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PREFACE

In 1982-1983 the World Health Organization, Ceneva, convened several meetings on the
subject of "Occupational Hazards to Reprodustive Health” in view of the growing worldwide
concern in this area. fThese meetings included a planning comsultarion (2-4 June 1982) which
produced an outline of a review book that was to be prepared by several authors and published
by WHO. The first draft of that review was completed by early 1983, It was found howaver
that that dJdraft needed supplementary 4information on experlences from various countries
particularly in Fastern Furope. A working group was therefore organized in Thilisi (USSR}
from 25-29 April 1983 by the WHO Regional Office for Europe and the Office of OQccupational
Health at WHO headquarters.

Additional papers became available from the meeting in Thilisi, some of which added
important informatiom to the first draft review. However, some other papers overlapped in
part with the chapters of the review,

Individual editorial work of various chapters took place and, together with inevitable
administrative changes {n staff, a good deal of delay in publicatien was encountered. The
material that was originally intended for publication in 1983 required updating and several
books dealing with the same subjects from various angles became available.

In August 1986, WHD convened in Geneva a meeting of an editorial group that decided to
modify the original objectives of the publicatiom with a view to briefly review known and
suspected occupational health hazards to reproductive functions in female and male workers
employed in different occupations, This meeting (please see the list of participants) agreed
on three main objectives for the intended publication:

{a) a peneral review of selected epidemiological information on the subject;
(b) identification of areas requiring further research;

{¢) recormendations on identification and control of occupational health hazards to
reproductive functions, including the development of a register of reproductive
health cffects and their potential work-relatedness,

It should be emphasized that this review does not repeat much of the accounts glven on
experimental animal studies or the long lists of chemicals tested for reproductive effects in
animala, There ig a large number of references in these areas including volumes produced by
WHO, IARC and IPCS in recent years,

The Natienal Institute for Occuparional Safety and Health (NIOSH), Centres for Disease
Control, Atlanta, Georgia, USA, a WHO Collaborating Centre 1In Occupational Health, assisted
WHO in this work both scientifically and finaneially. A good deal of the credit goes to
NTOSH for the development of this repert,

M.A. BATAWI, MD,
Chief, O¢cupational Health
WHO, Geneva, 1987
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1. Introduction

One of the greatest changes that has accompanied industrialization is the increase in
the number of chemical, physiecal and biological agents to which workers are expeosed. There
i mounting congern that environmental exposure to an increasing number of chemicals, drugs,
and other toxle substamces may harm present or even future generations.

All countries must contend with environmental health hazards to wvarying degrees, The
moat highly developed nations gemerally have the resources needed to facilitate the study of
the environment using sophisticated equipment, highly trained personnel, and funds, Less
developed countries, on the other hand, are increasingly confronted by hazards posed by
industrialization but are often less able to provide the resources necessary to ldentify and
controel them,

Maintenance and promotion of male and female reproductive functions and prevention of
i11-health outcomes of occupational hazards are of prime importance iIn societies where family
planning preogrammes become a major issue to improve the gquality of 1ife. In relation to
this, family plapping practices will be fully accepted, if there 1s assurance that the
planned pregnancy will lead to healthy offspring, In addition to protection of the coming
generations, normal human reproductive functions are an essential part of human welfare.

The extent of reproductive health impairment from occupational and envirommental
exposures 1s unknown. Degpite an increasing number of substances which are mutagens,
teratogens, or carcinogens inm animals, few agents have bgen studied in man. Te date, efforts
at systematic evaluation of reproductive problems are few and focus on a narrow range of
reproductive impairments. Most existing surveillance programmes were initlated im the late
1960%'s in response to hirth defects associated with the use of thalidomide and monitor only a
single measure of reproductive impairment, the risk of birth defects.

The large number of agents in use and the lack of knowledge about their reproductive
effects 15 a universal concern, A coordinated multidisciplinary internatiomal efforr to
identify apents which impair reproduction will be facilitated by poeling resources and data
on exposed workers. Such an effort will enable problems to be studied which might otherwise
be difficult. The difficulties arise from the opportunities to study or learn about workers
exposure; the limited number of trained epidemiologists In this speeially new fileld, or
other limitations. Standardized protocols arising from international cooperation will more
efficiently use existingresources by preventing umnecessary duplication of effort, reducling
planning time, and providing common starting points for varicus studies,

This review deals with current knowledge about occuparional exposuregs which impair
reproduction. Its main part contains a descriptiom and an assessment of experimental and
cpidemiological studies, a review of present knowledge by outcome of exposure to genotasis
guhstances and suggested means of control, as well as a collation of dats which in the
long~run would enable the supply of scientific informatien. Some methodelogical aspects are
emphasized to assist further study designs and ensure accuracy of cbservation.

The field of “genotoxicology” is relatively new; at the same time the employment of
female workers is increasing in jobs that may potentially be hazardous te the offspring and
to women's hezlth, While research has tended to concentrate on the study of toxic effects of
industrial and agricultural chemicals, and, in many instances, svccesded In draving up the
relationship between levels of exposure and health effects in terms of general impalrment or
damage to varlous organ systems, it has not as yet been extended to explere such a
relationship with reproductive impairment of foetal damage and wmalformarion. There are
multifactorial cause-effect relationship of reproductive health problems (Fig. 1). Up to the
present time, it is not known whether a relatiomship exists between different levels of
exposure to genotoxic agents and corresponding reproductive effects. This is an aresa that
probably requires new methods of research that would enable the adaptation of existing
exposure limite for application in preventing also the occurrence of reproductive impairment.

This review deals with this matter in describing control measures. It also calls for
increased national and internatiomal action to acquire more information on this subject by
coordinating research effort, and in order to avoid the export of Industrial procegses
involving the use of potentially penotoxic material from ome country to anether.
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Timing of mutagenic, embryotoxic, teratogenic and carcinogenic

FIG. 1:

effects and their manifestations on reproductive health
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7. Human Reproduction
2.1 Structure and function

Both female and male gonads have a dual functiom: the production of germ cells
{gametogenesls) and the secretion of sex hormones (steroidogenesis). The testes secrete
androgens, principally testosterone, aleng with small amounts of estrogens. The o¢varies
secrete largoe amounts of estrogens and small amounts of androgens. The ovaries also sectgle
progesterone, which primes the endometrium in readiness for implantation of the fertilised
owum,

The gametogenic and secretory functions of the gonads are both dependent upon the
secretion of the anterior pituitary gonadotropins, follicle stimulating hormome (F3H) and
Iuteinizing hormonme (LH), Gonodal hormones feed back through the hypothalamus to modulate
ponadotropin secretiom. In males, gonadotropin secretion is episodic; in postpubertal
females, an orderly cyclicity is required for regular menstruation.

2.2 Male

(a) Testicuylar processes, There are two major compartments in the testis: the
seminfferous tubules and the interstitium., The seminifercus tubules contribute the sperm
which develop from spermatogonia; the Sertoli cells are the supportive somatic cells which
secrete a wide range of compounds essential to normal spermatogenaesis. The principle

function of the interstiti{um iz the production of androgens by the Leydig cells.

Spermatogenesis consists of two phases, Spermatocytogenesis involves cell replication
and mitotic (proliferative) and meiotic (reductive} divisions which yield millions of
spermatids, each with a haploid number of chromosomes. Spermatogenssis refers to the
development of spermatids intoe sperm which invelves structural changes and extensive
cytaplasmic and nuclear reorganization, (See Fig. 2)

The Sertoli cells form the blood—testes barrier whieh partitions the seminlferous
epitheiium into a bass]l compartment containing spermatogonia and early spermatocytes and an
adluminal compartment containing the more fully-developed spermatogenic cells. An ionic
gradient is maintained between the two tubular compartments and unique fluid environments
exlst. Nutrients, hormones and other compounds must pass either between or through Sertoll
cells in order to diffuce from one compartment to another. Sertoli cells secrete several
products including transferrin, plasminogen activators, andregen—binding protein (ABP),
"inhibin", and, in the fetus, Mullerian-inhibiting hormone (MIH}, and protease. The Sertoli
cells arc cssential to normal spermatogenesis.

The Leydig cells are the maln site of testesterone synthesis and are closely aggoclated
with the testicular blood vessels and the lymphatic space which faeilitates androgen
transport, LH stimulates resticular stercidegenesis. Androgens (the dominant sterolds
secreted by the testes) are essential to spermateogenesis, the growth and secretory activity
of accessory sex organs, somatic masculinization, male behaviour, and various metabolic
PrOCeRSRs.

(b} Post-testicular processes. The fluld produced in the seminiferous tubules moves
fnto a system of cpaces called the rete testes which are confluent with the efferent ducts
leading to the cpididymis. The concentration ¢f chemicals in the rete testes fluid relative
to unhound plasma concentration is used to estimate the permeability of the blood-testes
harrier for selected chemicals,

From the rete testes, testicular fluid first enters the efferent ducts and then the
epididymides. Here, the sperm are subjected to a changing chemicsl environment 4as they move
through the organ, The first two sections topether (proximal segment) are generally regarded
as heing involved with sperm maturation, while the terminal (distal) segment of the
epididymis functions as a sperm storage site.

The seminal plasma is the vehicle which conveys the e¢jaculated sperm from the male to
the female reproductive tract. The seminal plasma is produced by the secretory organs of the
male reproductive system which include the epididymides, the prostate, seminal vesicles, and
bulbo-urethral and urethral glands. Abnormal function of these organs 1is reflected in
altered characteristics of the seminal fluid. However, the contribution of the secretions
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Major stages of human reproductive
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from the prostate and seminal vesicles to fertility is not clear., Acid phosphatase and
citric acid are markers of prostatic secretion and fructose 1s an indicator of vesicular
escrorion. All the male accessory organs are androgen—dependent.

(e) FErection and ejaculation. The vas deferens transports sperm from the distal
portion of the epididymis to the urethra, Parasympathetic nerve stimulation causes penile
erectile tissues to fill with blood which establishes the erection. [Ejaculation 1= a
twompart spinal reflex that involves emission and ejaculation. Emission is the movement of

the semen into the urethra; ejaculatiom is the propulsion of the semen out of the urethra at
the time of orgasm.

The female mammalian reproductive system invelves a number of functionms critical to
successful reproduction. Responding to pituitary gonadotrophins, estrogens and progesterone
are synthezized hy the ovary. The increasing secretion of gonadotrophins (FSH) cause
maturation of one or more ovarian follicles and leads to ovulation from a surge in LH
production. Sperm, ejaculated in the vaginz, make their way through the cervix inte the
uterine «cavity, The sperm underge chemical changes in the female genital tract
{capacitation) which are necessary prerequisites for fertilization, The sperm then move Into
tha oviducts where fertilizarion takes place after which the fertilized ovum {conceptus)
returns to the uterus and implants inte the steroid-primed endemetrium, Following ovulation,
the corpus luteum continues to secrete progesterone for a finite period, If pregnancy is not
establizhed, the corpus luteum ceases to function leading to cessation of ovarian
steroldogenesis and the c¢ycle 1s re-initiated. Following i{implantation, the trophoblast
gecretes chronic gonadotrophin which maintains the corpus luteum and its sterold production,
Between the tenth to twelfth week of pregnancy the trophoblast (the placenta) takes over
gonadotrophin and steroid production until parturition and the corpus luteum regresses.

(a) Ovarian function. Qogenesis, in contrast to gpermatogenesis, 15 a totally
prenatal event in most mammals including the human, The development of female germ cells 1=
arrcsted at the primary oocyte (diplotene) stage. At puberty, under the influence of
gonadotrophina, the ovary produece estrogens and progesterone which establish the ovulatory
cycle. in responmge to these steroids, ar ovum contained in a follicle matures and is
released {(ovulation). Following ovulation, the ovum is picked up by the infundibulum of the
fallopian tube and ig transported toward the uterus.

Just prior to ovulation, the first mefetic divisien is completed. Ome of the daughter
cells, the secondary ococyte, receives most of the ecytoplasm, while the other, the first polar
body, fragments and disappears, The secondary oocyte immediately begins the second melotic

division, but this division stops at metaphasge and is not completed unless a sperm penetrates
i1t. At the time of aperm penetration of the ovum {fertilizaticn), the second polar body 1is

cast off and the fertilization process proceeds.

{b} Post-ovarian processes, The chemical composition and physical properties of
reproductive tract fluids, as well as the epithelial morphology of these organs, are
controlled by ovarian hormones.

Cyclical changes are observed in the endometrium. Upder the influence of estrogens from
the developing follicle, the endometrium increases rapidly in thickness. These endometrrial
changes are called proliferative, Afrer ovulation, the endometrium becomes slightly
edematous, and the secreting glands become tightly coiled and folded under the influence of
estrogen and progesterone,  These are the secretory {or progestational) changes. When the
corpus luteum regresses, hormonal support of the endometrium is withdrawn and the cyele is
reinitiated. The mucosa of the uterime cervix deoes not undergo cyellc desquamatrion, but
there are changes in the cervical mucus.

Fertilization takes place in the fallopian tubes where, in humans, Sperm arrive shartly
after coitus, One sperm penctrates the zona pellucida with the aid of lyscusomal enzymes from
the acrosome. The membranes of the ovum and the sperm head then fuse, and cell division
begins at once. With the first mitetic cleavage, the normal {dipleid) number of chromosomes
15 re-established and early embryonic development begins.
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The hlastocyst moves down the oviduct and into the uvterus. Once in contact with the
endometrium, the blastocyst is surrounded by an outer layer of syncytiotrophoblast, and by an
inner layer of individual cells {the cytotrophoblast). The syncytiotrophoblast invades the
endometrium and the balstocyst implants.

(c) Hypothalame—pituitary-gonadal axis. FSH and LH are glycoproteins synthesized and
released from basophilic cells of the pituitary gland. The hypothalamus gecretes specific
releasing or release-inhibiting factors into the hypophyseal-portal system which carries them
te the adenohypophysis where they act to stimulate or inhibit rhe release of anterior
pituitary hormones, Luteinizing hormone-releasing hormone {(LHRH) stimulates the release of
Fs# and LH, FSH production results {n follicular development. LH stinmulates
steroide=-genesis and csuses ovulation. Abnermal function of the gonads may be reflected in
incressed levels of either FSH and LH in serum because of the absence of the "negative
feedback” effect of steroid hormones.

3. Reproductive Dysfuncrion

3.1 Fertility Disorders in Males and Females

The overall incidence of Infertility varies from 5-20% of the married or cohabiting
population,

(a) Males

Disorders of spermatogenesis manifested by oligo~ or azo- zoospermia are the commonest
cause of human male I{nfertility. These account fovr up to 30% of infertile males. QOther
causes include varicocele (8-18%), post-infective obstructive azoosperwia (2-5%) and
immunelegical cavses (sperm~coated antibodies) in 5-8% of infertile males. However, in the
majority of cases, no demonstrable cause of male infertility can be identified.

{(b) TFemales

The commonest cause of female infertility is bilateral tubal obstruection which,
depending upon the community studied, can account for up to 30-40%7 of cases. Imvariably this
is the result of pelvic infection - postpartum or postabortion sepsis or sexually transmitted
disease, Disorders of the hypothalamo-pitultary-ovarian axis resulting in aumwenorrhoea or
irregular menstruation and anovulation or infrequent ovulation occur in 20-30% of infertile
females. Other caugses of female iInfertiliry include endometriosis (5-10%), pelvice
tuberculosis (1-3%), systemic causes (hypothyroidism, ete,) in 1-3%, As in the male,
freguently, no cause of female infertility can be found (15-40% of cases),

3.2 Complicarions of Pregnancy

These can be maternal or fetal in origin or, as in the case of vrhegus faetor
incompatibility, an interaction between the two,

(a) Spontanecus Abortion

This is defined as the spontaneous termination of a pregnancy before the 20th completed
week of gestation or when the fetus weighs less than 5300 grams. It is thought that up to 15%
of clinically manifested pregnancies end Iin spontaneous abortion and in about one quarter of
abortions occurring before the twelfth week of gestation, severe chromosomal abnormalities
can be detected in the aborted fetus (Fig. 3). As pregnancy progresses beyond the 12th week,
the incidence of abortion decreases and the number due to mechanical factors, such as an
fncompetent cervix, increase.

