40 4 1 L
Prevalence* ’ 5.4% 5.4% - 3.5%
LDK (>225 Abnormal)
Mean 171 174 170
Total Abnormal 2 4. 4
226-250 1 3 2
>250 1 1 2
Prevalence* 1.8% 4.2% 3.6%
Alkaline Phosphatase (>85 Abnormal) )
Mean 66 66
Total Abnormal 18 1¢ 16
86-115 18 8 1%
>115 . 3 2 1
Prevalence* 13.1% 11.9% 12,5%
History of Hepatitis
Humber ’ 3 1 s
Prevalence * 1.9% .8%

*Directly Age adjusted

21

3.73

Former
Chemical

34.56
19
14
5
26.9%

.63

orn
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' TABLE 5

- ) Prevalence of Hepatomagaly

: Former
Rubber Plastics Chemical Chemical
Palpation
Kumber .o 9 8 17 10
Prevalence™ . 7.1% 7.3% 13,24 13.05 |
Percussion
Number . 4 -] 7 1 .
12-13 cm 3 4 4 1
>13 cm 1 1 3 -0
Prevajence* 3.4% 5.0% 5.2¢" 8%
Bath Palpatioan and Percussion
Number 1 3 6 1
Prevalence* 8% 3.5% 4.6% .8%
® pirectly Age Adjusted
i
- 22 f
- ~ - N

~ AP00010445



y et ——— e ——

T ——
re———

YABLL 6

. Liver Scan Results

Total number of liver scans performed in study: 123
Hormad to all J rcaders: 94

Abnormal Lo 1 reader only: 25

Abnormal to 2 readers: 4

Abnormal to all 3 rcaders: 0

Definitely Probably Diffuse -
Reader Abnormal Abnormal focal Defect Disease Other
11 - 13 2 7 4
f2 2 16 9 13 -
f3 - 2 2 - -
2. 31 13 20 4
23

gy
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TABLE 7

Prevaltence* of Raynaund's Sympiloms

Former
Rubber Plastics Chemical Chemical

Had attacks of 6umbness, cold
blue coloration in fingers

a. Unilateral 4,.5% 2.0% 4.1% 5.8%
b. Biltateral 2.4% 3.8% 3.1% 1.8%

€. Such attacks precipitated by
cold 4.1% 1.5% 3.8% 6.9%

d. Such attacks precipitated by .
emotional upset 6% 0% .6% 2.5%

*Age Adjusted

24
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Severity of Hypertension

Systolic .
Number Hypertensive (> 140 mm Hg)
140-160 nes Hg *
161-180 wm Hg
>180 mn Hg
Prevalence”
Hean*
Diastolic ’
Number Hypertensive {> 90 mm Hg)**
80-94 nm Hg
95-105 nm Hg
»105 mm Hg
Prevalence*

Mean*

History of taking water pilis or
blood pressure medication

Previousty told of high blood pressure
by a physician*

® Age Adjusted

l

** Rubber vs x* (Mantel-Haenszel) significant (p <.05)

26

JABLE 9
Formor
Rubber Plastics Chemical Chemical
40 31 48 31
32 22 4] 22
8 6 3 7
0 3 4 2
36.6% 32.5% 37.5% 45,6%
132.4 135.7 134.9 137.¢
31 33 51 26
17 14 25 17
10 12 21 5
4 ? s 4
24.3% 39.9% 39.4% . 41.0%
82.0 86.1 85.7 84.4
4.7% 11.5% 9.7% 16.0%
19.6%  20.5% 25.7% 24.7%
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TABLE 10

Prevalence of Pulmonary Function (PF) Impairments*
Among Job Groups Adjusted for Ago, leight and Smoking

% Impairment

Hourly Former
PF Rubber Plastics Chemical Chemical
FEV1 < 0.80 predicted 9.8 3.8 10.4 8.5
FVL < 0.80 predicted 4.5 8.8 6.4 5.6
FEF25-75 < 0.80 predicted _ 16.5 21.3 17.6 25.4
Cy/vC > 1.20 predicted 17.6 26.6 24.8 30.0

® Expected values based on total worker population categorized by smoking

27 , ‘
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TABLL 11

Prévalence of Pulmonary Function (PI') lmpafrment
“Among Occupational Groups by Smoking Category

