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L. Iaereoduction

R e

This review evaluates epidemiclogic avidenca for carecinogenicz,
tetacagenic and mucggenic effects of peéroleum-derived hydroecarbons in che
offspring of occupationally exposed populations. Human scudies ara'con~
sidered in cha ;ight of pertineat bacégraund information from the labovataory
and from animal studies. Where epidemiclogic anescizations'are reviawved,
particular atcencion is paid ro the straengths and limitcations of the »
research strategy employed. The last portion of this paper considers the
problems which remain unsolved and suggescs r;aliscic appreaches to clarify
those issues. . P

Derived from the Greek work ''repag', qeaning a marvel, prodigy or
monster, the word "taratogenic' wag used by 1857 to mean the ”produccian of
monstrous formations or birchs' (OED, L971). éince creation of moastars
interests many disciplines, the term has been rafined to rafer to che big-
logical science dealing with "the causes, mechanisms, and manifestations of
developmencai deviacions of either struc:gtal or functional nature (Wilson,
1973). Such causes may be.chemical, viral, pharmacologicél or physical.
Staples (1975) poianted out that an agent may act as a te?a:ogen when adain-

.isceréd in a number of wa;s, whether to the male or female before macting, o
the female during pregnaacy, or to the fetus dirscely. Scrictly defined,
ag?ncs which alter the race of growth o% the fetus or are lechal to the
fetus withoue producing specific anacomic or functional anomalies are beccer
termed dgvelopman:al toxins than teratogens. In this discussions of potaacial
adverse a2ffects of eﬁ;ironmencal asen:#. paéqiculatly polycyclic hydrocarbons
and cheirx deriﬁa:ivas,_avidence éor teratcogenicity and fo; davelopmancal

toxicity will be considerad.
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Agén:s in che eavironment may produce alterations inAthe genoma,

. mutations, and by that techanism iead.;;.;;;;;;:;;:::; ;;.g;velopmenc

) in che offspring. Viral, drug, or chemical agents aceing th;ough common
mucagenic pathways may produce indistinguishable tesui:s. The outcome of

such mutations might be fetal defects or predisposition co neoplasia.

Canc-er in the offspring of individuals exposad to a carcinogen

aight theorerically be the result of any one of three c?pea of exposure:

prezygotic, by alteration of parental germ cells; transplacantal, by

passage .of carcinogenic substances across the p;acencal barrier; poscu;tal,

by contamination of the environment with carcinégenic substances, primarily

through ingesticn, including substances excreted in human breast ailk, and

through inhalation.

Pl
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I1. Relationshiss between mutagenic aad teratogenic characteriscics of an
agent and pcotential for carcimogendcity im the ofifspring of exvosed

grganisms

Iz hag been aégued that tha '"same chemical that causes abortion in tha
early stages may produce malformacions during oégan davelapment and éeoplasia
when exposed later in pregnancy. Therefore, screening for transplacancal
hazards should include, whenever possible, the entire range of fetal response,
including’ cancers that may develop sometime after birch" (Fraumeni, 1956).
Mutagenesis, teratogenesis and carcinogenesis are related phenomena, but Che
nature of these relatlonships is complex and accasionally controversial.

While a relacionship exists becween teratogeaicitry and cafcinogenicicy
when a multiplicicy of syscems are conSidered._they should not be viewed as
expressions of the same phenomenon, madiaced only by the scage of deveiopment
of the exposad organism (Di Paolo and Koein, 1566). Teracogenic, mutagenic
and carcinogen;c dctivities are all demonstrable for a number -of compounds,
but t}ansplacen:al carcinogenic pocential has rarely been demonscraced for
known taratogens and mutagens. TaraCQgénic effacts may reflect a variety of
actions involving the mothef, the placenCa>or the Eeco—plécental unie, which
can be indiract and-m&y not involve immediate accion of the agent on the
.target feral tissue. Ricé“(1973) suggests that transplacen:él carcinagens
do act directly on the fetal tissues which ultimacely become neoplastic and
that octher effects, such as meunosuppr;ssion. play a secondary rola.

To appreciacte poctential damage of an eaviroamencal exposurz to off-
gpring of the expos;d organism, one ought well consider tha outcome of all
exposad pregnancies.' Zarly faral wastaée cbﬁmonly results from abnormal

fecal developménc. At ﬁhe other extreme, transplacenzally induced tumors
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hardly ever appear in rodent species until the animal reaches =macuricy. In

P -— —ww - m mew - -

the only documented axample of chemical transplacencal carcinogenesis in

humans, vaginal adenocarcinoma fallowing diethyscilbestrol (DES) exposure,
the tumor occurs decades ?ollowing exposufe. Thus, since transplacentally
induced tumors, unlike maltorma:ions,'are rarély present at birth, one must
glso observe the offspring inco adulthood to see the full spectrum of resule-
ing tumors. ' ) ~

Feral tissue sensitivicy to a carcinogen may diffar from adulc tissue
response. Although fetal mice may devalop lung cumors following transplacental
exposurass to the wacar soluble anesthetic agent ethyl carbonaca (Urethan, II),
they are ouch less prone to davelop tumors than are adult wice. By contrasct,
l-ethyl-l-nicrosourea (ENU, IIL) produces neurogenic tumors in mice oifspring
after a single transplacental exposuras, but.is far less active in the adulc
mouse (Rice, 1973}).

The nature of the tumors produced by im utero exposura to a carcinﬁégn
i{s decerminad both by.cha gestational #gg of the exposed fetus and, most
importantly, by the kind of tumers produced by tha same agent in the adulg of
the species. This species Qr strain specificicy doubtless reflects genetic
factors. Ar the same timé some agents, which arehcarcinogenic in adulc tissues,
are not carcigosanic in fetal tissues, the laccer lacking enzymes to merabolize
the substaace to ics active derivacive. In other ciqcumscances. carcinogeniz
derivacives may cross che élacenca and act divectly on the fetus. A quescion
of considerabla in:erésc 1s whether carcirogenic effaccs of a parantal exposure
may be visited on onspring subsaquently conéeivéd. ‘Such a trans-~generational
effect would necessitace alteration ia the paFeucal germ cells involving one
of three discinct mechanisams: ch;émdscme breakage, point mutation, or abnormal-

ities 1in gamecogenesis or ferctilizatioa.
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II1. Evidence for trans-zenerational carcinogenesis in animals

Trans~genarational carcinogenic affects have bcen“r;portad in second
generacion descendants of mice treated with 7,ll-dimethylbenzka)antracene
gnd of vats exposed to nitrosomethylurethan. Tomatils and Goodall (1969}
exposed pregnanc mice to intraperitoneal injections of 400 micrograms of
7,12~dimethylbenz(a)antracene (DMBA) in olive oil and observed a significant
excess of tumors in offspring exposed iglggggg,'and also in the offspring of
in utero exposed mice, the F, generatlion.. Oncogenic effects in the F, genera-
tion could, however, reflact persistance of CMBA into adulthood in animals
originally exposed while in utsra, and its excretion in milk and feces with
resulcant direct exposure of the Fz offspring. Germ cell al:eration'would
be the alcernative explanation, alchough tumor excesses in the Fz generation
and in other inbred gensarations, which would be expect?i, were not demonstrated.