(b) Prematurity

Defined a5 a pregnancy terminating after the 20th completed week of gestation, resulting
in birth - dead or alive - of an infant weighing between 500 and 2300 grams, it should be
noted that this definition varies from country to country. It is estimated that prematurs
birth acecurs in 10-15% of pregnancies, It can be associated with maternal age, disease (e.g.
diabetes mellitus, hypertensive toxaemia of pregnancy, ete,), Interuterine fetal growth
retardation, multiple pregnancy and ceongenital abnermalities of the fetus,
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(c) Maternal Complications

The principal causes of matexmal antepartum death include haemorrhage and eclampsla from
toxaemia of pregnancy. Fregnancy may accentuate maternal disease such as disbetes, renal and
hypertensive heart disease. Intra— and postpartum maternal deaths ara principally due to
haemorrhage and sepsis, Maternal mortality rates vary greatly throughout the world,
depending to a large extent on the degree of development of medical care that is available to
the pregnant women. Rates in developed countries vary betweenn 8 and 15 per 100 000 births
and between 50 and 700 per 100 000 births in developlng countries,

3.3 Congenital Malformations

These may be manifest at birth o¢r shortly thereafter, e.g. congenital heart disease,
neural tube defects, limb reduction defects or only at puberty (e.g- amenorrhoea due to
congenitally absent uterus) or may appear as infertility (e.g. other genlital tract
malformations). Cross congenital malformations may be associated with chromogomal
abnormalities, Chromosomal abnormalities may not be evident until puberty or later {e.g.
Klinefelter syndrome in the male, Turner syndrome in the female). Some female patients with
abnormal chroemosomes may ovulate and menstruate and some chromogsomally abnormal males may
show evidence of spermatogenesis — albeit defective.

Congenital malformations which affect reproductive health arve not confined to the
gonodal and urogenitary systems and malformations of the central nervous gystem involving the
hypothalamo—pituitary region and the spinal nerves supplying the urogenital tract can result
in absent or delayed puberty and reproductive failure., Severe congenital abnormalities
including those of the genital tract, ocecur in approximately 1 to 10 jin 1000 births and
abnormalities in the sex chromosomes are found iIn approximarely 0,5-2.0%7 of patients
complaining of infertility.

4. Methods for Assessment of Reproductive Hazards

4,1 Experimental Methods

4.1.1  Experimental study decigng

The sssessment of the effects of occupatiomal factors on reproduction of animals is an
essential and necessary part of the experimental toxfcological studies aiming at hazard
evaluarion and elaboration of preventive measures. It is the major source of data used for
development of occupational contrels to protect workars and later generations from
undesirshle health effectys,

It 1g difficult to prove the role of occupational exposure to specific agents in the
development of reproductive malfunction without experimental investipatioms. Experiments
provide information on the major pathogenic factors, the spectrum of harmful effects on
animals, and the levels of exposure which are harmless.

The assessment of reproductive hazard should encompas all phases of the reproductive
cycles of mammals separately. In general, the following processes sghould be taken Into
account; cpermatogenesis and oogenesis, insemination, fertilization, implantation, prenstal
development {organogenesis, histogenesls, growth and beginning of functional maturation),
parturition, lactation and maternal caré, postnatal development {viability, postnatal growth,
functional waturation).

(a) Factors influencing the design of reproduction studies

Au in other toxicological studies a knowledge of the chemical struecture and the physical
and chemical properties of the substance is ipportant when designing a study. Based on the
chemical structure of the test compound and the toxie affects of chemically related
compounds, preliminary prediction of the nature and site of any toxic action may be possible.
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FIG, 3. Estimation of the prevalence of constitutional chromosomal
anomalies at various stages of human development
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a.l- The route of exposure of animals to the test agent should be in accordance with that
expected for man. Administration of the compound by the route to which man is likely to be
exposed e.g., inhalation and/otr skin absorption in the work enviromment provides z valuable
data set for establishing occupational hygienic standarde. Since the effects of a chemical
on reproduction of animals are systemic, occuring after absorption and distributien in the
body, another more convenient route, usually the oral route, may be chosen for some of these
studies,

a.2~ The species of animals selected for reproduction studies should hbe those «logsely
resvembling humans in sensitivity, toxicokinetics and biotransformation of the test chemical.
In general, it is practicakle to use animals rhat have = high fertility rate, short gestaticn
period and are essily kept in the laboratory in sufficient numbers, Most frequently mice,
rats, hamsters and rabbits are used (WHO, 1984; Sanotskij et al., 1986). The yolk=sac
placenta makes these animals more susceptible to smaller doses of foreign chemicals than
animals that depend solely on the choricallantoic placenta (Wilsen, 1975). When necessary
other species such as guinea pigs, ferrets, cats, dogs, pigs and primates are also used for
teratological studies (Tuchmann—Duplessis, 1977; Palludan, 1977; Gulamhusein and Beck, 1977}.

a.3— Selection of a dose or level of exposure for reproducticn studies is5 based on the
results of toxielty testing im animals and the predicted or actual human exposure
contitions, The relationship betweem the exposure level causing general toxiclty Iin adult
{males or female) animals and the minimal exposure level at which the effects on reproductien
are observed, should be determined. Three or more levels of exposure are recommended. The
Lhighest exposure level should produce minimum but measurable maternal or paternal general
toxicity. The lowest is not expected to induce general and reproductive effects. The other
levels are in between,.

4,1.,2 Teratogenicity studies

The studies are aimed at evaluation of the effects of the test agent administered to
females throughout pregnancy or certain periods during gestatiom, on the embryoe and fetal
growth and development, and postnatal development of the newborn. The main principles and
examples of prenatal toxicity studies are described in detail in a WHO publication (WHO 1984),

According to the elassical approach the administration of the test material is done once
dally during the period of organogenesis, or approximately from the time of implantation to
the time most organs are formed (Blacke, 1980). The exposure pattern ghould correspond to
the accepted one for the other types of inhalation toxicity 1in industrial texicology
(4—6 h daily).

Occasionally, when the need arises to assess chemicals rapidly cxereted from the body
the daily exposure should be extended up to 24 hours takling into account the short duration
of the individual satages of embricgenesis of small laboratery animals. Determination of
embryonal sensitivity to the factors under study seems to be of some practical interest

a) - during the entire pregmancy;

b)Y — during preimplantation phase;

¢) - during organogenesis (to detect the teratogenic effect):
d) - on particular days of pregnancy.

Data on the toxicokinetics and metabolism of the test agent in a given animal gpecies
are of great value for proper study design. the group size in a teratogenesis study should
range betwaen 15-20 for rodents and 10-12 for rabbits (WHO, 1984).

Careful timing of pregnancy by ohbservatiom of sperm In the vaginal smear in vats and
mice or copulation in rabbits {s necessary. The examinations of the treated animale for
signs of toxicity, maternal weight and food consumption are made.

Evaluation of general toxicity is impertant in order to determine the specificity on
embryo— snd portogenesis. Pregnant females ate usually killed 24 hours prior ro normal
partyritien, During autepsy liver, kidneys, pituitary, thyroeld, adrenals and ovaries are
removed and weighed. Corpora lutea are counted. The number of live fetuses, dead fetuses,
early apd late resorption sites in the uterus are recorded. Total implantations are
calculated as the sum of the npumber of fetuses and resorption sites in each female,
Preimplantation losses in each female are calculated by substracting the number of total
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implants from the number of corpora lutea, Placentae are weighed. Live fetuses are measured
for body weight, crown-vump length and carefully exswined for externally visible

abnormalities,

From one third to a half of live fetuses from each litter assigned for visceral
examination, The others are preservad in 95% ethanol for subsequent skeletal examination by
the method of Dawsoen (1926). Methods for fetal skeleron radiography have been published for
larger animals (Nothdurft and Sterz, 19773 Wilson, 1973). The exsmination of internal organ
pathology is usually done by the method desceribed by Wilson (1965)., Geveral modifications of
this technique have been published (Barrow and Taylor, 1%69; Sterz, 1977; bDyban et al.,
1870%. Tt i=s advisable to supplement the research with quantitative morphometric assessment
of the principal arterial trunks and the heart (examination of c¢ross and longitudinal
sections, wall thickness of the heart wventricles. Additional histochemical methods wmay be
applied, At least five fetuses from five females should be examined. In general, deviations
from the normal status may be assigned into the following main categories;

— Common variants;
— Minor skeletal or viscersal anomalies; and
— Major malformation.

According to Palmer (1971 & 1977) common variants are structural changes occurring In
more rthan 5% of the population., Minor anomalies are slight, relatively rare structural
changes not obviously detrimental such as a short tail in rats or a missing gallbladder in
rahbits, Major wmalformations, such a& exencephaly, anophthalmis, and s0 on, are
chargeterized by their lethal or severely detrimental nature and their irreversibility. The
transitions between these three categories are flexible, In order to overgome the
difficulties it is advisable to define in advance the c¢lassification of developmental
deviations (Lorke, 1977).

Another way to improve the comparabllity of different studies is to present, within
results, the percent of litters (fetuses) with precisely defined anomalies fustead of quoting
only the total percent of anomalies or malformed litters (fetuses).

4.1.3 Postnatal studies

The assessment of postnatal development of prenatally treated offspring has recently
received special attention. This is maialy due to the growing evidence that postnatal
observation may be a more sensitive method than classical testing for teratogenicity.

The postnatal development study is carried out for assessing the viability, physical aand
behavioural development of offspring from birth to sexual maturity, or even longer. The
extent of testing in postmatal studies should include different aspects of anatemic, physical
and behavioural development as well as mortality rate during the observation period. When
the animals under study reach sexual maturity, or even earlier, the same tests as those used
to assess systemic toxicity in adult animals may be employed., Indices of viability (per cent
of pups cast alive that survived to 4 days), lactation (percent of pups that were alive on
the 4th day and survived up to 21 days) and mortality (percent of pups cast alive thar did
uot survive to 60 days) serve as indices of general toxic responses. Physical development of
young animals can be assessed by measurements of body weight and timing of such features as
unfolding of the external ear, generalized hair growth, tooth eruption, eye opening, vaginal
opening and testicular descent; nevertheless the recording of these events is highly
subjective,

Testing strategy usuvally involves the use of a comprehensive behavicural screening
battery since the lack of performance alteration in simple tests does not mean absence of
differences in the tests involving more difficult tasks. Assessment of physical development
retardation and behavicural performance at every distinet stage of development 1I1s
recommended, Several reviews of wethods used in behavioural teratology have been published
(Spyker, 1975; Coyle et al., 1976; Kimmel, 1976; Rodier, 1978; Bornschein, 1980) but it
ghould be emphasized rhat no uniform consensus exists on what behavioural attributes should
be assessed nor how it is to be done. This, more than any single endpoint of embryotoxicity
needs refinement.
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Furthermore, there 1is a considerable amount of evidence that functienal and
neurobehavioural development disturbances have been induced in humans by prenatal chemical
exposure, Test using a challenge or extreme loads are also recommended in order to reveal
latent changes in the offspring (Sanotskij and Fomenke, 1987).

For proper balance of the risk-benefit realtionship for testing chemicals, it is of
vital importance to Include testing for effects on the development and subsequent expression
of immunity function.

When designing the postnatal study one should take into account that the fetus 1s more
susceptible to many carcinogens than adults of the same genetic background (Rice, 1973 and
1976), Crossly visible tumours may become evident at any time during subsequent postnatal
life, depending on the species, the organ system affected, and the effective dose of
carcinogen. Yowever, enhanced prenatal susceptibility is generally evident as a high
incidence of tumours at the end of the offspring lifespan (Rice, 1980).

4.1.4 Tests for reproduction

The alm of these studies 1z to assess: the effects of chemicals on gonadal funcrion of
both males and females, estrous ecyele, fertility, pregnancy and prematal and postanal
development of the offspring.

Studies on the toxic effects of chemicals on gonads are conducted using different
specles of sexually mature animals, usually rodents under single (usually using the male) and
chronic (using male and females) exposures to the test chemical, The test group should
include at least ten animals. The study of the gonadotoxic effects of chemicals involves a
set of morphological, functiomal and biochemical techniques hoth on the tests and on the
ovaries, The use of one technique only may yleld erroneous results, For technical details
of performance of the test the reader is suggested to consult (Samotski} 1986; Sanetekij and
Fomenko, 1987; Mandle, 1952).

Different methods of evaluating effects on the enzyme gystems that may be relevant to
the metabolic processes in the pgonadal tissue can be recommended. It is advisable to
determine sexual hormones {particularly in blood) to understand the mode of action of
chemicals on spermatogenesis,

Considering the studies of effects on ovaries, vagilnal smears are examined during two
cycles within each month, under sub—acute exposure - two cyeles with a 10-day interval. The
total lemgth of the estrous cycle is recorded as 1s the length of the individual stages and
the rythm of their alternaticen, Examinatien must start from the first day of exposure to the
chemical to detect early changes in the estrous cycle, which can further be detected only by
the end of the chronic experiment of even during the rehabllitation peried (Pachkova, 1979).

The gonadotropic function of the pituitary gland is a preliminary test in the evaluation
of the regulation of ovarian function.

4.1.5 Tests for genotoxicity

Since genotoxic agents may be important contributors of reproductive damage in humans,
either at the prezygotic phase acting through mutations induced 1in the germinal cells, or
postzygotically affecting the embryonal cells (Fig. 1), a shert description of the general
principles of application of short-term tests in prevention of reproductive hazards is glven
below.

Results of genotoxicity testing are assessed with three distinet types of hazards in
mind; the carcinogenfic activity of the agent, the possibility of somatic mutational damage In
the developing embryo, and the potential of germ cell effects and production of heritable
genetic changes. However, it has to be borne in mind that no unequivocal evidence 1is known
from chemically induced germinal mutations in humans, even though the risk of such mutations
iz theoretically existing. Experimental evidence from other wmammals have shown that
chemicalas ¢an praduce both chromesomal and gene mutations of the type that are asscclated
with human genetic diseases. There is little direct evidence to suggest that humans are any
less susceptible than other mammals to the effects of exposure to mutagenic chemicals,
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Alterations In the structure and Function of DNA are believed to play a crucial role in
the production of cancer by chemicals. Carcinogenesis is a wultistage process that may take
years to evolve and a number of different factors influence the progression from a normally
functioning cell to an invasive neoplastic tumour. The short-term tests for genotoxicity are
therefore also used for screening of potential carcinogenicity of chemicals.

A number of methodolegical deseriptions have appeared, giving guidelines for the proper
use of these tests and interpretation of the results (QECD, 1986; WHO, 1983). Takle 1 lists
the 15 tests standardized in the OECD puidelines. For the consideration of repreductive
hazards the germinal mutation tests, among them the dominant lethal assay, axe the wmost
relavant,

Much of the data used 1n the assessment of genotoxicity are generated from relatively
simple tests, often consisting of cultures of single cells, and it must be emphasized that
the behaviour of a particular chemical wmay be dramatically different in a complex whole
organism, In a simple bacterial mutation assay, the chemical may be metabolically
transformed by an auxillary microsomal enzyme system and the reactive molecule thus generated
ig readily aveilable to interact with the bacterial DNA to produce genetic changes. Im the
whole =nimal, however, the same chemical must be absorbed inte the body across a number of
chemical and physical barriers, and must be transported to the site where the appropriate
metabolizing enzymes are siruated, where it may be activated or detoxified, before it is in a
form that can interact with DNA, Even then, the DNA lesion {3 subject to protective devices,
such as DNA repair, before genetic changes are expressed, and these protective factors differ
between the bacterial system and animal cells., Thus, in animals, a range of physiclogical
and biochemical factors that are different from those in simple assays may influence the
ultimate fate of the chemical, either inhibiting or enhancing its potential toxicity.