% lmpairment

. . Former Miller
PF Rubber Plastics Chemical Chemical et al.
FEVI/FVC < 0.7% ,
Hon-Smokers 31.4 37.8 . 22.2 41.9 32
Smokers 44_4 53.5 41.3 41.5 48
AN 39.9 456.3 34.4 45,1 45
FEVY ¢ 0.80 .
Predicted* :
tlon-Srokers 8.2 8.1 11.1 9.7 “-
Smokers 13.9 14.0 14.8 20.0 -
All il.3 11.3 16.0 15.5 -
fYC < 0.80
Predicted .
Non-Smokers a.2 5.4 6.7 12.9 3.9
Smokers 6.9 11.6 8.8 7.5 4.7
All 7.5 8.8 8.0 9.9 4.6
FEF5Q/FVC < 0.56
. NoneSmokors 4.9 16.8 2.2 3.2 -
Smokers 18.1 18.6 10.0 20.0 -
Al 12.0 15.0 7.2 12.7 -
FEF75/FVC « 0,30 .
Kon-Smokers 39.3 46.0 42.2 . 48.4 44
Smokers 50.0 55.8 £1.3 65.0 63
All 45,1 51.3 48.0 57.8 60
i tv/¥C > 1.20
i : Predicted*+
{ i . -Non=-Smokers 6.8 10.8 15.6 16.1 -
{ : - Smakers 25.0 35.7 35.0 38.5 -
A 16.8 24,1 + 28,0 28.6 -

-* gased on regressions from Ref. 31
** Based on reygressions from Ref. 32

L 28
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TABLE 12 ’

Age and Smoking Adjusted Prevalence Rates
. of Respiratary Symptoms

UL

. Former
Symptom $ Rubber Plastics Chemical Chemical
Cough 1 and 2 10.0* 21,0 15.7 13.7
Phiegm 1 and 2 16.8* 26.5 14.8 28.0
Persistent Cough

and Phlegm 6.8* 13.5 7.9 9.8
8reathlessness
(Grade 2,3,4) 19.8%* 20.4 22.3 25,7+
N 133 80 126 71
Age (years) 40,31 (12.8)*  44.4 (13.7) 42.1 {13.2) 42.2 (11.0)
Meight (inches) 69.8 (3.4)* ~ 69.2 (2.4) 69.5 (2.2) €9.6 (2.8)

* = ] missing
** = 3 missing
+ Scored according to BMRC criteria

30
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TACLE 13
Paternal Age Distribution for Felal Deaths
According to Husliand's VC Exposure
“"Controls" Primary Vh Lxposure

. :‘Eegggap Preqnanciﬁs' fetal Neaths ggggnangics Fetal Deaths

%Years) ) ()] T%) N N (L

Prior to Husband's Exposure

<20 31 2 6.5 7 0 0.0

20-24 80 v 4 ‘5-0 44 2 4.5

25-29 38 4 105 56 7 12.5

' 30-34 6 1167 27 5 18.5

»35 4 0 0.0 14 1- 7.1

ALL AGLS 159 11 6.9 148 15 10.1

AGE-ADJUSTED 6.9 6.1

Subscquent to Husband's Exposure

20 1 o 0.0 0 0 0.0

20-24 .. . 43 ... 4 _. .93 __ .2 _ _ _3 13.6

25-29 87 3 3.4 48 11 22.9

: 0.4 - 8 7 8.0 . 36 3 8.3
( . 235 © 85 - 10 18.2 33 6 18.2
: ALL AGES 213 24 88 . 139 23 16.5
AGE ADJUSTED 8.8 15.8*

post exposure groups

k) |

® Mantel-NHaenzel x2? significant At p <0.05 for the comparison of the two

~ AP0O0010454
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TABLE 14
CYTOGENCTIC STUDIES

Number Average Number of  Number Percent
of ﬁverage HMonths Metaphases With Hith
£xposure Subjects Age Worked Scored Brekage Brekage
Chemical 14 49.4 291.1 T 1105 74 6.7
. (44-65)  (215-346)
Plastics 4 52.5 315.8 180 14 7.8
(46-58)  (261-341)
Rubber 17 48.5% 305.8 1306 77 5.9
: (31-58) (114-357)
Controls* 4 44.3 - 586 21 3.6
(37-51) )

® CDC male employees not exposed to laboratory chemicals
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APPLROIX A
TEST- PROCENURLS
1. Medical Questionniire'

