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Foreword

This report reviews current knowledge of hazards and suspected hazards to the re-
productive health of America’s working men and women and to the health and well-
being of their children. The analysis was requested by the House Committee on Science
and Technology, with letters of support from the Senate Committee on Labor and Hu-
man Resources, and the House Committee on Agriculture, Subcommittee on Depart-
ment Operations, Research, and Foreign Agriculture.

The nature and actions of the chemical, biological, and physical factors that may
cause reproductive or developmental impairment are described, as is the complexity
of measuring reproductive endpoints. The first section reviews current technologies
for assessing reproductive function, and examines the human and animal studies con-
ducted to determine the extent of risk posed by suspected agents and the difficulties
in interpreting study findings for this purpose.

The report then reviews the role of the regulatory process in preventing work-
place exposure to reproductive health hazards, and the legal redress from either State
workers’ compensation systems or the tort system that is available to those affected.
This section also analyzes sex discrimination issues arising from the fact that protec-
tion policies instituted in hospitals and industry have, in certain instances, discrimi-
nated against women workers. The third section discusses the ethical principles under-
lying the protection of reproductive health in the workplace.

The Office of Technology Assessment was assisted in the preparation of this study
by an advisory panel of individuals selected to reflect both the substantive issues and
the relevant social issues covered in the assessment. Panelists were drawn from acade-
mia, industry, trade associations, public interest groups, and labor unions. Their areas
of scientific expertise included reproductive and developmental toxicology, male and
female reproductive biology, and epidemiology. Legal interests included sex discrimi-
nation, workers’ compensation, tort, and regulatory law. Eighty-nine reviewers drawn
from universities, trade associations, the executive branch, and the private sector pro-
vided helpful comments on draft reports.

The Office expresses sincere appreciation to each of these individuals. As is the
case with all OTA reports, however, the content of this report is the responsibility of
the Office and does not necessarily constitute the consensus or endorsement of the
advisory panel or the Technology Assessment Board.

JOHN H. GIBBONS
Director
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Glossary of Acronyms and Terms

Acronyms

AEC —Atomic Energy Commission

ACGIH —American Conference of
Governmental Industrial Hygienists

ALARA —as-low-as-reasonably achievable (see
Terms)

ANSI —American National Standards
Institute

BATF  —Bureau of Alcohol, Tobacco and
Firearms

BDMP  —Birth Defects Monitoring Program

BFOQ —bona fide occupational qualification

BNA —Bureau of National Affairs
(publisher)

BLS —Bureau of Labor Statistics (DOL)

CDC —Centers for Disease Control (PHS,
DHHS)

CNS —central nervous system

C.F.R. —Code of Federal Regulations

CEQ —Council on Environmental Quality

CPSC —Consumer Product Safety
Commission

CSIN —Chemical Substances Information
Network

DBCP  —dibromochloropropane

DDT —2,2-bis[p-chloro -phenylll ,1,1 )-
trichloroethane)

DES —diethylstilbestrol

DHHS —Department of Health and Human
Services

DNA —deoxyribonucleic acid

DOL —Department of Labor

EDB —ethylene dibromide

EEOC —Equal Employment Opportunity
Commission

EPA —U.S. Environmental Protection
Agency

EtO —ethylene oxide

ETS —Emergency Temporary Standard

FACOSH —Federal Advisory Council on
Occupational Safety and Health

FDA —Food and Drug Administration

FIFRA  —Federal Insecticide, Fungicide, and
Rodenticide Act

FPP —fetal protection policy

FRC —Federal Radiation Council

FSH —follicle-stimulating hormone

FTCA  —Federal Tort Claims Act

HANES —National Health and Nutrition
Survey (NCHS)

hCG —human chorionic gonadotropin

ICRP

ITC

ITSDC

LH
LHRH

MSDS

—International Commission on
Radiation Protection

—Interagency Testing Committee
(EPA)

—Interagency Toxic Substance Data
Committee (EPA)

—Iluteinizing hormone

—luteinizing hormone-releasing
hormone

—NMaterial Safety Data Sheet

MSH Act—Mine Safety and Health Act

MRP

—Medical Removal Protection

NACOSH—National Advisory Committee on

NAS
NSF
NCRP

NIEHS

NIH
NIOSH

NOEL
NTP
NRC
OERC
OFCCP

OMB

Occupational Safety and Health
—National Academy of Sciences
—National Science Foundation
—National Council on Radiation