Thus, the important factors ro be considered when interpreting the findings of
short—-term tests are: (a) the predictive value of the assays as demonstrated by their
correlatrion with known carcinogens and non-carcinogens; (b) the structure of the chemical in
relation to chemicals of known genotoxlclty; ¢) the known or probable metsbolilec route of the
chemical in the whole animal; and d) data from other toxiclty studles (WHO, 1985).

4,1,5,1 Fertility and general reproductive performance study

The aim of sgpecial fertiliry and reproductive performance studies Is rto assess: the
effects of long-term exposure to the test compound on ability te conceive fertility,
preguancy and prenatal and postanal development of offspring from blrth teo sexual maruration
{Mandle, 1952).

There is no common consensus on the duration of exposure in testing of occupational
agents in general reproductive performance studles, Considering the use of experimental data
for the recommendation of practlcal rules for work place situatioms, it is necessary to study
separately the potential reproductive effects of chemicals during the different periods of
the breeding cycle, i.e., precouception, gestation and lactation stages,

Although the wmultigeneration reproduction studies with exposure to the test compound
lasting for three generations are recommended by some regulatory agencies for safery
evaluation of food additives, pesticides and widely spread enviroonmental contamipants
(Colling, 1978), this procedure seems unnecessary for most occupational chemicals,

Occupational agents should be tested in a single generation study where both males and
females are treated with the test compound for some time prier to mating., The exposure
should be chronic, The study is usually performed on rodents. Each treatment group consists
of 40-50 females and 20-25 males. Before the onset of exposure and during treatment, vaginal
cmears are taken during 14 day periods, separated by 3-4 week rest periods, for evaluation of
the estrus cycles, Depending upon the design, the treated animals may be mated with treated
or untreated animals, Half of the pregnant animals in each group are sacrificed at term If
the assessment of embrvotoxic and teratogenic activities of the test chemical are required
(see 4&,1.2). The others are allowed to deliver and raise their offspring (see 4.1.3).
Treated adult animals are examined accovding to the rules of chronle texieitry testing.
Besides, the specific respomses In reproduction study such as fertility index (percemt of
mated females which have been inseminated), gestation index (percent of inseminated females
delivering live pups) are recorded. The offspring are tested for signs of toxicity according
to the postnatal study procedure, including evaluation of their reproductive capabiliry,
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After the pups have been wearned, the parents may be remated to produce one or more additiomal
litters. The standard dominant lethal test should be performed on treated males, Since the
males are treated over the entire sgpermatogenic c¢ycle, mating should lasr 2 weeks only
following the gessation of treatment {(Green, 1977).

4.1.6 Carclneogenicity bloasgsays

The identification of carcinogens primary tubes place through animal experimentation,
and the importance of animal bicassays is in the implementation of primary prevention of
cancer fn  humans. This iz part of reproductive health hazards especially concerning
childhood capcers associated with parental or transplacental exposures,

Against thig background & short methodological disucssion on the basic requirements for
the long-term animal assays for carcinogeniticy i=s given in the following,

The essence of long-term testing is to observe test animals, usvally rodents, for a
major portion of their lifespan for the development of neoplastic lesions after or during
exposure to various doses of a test substance by an appropriate route., Such an  assay
trequires careful planning and douementation of the experimental design, a high standard of
pathology, good animal care leading to good survival, and unbiassed staristical analysis,

A long-term carcinogenlcity study 1s a tlwe-consuming and costly undertaking, which
requires adequate physical facilities and qualified and experienced personnel of wvarious
disciplines, in order to obtain good quality dats on animal husbandry, pathology, and
processing. For meaningful biclogical and statistical evaluation results, 2 minimun number
of 50 males and 50 females animals in each test group and concurrent control group is
regquired. The main stages of long—term assays for carcinogenicity of chemicals include
degign, conduct, analysis and reporting, All these stages require experienced planning and
proper facilities for successful completion of the experiment,

Transplacental carcinogenesis has special relevance In considering experimentatien on
reproductive hazards, 1.,e. childhood cancers., Transplacental carcinogenesis 1s defined as
the appearance of neoplasia in the progeny of females exposed to chemicals during pregnancy.
About 60 chemicals have been reported to have shown transplacental carcinogenicity in
animals, Practically all organs of the developing fetus can be affected, but generally the
most gsensitive tissues for neoplastic responses are in the nervous system, kidney and lung,
Usually the last third of the gestational period is the mest sensitive; in the test designs
both single and multiple exposures should be followed as deseribed by WHO, IARC (1980).

Detailed recommendations for conduction carcinogencity bloassays are given in various
WHO and other publications {WHO, IARC, suppl. 2, 1980; WHO, 1978).

4.1.7 Extrapolationz from experimental studies to human risk

The extrapolation of animal data to human is the basis of safety evaluation of chemicals
and drugs prior to human exposure. More than 1000 c¢hemicals have been identified as
teratogens in laboratory animals, but less than 25 are kaown inm humans. However, when
estimating the relevance of animal experimentation in qualitative and quantitative risk
#ssessment, one needs to give special artention to rthe proper uses and limitations of results
of animal stupdies,

{3) Interspecies variation

A number of factors relate to the inability to predict accurately and to the imprecision
ln extrapolating from cone species to another and include genetic heterogeneity (affecting
absorption, metsbolism and excretion of a given chemical), and variability in diet, size,
developmental patterns, concurrent disease process, placental transfer, ete. .

Another difficulty arises from the gqualitative as well as quantitative differences that
exist ia the ontogeny of drug wmetabolizing enzymes of different species. For exsmple, human
fetuses have significant levels of mnixed-function oxidase acriviry, whereag the onser of
activity of this system in experimental animals dees not occur until parturition.
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(b) Exposure conditions

't is desirable to administer a chemical to experimental animals by the route expected
or known to correspond to that of human exposure (usually inhalatery or diet. The time and
duration of treatment should also be as close as possible to that typical for human
exposure, The response of animals may differ according to the exposure conditions depending
on the rate and extent of absorptionm and the kinetices and wmetabolism of the compound.
Speclal attention should be paid to the exposure parameters of chemicals with short half-ilife
in human body. The design of exposure conditions in industrial chemlcals testing preferably
mimics all the possible situations of real exposure: shert high concentratione and repeated
low-level exposure.

In designing the experimental studies, one should beav dn mind that not only the
severity of the effect is different at high and low dosage, but also the quality of the
effect. It means that in practice, it would not be sufficient to extrapolate from high te
low level of exposure, but, always to have a group expused to low concentration (Sanctski];
Fomenko, 1987},

{c) Conslderations in hazard evaluation

Considerations for the more precise assessment of risk may be summarized as follows.
These include the following questions: (1) Does the embryc or fetotoxltc response occur In
more than one gpecles? (11} Does the response occur at exposute substantially below
exposures procuding other toxicity? (1ii) Dees the data indicate a dose-regponse relation?
(iv) Has the test been done in the most appropriate animal mwodel for the class of chemical
evaluated and by an exposure route applicable in humans? (v) What are the threshold and
non~observable—effect levels of exposure for the animal model? (vi) What populatione are at
risk{exposed) and what characterizes the exposure?

Extrapolation of data can be more sucessful 1f there are necesgary data guch as its
metaholism and distributiom within the organism, biotransformaticn, both for people and
animals (Sanotskij et al,, 1986).

If the specles sensitivity fixed during preliminary experimeats toxicity differs by
three times, the probability of receiving adequate data for laboratory animals and people
decreases considerably. In this case, the post sensitive specles (kind) of animals should be
selected, Simultaneously coefficient of safety should be increased, clinical and
epidemiological research should be performed more rapidly (Santoskii et al,, 1986).

When reproductive toxlce effects are observed in animals exposed to a chemical, the
relevance to man should be ascessed by taking into consideration the circumstances under
which the effect occuts, the frequency of the anomalies, the exposure-effect relationship and
the number of species in which the effect 1s found. “No—effect” levels for the specles in
guestion should be measured if possible or deduced. Evidence about the bieclegical mechanisms
responsible for the development of reproductive abnormality should be sought.

The ratio between the minimum effective level for general toxicity and that £for
reproduction toxicity is used by Sanotskii (1986) to estimate the selectifity (specificicy)
of the effect and on these grbunds to conclude about the extent of hazard. This helps in
determining the coefficient of safety for the establishment of exposure limits in
occupational health.

An important objective in prenatal toxicity assessment ig the recognition of those
chemicals that pose a selective hazard to conception without adversely affecting the adult
{Palmer, 1971). This concept has been addressed theoretically and experimentally by
comparing adult toxic doses to those that have an Impact on embryenal development, Knmowledge
of the relation between develepmental and maternal toxicities in laboratory animals may
provide some reasoning for predicting risk to the unborn human. According to this concept,
marked differences between the exposure level that is toxic t¢ the adult and that Is
disruptive to development is a prime indicator that a substance iz a teratogenic hazard.

There {s sufficlent evidence at present mainly from studies on drugs that very seldom
the type of effect differs In man and experimental animals but more often the effective
exposure levels are different both in positive or negative direction (Wilson, 1975). A




WHO/OCH/87.2
page 21

critical assessment of all the above evidence, together with that of other aspects of the
toxic action of the chemical, by a group experlenced in appropriate disciplines is necessary
for the establichment of suitable preventive measures.

(d) Risk asgessment for selected occupational chemicals and job situations

Management of a potential hazard in the workplace must take into account the data base
in animals and humans as well as the nature of exposure in the workplace. Since there is a
threshold for teratogenegls, it iz eritcical that studies conducted 1in laboratories with
animals identify a no-ohserved-effect level, The adverge effects must be sufficiently
wall-documented to permit judgement of the seriousness of the potential consequences of
exposure to toxic amounts., Data must be available to document human exposure level in the
workplace. Then, knowing the expogsure level at which adverse effects are seen in animals,
and knowlng the exposure level in the workplace, a judgement can be made as to whether oxr not
the margin of safety between these two endpoints is adequate,

4.2 Epidemiclogical and ¢linical studies

Epidemiology, the study of disease determinants In man, has become & central If not
critical gpproach to stedying substances which are hazardeus to working men and women. The
interest In epidemiological studies is reflected by the Increase in the numher of published
reparts of occupational health hazards on reproductive funection In human populations,
Between 1950 and 1955, two such studies were published; twenty years later, between 1975 and
1980, rthe number increased to 117 (Dawson, 1926), This chapter contains a brief overview of
epldemiclogic methods as they relate to occupation and reproduction.

The importance of epidemiology in the study of werk-related reproductive impairment is 2
congsequence of several related factors. Most important is the relevance of the study of
disease causation under working conditions, The increasing use of epidemiologic studies also
stems from a growing concern for quality-of-life issues beyond immediate physical hazards and
the Increasing number of agents 1in the workplace which ate recognized sg c¢arcinogens,
teratogens, or mutagens, Finally, the growing number of women in the workforce has focused
attention on hazards to pregnent women, and their offspring, This comncern has progressed to
include factors that influence fertility as well as Impalred reproduction in men.

4.2.1 Types of studies

Epidemiologic studies seek to define the relationship between a presumed cause
{exposure) and an effect (diseage)., Srudies can be c¢lassified according to whether the
researcher assigns exposure, whether information on exposure and disease is available for
each person in the study, and whether the study measures past events or follows its subjects
inte the future, The following classification has been adapted from Monson (Nothdurfe, 1977).

1. Experimental
2. Non-experimental
A, Desecriptive (clinlcal or demographic)
B. Analytic
1. Cross-sectional
2. Longitudinal
a, cohort
1. retrospective
2. prospective
b. case—-comparlison (case-coatrol or case-referent).

Experimental studies are those in which a researcher decides which subjects are exposed,
then follows the groups of exposed and wunexposed subjects ro observe whether disease
develops. Knowingly exposing humans to agents which are suspected hazards, however, Is
nedther ethical nor practical. In addition, the complex mixture of exposures found in some
work environments may be impossible to duplicate in the laboratory.

Non—experimental studies can be divided into two groups depending on whether exposure
and disease informatlon are available for each individual.

{ne category of nonexperimental studies is the descriptive study which may be
represented by clinical or aggregate—type studies, Here, information is not available on
exposure and disease for each individual} rather, the exposure and disease iz known for
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groups of persons, or individuals may have Information on exposure or disease, but not beth.
A comtrol group may or may not be included, Descriptive studies frequently take the form of
a case raeport which describes observations of an observant c¢linician, These repovts alert
the scientific community to an unsual occurremce and may suggest a cause. Such Initial
reports often lead o more extensive case reports and analytiec studies,

A gecond type of descriptive study is a report which summarizes patterng of disease or
characterlstics of diseased persons. Although a control group is not specifically identified
when such studies arve initiated, information 1s generally collected om a range of individuala
or diseases, enabling comparigons between subgroups. Conclusions from comparing subgroups,
however, must be drawn cautiously, since many factors of which a reader has no knowledge can
influence the development of disease, This type of study based on aggregated data from vital
atatistics such as birth or death registries may document trends and charactistics of
individuals, enabling publiec health interventions to be accurately targeted or may indicate
populations requiring morve specific Investigation,

The second group of nonexperimental studies is analytic studies, These studles include
a control (comparison) group and information on disease and exposure status for each person
in the study. The comparison group must be similar to the exposed group In those factors
which determine disease susceptibility except for the exposure under investigation. This
condition can be accomplished either by selecting individuals for the control group who have
characteristics similar to those persons in the exposed group on a person-by-person basis
{matching}; by dincluding persons regardless of characteristics and using statistical
techniques such as stratifiecation or multivariate analysis after the study is completed to
control for possible confounding factora; or a combination of both matching in the design of
the study and controlling for specific characteristics in the analysis.

A crosg-gectional study is one type of analytic study. As the name suggests, a group of
persons 1s selected at a single point in time without regard to disease or exposure status.
Fach petson is then evaluated for exposure and disease at essentially the same time. The
main limitatjon of such work is that the vesearcher cannot determine whether exposure
preceded disease. An example of c¢ross—gectional information is that which 1s collected on
employment physical examinations.

Longitudinal studies are the second type of analytic study. These involve some time
interval between when exposure begins and disease status is determined. Longitudinal studies
are classiffed according to whether the researcher begins by selecting persons who are
exposed (and a comparison group of non—exposed persons) and determining at some future time
point whether disease io present, or by selecting diseased persons (and a comparieon group
free of disease) and looking back in time to ascertain the exposure status for both the
diseases and nondiseased individuals.

A cohort study {Involves selecting disease~free individuals who are exposed and a
comparison group of disease-free individuals who are not exposed snd followlng each person in
each group to some future time to determine whether disease has developed. The most common
type of cohort study is the retrospective cohort study. Here, the investigator identifies a
cohort of persons who have been exposed in the past and determines their disease status at
some later time. Studies of mortality are the wmost common example of such followup
studies, The rates of specific causes of death in the exposed group are compared with
caugse-specific mortality rates of the contrel group, A prospective cohort study is similar
in that a group of disease—free exposed individuals and a comparison group of disease—free
nonexposed persons are selected on the basis of present exposure status. The two groups of
employees are followed into’ the future to determine the rate at which disease develops.