Administered by trained medical intervicwers (U.S.P.H.S. Veneral
.Discasg Ropresentatives), the questionnairc contained sections on demo-
graphic information, a past history with complete vreview of systems and
emphasis on prior drug use, a family history with special emphasis on
1iver diseases, a respiratory symptom questionnaire based on the British
Medical Rescarch Council Questionnaire, and a cardiovascular symptom
questionnaire {the Rose guestionnaire). Specific questions ralating
to potential VCM induced effects such as Raynaud's phenomenon were
{ncluded. In addition', a section related to the occurrence of still- t
births, miscarriages, and birth defects in offspring of workers was
jncluded. . )

11. Physical Examination

A general thorough physical examination by CDC physicians including
tests chosen a priority for their relevance to possible vinyl chloride
induced disease, such as the Allen Test, liver examination by both
palpation and percussfon, a careful neurclogic examination, and a gum
guaiac stool examination. .

.

131. Hematologic Test

10 m1 of blood was drawn. A smear was made immediately for a quali-
tative platelet estimation and the remainder was refrigerated and sent
to Upjohn Laboratories in King of Pruss{a, Pennsylvania, where hemoglo-
bin hematocrit, white blood cell count, and plateiet count were performed
within four hours of the time the blood was drawn,

¥, Serologic Procedures

30 ml of blood was drawn, centrifuged, and the serum pipetted off
and refrigerated immediately at the test site. (Sera for the sorbito)
dehydrogenase procedure was immediately frozen in dry ice.} At the
end of each eight hour testing session the serum was transported by
direct auto couricr to Hational Health Laboratories in Alexandria,
Yirginia, for a stondard $MA-12 run including total bilirubin,
aYkaline phosphatase, Yactic dechydrogenase, serum cholesterol, serum
glutamic oxaloacetic transaminase, total protein, albumin, blood urca
nitrogen, glucose, inorganic phosphate, calcium, and uric acid. Addi-
tionally, serum protein electrophoresis, hepatitis antigen, sorbitol
dehydrogenase, and ornithine carbamyl transferase were run.

.
s
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Urinatysis

Each subject had a routine urinalysis with microscopic ‘examfnation
performed by Upjohn Laborateries in Xing of Prussia, Pennsylvania.
Specimens wera transported together with the hematologic specimens.

Sputum Cytology .

Cach subject was given a 10% propylene glycol mist and asked to
cough into a jar of carbowax solution. At the cnd of each weck the )
samples were sent to.Dr. Geno Saccomano's laboratory in Grand Junction,
tolorado for analysis.

Chest X-Ray

" For persons who had received a chest x-ray within the last six
months, that x-ray was ohbtained and used for our review. Al) ather
people in the study were given 14 x 17 posterior - anterior x-rays on
2 mobile unit at 70-80 KV by a licensed x-ray technician. Films were
developed on site and quickly read by a physician for quality and
problems requiring immediate medical attention, Later, all films
were sent to three UICC/ILO certified radiologists, Dr. Benjamin
Felson at the University of Cincinnati, De, Martin Donner at Johns
Hopkins Hospital, Dr. M. Dennis at the University of Maryland, who
read them according to the 1970 UICC/ILO criteria for pneumoconiosis
and other chest diseases.

Hand X-Rays .
For a number of study participants, hand x-rays that had been
previously taken by the company within the last six months were used.
The rest of the subjecls were given routine hand x-rays (45 KV, 90 MAS,
with cardboard holders} at Pottstown Memorial Medical Center by their
staff. The hand-x~rays were then sent along with the attached faorms
to Or. Martin Donners and Dr, Walter Whitehouse at the University of
Michigan Hospital for reading. .

L{ver Scan

Five people had previous recent liver scans done at the request of
the plant administration at the Pottstown Memorial Medical Center and
these scans were used. The other 118 people were also scanned at the
Pottstown lemorial Medical Center using a diverging collinator (gamma
camera). One milliliter of Technicium 99 Sulfur Colloid was injected
{nto patients 10 to 15 minutes before scanning. A lead marker was:
placed on the right constal margin to aid in liver size determination.
Six pictures including anterior-posterior and lateral views of the .
spleen and lfver were taken. A standard reading form was developed

34
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by Dr. Mallov {n conjunction with the three nuclear medicine specfalists
who later rcad the films, Or. Edward Silberstein at the University of
Cincinnati, Or. Mansficid at the Jefferson Medical Center, and Dr. T.P.
Haynie at Lhe University of Indiana.