Protection and Measurements
—National Institute of Environmental

Health Sciences (NIH)

—National Institutes of Health
—National Institute for Occupational

Safety and Health (CDC)

—no observed effect level
—National Toxicology Program
—Nuclear Regulatory Commission
--occupational Exposure Review

Committee
-Office of Federal Contract

Compliance Programs
-Office of Management and Budget

OSH Act -Occupational Safety and Health Act

OSHA

OSHRC

PBB
PCB
PDA
PEL
PHS
PMA

PMN
Pvc
REAG

RPAR
RR

SIC
SNUR

-Occupational Safety and Health
Administration (DOL)

-Occupational Safety and Health
Review Commission

—polybrominated biphenyls

—polychlorinated biphenyls

—Pregnancy Discrimination Act

—permissible exposure limits

—Public Health Service

—Petition for Modification of
Abatement

—premanufacture notification

—polyvinyl chloride

—Reproductive Effects Assessment
Group

—Rebuttable Presumption Against
Registration

—rate retention

—Standard Industrial Classification

=Significant New Use Rule (EPA)



STEL —Short-term Exposure Limit
TCDD —2,3,7,8-tetrachlorodibenzo-p-dioxin
TCP —2,4,5 trichlorophenol

TLV —threshold limit value

TSCA  -Toxic Substances Control Act
USDA —U.S. Department of Agriculture
VDT —video display terminal

Terms

Administrative controls: Methods of reducing work-
er exposures to occupational hazards through man-
agement arrangements; e.g., rotating workers from
high- to low-exposure areas to reduce average ex-
posure level, scheduling jobs or processes that gen-
erate hazards during times when few workers are
present.

Agent Orange: A 50/50 mixture of 2,4,-D and 2,4,5-T
widely used as a defoliant during the Vietnam war.
ALARA (assumption): “As-low-as-reasonably achiev-
able.” A public health principle which holds that ex-
posures to hazards be kept at or below levels per-

mitted by established standards.

Amenorrhea: The absence or abnormal cessation of
menstruation; normal before puberty, after the men-
opause, during pregnancy and lactation.

Amniocentesis: The extraction of amniotic fluid for
diagnostic purposes.

Anencephaly: A congenital deformity in which the
brain is absent,

Apgar score: Numerical expression of an infant’s con-
dition 60 seconds after birth, based on heart rate,
respiration, muscle tone, color, response to stimuli.

Azoospermia: The complete absence of sperm.

Basal body temperature: Body temperature during
rest or inactivity; commonly obtained upon awakening.

Beneficence: Moral principle that requires avoiding
harms to others and maximizing the balance of ben-
efits over harms.

Blastocyst: See embryo/fetus.

BFOQ exception: An exception to Title VII’s prohibi-
tion against employment policies that intentionally
discriminate against one sex, Intentional discrimi-
nation is permitted if sex is a bona fide occupational
gualification (e.g., a male actor to portray a male
character).

Birth defect: Any structural, functional, or biochem-
ical abnormality, whether genetically determined or
induced during gestation, that is not due to injuries
suffered during birth.

Breach of warranty: As used in the common law of
contracts, breach of warranty is the failure or false-
hood of an affirmative promise or statement. Unlike
fraud, it does not involve guilty knowledge. Under
the Uniform Commercial Code, a violation of either
an express or implied warranty for which an action
in contract will he. U.S.C. $ 2-312 et seq.

Business necessity exception: An exception to Title
VII’s prohibition against sex-neutral employment
policies that have a disparate impact on one sex. A
policy with a disparate impact on one sex is permis-
sible if the policy is necessary to achieve a business
purpose, Similar to the BFOQ exception, but used
in cases where discriminatory effect rather than dis-
criminatory intent is at issue, (See also disparate
impact. )

Carbaryl: I-Napthyl methyl carbamate, a broad-spec-
trum insecticide.

Causation: The act by which an effect is produced.
An important doctrine in fields of negligence and
product liability law.

Carcinogen/carcinogenesis: A substance or physical
agent that causes cancer.

Childbearing years: The reproductive age span of
women, assumed for statistical purposes to be 15
to 44.