Compared with other study designs, cohort studies have the advantage of being able to
determine rates of disease development (since the number of disease—free persons at risk and
the proportion of thaose who develop disease 1g known) and thus such studies can directly
estimate risk associmted with the exposure by comparing the disease rate in the exposed group
relative to that of the unexposed group (relative risk)., These studies algo minimize the
possibility of bias in determining exposure, since exposure status of Individuals is
determined before the investigator is aware of who develops disease. However, cohort studies
are extremely time consuming and expensive and are not ideal for raxe diseases, #ince very
large groups would need to be followed to yield even a few cases. Prospective cohort studies
have an addirional disadvantage in that persons may change habits (such as smoking or diet)
when they know they are being ohserved.
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Case-comparison (case~control or case-referent studies) studles begin by defining 2
group of individuals who are diseased (cases) along witrh a comparison group of neon-diseased
persons (controls)., The investigator then determines from historical data which persons were
exposed. Case-comparison studles are particularly useful if the disease being studied is
rare, sinca an adequate number of individuals with the rare condition is assured by selecting
these individvals for the study., Depending upon the population from which the cases are
selected, case—control studies can provide direct or reasonably accurate estimates of the
relative risk, Because case—comparicon gtudies are highly efficient and generally Iless
expensive relative to the cost of cohort studies, they are often used in initial
investigations of a suspected problem,

Case-comparison studies are sometimes "nested” within a cohort study. This appreach
refers to the practice of defining a cohort of exposed and unexposed persons and then
performing a case—comparison type analysis on the combined group, Such an approach yields
the szame direct risk estimates as a cohort analysis of the groups., A case—cowparison
analysis nested within a cohort is sometimes done because of inability to provide precise
exposure informatieon arcund the date of conception or the difficulty and cost involved in
obtaining precise exposure information for all members of the cohort,

4.2.2 Information on exposure and early bilological effects
raelated to exposure

Epidemioleogical studies on work-related reproductive health risks are designated to
assoclate health outcome with rhe occupatiomal informarion., The qualicy of this exposure
data may vary from netification of the type of industry or job category to very specific
individual exposure assessment such as measurements of biological monitoring. Cytogenetic
monitoring of exposed populations has a special relevance for the reproductive health hazards
In its ability to detect exposures to genotoxic agents.

Exposure can sometimes be determined from historical data such as employment records,
hospital charts, workplace monitoripmg, or individual questionnaires. For the purpoge of
epidamiological studies, 1t 1s important that workplace information be retalned for a long
period of time, It is also necessary to work out national practices which will allew the use
of such 1nformation by researchers. Frequently, the avallability and quantity of such
records will determine whether a study can bhe done restrospectively. Inadequate historical
records mean that new methods of estimating exposures will have to be iInstituted and/or that
a study must be done prospectively (take place in the future} to Insure an adequate measure
of exposure, An investigator must also consider whether an adequate number of individuals In
the study group have been sufficiently exposed for a disease to occur. Careful attention
must be pald to determining intensity of exposure at critical periods as the exposure data
have to coincide with the crirical period of embryonic/feral developments,

In a typlcal epidemiclogical study the power to detect a true increase in risk is
severely decreased when exposure status of individuals is misclassified (Copeland et al,,
1977; Gladen and Rogan, 1979). In fact, suech migclassification on exposure status may be a
common souvrce of the discrepancies observed In the published literature.

In nost cases, the principal seource of exposure information 1is enquiries of the women
studied or from their job supervisors or employers, Female workers frequently do not know
what they have heen exposed to, and may teport their exposures iIn a bilased manner.
Superviscers know the chemicals but may not know the exact work assigoments in the past.

Although exposures to single agents may be the subject of study, workers are generally
exposed to a variety of chemical, biological and physical agents both simultanecusly and
sequentically. The effect of these and pther more common nonoccupational exposures such as
alcohol, smoking and use of medications must be taken account in study design and analysis.

(2) Environmental and biolepical monitoring of workers' exposure

Health surveillance and exposure mnonitoring have long traditions din protection of
workers from iconizing radiatien, In chemical exposure, the development of both ambient air
monitoring and blological monitoring as part of occupational health practices, has been
rapid, Especially the development in analytical techniques has allowed the messurements of a
wide variety of chemicalgs In the work room air, and the methods avajilable for the analygis of
toxic compounds in the bioclogical samples have also been increasing, although such analysis
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are much more demanding than those of the amblent air monitoring., For optimal use of the
measurement results from these twe, It would be preferable that the measurement results be
kept in a readily available repister form. Due to varlous national appreoaches the registers
might be kept elther at the workplace, provincial or cemtral level, The records should also
include deseription of the measurement strategy, specimen collection and quality and
agsurance.

The use of terms biological monitoring or amblent alr or envirommental monitoring has
been inconsietant, Due to the recognized schematic problems, several attempts have been made
to gain concensus of the terminology involved. Widely accepted definitions published by
Zielhuis and Henderson (1986) state the following:

(1) Monitoring (in preventive health cave) is "a systemaric continwous or rapetitive
health-related activity, designed to lead 1f necessary to corrective action”.
Based upon this basic definirion, environmental and blological monitoring were
defined as follows:

- Ambient or (enviropmental monitoring/EM) 15 “the measurement and assessment of
agents at the workplace to evaluate ambient exposure and health righk compared
to an appropriate reference”.

- Blological wmonitoring (BM) is "the measurement and assessment of workplace
agents or their merabolites either 1in tissues, g#ecreta, excreta oOr any
combination of these to evaluate exposure and health risk compared to an
approprilate reference”,

(b) Biological effect monitoring/Population biomonitoring for genetic effects

Results from effect monitoring may be used as indicators of exposure indirectly and in
the sense that by determining deviation from the control group, they provide information for
purposes of epldemlological studies on reproductive hazards,

Genetic damage occurring in human somatic cells can be assayed at the molecular,
tunctional gene, or chromosomal levels. At the molecular level, DNA damage can be assessed
jin terms of adduct formation, strand breakage and repair, or base sequence alteratlons. At
present, the measurement of adduct formation requires either prior knowledge of the nature of
the adduct or limited population sizes, and is, therefore, not currently applicable as
routine assay for monitoring large populations. DNA strand breakage and repair are usually
transient phenomena initiated at the time of insult and completed shortly afterwards, making
them less than ideal for population monitoring purposes.

Recent research developments have made it feasible to use restriction enzyme mapping
techniques to analyse alterations in DNA base sequence. This approach is being used to
define gene structure and identify polymorphisms for linkage analysis. The same approach
eould equally well be used ro screen for mutational changes, but its application must avait
for the better availability of appropriate batteries of DNA probes (Mekler et al., 1985).

With current techniques, changes in gene function can be detected by the acquisition of
resistance to selective agents or by the alteration or loss of cellnlar constituents detected
by immunological methods, Although these lmmunological approaches hold considerable promise,
the available data are insufficient for application to routine monitoring., On the other
hand, methods for the detection of thioguanine-resistant peripheral blood T-lymphocytes have
been established and are being refinmed {Albertini er al., 1986).

At the chromosomal level, genetic damage is observed as alterations either in chromosome
number or in chromosome structure. Although numerical changes tepresent a significant
proportion of human heritable genetic diseases, thelr consequences in somatic celles are less
well characterized, Moreover, estimates of numerical changes in somatic cells ave heavily
influenced by technical artifacrs. Alrerations In chromosome structure are more accurately
assessed in somatic cells and are observed cytologically as chromosomal aberrations or sister
chromatid exchanges (S5CEs). These are currently the most readily-available and widely-used
end-points for evaluating somatic wutations in humans. Micronuclei, which can result from
structural or numerical chromosome aberrations, have also been used as indicater of
chromosome damage in human studies, However, this method, though showing potential for
monitoring genetic damage in human beings, has not yet been validated or used widely.
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Characterization of the different sources of exposure information

Advantages

Disadvantages

INDUSTRIAL HYGIENE DATA
General
Air sampling
Surface contamination
measures

Fersonal
Fersonal monitors

Quantifies environment
Provides magnitude of
eXposure

Not dependent on indi-
vidual participation

More accurate
Specific to each
individual

Independent of biclogic
abscrption, metabolism,
and excretion

Expengive
Individual cooperation
required

RECORD DATA

General

Company and walon work
history records

Fersonal
Surveillance registry
records

Reasonably accurate dates

Could be linked with
records of industrial
hygiene measures
Personal participation
and requirement

More accurate
Acute exposures will be
identified

Completeness varies

Nonspecific job titles

Unit assignments may not
reflect likelihood of
exposure

Data reductien costly and
time—-consuming

Requires individual
cooperation

Expensive

Depending on system,
considerable data
reduction may be needed

INDIVIDUAL WORK HISTORY
REPORTS
Self-completed

questicnnajre
Intarview

Detail of handling prac—
tices can be obtained

Changes in drugs handled,
protection used over
time can be determined

Time=consuming

Expensive

Requires individual
cooperation

Accuracy unknown

BIOLOGICAL MONITORING

DATA

Internal dose measures

Biclegically effective
dose measures

Early biologic effects

Quantifies dose

Specific to each
individual

More accurate

Often Incomplate

Invasive

Time—consuming

Often reflect only recent
eXposuras

Ingufficient data on sensi-
tivity, specificity, and
relationship with external
doge may hinder interpre-
tation

Reference: Stein and Hatch, 1986
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Table 3. Evaluations of methods available for assessing
human exposure (o carcinoegenic and mutagenic agents
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An evaluation for the methods avallable for agsessing human exposure to carcinogenic and
mutagenic agents was performed as a joint venture by Berlin et al., (1985 (Table 3), and
these considerations are largely valid also concerning the possibllity to detect exposures
associated with reproductive health hazards.

Concerning the potential for reproductive hazards, it should be noted that if a chemical
is shown to induce chromosomal damage in exposed populations, this indicates that the
chemical is able to induce damage to the human genetilc material. The significance of such
findings lies in the possibility that chromosomal abunormalities and other types of mutations,
such as polnt mutations, may occur net only in the somatie cells bur also in the germinal
cell line, However, no indisputable evidence of hetitable effects induced by chemicals in
man is available at present,

Future research should be directed to enhance the sensitivity of the cytogenetic assay
system, In the meantime, it 15 suggested that care be taken In the cholce of groups to be
considered for wmonitoring studies, with particular regard to the usefulness of the
information that might be obtained, and to the likelihood of being able to draw deflnitive
conelusions. Cytogenetic momitoring cam be an appropriate method for the detection of
genotoxic chemical exposure and for the identification of risk groups, It should be uged in
conjuctlion with other end-points and information om the genotoxicity of the exposing agents.

{e¢) Mutagenic activity in body fluids

Urine mutagenicity analyses are the most widely used, because many mutagenic agents oOr
their metabolites are exeretad, usually as cenjupares, in the urine. As the conjugates are,
with a few exceptions, biologically inactive, they have to be broken down enzymatrically, The
most commonly used deconjugating euzyme 1is b—glucuronidase, but a2lsc the 5-9 mix made of
induced tat liver contains a variety of deconjugating enzymes, In additien to the
mone-oxygenases needed for metabolic activation of the potential premutagens in urine,

Most of the data available on urine mutagenicity caused by exposure to chemicals derive
from experimental animals studies.

Both the conventional plate incorporation assay and the fluctuation test in liquid
medium have been applied to detect mnutagenicity dim urine. Since the amount of
mutagens/premutagens in the urine 1s usually very low in occupational exposures, it is
preferable to use concentration techniques for momitoring purposes.

The findings of trace amounts of toxic chemicals by conventional chemical analyses
pravide lagical evidence for the exclusion of lactating mothers from exposure to such
chemicals, Presently, howevet, it is not known to which extent the mutagenicity in breast
fluid 1s derived from exogencus exposures to chemicals, Furthermoxe, the possibility of
long—term accumulation of chemicals in the breast glandular tissue cannot be specified from
the findings. The applicability of the method to exposure monitering of women workers Is
thus as yet unclear.

The use of mutagenicity tests In analysing urine concentrates or other bedy fluids is
nonspecific with regard to the exposing agent. It is, however, specific with regard te the
genotoxic character of the health hazard., The unspecificity 1s not necessarily & weaknass;
in cases of exposures to complex chemical mixtures it may be an advantage. The monitoring of
mutagenic activity in urine of worker groups can be used In the identification of groups of
individuals with exposure to mutagens, In its present form, however, the method is wmore
suitable for qualitative rather than quantitative determinations of exposure teo mutageas.
Smoking habits should always be taken inte accownt as the confounder in the event of any
demonstration of mutagenic actlvity in the urine.
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3. Outcomes of Occupational Exposures

3.1 Altcred Fertility and Sexual Behaviour

3.1.1  Altered fertility

Few clinical studies have examined the role of envirommental or occupational factors in
inTertility and, until recently, the epidemiological study of the reproductive effects of
occupational hazards has focused on the outcomes of pregnancy. Thie emphasis 1s due, at
least in part, to methodological limitations in the evaluation of altered fertility, which is
difficult to ascertaln directly, Such studies, as have been conducted, have focused on
indirect measures which may correlate with altered fertilfity. These include retrospective
studies comparing Iive birth rates among exposed and non—exposed populations (which reflect
both the ability to comceive and embryonic deaths), measurement of bilolegical Indices guch as
semen sex hormone and gexual dysfunction.

Maternal or paternal exposure to a chemical or physical agent priox to coneception wmay
act upon either the male or female germ cells, so that fertilization of an ovum does mot take
place, or that abnormalities inm the zygote occur so that a spontaneons abortion, a stillbirth
ar a 14ive birth with congenital or developmental deficits may result, Maternal exposure
after implantation may directly affect the fetus elrher structurally or functionally and also
result in spontaneous abortion, a stillbirth or a live birth with congenital or developmental
deflcits,

Impairved fertility could be investigated in a given population by measuring:

(a) the infertility rate (i.e., the number of couples who fail to comeeive after one
vear of unprotected interceourse);

{(b) the time interval between the onset of unprotected intercourse and recognized
preognancy, ot

{c) the number of pregnancies over a couple's reproductive lifetime.

Fach of these indices presents some difficulties. The infertility rate provides enly a
crude index of impalred fertility, and presents problems of determining exposure in the year
of unprotected intercourse. It msy, however, be useful as a first approximation following,
tor example, reports of infertility among an occupational population. The investigation of
the occupational historles of infertile couples in comparison with those of fertile comtrols
(by cage~control gtudies) may also be useful but has yet to be applied in an vccupational
setting.

Time to conceive depends on the timing and frequency of Intercourse as well ag an
fmpaired ability to conceive, but is the most accurate index of impaired fertility. However,
recall of the onset of unprotected intercourse and time of conception makes this measure
unreliable for retrospective studies, and primarily suitable for prospective follow-up, This
index has not vet been used in an occupational reproductive study. Finally, the measurement
of the number of pregnancies over a coupple's reproductive liferime may be measured by
gquastionnalre and compared with historical controls; however, this method 1s complex and
expensive when applied to Ilarge groups of individuals and will be greatly affected by
contraceptive use and soclal factors,

When a suitable cohort has been identified, the number and dates of live births among
female employees or partners of male cmployees may be ascertained by questionnaire, The rate
of live births after exposure can be compared with:

(1) the 1live hirth rate before exposure;

(2) the live birth rate in a concurrent, non-exposed control group, or
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{3} the live birth rate in a reference population (historical contrels) for whom
statistics are already avalilable. In the United States, for example, the Nationmal
Center for ¥ealth Statisties (NCHS) collects data on age-, race— and parity-
specific live birth rates among the total population in each state and among women
between 15 and 44 years of age.