Pulmonary Function Testing

A1l workers performed the pulmondry function Lests scated and with
a noseclip. At least 5 forced exhalations were obtained. The equipment
used was Model 220 watorless spirometer and Model 750 Recorder, made
by Cardio Pulmonary Instruments, liouston, Texas. For spirometry and
flow volume parameters, the following procedure was followed: 1) severa)
relaxed breaths, 2) inhale to about 2/3 full capacity, 3) forcibly exhale
to RV, 4) inhale to full capacity, 5) forcibly exhale to RV. Three
curves for calculations vere selected on the following basis: 1) FVC
and FEVy g within 10% of cach other and 2) appearance of curve - if it
were possible to have a choice between curves, they were selected on
the basis of a) partial exhalation between 60 and 75% of FVC, b) initial
forced expiration done with full force and without hesitation and ¢)
sfmilarity in the shapc of the curves. Calculations of flow are
expressed as percent of FVC exhaled. )

At least three single-breath Nitrogen (SBN.} maneuvers were performed, .
with inhaled and exhaled My differences less Lhan 5%. Exhaled flow from
full vital capacity was maintained below 0.4 liters/sec. The criteria
for selection of two curves were that VC be within 10% of each other,
and exhaled flow rate was not greater than 0.7 liters/sec. for longer
than §/2 sccond. Individuals having less than two acceptable curves
were not recorded. Clsoing volume %cv; was determined by drawing a
strafght 1ine by eye along the latter part of the alveolar plateau. The
volume between the first convincing point of departure from this line
and the full VC was recorded as CV. .

35
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. CHROMOSOMNAL DAMACE IN MEN OCCUPTATIONALLY EXPOSED
! ‘ 70 VINYL CULORIDE MONOMER AND OTHER CHENICALS
- M . . R ‘-
. Clark W. Heath, Jv,, M.D.} '
. Cheryl R. Pumont, M.T. (ASCP)?
. * . John Gamble, ¥h,D.? . .
. Richard J. Waxweiler, M.S.I.E,3 ’
-t -
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3Cancer and Birth Defects Division, Burcau of o
Epidemic)ogy, Centcr for Disease Control, Public
Hlealth Service, U.S, Department of Realch,
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. Zoccupational Health Studies Group, University of ..
. North Carolina at Chapel HI1)
.. 3National Institute for Occupational Safety and s B
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Chrormvuom s and Viayl Chlovide = leath . 3

Introduction "

Data lroé vaFious svurces supnenst that the biclogice effects of
v!nyl. chlerida ;Ilmmlm‘l’ (VCM} include wutagenicily as well as onco-
genteity. Foertinent studies include obnervations concernfup the '
mutageaie effeces of VI in bacterial Lest systgus (Rannug, ct al,
J§74; Bartsch, Milaveille, and.ngLcﬁauo, 1975), wutagenicity of v
metabolites §n mnwu;llan cclls (Uuberuan, Baresch, and Sachs, 1978),
and cytogenctic studies nf polyvinyl chloride (I'VC) polymeriszation
workers (Ducatman, lirschliorn, sod Sclikeff, 1975; Funes-Cravioto,
et al, 1975; Kilian, Pieciane, and Jaco!‘:son, '1975;' Yuyrchase,
Richardson, oud Aaderson, 1975). Alsa rolevant may be observarfons
suggesting increased fctai luss in fomidies of PVC workers (Infante,
ct al, 1976). '

Among the saveral cytogenctie studics reported, 3 have

sugpested increased chromosomul breakage smoag polymerization workers

(Ducntﬁn. Hieszhhorn, and Sclikoff, 19753 FunuS-Cre'lvicta, et al)l, 1975;

ppsal

Furchase, iuchardson. and And.erson. 1975), and enc has not (Kilian,
Piceiano, and Jacebson, 1975). lThis ruparé concarng cytogenatic -

. ‘analyses conducted .on vorkers employed at 3 rubber and plastics plnfxt.
sone exposed to VU4 and others not.

. . .-

-
.

Materials and Methods

The work described here was.part of a cross-scctfonal study - .