Uncreated offgpring of rats which had been axposaed in utero to nitro=-
somethylurethan (NT:!U) were said to have a higher incidence of tumors than
expecﬁed in a scrain with low spoataneous tumor incidenmce (Tamaka, 1973). The
usual spontanecus tumors in this strain are mammary, 2.1%, and lung adeaomas;
1.8%. Am;ng :he'offspring of two rats whose nothers had been expasad in ucero,
the fraqueacy of tumors Q;s 7.2% in males and 9.7%Z in femalas, with tumars in
four and seven animals, respectively. Contral animals had cumors in cwa rales
(2.1%) and three femalas (2.7%?. The possibility that ostensibly unexposed
offspring might have had some expasura :hrcugb MU ratained or excreted by
the in utaro 2xposed mothers was not speéificaily excluded. Among the un-
treated offspring of in utero exposed females crossed wich uncreaced males
there was no Cumor excess, nor wére;such eifects datecred in ;he third genera~

tion. Trans-generational carcinogenic effaccs of WMU exposura raquire furcher
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documentacion and, as a phenomenon in genaral, trans-generation chemical
carcinogenesis requiras coafirmacion. Such doubts were expressed ia the
discussion and conclusions of the meeting on transplacental carcinagenesis

at which Tanaka's work wag preseanted (Tomacis aand Mohr, 1973).
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1V. Association between congenital abnormalicies and childhood neoplasms

Catcinogenic and :etatﬁgenic affacts of exposure to a given agent
might rarely be manifest in the same individual resulciang ia tha davelopment
of both a2 congenital dcéec: and a neoplasm. For some childhood neoplasms,
assoclations wicth congeniral defects h;ve, in fact, been demonstrated. Con-
genital henmihypercrophy occurs in excess inlchree chiidhood neoplasas: Wilms'
tunor, p:;uary liver cancer, and adrenccortical neoplasms. Wilms' éﬁmér alsao
gecurs in assoclacion with aniridia. Diseases involving c%romosomal aberra-
ticas (Dowa's syndrome, Bloom'’s syndrome, ;nd Franconi's aplastic anemia) a?e
assoclated with laukemia in early childhood. Congenitally impairaed cell
mediaced immunicy,és encountered in Wiskocc-adldrieh syﬁdroue, and acaxia-
telangiectasia, is associated with a childhood éxcess of lymphoraticular
neopiasms (Miller, 1968; Fraumeni, et al., 1963).

Chromascmal defects may bhe che soll for development of leukamia in
Down's syndrome, in which leukemia occurs in a three to fifteen-fold excess.
Review of sibship historias for 439 children wich leukemia and an equal number
of coantrols matchad for age, birch ordar, family size and race revealad chat
six leukemic childran had Down's syndrome, wh;la that condition was not present

. in any coatrol child. 1In ‘addition to Down's syndrome, octher major congenital
defeccs, i{ncluding pyloric stenosis, urinary tract malformarioas, neurological
defects an musculo-skelatal malfornations, osccurrad with greatar than expactad
frequency in leukeﬁic childran. 1In che siblings of laukemic children, Down's
syndrome and a variacy of zumors (among then bladd;r naoplasm, acute leukemia,
and mesotﬁelioma) oceurred more Eraquently chan.expecCed. Congenital defects

other than Down's syndrome were noc present lo excess in cthe siblings of
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leukenic children. Previous'pregnancies which cerminatad- in miscarriages

were reported more frequently by the mothers of Leukemic childrea than by
the mothers of controls. Childhood leukemia and Dowan's syndrome are boch
relaced to increasing ﬁa:arnal age. The increase in Dowm's syandrome probably
refiects increased frequency of nondisjumction with aging, although Down's
syndrome with leukemia occurring in children of young mothers may wmore often

reflect chromosomal damage due to translocacion. One revealing case raported

.

was that of a child with Dowm's syndrome who developed acute monocycic leukamia.

An abnormal chromosome, raflacting a reciprocal cransformation, was presenﬁ
in the proband as well as in the mother, and in two of three unaffectced sib-
lings (German, ec al., 1962).

To summarize, children with laukemia have an excess of Down's- syndrome
ané congenital abnormalities; cheir siblings have an excess of ocher cancers
and of Down's syndrome; thair mothers report an axcass of misgarriages.

These associatioas might be tied to the ability of ionizing radiacion or acﬁer

agents to praduce persisting cytogenetic abnormalities. Chromosomal fragility

syndromes also are associared with an axcess of leukemia. In idencical cwins,

where one sib develops leukemia under age seven, there exists a 20X risk of
the same disease developfﬁg in the other twin, generally wichin moncths. These
observacions have spurred speculatioan linking leukemogenesis, especially in

children wich genetic damage.
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V. ¥nudson's model of multistage mutations and carcinggemesis

A, - mae — —— m e - -

A mulriscage model uf.carcinagenesis beginning with two or more muta-
tions has been elaboraced by Knudsan (1973). Such mutarions mighe be induced
by chemical, physical o? biolagic agents. The proper saquence of mutacions
might induce neoplasia independent of ;he specific mutagenic srimuli.

Environmental chemical agents can, under certain situations, falcfatea
cancer chpbugh inducing mutations. In mousa cells, stable chromosomal alrera-
tions produced by l-mechylcholanthrene, can be transmi::aé in vitro through

30 cell generations. The cells of such traansformed coloniles ara able to pro-

duce [ibrosarcomas in mice. The mutagenic potential of chemical carcinogeas

has been axploited through development of in vitro scraening systems for poten-
tial carcinogenic agents (McCann and Ames, 1976). Radiation-induced carcino-
gen;sis could readily fic the Knudson model, as would viral alteracion of the
host genome. In non-heredfcary forms of cagcet, rwutation would bring a normal
somatic cell one step closer to becoming a tumor cell. Othar factors, namel}
the presance of growth promoters or failure of immune surveillance, might Se
required to produce a clinically evident tumor.

A related hypothesis would apply to hgraditary tumor syndromes. &
mutacion o;currins in.gerﬁﬁcells might persisc and be transmitted to ofispring.
éredispositian toe neoplasia would be‘inhari:ed since one of the mutacional
stefs leading to carcinogenesis would have occurrad prazygotically. Noc only
would there be a familial predisposition ro the tumor, but clinical cases
wguld be expectad to occgur early in life, siace p;rt of the required sequence

of autations would be  present ac birth.-. In recognizad neraditary tumor syndromas,

tumors characceristically do appei: dacides carlier than the same tumors in che

AP00012626



~~10-

general population, For some childhood tumqrs it {s propgsed that, perhaos,

. —————— - R

as few as ctwo xutacions aée tequired. 1In hereditary pacﬁarns of early
childﬁood tumors, one of thesa nutacions wauld have been inherited through
the parental zerm cell;

Retinoblastoma appears to fit this modal. The relacive responsiveness
of this tumor to traatment has permittad affected individuals to reproduce,
and the obsarvad pattern of the dissass in che ;Efsp:ing of pacients with
retinoblastama {s consistent with the hypothesis outlined sbove. Bilarerally
affected i{ndividuals with retinoblastoma appear to carry a dominant gene for
the disease and 50% of their offspring are carriers and are affected. Among
unilaterally affected individuals, only 10% of the offspring are affected,
suggasting cthat a substantial proportion of unilataral cases are not inheritable.
Heréditary‘cases presunably reflect transmission,of a mutacion carried in a
parental germ cell. Each cell in the re:iﬁa of the carrier ofispring bears
the first mutation, pr;dispasing the cell to malignant transférmacion by Efurtcher
insulc. Undefined, but presumably uideséread, environmental factors would
affect some of the retinal cells and che carxier of :Ee defect waul& develop
one or multiple tumors inm che retina. The fraquency distribution of tumors
per gene carrier ha; beenfénnumera:ed and L; ragardad az consistent with a
.Poisson discribucion of tumors per carviar having & mean of three avencs per
persoen (knudson, 1971). Since the susceptible 2mbryonal cell pepulation
vanishes in aarly childhood, persouns carrying the gsne have a 937 probabilicy
of ever developing ratinoblastoma. It is possiblé that the predisposicion to

neoplasia {n carriers of cha retinoblastoma gene is not entirely confined co

the retina and that other cissues may be more pronme than expeccad ta davelop
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sarcomas, particularly following therapeutic irvadiation (Li, 1977). _Other
tunors of childhood mighet show patteras of inhericance suggesting prezygoric
mutation, i€ affacted individuals were to survive and repraduce. Xaudson

) and Strong (1972a, and 1972b) have proposed similar models for Wilms' tumor

and for neuroblastoma.

o
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VI. Use of peripheral blood lymphocvtes for chz analvsis of chromosomal
abgormalicies T T D )

"The human-blood lymphocyte can ba utilized as a chronicle of genetic
damage. Changes in chromosome structure are.readily apparent when thesa calls
‘aré stimulaced to divide, and this methed hés begn'used to measure damagze
éroduced by eaviroamental or cccupational exposure to chemical or physical
agents, including irradiation, benzene and vinyl chloride.:

Thesa techniques have a number of advantages. The cells are readily
sampled, long=-lived, and distributed chroughout the body. Peripharal lympho-
cytes are synchronized in the same G, or G, stage of mitotic ianterphasa and

rarely proliferace ia vivo in healthy persons. Stimulacion by mitcogens causes

some cells to undergo division.in a cell culture system and these dividing
cells are readiiy scored for chromoscome aberrations.