The first major and most important example to data of aun occcupational exposure causing
impaired fertility in males is that of dibromochloropropane (DBCP) (Whorton et al., 1977).
Inn the numerous studies of DBECP exposed populations which followed, a significant proportion
of the exposed male employees were found to be azoospermic or oligospermic., In these studies
the risk of azoospermiz and oligospermia was consistently associated with the duration and
timing of exposure to DBCP and was first identified by the observation of infertility among
the families of exposed employees.

Few studies of live birth rates in relation to specific occupational hazards have been
conducted. Wong et al, (1980}, for example examined the effects of male exposure to ethylene
dibromide on fertility. The total number of live bhirthgs among wives since the start of the
husband's employment were compared with US popuwlation birth rates corrected for matetrnal age,
race, parity and calendar year, Levine et al. (198l) suggested a method of comparing the
live birth rates of exposed ever-married female employesos or wives of exposed wale employees
with expected 1live birth rates derived from age~, parity-, race—, and female birth
cohort=-specific birth probabilities among the US population for women of childbearing age.
the ratio of observed to expected births is termed the standardized fertility ratie (SFR),
and is computed for the pre—exposure and post—exposure periods. A statistically significant
difference between the S5FR's for the pre- and post-exposutre periods is taken as evidence of a
putative occupational effect on fertility. This method of analysis hag also been applied to
the study of the fertility effects of male exposure to dibromachloropropane (DBCP) (Wong et
al,, 1980}, and toluene diamine and dinitrotoluene {(Hamill et al,, 1982),

The parameters of semen quality that have been used most frequently as indirect
meagurement of altered fertility in epidemiclogical studies are sperm concentration,
ejaculate volume, sperm morphology and motility. Sperm concentration refers to the number of
sperm per unit velume of ejaculate. Of the occupational exposure s¢ far studied for sperm
toxicity, DBCP iz unique in the severity of I1e effect. Initial findings of oligospermia and
azoospermia among 14 of 25 pesticide manufacturing workers by Whorton et al, (1%77) have
since been corroborated by a number of other workers in different populations (for example,
Patashnik et 21, (1979). After cessation of exposure, there is gradusl trecovery of
spermatogenic function among oligespermic men, but azoospermia appears to be irreversible
(Lantz et al. 1981), Studies on the effect of both acute and protracted radiation exposure
on sperm concentration have been summarized by Popescu and Laneranjan (1975) who alao report
sperm count suppression among workers with long-term, low level radiation exposure.
Significant decreases In sperm concentrations have also been reported among workers exposed
to kepone (Cannon, 1978), microwave radiation (Lancranmjsn, 19%75), lead, and carbon disulfide
(Lancranjan, 1972), Meyer (1981), however, found no effect of carbon disulfide and Fomenko
et al. (1982) of lead on sperm count among asymptomatic workers.

Decreases in sperm motility have been reported in men exposed to ionizlng radiation
(Popescu and Lancranian, 19753), microwave radiation (Lancranjan, et al., 1975) although these
reports are more variable than those of sperm counts with regard to methods of assessment.

Clinical studies of follicle stimulating hormone, luteinlzing hormone and testosterone
suggest that levels of these hormones may omly be significantly altered in cases of severe
oligospermia or azoogpermia (76, 77). Srudies of the effects of occupational exposures have
revealed no significant differences between exposed and non—expoged groups in case of lead
(Lancranjan, 1975a), carbaryl, glycerine manufacturing {Venable, 1980), butyl benzoic acid
{Whaxton, 1981}, epichlorhydrin (Milby, 1981), toluene diamine and dinitrotoluene (Hamill,
1982) with the exception of oligospermic and azoospermic DECP workers (Liphshultz, 1980),

There are no occupational epidemiological studies to date which have correlated semen
quality with the reproductive histories of workers except for that of DBECP. Whorton et =al,
(1979) examined the histery of fathering children in their semen study of carbaryl workers,
but did not perform a detailed fertility analysis. Studies of, for examples, the effects of
smoking (Evans, 1981) and DBCP (e.g. 57) on semen quality and of reproductive autcomes among
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wives of male smokers (Comstock, 1967) and DBCP workers (Kharrazi ct al., 1%980) may provide
clues as to mechanisms of the effect of paternal exposure on reproductive impalrment, but the
validation of semen quality sg an Indicator of fertility impairment awaits further study.

5.1.2 Altered sexual function

There 15 =sparse literature on investigations regarding sexual dysfunetlon and
occupational exposures, What informastion is available 4z often difffeult to evaluate
hocause of lack of objective methods of assessment. Altheugh evaluation of sexual functlons
is subjective, scaling of the degree and type of impairment should be used when examining
patients, The disorder shall not be associated with occupational activity unless other
causes are excluded by thorough history, investigation of patient's personality structure,
objrctive examination, determination of sexual constitution, ete. There are many confounders
such as persomality traits, prior sexual activity, domestic and soclal conditions or
psychogenic and other factors, and they are not always tsken into account or diacusgsed in
publications. The data on types and levels of exposures are alse frequently incomplete.

Impairment of sexual functiona, particularly inm male workers, has been frequently
mentioned as a symptom occurring iIn advanced cases of various occupational diseases,
particularly those affecting the central nervous system (such as polsoning by carbon
disulfide, mercury, manganese, lead, ete.), and wother vital organs or cauging general
astheniaz or debilitation. Also, psychological work-related factors such as overwork or
physical strain are considered as influencing cexual activity,

Unfortunately, this evidence is based almost exclusively on subjective data regigterad
at medical histery taking, without the use of a standsrdized diagnostic procedure. It has
not been validated whether the reported impairment of sexual function may be present also at
early stages of some occupational diseases, and whether they may interfere with the
repraductive function, i.e. the capacity of concelving children,

However, the methods of structural analysis of sexual disorders, used in modern sexology
enable complex analysis of male sexuality (Vasil'cenko, 1973) to be made. The functiomal or
anatomical sgize of the disorder can be localized (e.g. neural regulations, peychic
conditions, diseases of the uro-gemital orgams, etc¢.), and the pathogenic factors (including
occupational cxposures identified).

This approach was used when studying the effect of some chemicals on men {Sanotski],
1980). There were no differences In sexual functions of miners of antimony mines in
comparison te the contrel group. Among 27 workers exposed to winyl chloride (mean
concentration abour 30 mg/mﬂj, gexual dysfunction affecting mainly the ejaculatoty function
was revealed in 16 to 59% of exposed subjects, whereas only im 2 men out of 16 controls
(13%Z). There was also a relationship between the duration of exposure to vinyl chloride and
some indices of fmpalred sexual funcrion.

Similar results in vinyl ehloride exposure were reported alse by other authors (Velmen,
J978). Taking into acesunt semen changes in vinyl chloride exposed workers, It may be
presumed that sexual disturbances appear as an early sign of general 1ll-health caused by
vinyvl chloride.

Another source of preliminary information is the observation of clugters of workers with
similar exposure among patients of sexological clinics. Neskov (1971) reported that among
his out-patients with sexual dysfunction, he was able to identify 66 subjects having
histories of exposure Lo gagolinme containing tetraethyl lead. They complained of reduced
libido, impaired ability to achieve and maintain ersction, and premature ejaculation. As the
author could not identify any pesitive cause of these symptoms (accompanied frequently also
by changes of scmen volume and sperm concentration), he claimed them to be caused by gasoline
containing tetraethyl lead.

5,2 Menstrual disorders

Disorders of menstruation include changes in the lemgth of the menstrual cyele, quantitcy
and duration of menstrual flow, and painful menstruation. These may result from disorders of
the pathways between the hypothalamus, pituitary, the covaries and uterus. Menmstrual cycle
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disturbances may thus be useful indicators of disturbances in endocrine function which impair
fertiliry or the ability to maintaln pregnancy and which may be a consequance of exposure to
occupational agents,

Most studies of meunstrual problems are difficult to interpret because of lack of details
provided. Nearly all of these studies have failed to assess ovularien, and only rarely was
fertility assessment attempted, Spontaneous abortions and pregnancy complications have been
investigated in only a few studies. The menstrual disorders such as hyper—polymencrrhoea,
oligomenerrhoea, dysmenorrhoea and hypomenorrhoea, are usually not definmed in the papers
cited. Such subjective terms are likely to be used differently by different investigators.
Mogt studies vrely on self-reporting by participants which may present problems with
gubjective interpretation which may vary considerably between women and betwaen studies.

Another important ghortcoming in mest such studies is lack of consideration of previous
gynaecological history. In studies which compare workers in different areas of a plant, the
possibity exists of other exposures may affect menstrual function. Finally, interpretation
is limited by lack of information regarding the types, intensity and duration of eXposures or
duration of employment. In many studies, multiple exposures were recorded, so that a single
aetigological agent cannot be identified.

Beveral workers have rveported imcreages in menstrual tycle disorders agssociated with
exposure to organic solvents, Including benzene, toluene and xzylene, although in some cases
multiple exposure to a number of other chemical agents also occurred. Fifty per cent of 38
female shoe makers exposed to low levels /225 to 375 mg/mB) of toluene, and petrolum vapour
¢omplained of dysmenorrhoea compared with 19% of 16 controls (Matsushira et al,, 1973).
Michon (1965) reported an increase in prolouged and heavy bleeding among 500 woman, 20-40
years of age exposed to benzene, toluene and xylene ‘'within permissible limite’ in a shoe
factory compared with 100 controls from the same factory not so exposed. Muhametova and
Vozovaja (1972) studied 360 women, 20-40 years of age exposed to petroleum and chlorinated
hydrocarbons (dichleroethane and methylene chloride) in comparison with 616 unexposed workers
of similar age. Menstrual dJisorders, gynaecological disorders, fertility and pregnancy
outcomes were examined. Hyper—polymenorrhoea and undefined acyclical disturbances,
inflammation of the reproductive tract and other gynaecological disorders occurred more
frequently in exposed workers and also correlated with duration of exposure. Spontaneous
abortion and childbirth complication rates wers all higher in the exposed group tham in
controls gnd were higher since the atart of employment, Infertility (undefined) apparently
did not differ between groups. These data suggest that both menstruzl function and
subsequent pregnancy cutcome may be affected by such exposures or working conditions although
the methodological limitations of this study preculde firm conclusions. An increase in
menstrual disovders, mainly consisting of poly-hypermenorrhoes, and irregular cycles (not
defined) was found among women working im a factory producing electrical insulating materials
and exposed to varnishes containing up to 70% toluene, compared with office controls
(Syrovadke, 1977). The number of pregnancies, pregnancy outcome and child birth
complications were also reported; uo apparent affect on fertility or other outcomes were
observed excepr for lower birthweights among exposed employees. As in the previous study,
there is a lack of consideration of confounding factors,

In a study of women aged 20-39 years working in the rubber industry and exposed to a
number of sclvents, Including benzene and petroleum, and also heat and noise and physical
strain (Beskrovnaja, 1979), a significantly higher proportion of women were reported te have
menstrual disorders, including amenorrhoea, hypomenorrhoea and menorrhagia and inflammatory
digsorders, when compared with workers in an electronics factory as controls, Further,
colpo=cytological examinations conducted among 20-30 year old workers revealed ovarian
dysfunction among 24%7 of subjects and anovulation among 5% of subjects, according to the
authors, who also state that the rate of inflammatory disorders, menstrual disorders and
spontaneous abortions decreased sipgnificantly after improvements in working conditions.

Other studies 1in which chemcial agents or occupations have been reported to be
associated with an increase in menstrual disorders imclude a survey of polishers, joiners,
drillers and assemblers in & motorcycle manufaecturers, jin which menstrual disorders including
hypermenorrhoea and algomenorrhoes are reported (Ticepkov and Sobaleva, 1982), compared to
other factory controls, and a study of textile workers making polyamide fibres {Gaeva, 1983)
whe were exposed to a variety of chemicals guch as mineral oils and lubricants, ethylene
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oxide and formaldehyde, Hyper-polymenorrhoea, algodysmenorrhoea and acyclic menstruation
were twice as frequent among exposed workers than among controls taken from the nurseriles and
stores, According to the authors, these disturbances mainly developed during empleoyment.
Medical histories of the majority of exposed and controls were obtained; exposure was aleo
associated with a significantly higher rate of pregnancy complications than in controls. An
increamed rate of menstrual disorders among textile workera, apparently exposed principally
to urca formaldehyde resins, was also weported by Sumlina {1975), Exposures Lo styrene
(Zlobina. 1975), trichloroethylene (Zielinski, 1973), ethylene oxide and inorganic mercury
have also been reported ta be associated with menstrusl disorders. Finally, the effect of
altitude =and time zone changes on menstrual function has heen examined among flight
attendants 1in several studies. In an early questionnaire study by Cameron (1%69), an
increage in dysmenorrhoea, irregularity and length of menstrual flow wag reported by flight
attendants at the start of employment but with later improvements. In a subsegquent study by
Preston et al, (1$73), which included a small prospective analysls of 29 loghooks kept by
attendants for theilr first year of employment to vecord menstruation, the authors report some
evidence of irregular, mainly prolomged, cycles, and Iglesias et al. (1980) report that
various menstrual cycle dysfunctions were initiated or exacerbated after the start of
employment among 397 of flight attendants. However, mne controls are available in any of
these studies for comparison.

in summary, the majority of studies of menstrual dysfunction suffer from many
limitations which make their interpretation difficult. Several studies, mnotably those on
organic sovlvents, inorganic mercury and physical stress, suggest that normal menstrual
function may be disrupted and warrant further, more rigorous, investigation. The
relationship between menstrual dysfonction and fertility also has not been adequately
investigated. Thus, the use of menstrual eycle disorders as indicators of altered fertiliry
and other reproductive outcomes requires substantial further and more rigorous investigation.

5.3 Work-related disorders in women during pregnancy

In many countries, developed and develeoping, industrial expansiow has occurred without
sufficient protective reasures for workers. Women suffer special pressures of health since
jobs are considered te be of secondary iwportance where medical and health facilities are
inadequate. Women are known to be particularly susceptible to certain physical stress in the
work enviromment, such as heat and noise, and their consequences, In addition, standing or
sitting work, materisls handling, werking hours, mental stress, exposure to solvents, to
w~rays and to viruses are some occupational risks related with problems during pregnancy
{Langerin, 1984).

Many physiologic and metabolic changes take place during pregnancy, which may In some
cases make the pregnant mother more susceptible to the exposures and stresses of work. For
example, there is a progressive increase in respiratory ventilation, which 1s needed to
maintain pregnancy (Messite and Bond, 1983), Tncreased ventilation may lead to an iacreased
uptake of inhaled chemicals from the airways. Increasing weight and changing centre of
gravity may limit physical acrivity of the woman, Maintaining balance and hending down
hecome difficult and this should be comsidered in the prevention of aceidents. All these
factors are likely to contribute to the frequent sick leaves of women towards the end of
gestation,

Various work-related gynecological problems have been surveyed, particularly in East
European and Soviet literature. Some of the problems guch as toxemia, anemia and puerperal
bleeding are encountered im pregnancy but also other gynecological diseases such as
inflammations, cervical erosion, bleeding, menstrual dysfunction and uterine prolapse are
reported, However, the respective papers do not usually dafine the conditions studies.