.

' designed to provide multiphusic medical sereening data on tho hoalth

status of men cmployed at. A large rubber and plascics plant. The .

-
-
.n
PRI |
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overall study was conducted jointly by the Center for Discase Conlrol

(CEC) (National Institute fur Occupational Safety and liealth and

Buccau of Epfdemiology) and the Occupational lealth Studiecs Croup

of the University of North Carolina in cooperation with the Fircstone ,

Corparation and tlic Uniled Rubber Vorkers. Results of the entire

study, logether with a detailed debcription of the study's desipn 5

ond mncthodolnpy, will bic published separatcly’. )

. Cytogenctic analyscs, primacrily designed Lo measure froquentics

of chromasomal) bicakape, were performed on peripheral blood 1ymphc- o

-

cytes from 35 men; specimens vare obtained from 18 men in October 1974

and 19 in January 1975 (2 on hoth occasions), Subjccts were restricred

to ﬁen‘primarily ot oxclusively employed for 10 years or longer, in

3 differcat cuployment categories: 14 in PVC polymerization (prasumcd

high expasure to VCM, intermittent or sustained), 4 in PYC processing

{preosumed low ¢xposure to VCM), aond 17 in rubber tire manufacturc

(industry controls; presumcd ncgligible expasure to VCM). Work his-

tory details were obtained by interview and confirmed by review of

company records.

.
. . »

Initially, the study was designed to comparxe breakage frequencies

. . .

« worker proups, a control group was sclected (April 1975) consisting

of 4 male cmployces at CDC not exposed dlrci:ly to any laboratory '

in workers cxposed to VCM with frequencics in other workers. llow

d@cf. vhen ini{tial analyses shovéd no significant difforences among

.

—————
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* .
cheateals, Material for cytogenetic nhnlyslﬁ was prepared in the
anme manner with the same reagents as Lhcloarltcr matér!nl from
workers at the plant. To assess comparabilfty in microscopic reading
. of clides betwuun Apreil 1975 and the earlier dates, 9r€yindsly—rcad
. slidcr froa Lthe high VCM and iudus:ry‘c;ntrol groups were blindly
interspersed awong Lhe CPC worker slides. Breakage frequency recorded
on the second reading of high VCM/industiry control slides (6. 0% of
. 150 scored metaphases) did nat differ signilicantly {rom the firse
. reading. Cyrugenetic.nuterial was processed using standard procedures
. . (Hooshead, et al, 1960}, Cells werc cultured for 72 hours {n the

presence of phytohcuapgglutinin, Cicwmsa staining was used without

banding.

Rosults ‘
DESulls

e
.

‘Frequencies of ch}omoaomal breakage in each group are shown in

Table 1. Levels of breakage 4in all 3 industry groups, whether eox-

o

posed to VCM or not, were significantly incrcased over the B¢ con—
trol level, the high'ycu aroup at the p <0.01 leval, the low VCM and
industry control groups ag the p <0.05 level. At the ‘same time, .
. . significant differcuces were noted batweon the 3 indhstry Eroups
themselves. CGraups vere comparable in tbrml.of age and number of
- ponths worked. Ercakage frequencics for fndividual subjcets within

. groups did not vary significantly one from another. L

~ APO0010463
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An elfurt was made to relate Jovels of breakage to durat{ion of

_employment, and hence extent of potent inl toxie expasure (Table 2).

fopated ¥

While a signilicant gradient wus scven for .indusu)- controly, intop=
prelation Lo vncereain becavse of ::r.n.'uJ.l.mm:hcts anid because Lhe wmean -
age of '::;:bjucr.s Inereased s'.-.'uh nnqalr:y:-ncm: dur.:xl.lon. No gradicut was
scen {or the high VG group, wlncl.l:ez: In ters of total employicnt

or of caployirent in. contact with VCY. The low VO cXposurc group
wag too cmall te permit analysis Ly erponure duration.

.
. . .

Chromutid gaps ecomprised the najarity (8GX) of aberrations seen .