The lymphocytas are not an entirely hoﬁogeaeous system, and there m;y
be differant responses to stimuli in diiferent subpopuLacions. It is possible
chac‘the less damaged cells may grow hetter in culture than those which have
been heavily damaged. Since it is the T-lymphocyte population wnich, in fact,
multiplies and since these cells are closely coacerned with the immune r;sponse,
gther ancigenic stimuli t£g,che organism may affaer the growth of these cells

“in culture and -altar the number of 'cells with chromosome adperratioas.

Alchough scoring for chromosome-cyée strpctural abarracions (Figura 1)
.is generally raliable, scoring more subtle c@ramacid-type aberracions is auch
more open to inter-observer variability, and to artifacts resulring from tech-
nical processas. This musec bea &aken into account whera caromactid and iso-

chromatid breaks aad gaps are includaed in the. total number of aberracions.
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atfonale for their inclusiom in these counts is that certain chemical

its and viruses may cause only chromatid-type damage. An important tech-

.cal facctor which affects che yield of abervations {s the length of time ina
. which calls are maincained in cultura. The firsc division for the majority
’ pE transformed iymphocy:es'occurs afcer two days of culture ac 37° C. After
longer periods of culture, many ¢cells will be in their second or subsequent
division and readings at thi{s tizme may reflect-selactive reproduction of
lymphocytas with lesser dagrees of damage.

These factors constitute limitacions to the use of human lymphocyce
culture systems for study of in vive response to envirommenctal muzageas. I&
i1s c¢lear that chromosome aberration rates cannot readily be compared becwasn
studies unless procedures have been carafully coordinated and standardized
baetween investigators. Seccgdly, the importance of matching study and control
groups by aga, sax and pertinen: enviroamencal factors is apparent. Such
factors include occupaciona; history, radiacion and drug histories, exposureé
to toxic substances, aﬁd imzunclogic stimulacion (viral infections, receat
iqmunizacions). The samples themselves should be processad simultaneously
with processing and coding doﬁe blindly, aand coding best done by someone nok.
directly involved in the cgnducc of tha invescigacicn. To eliminate cechaical

and observer blas such precautions ara essencial (Evans add 0'Riordan, 1977)._
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VII. Eavironmental threars tg pregnancy outcome

— - o —— P

Hirschorn and Cohen (1963) have warned éf the widespread use of chemicals
iacluding pharmacotherapeutic agents "capable of producing :héomosome breaks
and rearrangement in virro, aand in vivg in human macerial. Such chraomosome
damage could be produced by a variety ;E mechanisms and could rasult in an
increased incidence of neoplasia in the exposed individual, aborcions and wal-
formations of offspring if exposed inm utaro and chromosomal rearrangecencs ia
future generations, again resulting in Fetal wastage aad damage. Which of
these drugs is, in faet, capable of producing such effects will only be decter-
mined by the use of large scale epidemiologic studies.” Freeman gc al (1971)
have shown that extracts of city smog are 60 time$ as potent in transforming
rat and hamster embryo cell culture lines as is benzpyrenme. Clearly, agencs‘
able to produce damage to genatic matarial ara widespre d in the eaviroamenc.

Recognized chreats to pregnancy cutcome are not uncommonly encouncerad
in the environmeat and must be excluded when new problems are suspectad.

_Threaés ara posed by biclogic, chemical, and physical agents, and may derive
from medical tharapeutic {antervencions, drug aand substance abusa, and eaviron-
wmental or occupaéional exposures to chemical agents.
a, ’Alcohol - Tge most uidéspread documenced chreacs to the fetus come not
frem the macarnal physical eavironment but from che,use of tobacce and alcohol
during pregaancy. The risk of alcohol ingestion in pregnancy only receancly
has been evaluacad and the coacept of the facal alcohol syndrome refined (Clarrten
and Smith, 1978). Of infants born to recbgnizgd chronic alcoholic mothars,
83,3% had birthweights under the :eqch percen:ila, ccmpare& wich 2.34% in a
comparable non-alcoholic populazién.cullaland, 1972). 1Ia additiom co incer-

uterine growch ratardation, the infanzs had reharded post-natal growch and
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intellactual development. A& charactefisqgg_qugggﬂbaq_alpé been dascribed
with shorc palpebral Eissures; hyéoplascic philtrum, and thin upper vermilion
as well as recrognacﬁialin infancy.

In addicion to these featuraes of fetal alcochol syndrome, congenital
malformations of all types occur with excess frequency. Recognitioa of an
associated increase in the occurrence of congenital malformations ironically
rediscoverS ancient observations and admonitions against a}cchol usa:dﬁring
pregnancy (Jonés and Smith, 1973). The adverse effacts of matarnal alcohal
abuse during pragnancy on the fetus wera further quantified by Quellettze
et al (1977), who classified women at the firsc prenaral visit inte four
categorias according to alcohol consuaption and indapéndently evaluaced preg-
nancy outcowe. Heavy drinkers drank five or m;re drinks on occasion and had
an average daily intake of more than 45 ml, Qf absolute alcohol. Women who
drank wmore chan once a ponth, but did noc meet the eritaria for heavy drinking,
were éonside:e& moderate drinkars. Abstinent women and thosa drinking lessg
than once a ménth ware grouped together in the lowest category. The mesan
‘daily dose o% absolute alcohol consumed by-che heavy drinkers was 174 ml, an
average of 2.2 gm per kilogram per day. The results showaed that infancs. born
to hea@y drinkars had :wié; the risk of having an abnormality ac birch comparad
to those born to abstinent or moderace ﬁrinke:s. The frequency of congenical
abnérmalities in the offspring of heavy'drinkers'was extremely high, 32% when
ginar abnormalities wera included, 17% 1Z only major anomalies were coasidered.
Multiple abnormalities were present in 20% of the offspring ia heavy alcohol
users, ﬁajp:. minor ;hd aultiple abnorﬁal;cig; occurred significantly less
often among abstinent or moderate drinkers. Alcoholuse was noc the only

factor disctinguishing the group of mothers, Heavy drinkers ware alsc heavier
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smokars and mora likaly to have a historxugfip;av;ous_use,55 psychoactive
d:ugs._ Heavy drinkars ag a g£0up were older, and of higher paricy than che
other groups. It i{s unlikely that these factors eancirely explain the sizable
differesnces in pregnancy outcome which ware observed. The evidence éuggescs
that heavy regular maternal use of eth;nal during pregnancy produces both

retarded development and a variety of congenital anomalies in che child.

Animal mcdéls, including chicks, rats and guinea pigs, hava been developed

for evaluacing echanol effects alone on offspring (Kronick, 1976), aud suppore
the view that echanol icself is the harmful agénc, and that its teratogenic
potential is common to severgl gpecies.

b. Smoking - Another factor influencing pregnancy ouc;ome, maceraal smoking
habits, should be addressed in efforts co tie e;vironmen:al exposuras of the
parents to the survival and integrity of the facus. Kline et al (L977a)
suggest thag the odds of spontanecus abortion among wemen who smoke ara 1.8
times those of donsmakers. This association remains scatistically significant

after maternal age, and number and outcome of previcus pregnancies are taken’

into account.

How smoking affects fetal survival is controversial. Saocking results t(a

.lowe:adhbir;h'ueighc (Rusﬁ'énd Kass, 1974; Meyer et al, 1976), which may be

uaralated to the increased frequency of spontanequs abortiom. Lowered birth
ueigﬁ: might come from impairaed maternal hucrifion or fetal anoxia, neicher of
which would produce an excess of chromosomal abnormalities ian the coaceptus.
Alternate explanations for an association between smoking and spontaneous

abartion have bezn proﬁdsed. Since spontanecus abortion serves as a means of

selectively terminating abnormal conceptions, and 95Z of abnormal pregnancies
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are believed to terminate this way, an assocdiation between an environmencal
factor and increaased spon:an;;us abortion should i&lways provokes suspicion
of a taratogenic phehoqenon (Scein 2t al., L975).