Sorokina et al. (1981) studied the pregnancies of 114 womenr involved in chemical
product Lon, Controls were 102 pregnant women not exposed Lo chemicals. Various
complications such as toxemia and threatened abortion were 2.8 times more common in the
pregnancies of the exposed women (actual numbers were not given}, In the second half of
pregnancy, toxemis was 3.1 times more common in the exposed group. The problems were most
prevalent among the wowen greatly exposed In the production area, Other complications were
anemia (12% vs. 4,1% in the controls) and problems at delivery (90% of the exposed births).
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The gtated complications of delivery were late release of amniotie fluid (42% vs. 23%7 in the
controls), weak labour (23% vs, 13% in the controls) and bleeding, No absclure figures nor
significance levels were given.

In another study from the Seoviet Union women textile workers invelved in processing
polyamide cord were examined and interviewed (Gaeva, 1983). 1t waB observed that im one
group the main exposure was to mineral oil aerosol (8.4 mg/m ) in addition to sulfur
dloxide, amonia, carbon monoxide and cyclohexanol (0,13 mg/mB) In the second group,
expogure hbesides being to mineral oil was to ethylene oxide (0,33 mg/m }, acetaldehyde (3.6
mg/m3) and unspecified concentrations of formaldehyde. Noise levels were said to exceed
exposure limits by 6-10 JdB. Gynecological examination was carried out with 290 workers and
histories of 195 deliveries were taken, but no data are given on the distribution of these in
the two groups. An unspecified number of textile workers were examined as unexposed
controle, Certain complications of pregnancy were stated to be significantly higher
{(p<€ 0.05) among exposed women than the controls. These complications included toxemia Iin the
first half of pregnancy (17.72 in mineral oil exposed group and 20,4% in the ethylene oxide
and aldehyde exposed group; frequency in controls was not given).

The available knowledge on the biology of pregnancy and the occcupational studies carried
out indicate that pregnant women employed in demanding Jjobs need special attention
particularly towards the end of the tera. However, there is a need for more research in this
ared.

5.4 Bpontaneous abortions

The mechanisms for reproductive ill~healths are complex as both maternal and paternal
factors can operate (44, 116, 117), It is c¢lear that maternal factors play an important role
In spontaneous abertion, but increasing attention has recently been paid te the possibility
of paternal effects (Haas and Schottente - ed., 1979) possibly causing spontaneous abortions
(Hemminki et al,, 1983). This review only covers studies on women exposed occupationally. A4
general problem of the studies is the inadequate information on work exposure,

A case-control study of Kline er al, (1982) conducted among hospital patilents compared
the frequency of uaternal work before or during pregnancy between women who had experienced
spontaneous abortions with different fetal karyotypes and women who had delivered a child. A
wide range of occupations was explored in this study and the association between occupation
and chromosomal characteristics of the aborted conceptus was examined, Data on occupation
were obtained by interview, Due to the small sample size, adjustment for potentially
confounding factors was possible only when the data for the largest occupational groups were
analysed, Maternal employment as a cleaning service worker was associated with the abortion
risk of a chromosomally normal conceptus {(odds ratio adjusted for age and payment status
2.28; 95% CI 1.10 — 4,73), No association was obgserved after adjustment between ewmplovment
in a factory before pregnancy and any type of abortions. Bivariate analysis showed, however,
that the unadjusted risk of abortions was significantly increased among women employed in the
Jewelry dindustry, the textile industry, and in the category of unspecified industries.
Increased unadjusted risks were also found for several other oceupations; transportation
work; food service worker; radiclogic technicianj physical labourer; wholessle representative
and business sales) professionzl, administrator, owner and manager; machine operator and
physical labourer,

Two other studies compared industrial work to homework. An Italian questionnaire study
reported a higher age-standardized spontaneous abortion rate among women who were facrory
workers tharn among housewives (Figa—Talamanca, 1984),

Factory workers have been found to have a higher risk of spontaneous abortions than
other workers. The analygis of age-standardized rates of hospitalized abortiens by
occupation showed that industrial and ceonstruction workers and alseo agrieultural workers had
higher rates than other occupational groups (Hemminki et al,, 1980).

A U,5, study used birth records of wultigravid women in the state of Washington to
analyze simultaneously multiple associations betwsen spontaneous abortions and a variety of
occupations (Vaughan et al,, 1984), Statietically significant elevations in Ffetal death risk
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for the most recent pregnancy were found for chemical, metal, textile, wood, and farm workers
and medical technicians. Flight attendants, therapists, pet store workers and veterinarians,
hairdressers, and electronic technicians were also found to have higher fetal death rates.

In all the above-mentioned studies textile work was positively associated with
spontanecus abortiens, Vaughan et al. (1984) reported a significantly imcreased risk for all
textile workers; Kline et al. (1982) for cmployment in the textile industry, and in the
Finmish study (Lindbohm et al,, 1984) the risgk was increased in some separatre textile
occupations. Workinmg with animals seemed to influence the risk ip two studies, as pet store
workers snd veterinarians as well as workers caring for fur-bearing animals has an increased
risk.

One weakness of all the above—mentioped studies is the nature of the "exposure”™ data.
The analyses were bhased on work history information and no details on the actual exposures
were available. Anmother limitation of these study results ig the multiple comparisens made.
Statistically significant results may have been found by chance even if no real association
existed between rthe occupations and spontangous abortions. The findings initlally detected
in these studies, however, provide important clues for future studies.

5.5 Reproductive Risks in Certair Occupational Croups:

(a) Health care personnel

a.1- Anesthesla personnel

A suhstantial number of 2ll epidemiologic investigations om occupational reproductive
hazards have dealt with the effects of anestheric gases in operating theaters or dental
clinfcs., Most studies have indicated increased rates of spountaneous abortion among the
exposed women (Vaisman, 1967), bur some negative results have also been published {Pharoah et
al,, 1977). Several reviewers of the available literature conclude that there is reasonably
convincing evidence that the exposed women have a moderately increased risk of gpontaneous
abortions (Edling, 1980), High concentrations of nitrous oxide have been suggested to be the
primary causative factor (Lane et al., 1980).

Lately, the validity of these studies has been guestioned, It has been gugpected that
the results are attributable largely to recall and/or response bias. All of the studies have
obtained information on pregnanciles and exposures through guestionnaires. The response rates
have been fairly low, and the exposad and the non-exposed have had different response rates.
Axclsson and Rylander (1982) obscrved that the inclusion also of non-respondents' pregnancles
collected From the medical records reduced the differences 4in the rates of spontanedus
abortions between the exposed and non—exposed women (15.1 versus 11.9, relative risk 1.19,
not significant).

In order to avoid response and reporting bias a Filnnish study {Hemminki et al., 1985)
used only registered data on pregnancies, and the exposure data were obtained from
qucstionnaivres sent to the leading head nurses of the hospitals. No significant assoclation
was observed between spontanecus abortiens and expogure to anesthetic gases (odds ratie 1.2,
confidence interval 0.7-2.4).

Although many of these investigations among operating theatre staff were subject to
ascertainment and reporting biases, it is certainly difficult to say whether such biases
account for all the differenses in spontanecus abortions, One factor which may have made the
results susceptlible to differences is that the concentrations ef anesthetic gases varied and
may have been very much higher in the past. The anaesthetic agents used and ventilacion also
may have varied. Thus, the possibility of a causal relationship between exposure Lo
anacsthetic pases and increased risk of spontaneous abortions cannot be excluded. The latest
studies with improved study designs have, however, failed to detect & significant increase in
the spontanepus abortions of anesthesia staff providing avidence that the occupaticnal risks
have been largely overcome,

a.2= Other hospital exposures

Ethylene oxide, glutaraldehyde, and formaldehyde are widely used to sterilize hospital
equipment, pharmaceutfcal preparations, and foodsruffs. In Finland, a study was conducted
among hospital staff enmgaged in sterilizing instruments with ethylene oxide, glutaraldehyde,
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and formaldehyde (Hemminki et al,, 1982), The information on exposure was obtained from
supervising nurses, and the data on pregnancies were cocllected both from the women via postal
questionnaire and through a separate analysis of hospital registers. The data from both
sources, analyzed separately, suggested an association between exposure to ethylene oxide in
early pregnancy and the risk of spontaneous abortions, The data had been adjusted for a
number of possible counfounding factors and there has been no indication that any
demongtrated study design or amalytic factor can refute the association between exposure to
ethylene oxide and risk of spontaneous abortiens., The exposure levels were assumed to relate
to a time—weighed average of about 1 ppm or less.

Some antinsoplastic agents have been reported to be teratogenic when given to pregnant
cancer patients, Aminepterin, an antimetabolite, has been used as an abortifacient. An
increase In the rate of spontaneous abortions has also been reported in Women previously
treated with chemotherapy (Walden and Bagshawe, 1976), However, the treated women had had
trophoplastic tumours, and the high rates of abortions may have been caused by tumour-induced
damage to the genital tract.

The effects of nurses' occupational exposure to aatineoplastic drugs were also analyzed
in another Finnish study (Hemminki et al., 1985)., Here information of exposure was requested
from the head nurses of the hospitals. No association was derected hetween exposure and
abortions, but the study did not include nurses working inm the departments where cancer
chemotherapy is the most extensive (e.g., oncology wards) and where exposure may have been
higher.

(b} Workers exposed to solvents

Laboratory workers are another occupational group which has been widely studied, Unlike
health care personnel, they may be exposed to many potentially embryctozic chemicals, such as
solvents, heavy wmetals, and carcinogens. A statically nonsignificant increagsed rate of
spontaneous abortions (187 versus 10%) was found among women employed dn  chemieal
laboratories of the pharmaceutical industry compared with women employed in non—chemical
laborateries (Hamson et al., 1980). A study invelving employees of a virologleal laboratory
found a tendency towards increased rates of miscarriage and perinatal death among women
exposed to alrborne viruses and & speclfic disinfectant (Axelsson et al., 1984). A slightly
increased risk of spontaneous abortions (odds ratio = 1,3, p 0.01) hags also been observed
among laboratory assistants in a nationwide study based on registered pregnency data
(Lindhohm at al., 1984),

Some investigations have suggested exposure to solvents as a potential etiological
factor, Two other occupational groups with solvent exposures have also been found to be at
excess risk, namely painters and laundry workers (Lindbohm et al., 1984). A recent study
using pregnancy data corroborated with hospital records found that the miscarriage rate was
slightly, but not significantly, increased (relative risk 1.3) among the s=solvent-exposzed
workers of A university laboratory {Axelsson et al., 19B4), If uncorrobarated miscarriages
reported by the women had also been included in the analysis, the difference between the
non-exposed and the exposed would have attained statistical significance, as exposure to
solvents was reported more frequently for uncorroborated miscarriages., The finding seems to
indicate a possible reporting bias,

Two sources of data on pregnancies - i.e., a postal questionnaire and hospital records -
were also available in & Danish study on spontaneous abortions among women at work in
hospiral, university, and industrial laboratories (Heidam, 1984)., Adverse pregnancy outcomes
were not assoclated with laboratory work or alleged exposure to organic solvents or any other
single chemical, However, countrary to the results of Axelsson et al. (1984), the reference
grovp had more self-teported unconfirmed abortions than the exposed group, The laboratory
workers' smaller proportion of self-reported abortiens may also be due to better medical
insight which prompted them to seek care more frequently than the reference group
{physiotherapists, occupational therapists, office workers, and technical assistants and
designers),

These investigatious illustrate the problems incurred i1n interview studies of
spontaneous abortions, 1i,e,, the danger of reporting bias in questicnnaire responses and
potential selection of abortion patients when medical records are used data confirmation.
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Tha results for laboratory werkers are conflicting. Questionnaire studies dome in
individual laborstories suggest an increased risk of spontanecus abortions, but studies based
on larger populations and medical records indicate mo imcrease or only a slightly Increased
risk, Because of the nature and degree of exposure vary in different type of laboratories,
no final conclusions can be made for all laboratory workers. The research resgults now
available suggest that laboratory workers may be exposed to chemicals harmful to the embryo,
but this observation probably concerns limited subgroups only,

{(c) Female workers empleyed in metal industries

This section covers mixed exposures in various branches of metal industry.

Reports written already im the nineteenth century suggest that women exposed to lead
have had many different kinds of reproductive failures. Rem (1%80) cites many older reports
according to which women working with lead have experienced exceptionally high numberg of
spontaneocus abortions, More recent investigations of how exposure to lead may affect
pregnancy outcomes are not available.

A Swedish work group has carried out a study on pregunancy outcome smong smelter workerg,
who may be exposed to lead, arsenic, sulphur dioxide, and mercury (Nordstrom et al., 1%79),
Women working in close connection with smelting processes had a gignificantly increased
frequeney of spontanecus abortions (28.0%) when compared with administration, laberatory, and
restaurant workers (13.6%). Women employed during pregnancy or employed before pregnancy and
gt111 Iiving close to the smelter alsoc had an dncreased abertion frequency. The analysis was
based on pregnancy data collected from medical records that covered several decades, but the
rellabllity of the pregnancy outcome data was unkmown, In additien, neither maternal age nor
calendar year was controlled and these omission weaken the findings.

In Finland, (Hemminki et al,, 1984) the occurrence of hospitalized spontaneous abortions
has been investigated among the members of the Metal Workers' Union, In the first analyeis
for 1973-1976, the age-standardized frequency of abortion wag significently higher for
pregnancies that eccurred among workers employed in production of radie and television sets,
and particularly soldering work, Information for the second analysis was acquired for three
more years and for women who had resigued from the Union during the study period. In every
5~year age group, the rates of gpontaneous abertions were 5til1l higher for pregnancies
conceived during membership than for pregnancies conceived before or after membership, butr
the differences was very small (7.8 and 7.1 respectively).

Further analysis has concentrated om {mdustrial branches in which exposgure to metals was
possible (i.e.,, the manufacture of metal preducts, shipbuilding, the manufacture of iron and
steel, mining, and foundry work), No significant differences were found between the “exposed”
and “"non—exposed” pregnancies. Spontanecus abortions have also been analyzed By occupation,
which was obtained from the census. The rates for smelter workers, foundry workers, or
welders did not differ from those for other industrial workers, The number of women employed
as smelters or foundry workers, however, was very small,

In the study by Vaughan et al. (1984), based on birth records, they analyzed fetal
deaths for the most recent preghancy among multigravid women. Fetal death risk ad justed for
age and gravidity was significantly elevated among women employed In the metal Industry. A
Fianish study using hespital registers and census data found no association be tween
spontaneous ahortions and employment in metal industry occupations.

{d) VWomen working with video display terminals (VDT)

The suggestion that VDT work may affect the outcome of pregnancies originated with the
appearance of several clusters of pregnant VDT operators for which unusually high miscarriage
or birth defect rates were reported (WHO, 1987).

A number of factors related to the VDT {tself or to VDT work has been suggested as
possible causative factors for increased spontaneous abortion or congenital defects,
Attention has been focused mainly on electromagnetic radiatiom and fields. Other factors
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such as polychlorinated biphenyls (PCB) emission, air ilon concentrations and stress have also
been considered. Considerable sattention has been given to the possible effects of low
intensity, low frequency pulsed magnetic fields on embryo development in animals.

Recent studies on VDT exposure and spoutaneous abortions have been evaluated by a WHO
working group (1987) and Bergqvist (1986). Many of the studies have been small and only
large risks could have been observed; furthermore, design of some of the studies and
ascertainment of exposure Information has not been optimal. In a large Swedish study the
odds ratio for miscarviage was 1.1 (95% confidence interval, 0,8~1,4) for VDT work (at any
time Jduring pregnancy) compatred to non~VDT work was only slightly above unity (Ericson &
Kahlen, 1986).