Chlordecone: See Kepone.

Chorionic villus biopsy: A prenatal diagnostic tech-
nique that permits early identification of various dis-
orders, particularly genetically based diseases.

Confounding factor: A variable that is related to both
the exposure and the outcome being studied.

Congenital: Present at birth.

Corpus luteum: Remnant of ovulated follicle within
ovary; secretes progesterone.

DDT (2,2-bis (pwhloro-phenyl) 1,1,1)-trichloroeth-
ane): A pesticide in common use around the
world that mimics the effects of estrogen. U.S.
use was halted in 1972.

Developmental abnormality: Structural or functional
defect occurring during gestation.

Developmental toxinhoxicity: An agent that impedes
proper anatomical or physiological development of
offspring, May act at any point between conception
and puberty.

Dibromochloropropane (DBCP): A chemical used as
a pesticide. Most uses of DBCP are now prohibited
by law.

Dioxin: 2,3,7,8) -tetrachlorodibenzo-pdioxin, or TCDD.
An unwanted contaminant of the synthesis leading
to 2,4,5,-T and other chemicals.

Discriminatory effects, discriminatory impact: See
disparate impact.

Discriminatory treatment: See facial discrimination.

Disparate impact: Used to describe employment pol-
icies that are not intended to be discriminatory but
nevertheless are disproportionally burdensome on
members of one sex. Such policies violate Title VII
unless considered a “business necessity. ”

Dominant lethal: A gene, either a new mutation or
inherited from one parent, that causes death of the
organism.

Dose-response assessment: In the risk assessment
process, determines the relationship between the
magnitude of human exposure and the probability
of human health effects.



Dual capacity exception: Exception to the exclusivity
of remedy doctrine in the workers’ compensation
laws of some States that permits employee suits
against employers for personal injuries if the em-
ployer can be viewed as causing the injury in a ca-
pacity other than employment (e.g., if the employer
also acted as a product manufacturer or provider
of medical services). (See also exclusivity of remedy
doctrine.)

EDB: See ethylene dibromide.

Embryo/fetus: The embryonic stage begins at about
3 weeks and extends to about 8 or 9 weeks; the fe-
tal stage extends from 8 weeks until birth. The first
or blastocyst stage is often subsumed within the em-
bryonic stage to simplify terminology.

Embryotoxin/embryotoxicity: A agent that adversely
affects the embryo. (See toxin/toxicity.)

Emergency temporary standard (ETS): A standard
issued under § 6(c) of the Occupational Safety and
Health Act which may be issued when OSHA deter-
mines that workers are exposed to a “grave danger”
from an occupational hazard and that an emergency
standard is necessary to protect them from that
danger.

Endometrium: The mucous membrane of the uterus,
which varies in thickness and structure with each
phase of the menstrual cycle.

Endpoint: The particular biological response being
measured.

Engineering controls: Methods of controlling worker
exposure by modifying the source or reducing the
amount of contaminants released into the work-
place. Engineering controls include process design
and modification, equipment design, enclosure and
isolation, and ventilation.

Epidemiology: The study of the distribution of dis-
eases and their precursors in human populations.

Estrogen: Any natural or artificial substance that in-
duces estrogenic activity; more specifically the es-
trogenic hormones estradiol and estrone produced
by the ovary; the female sex hormones.

Ethylene dibromide (EDB): A chemical used chiefly
as a gasoline additive and as a pesticide from 1948
to 1984, when it was banned for pesticidal use.

Ethylene oxide (EtO): A clear, colorless gas used pri-
marily as a chemical intermediate in the production
of pesticides and as a sterilant and fumigant for hos-
pital equipment.

Etiology: The study of the causes of disease.

Exclusivity of remedy doctrine: A provision of all
State workers’ compensation laws that prohibits em-
ployee tort suits against employers for injuries or
diseases that occur on the job.

Exclusivity rule: See exclusivity of remedy doctrine.

Exposure: The length of time and dose of chemical,
biological, or physical agent to which a worker is
subjected.

Exposure assessment: In risk assessment, identifies
the population segments potentially exposed to the
agent.

Facial discrimination: Employment discrimination of
an overt and intentional nature, such that the em-
ployment policy is considered to be discriminatory
on its face. Facial sex discrimination violates Title
VII unless sex is a “bona fide occupational qualifi-
cation.” Compare with disparate impact.