Frequency of karyotypic sbnormalities in spontaneously aborted products
of concepciod is yet to be licked to maternal smoking habits (Alberman at al.,
1976), although the problem is complicated by variation ia the proportion of
chromosomélly abnormal fatuses with increasing macernal age. Higher maternal
soclal class and a history of oral goncraceptive usa appeared to be assoclatad
with a higher proportion of chromasomally abnormal fatuses independent of '
waternal age. A slightly 19wer proportion of chromosomally abnormal fetuses
was reported ameng smokers compared Co nonsmokers, buf this effect disappearad
whep macernal age was takea into account be:au;e a large proporticn of smckers
were younger women. Since smoking increasss the risk of spontaneous aborcions
almost two—Zold, and the praportion of chromoscomally abnormal fetuses is close
to that expecged, the possibility parsiscs that onz mechaniszm by which smokigg
may lmpalr facal survival is by damage to chromosomas. An increase in the -
rate of chrdmcsomally abnornal concepticn§ would be masked in a praportionace
ratio analysis if there was also an increased loss of normal conceptions.

. Evidence for anregéa in congenital malformacions in children of smoking
mocthers ;; limiced and conflicting. In the course of Ffollowing the devalop-
ment of a cohort of births which had occurred in che first wegk of March,
1958, in England, Scotland and Wales, Fredrick et al. (1971) suggestad that
there was a 60% increased risk of congenital heart diseasa among children of
wQzmen uhg h;d smoked'At Leasc‘one.cigafe:Cg;pgc day afrer the fourth conth

of pregnancy (7.3 versusg 4.7 casas per 1000 live births). This effectc was

¢
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statistically significant afcer adjustment for maternal agé, pavity and

soclal class. Coamenzing én a study by.Richards {1969), which had failed

to decéq: any assoclation between maternal smoking habits and congenital

heart diseasa, Fredrick‘and colleagues noted the limiced power of the previous
study and suggested that a 1l.6-fold exéess tvisk of congenital heart disease in
offspring of swmokars would likely have gone undegec:ed as a rasulr of the sample
size of only 10Q cases of congenital heart disease. Richards (1969) 51&. how-
‘evaer, examine a variecy uE.congani:al defects of all syscems which had been _
registered in South Wales from 1964 to 1946 and could not associats matarnal
smoking habics with congenical malformactions in any sysctem, aftar accounting
for waternal age, parity, social class, area of residenﬁe and date of delivery.
Given the currant status aof our understanding, ié is essential that in the
search for exogenous causes of teratogenasis and abnormal pregnancy ourcomes,
the potential confounding impacts of maternal smoking, drinking,. and medica:ioq

incake be raken into account.

Drug Exposuyre - In utero exposure ta diethylstilbestrol (DES), wich che

subsequent development of vaginal adenocavcinoma, is tha prototype for trans-

placenral oncogenesis in humans. The (1971) interpretation by Herbst et ak.

of the causal rola pla;ed iglggggg exposura to DES followed hard upon the
;epcrt (Herbsh and Scully, 1970) of seven casas of a hithertoiore exceadingly
rare tumor preseating in individuals much youagar thaa usual. A ;arafuliy
exacutad casa-control study of eight cases of vaginal adanocarcinoma, each
matched wich four controls of the same age and sex, bgrd in the same hospital,

and on the same type of service, showed rhal tha mothers of seven of the eight

cancar cases reportad having been treatad during pregnancy with DES, wharaas
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none of the 32 control mo:heré had been ggﬂtgeaqég;__§qpsanuent regores
(Herbst et al., 1972; Herbsc 35_5;., 1975) served co confirm and extend
these observations. The syndrome appears to involve not ounly cases of
vaginal adenocarcinoma,.bu: a spectrum of abnormalicies of the vagina and
cervix. Only when exposure to DES occurred during the first four aonchs of
gescation ;ere neoplasms or abnormalities obserggd. The abnormalities ranged
fronm incquequen:ial ectropions in otherwise normal genitalia, teo gross dis-
tortions of the cervix or upper vagina fornices caused by ;ucinous epitheliuvm
subscituting for normal stracified squamous cells, a condition referred ta s‘s
vaginal adenosis. Ulfalder (1976) has suggested the use of the term "cervico-
vaginal epichelial dysgenesis’ co describe the spectruﬁ of abnormalicies. It
1s escimated thact the total aumber of females exposed to DES in utero {rom
1966 to 1970 is most likely between 10,000 to 16,000 and substantially undar
50,000 (Heinonen, 1973)2

. The DES vaginal adenosis-adanocarcinoma relatioaship is the oaly docu-.
meated example in humans of cancer in the offspring attributabla to parental
eaviroamental ;henical exposura. The :herépeucic agent was given in a high
dose, move than 10 grams commonly being giveq in che first half of pregnancy.
. DES, a Synghe:i: es:togen';halogue,_gas likely to have a direct effect on the
&evelopmen: of ths rarget tissue at a2 crucial point in embryogenasis. Since
the tisk ;n the offspriag appears limiced to éxposures which occur during che
fizst four months of gestation, direct exposure of the fatus i; likely to be
essencial to cthe pacthogenic mechanism. The long 1§can: period becwean axposure
iﬁ ggggg.énd emerzance of clinicél sequelae in }dolescence probably refleccts

the imporcanca.of pubartal endogenous estrogens as promoting factors, and is
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. of the naed for an extended period of. abservation following- suspect
4 rer
" 8. This association, as important as it is, does not serve as a model
€xXpc i

fa.econcepcion parantal occupational exposuras and cancer in their off-
s;g. Teratogenic effzcts of a muleiplicicy of drugs is now documented or
spected and these will not be discussed here further except to reiterate
.he need to remove the potenczially confounding effects of such agents in
1nuesciga£ion of other possible causes of impaired fetal developaent.
d. Radiacion ~ If preconcepcion radiation exposure iacreases cancer risk in
the offspring, it would heighten concern over other agents which produce
chromosomal damage. Chromosomal aberrations attributed to vinyl chloride and
benzene exposure, for example, are reminiscenc.of those induced by radiacion.
That human populacions'haavily exposed to radiacion davalop chromesone
aberracions has been clasarly shown in the Japanese studies conducced by the

¢ al., 1966; Bloom ec al., 1967).

——

Acomic Bomb Casualey Commission (8leoom
Esctimates of doses sustained by atomic bomb survivors considered to have been
heavily exposad co radiacioq are in the vange of 204 to 99L rad of mixed gamma
and neutron radiatien. Centrals, all of whom were more than three kilometars

from hypocencers 2t the tima of che bombtngs; were escinated to have had less

>
-

‘than one rad expusura. Controls were matched to cases by sax and by age within
five years. Studies of chromosome aberrations were performed some 20 years
after the exposura.

Heavily exposed survivors who had been under 30 years old ac che zime
of the bombings had an excess of complex chromosomal abnormalicies (rings,
dicencrics, fragmencs and traaslocations). St%ble aberratioas, including
chromacid breags and gaps, and isochrgmacid breaks and gaps, occurrad with

equal frequency In both exposura zroups.
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Results of analogous invesciza:iog§“y§4qgggggg_in‘ypdividuals vho had
been aver 10 at the time of Ehe bombings differed from the results ia the
younger group in two ways. First, the overall frequencies of chromosone
aberrations were higher than in the younger age groups. This was grie wichin
the heavily exposad and within the con;rol survivor groups., The second differ-
ence was in the pattern of excess chromasomal a@erracions. In the older,
heavily e&posed group, most of this excess was °1e& to stabla aberracions, rather
than che camplex types which predominataed amov aose hea;ily exposed at a
younger age.

It is interescting Ehat among 38 persons exposad in utero whosa aothars
received more than 100 rads, 39% had complax chromosoma zberratio;s compared
to 4% of controls. All but four of the heavil} e;posed had been in cha sacond
or Ehird trizester of gestation at the time of the bozbing (Bloom ec al, 1968).
Cancers and laukeamia d£§ not oceur in 2xcess during the first decade of life
among- 1292 children with prenatcal exposure during cthe atomic bombings (Jabloﬁ
and Xata, 1970). No abnormalicy in the sex ratie of qffspring of the group-
exposad ia géggg was cbserved, regardlass 65 che sex of the exposed parant or
the crimester of gegtacion during which the exposure occurred (Jablon and Kato,
1971; $Schull ec al., 1966)7
| While genetic consequences of frradiation of survivors of the atomic
bombings might be expected to produce some lecthal mucacioas in their offspring,
thigs effectc has bean difficulr to demonstrate. Cohort studies'of offspring of
sgrvivors classified by radiacion exposure lavel éid not show excess mor;alicy
in the cﬁildren of che high expasqre group. leither vere excess congenital

malforaations, .incraased infant morcalicy, nor impaired survival during che

firgc gcen years of life detected regavdless of parencal exﬁosure lavel or sex
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of exposed parent. Thus, although aﬁima;_ekpetigg;g_strp&gly suggasts thac
such effaects should be manif;sc it human offspring of individuals exposed
to ionizing‘irradiaéicq, studies of Japanese atomic bomb survivers have naot
degonstrated a measurable affacc (Kato et al., 1968).