(Table 3). Similur types of aberrations were seen with sinilar

frequeacies asonpg all 4 gx'«;alps.
Discussion

When revicwed In cerms of comparisons between workr:-r.and non=~:
workar gt‘oups, the p'r-.-npnt obrervations are rot iﬁcansistenc with priorx -
studies sugpesting that {ndustrial cexposure to VCM is associated .with
an appr;ximll.cl)' t#ofold Jncrease in levels of chromosome brcakage'
as noasurcd {u culcure of perip!xcral blovd lymphocytes. In contrast

vith at least one prior report (Huberman, Bartsch; an& Sachs, 1975),

+ hovever, breakege consisted mostly of simple chromatid gaps rather .
than moce complex fogms. 0 o Ce
. ‘The faet that overall breakage levels were similar in workers . ’
exposed heavil‘y. lightly, or neglipibly to VCM may imply, in this : . ’
. o a . o Lo .

-
.
‘avy,

ey ¢
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particular work settiung at lua;t. the prescuce of apents other than VCM
capable of m-:m.:lny, ehromosome breaks, Loecause of thae wide range of
chemicals to which rubber workers at Lhix 'pl.-mr. were uvxposed (primarily
solvents of various kinds), It wae impossible to relate miy particular
nﬁen:s to the almormtl cffcetr observed. Ko clear~cul pattern wag o

saen to relate degirea of breakage Lo duratfon of exposure.:

Summary

. Heasurcements of chromo&‘ur'nal br;mkage were made in pevipheral o
blpod lymphocytas from workecrs exposed haavily, lightly, or neplipibly
to YCH at a large rubScr/pInsticn pluni. Breakapge Jevels in all 3 )
at.oupe vare cignfficantly inercased over lovels in nénindual:rial
controls. Rreakape consisted mostly ol simple chromatid gaps. The
results suggesc cthat othex agents, 1n'addition to VOM, may cause

cytogenetic damage ‘in workers employed in tha rubber/plastics induscry.

men,
e - 4
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- oL Lot Table 1
© © " JEVELS OF CHROYWISOXAL BREAZAGE BY EXPOSURE G3OU? -
C. e co. ' ' " Mescphas4s
A - Numbey - Average Average Nimber Nuzder | Pexcent
.. .. of Az= of Moaths Werked = RNymger wish wigh
. Exposcre o Subjects {Rarce) (Rr.n:a‘ Szored reakara Broakaco®
Eigh vCY 14 49.4 291.1 < 1105 ° 74 6.7
. (44-65) (215~326)
) - Low vCq - 4 52.5 315.8 180 14 7.8 .
x - ) (46-58) (261-341) o .
“. ' Industzy Controls 17 48.5 305.8 - 1306 T 77 5.9
. ] (31~58) (114-357)
. . €BC Controls SR S T 9% | . - 586 21 3.6
W . . (37-51) | . -
) - * Levels of stacistical significance: High vCM vs. CDC Control 2 = 7.09 p ~ < 0.01
. . . . Low VO vs. CDC Control * x2 = 4.64 p = ¢ 0.05
) : Industry Conttol vs. CDC Control % = 3.95 p = <.C.05
. Bigh vCX vs. Low VCX x2 = 0.18 » = »,0.05
m—— . ) . High VCM vs. Indusiry Conerol x? =C€.81 p=>0.05
bR - : . -
'- . . . . ¥ . v . .
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Trve .

Exposure

Eigh vCM
{Total Eaployment)

High VCY
{VCM Ecploy=ent)

Industry Controls

-

LEVELS ow CHROYOSOVAL BREAXAGZ I¥ RZLATION TO EXPOSURE DURATION

Fuzber

Table 2

-

* Yonths of . Averaze Average Nucher Nuzber

" Forked Schiects Aga £-¥eaths Yerked Szored
100199 0 - - - - -
200~-299 8 47.4 254.6 0 3 7.0 :
300~399 .a 32.2 325.5 LG5 25 £.2

- y . YA D.F.)=0:16 p 20.05 .
100-199 2 60.0 179.0 100 .7 7.0

T 200-299 9 47.7 252.3 ° 755 . 53 7.9
300-399 3 47.7 3:13.3 + 239 L 5.8

(2 D.F.) = 0.58 - »0.05 . .