The auther concludes that, with due consideration to (indicated) recall bias, ete., this
study does uot give support for the view that VDT work will cause miscarriages or significant
malformations, The WHC warking group alse concluded that the studies examined provide ne
evidence of a link between adverse effects on pregnancy and the use of VDT, The warking
group also noted that this ceonclusien should not be interpreted to mean that working on VDTs
is absclutely safe, There are many factors that may affect the health of such workers,
Specific areas for further research were recommended by the working group. In the particular
instance of VDT involving an exposure due to a new and ever expanding technolegy, even small
excess risks have to be identified by large, well-designed and conducted studies, as the
absolute impact of even a small real increase in risk would be substantial, comsidering that
VDTe are uged by millions of workers throughout the world,

5.6 Congenital Malformations

Although individual congenital malformations are rare events, c¢ollectively they
constitute a wajor public health problem; congenital malformations are now the predominant
cauge of infant leoss in developed countvies (Edmonds et al., 1981Y. The eticleogy of
congenital malformationms is unknown for 60~70% of cases, suggesting an etiologic role of
envivonmental factors (Wilsonm, 1977; Klingberg and Papier, 1979), In addition, environmental
factors are thought to contribute to the etiloleogy of congenital malformations because the
incidence of anomalies shows considerable geographic and sociceconomic variarion (Leck, 1577).

Evidence from animal studies has shown that many chemleal agents found in occupational
settings are known or suspected teratogens, The assoclation of parental occupational
exposures and congenital malformations in offspring has been recently explored (Tice, 1984)
but has not been critically evaluated. This section critically reviews the epidemiologic
evidence that maternzl and paternal occupational exposures are invelved in the etiology of
zselected congenital malformations.

The tetm congenital malformation therefore iImplies an anatomic malformation generally
associated with imperfect organogenesis, Teratogenesis Implies such a process, and the
timing of an occupationzal exposure thought to be teratogende is usually assumed to have been
during the first trimester. Nevertheless, pre-implantation exposure of the father or motherp
could in theory damage the germ-cell in such a way as to cause specific types of anomslies of
offspring. Rare examples are available from experimental animals, illustrating this
pessibility, but there are virtually no well-established examples of such envirenmental
exposures associated with congenital malformations ia huwmans. The possibility of such an
exposure effect exists, however, and is implied in some of the epidemioclogic studies reviewed.

The reported prevalence of congenital malformations in various studies depends on the
time of observation after birth and on the types of malformation included (Myrianthopoulos
and Chung, 1974; Myrianthopoulos, 1985), Approximately 34% of 11l major malformations atre
detected at birth (Myrilanthopoulss and Chung, 1974). The low proportion of detection at
birth is due In part to the difficulty of making a definite diagnosis at birth of certain
malformations such as congenital dislocation of the hip, pyloric stenosis, various types of
clubfoot, and speciflc cardiovascular defects (Myrianthopoulos and Chung, 1974). While some
anomalies may manifest in childhood and pubesence, they are assumed to have been present at
birth and considered "congenital"” (Myrianthopoulos and Chung, 1974). ¥ollow-up studies
through the gecond vyear of life may double the number of recorded malformations {Yager,
1973). For purposes of this review, age restrictions shall be placed and limited to studies
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of children equal to or less than seven years of age, This criterion allows for more
complete case ascertalinment and for incluslon of congenital malformations of the heart which
are often not detected until later in age,

Much of the literature reviewed on ceongenital! malformations hag grouped together a
varied assortment of conditions, some of which seem blologically or epldemiclogically gquite
distinct. Thus, chromosomal anomalies are virtually certaim to occur prior to implantation,
while oral clefts are thought to be first trimester in origin. Neural tube defects are alseo
thought to take origin early in pregnancy, but pre— or peri-implantation events may alsec be
influential, In view of this supposed heterogeneity as to the time of occurrence and causal
process from one type of defect o another, some studies have concentrated on ¢ne or two
specific malformations.

Studies of congenital malformations are usually restricted to the common major
malformations; but the relative rarity of each Individual malformation necessitates grouping
the anomalies (Tice, 1984), This review focuses on three major types of anomalies: (i)
malformations of the central nervous systems (CNS), primarily spina bifida, anencepahly, and
hydrocephalus; (ii) orofacial defects, predominantly cleft I1ip and cleft palate, and;
(iii} musculoskeletal defects, primarily clubfoot, hip dislocation and gross deformites of
the limbs. These malformations were selected because they are; (a) easily identified at
birth; (b)) an important cause of disability: (c) thought teo be environmentrally induced since
their incidence varies by maternal age, sex, socloeconomic status, and birth order, and (d)
possibly associated with increased risk for selected parental occupations.

In studies of the occupational hazards and congenital malformations three types of
exposure nead to be considered: (i) waternal exposures prior to Implantation; (1i1) maternal
exposures at implantation or during pregnancy (post—conception); and (1{i) paternal—exposures
prior to implantation (Buffler, 1979) with regard to the critical timing and intensity of
presumably causal exposures. Fvidence from the published epidemiologic studies of these
associations have unfortunately emphasized paternal exposures and paternal exposures during
pregnancy (post implantation) due to the lack of adequate exposure data and reliance on the
use of job titles recorded in existing records (birth, death and hospital recovds) for the
imputation of paternal exposures.

3.6,1 Epidemioclogical studies of parental vccupatiocns

Wherecas the knowledge of occupationally~induced adverse reproductive outcomes 1s
limited, the field of acqupational reratology is even less well-established (Klingberg and
Papcr 1979), In general, =ztudles investigating the Influence of cccupationsl exposures on
congenital malformations in offspring have predominantly been case reports, crogs-sectional
surveys and case—control studies. JInterpretation of the resulrs of these studies hag been
influencad by the followlng general aspects of their design: (1) small sample sizes which
limir rhe ability to detect moderately elevated risks; and (4i4) a tendency to employ
hypothesis—generating techniques. Suech techniques, namely case hisgteries, and cluster
reports, are Llnherently insensitive to staristical resting as results are often anecdotal or
result from chance occurrences. However, reports of clusters can serve as sentinels for
detecting inereased rigks of congenital malformations and suggest occupational associations
that warrant Formal hypothesis—testing. 1In addition, the heterogeneity of cases included in
these studies does not facilitate the identification of a causgal exposure, The operational
definition of congenital malformations is related to sample size considerations, completeness
of case ascertalmment, accuracy and emphasis of diagnoses and the investigator's Judgement
(Myrianthopoulos and Chung, 1984). Fourthly, these studies also suffer from a reliance on
retrospective study designs, While the case—comparison study design is the the most
efficient method for studying rare events; these studies are subject to several biases.
lLastly, the most serious limitation in these studies is the lack of exposure criteria. This
15 particularly true where a quantitative determination of exposure Is lacking and rellance
onr qualitative surrogate measures of exposure may result in underestimating the true rvisk.
Quantifying rvisk for a particular agent {is complicated further by the complexity and
confounding of multiple exposures encountered In most industries.

Selected examples of epidemiologic studies of parental occupational exposure and
congenital malforuwations are presented inm Tables 1 and 2, Table 1 describes the nine studies
by author, year, study location and time period of the study, sample size, study methods,
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source of disease and exposure data, and exposure criteria employed, type of statistical
analyses, and results. Table 2 presents the visk ratios associated with specific occupations
for selected malformations classifications by type of relevant psrental exposure for seven of
these studies. The studles by Roan et al. {1984) and Smith et al, (1982) are not included in
this summary in that no relevant exposure data were available, In view of the avajilable
experimental data and the ipnadequacy of the exposure data, the published results in these
studies associating paternal post—implantation exposures with congenital malformations appear
implausible. These studies 7tepresent a preliminary gssessment of the evidence that
occupational exposure, may cause particularly maternal exposure congenital malformations.

A conslderable literature exists on parental exposure to anesthetic gases,
Unfortunately, weakness in design and analysis beset many papers. Some studies are baszed on
questionnaires with poor response rates. Some do not distinguish paternal from maternal
exposure. Not one study clearly distinguishes between maternal pre- and post-implantation
exposure. It is not surprising then that the rvesults in respect to congenital malformations
are rematrkably inconsistent. In spite of the considerable literature, and the suggestions
emanating from several papers, firm evidence is atill lacking with regard to congenital
malformations and parental work in the health field, Two studies have reported on rthe
offspring of women workers in industry, but in neither case pre-implantation, as opposed to
post=~implantation work exposures be distinguished. Thus, in the linked data emanating from
the Finnish tregister, a significantly raised odds ratic was noted for central nervous system
defects among the offspring of women industrial and construction workers compared to all
other women workers. After taking account by multivariate analysis of variables likely to be
confounding, the odds ratio was 1.8 (p £ C.0l). For oral clefts and wmuscular skeletal
malformations, there was some suggestion of a similarly ralsed odds ratio smong transport and
communication workers but the number of exposed women was too small for adequate statistical
testing.

5.7 Childhood cancers

Although the incidence of specific neoplasms varies with age, approximately 407 of all
childhood cancers occur prior te four years of age (Altman and Schwarcz, 1983). Exposures to
carcinogens may occur during prezygotic and prenatal as well as early postnatal periods
(Miller, 1969; Miller and Dalager, 1974; Greenberg and Shuster, 1985). Age-related
variations may reflect differences 1in the timing of exposures to agents for specific
cancers. Both experimental and epldemiplogic evidence shows that exposures to biological,
physical, and chemical agents may affect somatic cells in utero or germinal cells prior to
conception (TARC, 1973). This section ¢ritically reviews the epidemiologic evidence that
tvccupational exposures of the parents are etiologically related to development of cancer in
their offspring before age 15, In these studies parental occupation information ascertained
from birth certificates, antenatal clinic records, personal or telephone interviews, or
questionnaires, has been used as an indicator of possible exposure of parents to mutagens and
fetal or childhood exposure to carcinogens.
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Table 4 Selected studies of parental occupation and
congenital malformations in offspring
Author Study Study Study N Source of disease gutcome
(year) period location degign

Kurppa June 1976—  Finland  Case-com~ 14753  Self-reported from questionnaire;
ct al,, December parison congenital malformation data
1985 (A) 1982 requested from male respondents only.

Validity of diagnosis was determined
by patholopist trained in teratology.

Erickson Not- Atlanta Case-com 989  Center for Disease Comtrol's
et al., specified Metro— parison Metropolitan Atlanta Congenital
1979 (B) pelitan Defects Surveillance Program,

area hospital-based record review system

Roan 1978 U.5. Case-com= 454 Self-reported from questionnalre;
et al,, parison congenital malformation data
1984 (C) requested from male respondents only

Smith 1980 New Case-com 989  Self-reported from questionnafre.
et al., Zealand parison Reproductive outcomc data obtalned
1982 (D) from source

Hemminl i 1967~1977 Finland Case—com~ 3300 Finnish Register of Congenital
et al,, parison pairs malformations
1981 (E)

Lindbohm 1973-1977 Finland  Nested 141 Obtained from the Finnish Register
et al., case-com™ of Congenital Malformations
1983 (F) parison

within
cohort

Holmberg & June !976-  Finland Case-com 120 1) Original notificatlion form or
Nurminen, May 1978 parigon pairs death certificate; 2} post—delivery
1980 (Y questionnaire completed by midwives;

3) pre~delivery data; 4) occupa-
tional history gquestionnaire
obtained post—delivery

Hemmink i 1967-1977 Finland  Case-com= 3300 Finnish Register of Congenital
et al., parison pairs Malformations
1930 (#)

Schwartz 1975-1978 Imperial Crosg- 2463 Review of maternal & singleton birth
et al., County, sectional births records at one of the three major
1986 (I) Califor— medical facilitfies in county.

nla Malformations recorded only if noted

on chart by infant's pediagtriclan.
Malformations categorized by three
major classifications (CNS, oral

cleft and musculoskeletal defects)
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5,7.1 Possible Machanisms for Pathogenesis of Childhood Cancersg

The paper by Doll (1971) offered two possible explanations for the peaks in childhood:
(a) the exhaustion of a genetically susceptible population, and {b) greater susceptibllity due
to more rapld cell division, Evidence from animal studies supports the theory that the
embryonic tissues of the fetus sre more susceptible to certaln carcinogens than that of the
adult (Rice, 1979). A hrief or acute exposure durlng a critical pericd of growth and rapid
cell division of the ferus or neonate may be sufficient te produce an adverse effect. The
nature of rhe effect (abortion, teratogenesis, or carcinogenesis) may depend upon the timing,
as well as the dose, duration, and route of the exposura (Wilson, 1972).

Genetic and nongenetle facters wmay condltion susceptibility to various agents at
differant periods of development., Genetic factors may include inherited deficiencies which
impair the host's ability to detoxify certain agents or permit DNA repair. Nongenetic factors
may include age and nutritional and physiologic status at the time of exposure (Schull,
1984), Evideuce has been presented for a heritable and nonheritable form of Wilms' tumor
(Knudson and Stroung, 1972a), neuroblastoma (Knudson and Stromg, 1972b), and retinoblastoma
{Knudson, 1%71). According to the two-stage mutational model, expression is hereditary or
gporadic depending upon whether the first mutation Is germinal ov somatic.

Several direct and indirect routes of exposure to agents are possible and these are
related to the time of exposure: maternal exposure prior to implantation, maternal exposure
at implantation or during pregnancy, and paternal exzposure prior to implautation, a5 well as
direct or indireet postnatal exposure of the infant (Messite and Bond, 1980). The germinal
tigsues in the exposed parent may be affected directly by toxice agents prior to implantatien,
regulting in mutagenic changes in either sperm or ova, such as chromosome breakage, polnt
mutation, or abnormalities in gametogenesis or fertilization (Haas and Schottenfeld, 1979).
Evidence for this potential route of exposure has been provided by an experimental study
demonstrating that exposure of male mice to mutagenic substances can lead te an increased
fraquency of cancers in their offspring, which may be inherited as a dominant trait {Nomura,
1982). Occupational exposures which may produce germ cell mnutations in fathers, and
ultimately produce cancer in thelr offspring are of particular epidemloleogic interest with
respect to the preconception route of exposure (Polednak and Janerich, 1983). Maternal
expogure before or during pregnancy also may occur through contamination of the household
environment by toxins brought home on the clothing or other articles of the spouse (Arundel
and Kinnfer-Wilson, 1986)., These toxins may produce carcinegenic germinal mutations In the
mother, but a mere common route may be transplacental carcinogenesis. Postnatal exposure for
the Infant may be direct through inhalation or ingestion, or may be indirectly mediated by the
mother through contaminated breast milk (Haas and Schottenfeld, 1979).

Whereas transplacental carcinogenesls has been rvecognized increasingly as a major route
of exposure as a result of documented evidence from animal studies (Swenberg et al., 972;
Koestner et al., 1971), the only undisputed exemple of such causal association in humans is
between diethylstilbestrol (DES) and vaglnal and cervical cancer in daughters of exposed
mothers (Herbst et al,, 1971). Concentrations of hydrocarbon insecticides have been found in
the tissues of stillborn iIanfants (Curley et al., 1969). Evidence exists for the
transplacental passage of other chemicals as well (Dye-White, 1986). Case reports provide
some evidence that Diphenylhydantoin (Pilantin) also may be & transplacental carcinogen,
producing neuroblastoma iIn the offapring of women with epilepsy on medication (Sherman and
Roizen, 1976; Pendergrass and Hanson, 1976), although this association is not as firmly
established,

Some agents may produce teratogenie and carcinegenie effects in animals by inducing
germinal wmutations (Hemminki et al,, 1979)., Recessive somatic mutations also can induce
cancer if a second insult should cecur (Buffler and Aase, 1982), At a superficial level there
are common bielogical features to mutagenesis, teratogenesis, and carcinogenesis (Wilsen,
1972); however, differences between these processes exist in the gpecificity of ecausal agents
and the respoagse, The type, timing and dose of the exposure may play important reles in
determining whether the effect 18 wmanifested purely as tetatogenic, oncogenic, or a
combination of both (Wilson, 1972). Animal studies provide some evidence that the fetus may
be more susceptible to carcinogenic agents late in gestation (Rice, 1979; Bolande, 1976;
Miller, 1983:; Koestnmer et al., 1971). Children with Wilms' tumer, primary hepatosarcoma, and
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adrenocortical neoplasia have a higher than expected frequency of specific congenital defects,
guch as aniridia, hemihypertrophy, or genito—urinary malformations, which suggests that these
cancers and defects have a common prenatal origin (Miller, 1966; Miller, 1968; Bolande, 1976).