No substantial increase in leukemia risk has been detectad among off-
spring of survivors (Hoshino et al., 1967). Analysas having a 90% chance of

de:accingia four-fold incresase in risk of leukemfa among Fhildren of Eeavily
exposad survivors wers negative. Neither did age-at-onsat of observed

leukenia casas or type of leukemia in offspriﬁg differ ?y level of parental
radiation exposure. Despite the documented persistacce of chromosaomal abber-
ations ia the somatic cells of adults axposed to :he.atcmic bomb, no measurable
imgacc in morcality, malformacion or 1eukemialhas been datscted in the follow-
ing geanaration.

In addition to radiacion exposures related to the acomic bombinags,
diagnostic and therapeutic medical radiation of the parents have been Lnvesti-
gated co asséss risks to the offspring. In a dacailed case~concrol study of
the relacioﬂships between radiation exposﬁre and childhood leukemla which
involved 319 childhood lasukemia patieants and 884 randomly seleccad child con-
':rols; an excass risk of Taukemia in offspring was tied ro maternal history
of preconception radiacion. The magnitude of laukemia risk assoclated with
pre;icus radiacion was estimated, after‘adjustman: for mace:ngl age and preg-
nancy history, to be 1.73 times that of mothers wpo had not bee x-rayed. 0Oddly,
only the second and lacver pragnancies were ac increased risk; the first was

apparently noc. Despite the suggescion’of_g}gaCer visk Iia women with higher

K-ray exposure, no clear-cut dose-responsa gradiant was demonscrated.

-
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The relative risik of leukemia in tha child associated with precon-

ceptidn diagnostic radiation to the father (1.31) waa not statistically

different from unity. When both mother and father had histories of pre-

céncepticn diagnoscic x~rays, the order of magnitude of the relacive risk,
'1.49, was about the same as that for éhildren whose mothars alens had vaceived
radiation (Graham, et al., 19635). )

Exbosure to medical radiation has been widespread.® By the early 1960's,
approximacely 35% of a group of mothers of healthy children reported having:
received diagnoscic radiacion prior to conceiving. Stimilarly, about 22% of
fathers of the same children rapartad having had som& sorc of diagnostic
radiation at some time prior to the child's concepecion (Graham, 2c z1., 1966).

'Self-reporting considerably undarastimatad the extent of x-ray exposures.

When histories of x—-ray exposure in 200 subjecis ware verified, it was es:g-
maced thac 79.6%Z of the total diagnoscic x-~ray films documenced in physicians'
and d;n:iscs'_racords and 66.35% of those in hospital racor&s kad not bean men-
tioned in ingerviews specifically designad te alicic éuch’exposures (C:aham'
et al., 1963). The tendency to substantially underreport x-ray exposure
poincs up che difficulcy of excluding differencas in prior radiacfon exp;sura
as a basis'fér observed differences in chromosomal aberracions. Nelchervis

it reasonable to aucomatically presume thac medical radiacion exposures have

been aqually present in the study and comparison groups, aspecially 1if thesa

groups have not baen macched by age or calendar period of observation.
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VIII. Occupational exposures and pregnaacy cucéome

— —— v e #am u T wwe® iy =

a. Vipxl}Chloride - Chromosemal abaormalities may occur more ofren than

expected in parsons éx:qsed to> vinyl chloride, aspacially followiang iatense
exposures of long duration. The impore of such abnormalities for reproductive
function remains {ll-deiined.

The first feporcs of chromoscmal aberraciFns in vinyl chloridg workers
from Swedgﬁ in 1975 (Funes-Cravioto et al.) described abnormalities in cells
drawn from seven malas with occupational exposure histories of nine to 29
years (mean 16.6 years) ac vinyl chloride coacentracions which had declined'
to 20-30 p.p.m. by 1974, Calls from three non-axposed individual% working
in the same factory providad comparison values. Analfsis of chromosomal
abnqrmalicies wera zade from conventional lyupﬁocy:e cuitures, which were
raed withoutr knowledge of exposure group, The group exposed to viayl chloride
had aberratioas in a total of $.52% of all cells, compared ta 1.94% for cells
of the three céncrols. The frequency of chromatid and isochromacid breaks- .
accounted for most of the disparity. Considarable variacion was exhibited
in the exposéd workers,with cells considered abnormal ranging from 1.35% o
18%. There was no apparent relationship bectween duration of exposure to.

Iyinyl éhlo;ide and ths prdﬁorcion of cells vhich were abnormal. Age, radia-

cion equsuré ot other environmental factors were not evaluated, nor was it
clear on what basis individuals had been selected for study. Chromosomal
damage in huzans exposed to this widely used induscrial produet was nonethalass
a possigility.

IA New York S:éia, chrognsomal abertétiqns ware raportad in a group of

1l men who had worked in a polyvinyl chloride polymerizacion planc and who
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ware coded and read blindly. A highef proportica of cells from vinyl chloride ‘
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were believed to have axperienced int;nSe_iqEg;miqgggg_;xpésures to vinyl
chloride in concentracions of over 500 p.p.m., as well as chronic, buc
unquanciiated exposu:é for four to I8 years (mean, 15 ysars). Control samples
were drawn Evom four males in the same factary who were not known o have

vinyl chloride exposure, and from six mgles from cutside the facrory. The

mean age of cthe controls was 27 years, and that of the Subjegté, 40 years.
.Chromosome-écudies were read blindly. Stable aberrations qf the kind which
persisc in circulating lymphoeytes (moncsony, trisomy, delecioas, exchanges)_

were aot increase in frequenc; in the axposad éroup. although a swall increase

af borderline statistical significance in the number of chromatid and isachromatid
gaps and breaks was observed. Complex éhromasoma; abe?tacions (rings, dicentrics,
fragments) occurred significancly more frequentiy in cthe exposed group than

the gontrol, a result which was properly in;erpfaced with caution. The authors

pointed cut the absence of age-matched coacrels and the substancial age differ-~

ence between study group and cancrols. The frequency of chromssoce breaks and

gaps was unexpectadly higzh in both control and study groups (Ducatman ec al,’

1975). As with the Swedish report (Funes-Cravioto et al, 1975), no relation-

ship could be dafined between dose or duratign of axposure and frequency of

" chromogsomal. aberrations.

Invescigacors reporting from the Uniced Kingdom (Purchase ec al.,
19755 studied 56 aen with chronic exposuée to viayl chloride monomer in che
course of manufaccuring polyvinyl chloridz and compared chem wich 24 unexposed
individuals. Vinyl chloride exposura to the men 2mployad in irs manufacrure

could not be easily quéncicaced, Individual;Ayi:h axpasures co radiation,

recent viral infeccions, or prolonged drug treataent were axcluded. Samplas
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exposed workers had ch:ompsomal abet:at%gnsl_Ep;'ngiqriqf of which were
breakages, compared co the éomparison group. Uastable and sctable chromosomal
;berrations and bredks were all significantly more common in cells from
exposed workers.

Not all jnvestigators hava ide;cified such changes.  Picclano et al.
(1977) tested 209 exployees of one viayl chlori.de plant with occupational
exposure;'lascing from 1 cé 332 months (avarage 48.3 months). These were
comparad with 295 individuals undergoing preemployment physicals, aot sur-
prisingly a group considerably youager cthan the vinyl chloride workers. The
determination of chromosomal aberrations was apparently made with foreknowledge
of the axposure group from which the sampla was drawn. No differances ware
found between the exposed and unexposed samplés in frequency of all cypes of
chéomosomal aberrations or of any subsroug. ¥o relationship was established
betwean inteasity of v@nyl chloride exposure and degree of chromosomal damage.
The absence of blind evaluation fa this §cudy, as well as the inclusion in .
the exposad group of individuals whosa exposure was grobably quite low, makes
interprztacion difficult. This difficulty is compounded by che substantial
difference in mean age of study and control group membars.