Fetal protection policy (FFP): An occupational health
policy intended to provide for the protection of the
future offspring of employees. Such policies fre-
quently place limitations on the jobs available to fer-
tile and/or pregnant women.

Fetoscopy: A procedure using an optical instrument
that allows direct observation of the fetus.

Fetotoxin/fetotoxicity: An agent that adversely af-
fects the fetus. (See toxin/toxicity.)

Fetus: See embryo/fetus.

Follicle-stimulating hormone (FSH): A protein se-
creted by the anterior pituitary that promotes sper-
matogenesis and stimulates ovulation.

Gamete: A mature male or female germ cell (sperma-
tozoon or ovum).

General duty clause: Section 5(a)(1) of the Occupa-
tional Safety and Health Act. This section provides
that “each employer shall furnish . . . employment
and a place of employment which are free from rec-
ognized hazards that are causing or are likely to
cause death or serious physical harm to his employ-
ees.” OSHA has used this clause to cite employers
for workplace conditions that present serious occu-
pational hazards that are not covered by OSHA’s
more detailed health and safety standards.

Genome: The total genetic information carried by an
individual.

Germ cell: The male and female reproductive cells;
egg and sperm.

Gestation: Period of intrauterine development from
conception to birth.

Gonad: A generic term that refers to both female ova-
ries and male testes.

Gonadotropin: A substance having affinity for or a
stimulating effect on the gonads. There are three
varieties: anterior pituitary, chorionic from human
pregnancy urine, and chorionic from the serum of
pregnant mares.

Hazard identification: In risk assessment, the qualita-
tive analysis of all available experimental animal and
human data to determine whether and at what dose
an agent is likely to cause toxic effects.

Human chorionic gonadotropin (hCG): A hormone
produced by the placenta that stimulates produc-
tion of progesterone.

Hydrocephaly: Abnormal accumulation of fluid in the
cranium, associated with mental retardation.

Hysterosalpingogram: Imaging of the uterus and fal-



lopian tubes by injecting dye into the cervix and
filming its spread through the peritoneal cavity.
latrogenic: Treatment- or drug-induced.

Implantation: Process whereby a fertilized ovum bur-
rows into the lining of the uterus on its arrival there,
and attaches itself firmly. Successful implantation
is essential to the future development of the em-
bryo/fetus and is sometimes considered as the true
moment of conception.

Infant mortality rate: The number of deaths to in-
fants under 1year of age in a given year per 1,000
live births in that year.

Infertility: Inability to produce liveborn children.

Intentional tort exception: Exception to the exclusiv-
ity of remedy doctrine in some States that permits
an employee lawsuit against an employer if the em-
ployer’s conduct manifested a deliberate attempt to
injure the worker.

In vitro: Outside the living organism and in an artifi-
cial environment.

In vivo: Within the living organism.

lonizing radiation: Energy that is transmitted in wave
or particle form that is capable of causing ioniza-
tion (ejecting orbital electrons) of atoms or molecules
in radiated tissue; e.g., X-rays.

Job-relatedness (causation): A criterion for receiv-
ing worker’s compensation benefits that requires
the worker’s disability, injury, or disease be caused
by a workplace factor.

Justice: As a principle of ethics, fair and equal treat-
ment of others,

Karyotyping: A technique by which chromosomes
are prepared for microscopic observation; a stand-
ard part of amniocentesis.

Kepone (chlordecone): A chlorinated hydrocarbon in-
secticide, used commonly against fire ants and cock-
roaches; U.S. use was banned in 1977.

Laparoscopic ovarian biopsy: Use of a laparoscope
to remove a portion of ovarian tissue for microscop-
ic observation.

Laparoscope: An instrument used for direct obser-
vation of ovaries and other internal organs.

Loss of consortium: Loss of the conjugal fellowship
of husband or wife, and the right of each to the com-
pany, society, cooperation, affection, and aid of the
other in every conjugal relation. Damages for loss
of consortium are commonly sought in wrongful
death actions, or when spouse has been seriously
injured through negligence of another, or by spouse
against third person alleging that he or she has
caused breaking up of marriage.

Luteal phase: The portion of the menstrual cycle that
occurs between ovulation and menses.