5.7.2  Srudies of Parental Occupational Exposure and Childhood Cancer

Prior to 1970, the assoclation betwsen parental occupation and c¢hildhood cancer was
studied indirectly; parental occupation was vesed in analyses as & measure of socioeconomlc
status (Fabia and Thuy, 1974), Direct interest in paternal occupation as an etlologlc factor
for childhood cancer first emerged inm Quebec, Canada, whexe it was noted that petrol-related
occupations appeared to occur more often in fathers whose children had died of ecancer, A
subsequent  investigation of children dying of wmalignancles was conducted to test this
abservation. Diagnoses of leukaemia and lymphomas were combined as were all central nervous
system tumors, but Wilm's tumor was separated from “other tumors”. This investigation
indicated that, in many cases of death due to childhood cancer, the father was employed in a
petrol-related occupation, Cases were found to be twice (OR=2.1) as 1ikely as control
children to have fathers who worked in hydrocarbon-related occupations at the time of the
child's birth, Paternal hydrocarbon occupation was categorized into three subgroups, baged on
guidelines provided by an industrial hygienist: 1) motor-vehicle mechanics and service station
attendants; 2) machinists, miners, and lumbermen; and 3) painters, dyers, and cleaners.

Interest was stimulared further by a case-control study of incident cases of cancer in
Finland in 1976 by Hakuliunen and associates. This study was originally directed at searching
for potential risk factors related to childhood cancer (Salonen and Saxen, 1975). Diagnoses
were classified ass leukaemia and lymphoma, brain tumors, and “other tumorg”. Parental
occupation was based on antenatal records rather thaa birth certificates. Three catagories of
hydrocarbon exposure were formed which differed from Fabis and Thuy (1974) motor-vehicle
mechanic, machinist and miner; 2) painter, dyer, and prinmter; and 3) motor-vehicle drivers.
These exposure catagories were analyzed by age of child (less than 5 and legs than 15 years of
age) and diagnosis. An excess risk of cancer was not found ameong children whose fathers were
employed In hydrocarbon-related occupations. Risks for childhood cancers were increaged for
some occupational categories, primarily for mechanice and drivers. Neme of the rigk raties in
the study by Hakulinen were statistically significant.

These two early studies, differing not only in methods but in final resultg, set the
stage for several studies that have been comducted in the last decade  These saubsgsequent
studies investigated the potential association between childhood cancexrs and
hydrocarbon-related occupations. Limitations imposed by the use of such broad disease
categories and nomspecific exposute categories are recognized., The summary of regulte from
the 14 gtudies regarding parental occupation and childhood cancer is organized by diagnosis.
The majority of studiesx have included the most common childhood neoplasms, leukaemia,
(sometimes combined with lymphoma), nervous system cancer, Wilms' tumor, and "other"” tumors.
All statistfcally sipnificant odds ratios and those which provide a test of a hypothesis
suggested by a previous study are included. These studies all share several primary
limitations related to exposure ascertalinment, heterogeneity of the childhood cancer case
series, the biases inherent in the case—control approach, multiple comparisons, and low
sensicivicy to detection of a real inerease in risk (power) due to small gample size. Reviews
of this toplc have been made by Terracini et al. (1983), Greenberg and Shuster {1985), and
Arundel and Kinnier-Wilson (1986).

5.7.2.1 Levkaemia and lymphoma

Three out of nine studies have focused on childhood leukaemia (Gold et al., 1982; Shaw et
al., 1984; Van Steensel-Moll, 1983). The other studies included leukaemia and lymphoma
combined (Fabla and Thuy, 1974; Hakulinen et al,, 1976; Kwa and Fine, 1980; Zack et al., 1980;
Hicks et al., 1984) or leukaemia only (Hemminki et al., 198]1) as one of several potential
childhood neoplasms.

Only one study focused on childhood acute lymphocytic leukaemla and its assoclation with
parental occupation (Van Steensel-Moll, 1985), This study examined maternal occupation with
regard to the timing of exposure and restricted analyses to acute lymphocytic leukaemia which
is more homogeneous both diagnostically and, perhaps, etiologically than other leukaemias,
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The study by Hemminki et al. (1981) indicated a positive association between leukaemia
and paternal occupations of motor vehicle driver (OR=1.9) and machine repairman (QR=0.23) and
leukaemia, Fabia and Thuy {1974) reported an excess of fathers who were mechanics or service
station attendants for children with leukaemia and lymphoma. The remaining studies which
combined leukaemia and Iymphoma dld not show any association between parental occupation and
these diagnoses (Hakulinen et al., 1976; Kwa and Fine, 1980; Zack et al., 1980; Hicks et al.,
1984).

5.7.2.2 Central nervous system

Peters and Preston—Martin (l9%8l) focuszed only on brain tumors among children potentially
exposed to maternal mediated agents one year ptior to conception through lactstion, and
paternal occupational agents from one year prior to conception through year of diagnosis.
Three independent rigsk factors were identified: maternal exposure to chemicals by various
routes (with odds raties of 3,3 for direct contact; 3,0 for inhalation, and 2.8 for either or
both routes of exposure), faters's exposure to solvents (OR=2.8), and father's employment in
the aircraft industry (OR=20,0).

Johnson's (1985) investigation of intracranial and spinal cord tumors among all TYexas
deaths for 1964~1980 with 499 cases represents the largest case-control study to evaluate the
gssociation of central nervous sgystem tumors and parental exposures o hydrocarbon-related
peceupations as sugpgested by previous studies and none were statistically significant.

Several studies have reported positive assoclations betwean certain parental cccupations
and CNS tumers. Kwa and Fine (1980) reported a significant association between paternsl
employment a8s 8 paper ofr pulp mill worker (OR=2,8) and CNS rtumors, Hemminki et al. (1981) has
reported an assoclation berween maternal occupation as a factory worker (OR=B.0) and brain
cancer, as well as betwsen paternal occupation as a machine repairman (OR=4.4} and painter
{OR=5.0), Central nerveous system cancers occurred significantly more often (OR=14.1) among
children whose fathers were Alr Force servicemen with exposure to ionizing radiation (Hicks et
al., 1984). TFabia and Thuy (1974) earljier showed an excess of fathers who were mechanies or
service station attendants for children with wervous system cancer, Only Hakulinen (1%7%) and
Zack et al, (1980) did not detect any association between nervous system tumers and any
specific parental occupation.

5.7.2.3  Wilms' tumor

Although seven studies have included Wilms' tumor as a potential outcome, only three
studies (Kantor et al., 1979; Wilkins and Sinks, 1984: Bunin, 1986) specifically have
investigated the potential association between exposure of children te particular parental
occupations and the development of Wilms' tumor. The other four studies included Wilm' tumer
as one of several potential outcomes (Fabla and Thuy, 1974; Kwa and Fine, 1980; Zack et al.,
1980; Hicks et al,, 1984),

Kantor et al, {1979} reported cases to be 2.4 times more likely to have fathers exposed
te hydrocarbon-related occupations than controls, Results indicated risk te be highest for
gxposure to lead-related jobs (driver, mechanic, service station attendant, welder, solderer,
metallurgist and scrap metal worker), with an odds ratio of 3.7 (confidence limits of 1.5,
11.1). However, 77% of the lead~related occupations overlapped with hydrocarbon—related
jobg. 0dds ratios caleulated separately for these two categories showed lead exposure (3.8)
to he rhe primary contributor compared to hydrocarbon exposure (1.6).

Wilkins and Sinks (1984) attempted to replicate the above study by specifically looking
at  parental exposure to lead, Occupations were evaluated as “narrow”™ or “broad”
hydrocarbon-related, lead-related, and painter. The “broad” category of hydrocarbon exposure
was similar to that used by Fabia and Thuy with the addition of driver, printer, factory
worker, and leather worker. The ‘“narrow” category included only mechanics, station
attendants, drivers, and metal worker/machinist. None of the assoclations were significant.
Lead-~related occupations were defined In a manner similar to that used by Kantoer et al,
{1979), Urinary tract tumors, Iincluding Wilms' tumor, have been reported to be significantly
associated with paternal occcupation as a machinist or mechanlc (OR=2.5; Kwa and Fine, 1980),
and with moderate paternal exposure to Ionizing radiation (OR=2,6; Hicks et al., 1984). The
results of the latter two studies were basced on very small numbers and provide very unstable
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risks estimates, The remaining two studies focused on hydrocarben-related exposures, and did
not detect any association with Wilms' tumor (Fabia and Thuy, 1974; Zack et al., 1980),

“Other"” Cancers

The remaining common c¢hildhood neoplasms include retinoblastoma, rhabdomyogarcoma, and
bone cancer. Positive associations have been detected between maternal occupation as a baker
{(OR=4.92) and saleswoman (OR=1.66) and lymphoma (Hemminki et al., 1981); paternal occupation
with moderate exposure to lonizing radiation and bone cancer (OR=6.1); employment as radie and
television repalrmen and retinoblastoma (QR=31.4); paternal occupatiom as a foremsn (ORm7.6)
or employment in the petroleum industry (OR=18%.6) prior teo birth and rhabdomyosarcoma among
offspring (Hicks et al., 1984),

5.7.3 Discussien

The studies available to date have produced conflicting results for several reasoms which
include: differences in ascertainment of exposure and outcome data, varying definitions for
exposures and outcomes, varlations in disease c¢lassificarion, different age criterla,
variations in the selection criteria for comparison groups, and inconsistent methods for the
ad justment for confounding variables. Several wethodological problems characterize the
studies of parental occupation and childhood cancer. Thege include: difficulties and
imprecision in the ascertainment and measurement of expeosute, case heterogenelty, limitarions
of the case-control design, lack of a priori hypotheses with resulting multiple comparisons,
and small sample sizes.

5.7.3.1 Ascertainment and Measuremeut of Exposure

Some fundamental differences among these studies are associated with the source of dara
and method of collecting informatiom regarding exposure. Vital records do not provide
sufficient information for the valid and reliable classification of exposures, or information
pertaining to possibly confounding personal and demographic characteristics {Polednak and
Janerich, 1983). At best, such records provide rather general measures of parental occupation
at the time of hirth of the child. The workplace may contain simultaneous exposures to a
number of potentlially hazardous substances and there is no method to address this when
parental occupatiom as derived from vital records 15 used as a surrogate for actual exposure,
Only a poor discrimination can be made among maternal occupations based on birth certificate
data; most mothers are caregorized as housewives, which may be true at the birth of the child,
but may not be correst at the time of implantation or during pregnancy. In sum, the listing
of occupation on birth certificates is often unspecific and may be inaccurate. It can be
argued that no bias will result if this misclassificatlon applies equally to both cases and
controls. Nonetheless, this may result in gubstantially teduced odds ratios since tTue
exposed and nonexposed individuals will be mixed,

Studies based on interview data can provide more accurate and complete information than
birth certificates or clinle records, since information on all possible job exposures as well
as non-occupational exposures and potential confounders can be ascertained. Although
{nformation derived from clinic records or from interviews of clinic patients may be more
extensive, selection of cases and controls from clinic populations may be subject to biae.

The studies reviewed here share several problems related to definition of exposure
regardless of the source of their data. Reliance on job titles does not permit the correct
classification of jobs that chare common expogsures and may mask exposure variation since job
titles do not always have the same meaning across industries. The first problem may reduce an
association that wmay exist and the latter reduces the statistical power of the study
(Siemiatycki et al,, 1981). .Job categories, crudely classified as exposed and nonexposed, do
not represent homogeneous exposures. Tn particular, exposure in hydrocarbon-related
occupations is composed of a mixture of variable exposures to a number of potentially
hazardous agents. The inclusion of diverse additional job titles broadens an occupational
category so that if an increased estimate is detected, determination of the responsible agent
will be more difficult,

In summary, job categories, as utilized in these studies, do not provide sufficient
information for the meagurement of the dose, duration, or timing of the exposure,
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5.7.3,2 Case heterogeneiry

Most of these sgrudies share problems related to the classification of the disease
outcome, Variations for different types of childhood cancer, or inm the sites of a particular
cancer, may have considerable etiologicsl importance, For instance, investigators have not
clearly stated their definition of central nervous system tumors, and brain tumer site may
depend om the timing of exposure, since particular areas of the brain have critical periocds of
development (Hill and Elingberg, 1984), Combining lymphoma with levkemia in order to ingrease
sample size nay decrease the probability of detecting an association which may be present when
the exposure-related response is leukemia and not lymphoma.

Only four studies noted whether there was a histological confirmation of diagnosis
{Bakulinen et al,, 1976; Hemminki et al., 1981; Wilkiss and Sinks, 1984; Van Steensel-Moll et
al,, 1985).

5.7.3.3 Cage control study design

Case—control studies are most efficlent for the investigation of risk factors assoclated
with rare diseases or disease. Cage-control studies, however, are subject to a variety of
klases related to selection of subjects, aidsclassification, saelective recall, and interviewer
bias (Schlesselmen and Stolley, 1982), Data collected by interview from clinic cases and
controls is always subject to a varying degree of recall bias,

5.7.3.4 Confounding factors

The potential effects of coufounding in the studies of childhood cancer and pareatal
occupation is not a simple problem to address, partly because the effects of factors, such as
in uteroe radiation (Kneale and Stewart, 1976}, electromagnetic fields (Wertheimer and Leeper,
1979), drugs other than diethylstilbestrol (Kimmier-Wilson et al., 1981}, viral infections
during pregnancy (Adelstein and Donovan, 1972)%, maternal age (Kneale and Stewart, 1976),
paternal sge (Salonen and Saxen, 1975), birth order, birth weight, maternal or paternal
cigarette smoking (Grufferman et al,, 1982), socloeconomic class and genetic predispesition
(Strong, 1984) have not been clearly established, These competing exposures may distort the
outeome and influence the proper interpretation of results (Geld, 1979).

5.7.4 Conclusion

Overall, the srudies reviewed are contradictory and not one study demonstrates with
confidence an association of any specific paternal occupation with any specific c¢hildhoed
malignancy, or with childhood cancer in general. Insufficient evidence exigts for acceptance
as causal of any of the few statistically significant associations reported, according to the
accepted criteria for determining carcinogenicity from epidemiological  evidence (Doll,
1934). Many results described as "negative” are actually inconclusive due to such small
sample sizes,

6. Evaluation and control of reproductive hazards

6.1 Evaluation

The detection and evaluation of agents in the work environment that are potentially
harmful to reproductive functions is made according to methods almost similar to those
followed in classical oecupational hygiene, with the following wain differences;

{a) Occupational hygiene methods used for the detection end evaluation of reproductive toxic
agents in the work environment may not be available for all vreproductive toxins, Many of the
¢ld substancez and compounds e.g. lead, benzene and carbon tetrachloride can be conveniently
detected and evaluated in the work enviromnment and through bioleogical menitering. However,
there is incomplete knowledge and experience with trespect to¢ new and more complex compounds,
There is also lack of certainty about the potential reproductive toxicity of different
chemlcals,

(b The magnitude and duration of exposure to a potentially reproductive toxin relating to
different degrees of reproductive toxicity are gemerally unknown, An exposure/effect-response