' Infante, et al. (1376a, b) inquired whecher pregnancy cutcome in che
wives of men exposed to viayl chloride monomer (V.C.M.) might be less favor-
able than cthat experiesacad by wives of 2 poolad greup of palymerizarion and
polyvinyl chlovide fabrication workers (?.V.C.). One comparison group, cha
rubber workers, were not believed co have been axposed te vinyl chloride
monomer (V.C.M.), whéreas the P;V.C. workers had low V.C.M. exposure. Data
an pregnan;ies and pregnancy oucconmes in the.uives ware derived frea inter-
views and quescionnairés administered to male workers. Parcicipation races

‘for the groups quaried ranged from 627 to 77%. Fetal death was defined as
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any known cotcaption not boép alive ;nd fatal dethhfftes were adJus:ed by
paternal age. The term "fetal death rate' was not used ila the conventicnal
vical Qcaciscics seﬁse, but rather refarred to the percentaga of raporced
conceptions which did not result in a live birch. Maraernal age was.noc

known, but was assumed Lo correlate cicsely wich pa:ernai age. Analysis of
questionnaira responses suggestad thac, after beginning work wich vinyl
chloride-ﬁonomez, the number of fetal deaths per 100 coaczptions wé; ﬁigher

in che vinyl chloride exposed group than in the comparison group. No diffarence
was reported berween tha two groups for the péried prior to vinyl chloride
exposura., Adjustments incended to ramove women who were chronic abarcers from
the study reduced che differances to Ehe extent thac they were no longar
statistically significant. Whila the authors falt that these observaéicns

wera likely to reflect a real difference in pragnancy outcome not attributable
to either laterviewer or patienc recall bias, it is unfortunace thac the con-
clusions were based on such indirect sources of informaction and that there

was no possiSilicy of taking inco account the auleiplicity of maternal facctors
known to aféecc pragnancy outcome. Studies of pregnaacy buccome {(i.e., spon-
taneous abortion, late Eetal dea:h [scillbirch], low birthweight, neconatal
dea:h) in.other setcings have shown- the profound and subcle effects of coun-
Eounding variables such as race, soclo-ecconomic stacus, macernal age, birth
order. paricy, smoking and alcohol exposura during pregnancy, maternal infec-
tions, and previous pregnancy outcomes. These effects may readily be sufficient
to reverse the diraction of the relacionship becween a suspect aantecadant faccor
and the outcome of pé;gnancy {Daling and Eméquel, 1577). Moreaovar, the sgudy

-design precluded documenting in even the crudest manneg, the validicy of
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pregnancy historfes. Without such aéjug;mehcs_apﬁ.y;;idakion,'tha infarences
made -by Infance and colleagues cannot be sustained aad litcle light is shed
on the.possibilicy éf abnormal pregnancy outcoma. Futura efforts must validate
informacion on pragnancies and take iato accouat known confaunding éaccars
which can affece pregnancy ouzcome.
b. Benzene ~ 3enzene alsgs may causa chromosomal abertations'in heavily occupa-
tionally exposed individuals. In one investization 20 males working in a factory
in which benzene had been used as a solvent underwean: study for chromosomal
aberrations. The exposed zroup had one to 20 years of benzane exposurs and l4
waere known to have praviously been neucropenic. Control samples were drawn
from five non-exposad workars in che s;me factory and from 38 randomly selec-
ted malas 15 to 64 years of age. Chromosome analysis was performed biindly.
Chromosozal abnormalities wera raported in 2.3% of all cells from exposed
workers, comp§red to 1:0 to 1.4% for controls. Most of the excess was due to
chromosomal aberrations of the unscable types. In addition to the excess‘oE
abnormal cells in the exposed group, tﬁe nurber of unstable alceracions pef
abnormal cell was higher 1& the exposad gfoup thaa in ché controls (Tough and
Court Browm, 19635). -
In'a'separace invegciga:ion.‘ten workers in an Icalian vorcogravure
plant were scudied who had had sequential exposures, firsc to banzene and
later to toluena and xylene. These workars had beea subjected to concenczra-

tions of benzene ranging from 125 p.p.m. to 532 p.p.m. or higher. The maxizal

~allowable concencration at the time of exposure had been 25 p.p.m. Another

group of 24 workers had only toluene axposures excest for trice contaminacion
of coluene wirh xylena. These 34 workers were matched with healthy coatrols
of the sinmilar age and sax, who had been drawn from the general population and

who had no history of benzene ov radlation expasure (Fornl, Pacifico and '
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Limonta, 1971). Chromosome changes ina 1ymphccytés were analyzed blindly.
& significaacly higher prqpofcion of abnormal céils‘were found in the benzena
exposed’ individuals as compared to their matched controls. In the group with
toluene exposure cnly, ﬁo such excess was present., When the benzene and toluene
groups wave comparad to each other, an.excess of chromosome changes was presant
in the benzene group. Most of the excess abnormalities were actributable to
unstable ;hromosomal alterations. l

These studies and others (Foral 2zt al., 1971) suppc}c the impression
that exposura to penzene. particularly expaosuras intease enough co resulc in
acute toxicicy, can be followed by a measurable excess of chromosomal abarra-
tions which may persist for years. LIf similar 2ffects occur in germ cells of
exposed individuals, the consequances in fatzl wascage, congenital anomalies
and.even neoplasms might be manifast {n their progeny. To dace no excess of

such abnormalicies has been reported in offspring of benzene axposed individuals.

c. Anesthetic Cases - Occupational exposures of famale operating room persodnel

to waste anesthecic gases have been held responsible for decreased fertilicy,
increased rate of spontansous aborction, low birch weiéh: and possibly impaired
development in the offspring. aAn excess of spontanecus aborcions in wives of
men uxﬁ03e9 to aneschetic ‘gasas has been suggested but not confirmed.

Among operating room nurses, 29.7% of pragnancies Cterminaced with spon-
ranéous abotcion; compared to 8.3% among control aursas and a similar excess
of spontaneaus aborcions was observad for famala physician aneéthesiologis:s

compared to famale physiclans in ocher specialcies (Cohen et al., 1971). Spon-

taneous aperetions occurred two weeks earlier on the average among tne coperating

room groups thaa among concrols, at an average of eighc rather chan ten weeks

.
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of gestation. Anather survay sugges@ed_&&gé'qu_ggaa;e pﬁrse—anes:he:iscs
who h§d wofked during pregna;cy, the frequency of birth defacts in the ofi-
spring was 16.4% comba;ed to 5.7% for pregnancies in which the mocher had

not worked (Corbect et al., 1974). & variety of blrch defeccs occurred. Ten
mothers had defects in offspring of E;O or more pregnanciles during which they
had worked. In the same study, three necplasms occurred in two of the 434
children ?hosa machers had practiced during pregnancy. Oqe child h;d ﬁ neuro-
blastoma at birth and developed a second primary, a thyvold malignancy, ac
puberty. A parotid tumor developed at age 22‘yea:s in another child. Among
2581 pregnancizs in which the mother had not worked, there was one case of
acuce leuksmia ocecurring in a child threa years of age.

Studies from Finland and the United Kinédom also suggest a delecarious
ef{fect on pregnancy outcome from maternal exposﬁre to operating room environ-
mencs. An increase {n fraquency of early spontaneous abortions, as well as
low birth ueigSc, has been reported for Finnish female operating room staff
(Rosanberg and Kirves, 1975). Among female pnysicians in Englaand and Wales,
cchgeniﬁgl défeccs, Low birch weight and higher stillbirth ratas, but not
higher spontaneous abortion rates were reported from pregnancies of women

holding anaschesiology apﬁdin:mencs.ccmpared to other women deoctors (Pharoah

t al., 1977). .