. 100-199 2 3.0 132.5 100 0 0
200-23% 2 44.5 263.5 <76 1 1.3
300-399 13 1.8 333.6 1139 I 8.7

. x2(2D.F.) = 9.51 p <0.0L .
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" . - T ] Table 3
o B g " TYPES OF CRRQVOSOMAL ABZRRATIONS O3SERVED .
- = Hich VO Low VC¥ . Inustry Controls. _ CDE Contrels
Chromoso=al Aberration . Numbez Perreat dumber  Percent Nemhar  Persent Nu=Ser  Parzeas
Chroszetid Gaps S8 - 5.3 12 5.7 7% .7 18 3.1
‘- lsochrezatid Gaps : 7 0.6 9 0 & ¢.5 1 e,z
: Chro=atid Breaks ] 0.2 0 0 2 9.2 2 .5
- Isochronatid Breaks = 3 0.5 2 1.1 9 0.7 i 6.2
Iscchromatid Frazmgntsﬂ“) 3 0.3 . 0 0 0 0 o (/]
. & / Exchange Figeres : 1 0.1 0 0 (1) 0 0 0
\. Ring Chrozosones '_/’ . 1 0.1 Y 4] ¢ 0 0 5]
Total Breakage ° 78 7.1 1.8 91 7.0 22 3.8
-".+ % Total Cells with Breakage 74 6.7 7] 7.8 77 5.9- 2 1.5
. Uypodiploid Cells . - 121 - 11.0 33 18.3 155 1.9 61 10.4
. Kyperdiplold Cells 2 D.2 o c 3 0.3 1 .2
Total Cells Scored - | 1105 - . 180 -~ 1306 - 366 -
—t - ' . . o ) -
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Angiosarcoma of liver associated
with phenelzine

Angicsarcoma of the liver is extremely rare.! It has been associated
with thorium dioxide, organic srsenic, and vinyl chloride monomer.?
Phenelzine (phenethylhydrazine; Nardil), 1 monoamine oxidase
inhibitor, causes angiosarcoma of the liver in mice.? We describe 2
woman who developed angiosarcoma while taking phenelzine.

Case report

A 64-year-old woman adm:ucd for mvuuption of anaemis gave 3 four-
month history of ¥, and cough productive of small
blaod clots. She had been nlung phenelzine for at keast six yesrs, The
initial dose was 43 mg deily, which was reduced wo 15 mg dsily after theee
years. Diszepam 5 or 10 mg occasionally ‘n ﬁu anly other nguhx nudin-
tion, There was no history of
vinyl chloride. Examinsdon showed paller. gemnlued \vpnng. and M’Gfll
large bruises. The liver was enlasged and paipable. Full blood count showed
haemoglobia concentratien, 7-8 g.dl, white cell count 7+ 10%:1 (7000.mm?),
plateler count 155 10°/1 (155 000 mm?®), and reticulocytes §-5<,, Blood
Alm showed fragmentation of red cells. Pro:lmmbm time, thrombin clotting
time, and sctivated partial thromboplastdn time ware all prolonged. Cone
cantration of fibrin degradstion products (FDP) was 160 m:ﬂ. Moderate
haematuria was present. Urea and el ions, inigal lver
function tests, serum a-fetoprotein value, and bone marrow app

| 1 e
in our p:uenl may have been related to phenelzine. such

an associston in 8 patient hat not been recorded before,
represent failure in documenting drug history. this may

The presenting festures of this case were probably manifestations
of chropic DIC, which is sssociated with liver angiosarcoma.?® This
process may have contributed 10 the bloodsuined ascites, Naked-eye
appearances of the liver were not disgnomtic at laparoscopy or
lsparotomy. Primacy liver tumour was diagnosed by muldple biopry
at laiparotomy, We cannot be certain whether the petitonesl angio-
sarcomatous lesions and the lesion in the right humerus wers
memastases from @ primary liver tumour or represemted multifocal
tumour growth, which is ue In experiments! anlmals.? ¢

We suggest that inquiry about hydrazine compounds-—for exampls,
phensizine, isoniazid, and procarbazine—should be made in future
cases of angiosarcoma of the liver.