The effects of paternal exposure to anés:hecic gasas are nuch more in
doubt. Congenital znomalies wera reported to be ipc:aased hy 257% in the ofi-~
spring of male anesthesiologiscs compared to ofispring of male members of cthe
American Academy of Pédia:ricst H§ di!fhreqc?,uas reported for spoataneous
abortion rates among wives of male operacing room parsonnel compared to coan-

trols (Ad Hoc Commitcae ASA, 1974). Quescionnaires completed %¢ 35113 narried
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male physicians in the Unicad Xingdom suggested an_increase ia minor but
not major congenital anomalies, and no difference in frequency of infercilicy,
spontaneous abortion of cancer in the offspring of male énes:hesiologiscs

compared to contrel physicians (Knill-Jores et al., 1975).

rd

AP00012649



-32-

IX. Cancer in che offsnring of hvdrocarbon sxposad fathars

« Two studies offer conflicting evidence with respect to the risk of
can:arvin children o% men whose work might lead them to be exposed to
pecroleun derivaed hydrocarbaons.

Fabia and Thuy (1974) raviawed death certificates of children dying

in Quebze during 1365 to 1970, in ovder to identify children %ho had died from
malignant-disease while under five years of age. For 336 of 502 such children,
birch certificaces were found in the Quebec population ragisrtsr. A conctrol.
group of 772 patients was selected using the birch registration racord praced-
ing and following rhat of each case in the official files. This'effectively
matched faor seasonm, calendar period, and'provigce of birch. Occupacion of
the father at the time of birch was takea from the birth certificate. An
induscrial hygienisc indapendencly grouped the birth cercificatas into three
lavels of probgble axposura to petroleum derived hydrocarbons. Occupatioa of
the father was unknown for 30 casas and 56 controls. The discrisucion of éc upa-
tion of the facher ac birch &iffe:ed fcf cases and conerols. Most of chis éiffer-
ence was the result of an e#cess among case§ of OCCupacion§ considered to be
hydrocarbon-related.. The relative odds of cdncer in che childrea of men.hoLding
hydroca:bon—felated jobs éE the time of the child's birch were 3.1, an increasga
which was unlikely to have occurrad by chance. Most of the excess of axposed
occupations was accounted for by aocor-vehicle mecitanics, machinists, miners
and paincafs. When siailar analyses were conducced by the type of cancer in
the child, che excess of hydrocarbon-relatad occupations prevailed for the
following grouplngs: .leukemia~1ymphoma,'nc:vﬁus system malignancy, other

tumers. For four of five cases of Latterer-Siws disease _ Eathers ware

in cthe hydrocarbon~relatad work groups., No excess of expased fathars was
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prasent for children with'Wilms' tumor. The differences observed were not
acnrib?cabla‘to differences in parencal age or geographic residence at the
time of birch. The invascigation was b;sed on deaths in children undac Eive,
and it ts possibla that social class bias may have been introduced in that
fashion. If children of more affluen; parents wicth 8 childhood neoplasa are
more like;y to survive to over age five, and tharefore not be included in
the study group, compared to children of poorer parencs, this would lead to
a higher proportion of children with parents of lower socio-economic scatus
in the cancer death group and would bias the discribution of father's occupa-
tion. Moreaver, it was not possible to confirm that fathers in':he so-called
"exposed” group did, ian fact, have contact with hydrocarboa-derived chemicals.
While not ideal, the death certifiicate probably Ls a valid source of diagnos:tic
information Eor caacer deach§ in young children, The cancer diagunoses employed
in the analysis - "leukemias and lywphomas", '"nervous systea" and Yothars'" -
were'quice h;oad and included many histopachologic emrities. Occupacianal
association was not rastricted to specific enticles within the broader cac;gories.
Bacause the epidemiologic features of the various histopathologic typas of
leukenias, lymphomas, and nervous syscem tumors are distinctive, a specific
chemical éxp§sure or class of exposures, Lf assumed to be of causal siznificaace,
would more likely be linked with specific histopachologic as well as organ sys-
tem effects. Alchough aan analysis caking into account the matched pairs de-
sign would have been more elsgant, ics use would not have altered che substance
6E the cpaclusions.

A study with a similar design but diifé;anc findings was canductad in

Finland (dakulinen et al.,-1976). Children under 15 years. of aze who developed
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cancer ware identified from the Finnish Cancer Ragiscry, 1959-1968. Of

1409 cancer casas so identified, the final seriés"&oﬁgzé;ed bE 852 pairs
for whom birth rvecords which Included father's occupation were available.
Each ;ase had beea mé:ched with a z2hild whose birth dace immediacely precedad
:hat of the*case and who was born in éhe same maternicy welfare discrice,

This procedurs matched effectively by calendar period, seasoan and domicile at

the time of birth. Father's oceupation was drawn not from birth registration

records but from records of the free, nationwilide antenatal care system in

'operanion in Finland. Facher's occupation was classified by likelihood of

hydrocarbon exposure in a manner which was shown to be comparabla with the
study done in Quebec. No excess risk for hydrocarbon exposed fathers was

decectad for any class of neoplasms sither for children whosa cancers occurted

under five or under 15 years of age. The power of the scudy to decect a two-

fold risk ratio was not determinéd, but appeared co be insufficiegc for chil-
dren under five years of age.

This study &iffered in design from thact done in Quebec primarily in
the gource of information on father's ocecupation. For :hé Finnish scudy, chat

was drawn from antenatal records coapiled for the mosc part in the first gfri~

L
mestar of gestation. This$ may be a bectter index of exposure at the time of :z
conception than that recorded a; the time of birth ia the birch cerciifcate E;
icself. Although a large number of pairs were discarded because of unavaila- ]
bilicy af father's occupation, these came from a circumscribed calendar period,
and since ch2 matched pairs analysis was maintained throughout the analysis, ——
should in any case aot influeace the vasule. The Finnish study used incident 23;
cases and was éble‘to look ;5 age groups.up Lo five as well as up to 15 years -

at the tima of cancer-diagnosis. & further explanation for the discordant
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findings ic che cw; studies ;s possi£le_y§rifc;o§_}q_Eerm;noloay of occupa-
tional classifica:ioa. At present, the contradictory findings of the two
studie§ are not rea&ily reconcilad.,

' Because of tha inicial Canadian report (Fabia and Thuy, 19745 of an
increase in risk of cancer death in cﬁildren of fathers whose occupation
involves poteatial exposure to petroleum derived hydrocarbcns; a study was
undcr:akaﬁ in Harvis County, Texas to assess the relationship of parencal
occupatioca te childhood necplasms using a case-control approach. Daca col-~
lection in this sgudy is near completion bu:,'since data analysis is only
beglnaing, report of its conclusions is somne time_auay (Heath, 1578).

Cases consist of all cases of mﬁlignant_diseasa beaing followad in
the Research Hematology Clinic at Texas Children's Hospteal during 1375-76,
approximacely 350-400 casas, agas O-14 years, with half undaer f£ive years
old. Somewhat more than half of these pacients have leukemia and lymphonma
aad are residegts of Harris County in Texas. It is astimated thac chese |
cases repteset;t 80—§0% of ali such t:‘nildhogd. malignancias in cthat county.
Three-secs of concroi; are to be usﬁd. Clinic conérols are children
from the Research Hemarology Clinic «ha have-ceon-malignant disease. Clinte
concrois Qill not be 1ndiﬁ£dually matched to casesg, but group charactariscics
are being ascertained co insure comparabilicy. Interviews would be conducted
wi:h.concrols in the course of ragular clinic visits.

“"self-macched" to the case, with zhe

The second sat of controls are
pareants of che case chaoosing a family from their neighberhood and acquaincance
to act as cantrols. 6#:3 would be collaﬁtedvgzom this group by iatarcview as
well as by celephona and mailed quesciﬁﬁnaire. This unusual method was pro-

posed by Dacre and YWyschak in 1971.
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The final set of controls ara drawn from the case's familles...Martied
viblings closest to the pacieant’'s parents in age are to be selected so that
there would be ¢one maternal and one pa:érnal sibling. Family controls would
be interviewed at the same time as the parents of the case.

Cccupacional groupings by an industrial hygienist are being established
according to che 1970 U.S. census with duration of pareantal '"exposure’ 2sti-
nated and with account to be cakeﬂ of socic-economic class, The question-—

naire itself is designed to elicic demographic informacion about the Family,

as wall as a detailed job history from both of the cases' sareants and the

control parents. Family residence and school hiscorilas are also ¢ollecced.

It is premature to commeat extansively on this investigation ian the
absence of further informaticn about its progress and results. A number of
difficulties can be conjeccured in its conduct and design =-- parcicularly

in the use of unmatched clinic contcrols with non-malignant diszases and in

the "saelf-gelectad" concrol group. When Detre and Wyschak (1971) used seli-~

.selected coatrols, the independenc variables of interast ware razlatad to

menstrual history and were unlikely to be biasad by the fact that the contrel
wag selecce# by the case. The applicacion acrtempted in the Harris County scudy
is quita differeat and it is likely that for the self-selactad controls, and

also for the family controls, there is a tendancy f£dr control paraats to have

an occupacion similar to the casa's pareats. This would, however, tand co

minimize any associacion berween occupatiomal exposure to petroleum derived

hydrocarbons and childhood neoplasms.
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X. Surveillance of spontaneous abortlons as a sctracagy of eavironmental
monicoring s el eam s

As the pravious discussions hava sugzasted, the relaclonship batween
mutagenic, teratogenic and carcinogeuic effects in the offspring of persons
exposed to noxious enviroanmental agents is a complex oﬁe. Surveillance.of
spontaneous ;borgions may have a3 number of advantages as a means of ;rospec:ive
monivoring Eor such effects since‘deéec:ive conceptions are aborted selecrively.
As a resulg, studias of reratogenesis in spontanecus abortions may be consider-
ably more efficient than those conducted in newhorng, Bacausa the fraquency
of abnorm;licies is higher in spontanaous abor:iohs, the sample size needed
to demonstiate a change in risk is much smaller than for a parallal quary
addressed to chromosomal defacts or developmental abnormalicies recoghized at
birth. The magnicude of this diffarence can be dramacic. If chromosomal
defects diagnosable on the appearance of the newborn are considered alone,
the sample size required may be hundreds of times'chac of an investcigation
examining p:evaience of chromosomal anomaiies‘in early abortiomns. This is

{lluscrated in Table 1, adapted from Kline _5.55. (1877). In addirion to
sample size considerations, scudy of sponcaneously adorted conceptions oifers
a2 lead time of at leagt s}x months ovar scudies of live birchs. The abortion
specimen can be s:gdied wicth care and thoroughness, permitting detaction of
anomaliaes lethal :aAthe fetus wnich wauld not have been detacted as readily
in studies of live sirchs.

{Insert Tabla ! about hera]
The problem of powar and saaple size is only one of che issues which

beleaguers investigators of associations between exposures to pacents and

‘outcomes of pragnancy. Related facrors are the timing of the exposura, matarnal
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or paternal, im relation to conception and/or gestation, and the specific
measures of pragnancy outcome (Strobinc et al., 1978).

Paternal exposures may act in two ways -~ by concaminatfion of che
maternal eanvironment resulcing in secondary maternal exposures, or direccly
by affeccing paternal germ cells. Since spermatogenesis i3 a continuous
process, pacérnal exposures pre-conception, rather thaan cumulacive or delayed
effects, are those most likely to.have bean raspongible éor delaterious
effects. By focusing on early pregnancy wastages, particularly if the fraquency
of chromo'somal abnormalicies in the aborted product of conceptioans can be deter-
nined, che objecrives of study are better focused and achieved with reduced

sample size, and the confounding 2ffects of the maternal in utero environmental

factors are miniamized.

ot
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XI, Further studies

Based on the evidence summarized in the preceding discussion, risks
to the fecus which result from paternal exposure to hydrocarbons, if they
exist at all, are lik;ly to be small in magnitude. The conflicting scientific
evidence and the: social {mplicacions of an occupatiomal exposure which may
affect the fetus, however, urge further investigation.

"Ara the pragnancies of wouen employvees ;nd wives QE men uho;are occupa~
tionally exposaed to pe:;oleum—relaced hydracarbons likely to coma to a less
favorable: conclusion than thosez of unexposed petroleum industry employeas?”
This question can be addressed using the developing resource of the ongoling
study of mcrbidicy and morcality among pecroleum indusc:y employees. . In the '
families of the more than 33,300 mostly male =amployees whosa census data is
now recorded, thera will be some 2050 conceptions per year. The background
for this estimate is recorded in Table 2, which givas che age and sex braak-

down of parc of that scudy population, along with the corresponding age-specific

.birth rates for females in the correspcnding ags group. On che assumption

that the age of the workers' wives corrasponds closely to that of male uorke;s,
it can be estimated chat therewill be approximacaly 1375 live births in chis
group annually. Since 3% induced abortions take placa fov every 1000 live
births nation-wide, there would, in addition, be some 400 conceptions termina-
ted by induced aborticas in tha same year.. On the assumption that of all
conceptions, approximaceiy 15% will terminate 19 spontaneous abortion, the

total annual number of conceptions is estimated ac about 2050 (Kline et al.,

1977). About 30 per 1000 recognized conceptions are chromosomally abnormal,

and approximately 92% of all chromosenally abnormal concaptions ahort

— et —— b v em—— P - —— s
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spontaneocusly. Changes in rates of chromosomal ahnormality can be scudied

directly through examination of spontanecusly aborted products of conception

or indirectly cthrough the study of fraquency of spontansously occurring

abortions. The number of pregnancies vhich must be studied to detect a given
increase in the spontanecus abortion ;a:e was shown in Table 1. To degec: a
relative risk of spontaneous abartions of two (e« =0.0S5 /3-0.2). there would
have to be 146 pregnancies each in the “exposad" and "unexposed' group. To
generata this number of pregnancies in ane year (assuming Unitad Scates birth
rates) would raquire surveillance of a total population of about 6500 workers
given che age-sex discribucicn of employees in the MSKCC-API study.

Thesaq estimatas suggesc_;he suitabilicy of following the reproductive
experiance of a portion of the population in the MSKCC-API scudy. This could
be achiaved by monitoring 2 sample of male employees and thair wives as well
as all female employaes, under age 49 vears. Such surveillance would require
the tooperation of the employees under study, since only through voluncary

reporting would all conceptions be idencified and thaivr outcome detarmined.

It would be necessary toc document previous obstetricalhistory, past and present

smoking history and medical history, and spouse’s occupatrional history prior

to aad post conception. While area-wide surveys have provided informacion on

the expactad frequency of various pregnancy outcomes (Stein ef al., 1975;

1., 1976), a more apprcpri#:e comparison group of "unexposad' prag-

———

Creasy ec

nancias can be drawn from employees {and their wives) of the petroleum industry

who have lirtle or no petrolaum derived hydrocarbon exposure. Given cthe

parsonal nature of such inquiries, considerable attention would have to be

gilven ro daveloping approaches which would permitc the siudy to procaed succass-

fully. 7he advanzaga of such an appfoach i3 chat, if cactical prodlezs caa ta

L

Ce = 1

1

LR
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suroounted, it direczly addressass the question of pregnancy outsome as it

pertains to employees in the petroleum industry and the occupational

exposures which they experience,
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TASLE 1

Sample Siz2s o Detecr Lncraasad
Spontaneous Abgrtica Rares Soee

Number of exposed pregnanciag
required to reacn Indigcated power

Prevalencez .80 . .90
.20 984 . 1290 .
.25 ’ 289 373
.30 146 1856
.35 91 . Llé . ..
.40 64 ) 30 N
.45 : 48 60
.30 37 " 46
.55 30 37
.60 - 25 30

Number of exposad pregnancies neaded to detect an increasa
in spontaneocus aborcioans to Prevalencaz given Pravalence;

equal co 0.15 and &4 =0.05. The same number of pregnancies
is required in cthe unexposad group.

2
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TABLE 2

Preliminary Emploves Population in the MSKCC-4PL study
by Age and Sex™ >

Age=specific

birth rateg Ho. of birchs in one year by sax
Age Male Female per 1000%* and age group of emplovee paren:
Male Famala
- 19 - 6 5 55.5 0 ’ o]
20-24 13158 | 258 158.3 T 214 . 40
25-29 4202 543 141.7 5958 17
30-34 4441 404 70.3 312 28
35-39 2813 276 29.5 . 83 : . 8
4Q0=44 2136 201 7.3 16 1
45-49 2960 178 0.4 1 0]
50-54 4591 168
55-59 5196 173
60-64 . 3302 104
65 462 _Lo -
31,472 2320 . 1221 154
Total

birchs: 1375
¥ U,§. white, 1969-71.

**This is & porction of the MSKCC-API scudy of Mortality and Marbidicy
in Patroleum Induscry Zmployses which represents about half of che
final populacion.

ot
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