Wa thank Professor P ] Scheucr, Royal Frea Hospital Medieal Schoal,
for reviewing the histology; and Dr H McNulry, Regional Drug Infoemation
Serrice, Bristol Royal Infirmary,

3 Buxter, P ], et al, British Medical Yournal, 1918, 2, 919,
! Ishak, K G, in Hepatocellular Carcinoma, od K Okuda and

R L Perers
p 247. New York, Wiley, 1976, /Q));’J W

were pormal
The haemmeological findings suggested mild chronic disseminated intrs-
vascular cosgulation (DIC), The haematuris and hlmoptysu were ascribed
to this process after ¢exclusion of other causes. Sub plstelct
ranged berween 20 and 100 - 10° 1, and the raised titre otFD? persisted.
Isotope liver scan showed muluple areas of decreased uptake, and com-
puterised axial tomography of the liver confirmed sreas of abnormal texsure.
In the lateral cpicondyie of the right humerus there was an osteclytic area
suggestive of metastaric disease. Results of barjum mesl and excretion
urography wure normal. Laparoscopy of the liver aurface showed multiple
umbilicated nodules up to 2 cm diameter, unlike cierhosis or mernasiatic
carcinoma. Laparoscopic necdle biopsics disclosed normal liver tissue with
focal areas of bile-dust proliferation with large plcomnrphlc cclls suggestive
of mal v. At | y B hacrorrhagic nedules were seen
on the liver and pnrmnl petitoncum overlying the right lobe. These were
sampied for biopsy. Histologically the liver showed distorted sinusoids lined
by malignont cells adjaceat 10 the fosa) areas of bilesduct proliferation {sce
figure}. There was no evidence of cirrhosis. The peritoncal nodulcs comprised
blovd-filled spaces lined by mlhpnam endothelial cells with pleomorphic

nuciei. These changes were idercd ta be disgnostic of ang
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Liver biopsy specimen showing distorted sinusoids lined by malignant cella,

H and E 840 (original magnificstion).

The patient recovered fm hpafomy and Lhc hmnmu and haemop-
tysis leasencd. Gross bl d, however, which
requiréd drainage. She dicd at home five momhs afier presencation,

Cormament

In animals substicuted hydrazine derivatives induce & variety of
umours, including wumours of blood vessels,' Phenelzine given to
fanale Swiss mice significantly increased the incidence of angio-
sarcoma av various sites, including rhe tiver.” Hence the angiosarcoms

? Tath, B, Cancer Research, 1976, 38, 917,
4 Toth, B, Cancer Research, 1975, 35, 3499, V/
Bristol Royol infirmary, Bristol BS2 8HW
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Multip lipomaé in pregnancy

Lipomas sre ben

tumours of sdule fat cells. We report a case in
which multiple lip

as first appesred during pregnancy.

Case report

Ths patient, aged 31, wus
in 1975, had ended in sponian
taking a combined ozsl contrs
periods had cemained itzegular e

She was seen fizst st the antena
was of nermal build, with weight
examination showed no abnormality
normally, the uterine size being as
orthoes. At her next visit at 28 weeks (;
practirioner) the mentioned isolated, soft,
on both forestms. These were about 2 i diskaeter and had been present for
three weeks, Later, 8 further six swellings ol the antezior sspects of hes
thighs became palpable. The swellings continued 1o enlarge slowly through-
out the resit of her pregnancy, the isrgest, on left forearm, teaching
3 e diamerer. Biopsy of 3 swelling on her right {gearm showed the histo-
logical features of a simple lipoma, There was no Vascular proliferation to
suggest angioliporna,

The pregnancy wis otherwise normal: the gained 10 kg She wus delivered
at 42 weeks by forceps of a healthy boy weighing 3400 gh\In the immediaze
puerpetium the lipomas became less xnd st the postna six weeks
Iater all but a swelling 05 cm diameter on her lofe forearm bad diszppeared.,
!w furmps on h::‘;hnghl could be seen or felt. She was breaR-feeding and

only prog
llu kaew none of her relatives hxd multiple lipamas, \

her second pregnancy. Her fiest pragnancy,
us abortion xt 12 weeks. She had stopped
tive in 1971 afrer two years' use. Het
since.
slinic when 20 weeks pregnant. She
’kg wed height 156 cm. Ph;mxl
d the pregruncy was conunuing
ed from the duration of amens
being shared with her gemeral
aisful subcutanecus swellings

Comment )

Lipomss are slow-growing, benign tumours of adipose u%
Multiple tender lesions, especially if there is & family history,
characteristic of angiolipomas.’~% Though her lipomas were tender,
she had no family history, and histopacthological findings were not
consisten( with angiolipomas,

Lipomas are common, but this is spparently the first report of
multiple lipomas appeoring in pregnancy and regressing in the
pucrperium. Possible explanations include: (¢) that the hormonal
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