Luteinizing hormone (LH): A pituitary hormone that
stimulates hormone production by gonads.

Luteinizing hormone-releasing hormone (LHRH): A
hormone released by the hypothalamus that regu-
lates reproductive function in men and women.
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Medical removal protection (MRP): An employment
policy requiring or permitting employees to trans-
fer permanently or temporarily from jobs involv-
ing a potential health risk to jobs with less risk.

Menarche: The beginning of menstruation; i.e., the
first menstrual period, This occurs during puberty
but does not signify the beginning of full adult fe-
cundity as ovulation may be irregular or absent for
some time.

Menopause: Natural physiologic cessation of menstru-
ation normally occurring in the last half of the fifth
decade.

Microcephaly: Abnormal smallness of the head.

Morbidity: The frequency of disease and illness in a
population.

Mutagen/mutagenesis: A substance that induces mu-
tation; the induction of mutation in the genetic ma-
terial.

Neonate: A newborn infant.

Neural tube defects: Birth defects of the central nerv-
ous system such as spina bifida and anencephaly.

Nonionizing radiation: Refers to the region of the
electromagnetic spectrum where the energy of the
emitted photon is incapable of ionizing atoms or
molecules in the irradiated tissue; e.g., radio and
television transmission signals.

No observed effect level (NOEL): Level of exposure
that produces no observed deleterious health
effects.

Oligospermia: Extremely low levels of sperm pro-
duction.

Oocyte: Female germ cell.

Organogenesis: The formation and development of
body organs from embryonic tissues.

Ovulation: The release of an ovum from the ovary
during the female menstrual cycle.

Parturition: Labor, giving birth.

Parity: The number of pregnancies a woman has car-
ried to at least 20 weeks gestation (or 500-gram fe-
tal weight).

Permissible exposure limit (PEL): The maximum air-
borne concentration of a toxic substance permitted
by OSHA standards.

Personal protective equipment: Equipment and
clothing designed to control exposure to hazards;
egd. hard hats, safety shoes, protective eyewear,
protective clothing and gloves, hearing protectors,
and various types of respirators, such as dust and
gas masks.

“Personal” injury or disease: A criterion for receiv-
ing workers’ compensation benefits that prohibits
claims by the worker’s spouse or offspring. The in-
jury or disease must be “personal” to the worker.

Pharmacokinetics: The study of the action of a chem-
ical in the body over a period of time. It includes
the processes of absorption, distribution, localiza-
tion in tissues, transformation into other chemicals
with biological activity, and excretion.



Polybrominated biphenyl (PBB): A chemical used as
a flame retardant in thermoplastic products until
banned in 1979.

Polychlorinated biphenyl (PCB): A chemical used in
coolant fluid in electrical transformers, hydraulic
fluids, lubricants, and as a pesticide extender until
banned in 1979.

ppm: Parts per million.

Preconception tort: A wrongful act committed prior
to the conception of the offspring injured as a con-
sequence of the act.

Premanufacture notification (PMN): Requirement
under TSCA that companies must notify EPA before
commencing manufacture of toxic substances.

Prenatal tort: A wrongful act committed after con-
ception but prior to the birth of the offspring in-
jured as a consequence of the act.

Preponderance of evidence: Evidence that is of greater
weight or more convincing than the evidence that
is offered in opposition to it, that is, evidence which
as a whole shows that the fact sought to be proved
is more probable than not. With respect to burden
of proof in civil actions, means greater weight of
evidence, or evidence that is more credible and con-
vincing to the mind.

Product liability theory: The legal liability of manu-
facturers and sellers to compensate buyers, users,
and even bystanders for damages and injuries suf-
fered because of defects in the goods purchased.
A tort which makes a manufacturer liable if his
product has a defective condition that makes it un-
reasonably dangerous to the user or consumer.

Progesterone: A steroid hormone obtained from the
corpus luteum, adrenals, or placenta. It is respon-
sible for changes in uterine endometrium in the
second half of the menstrual cycle that prepare for
implantation of the blastocyst, development of ma-
ternal placenta after implantation, and development
of mammary glands.

Rads: The units used to quantify the energy depos-
ited in matter by ionizing radiation, defined as 0.01
joules per kilogram of irradiated material.

Rate retention (RR): Maintaining the removed em-
ployee’s wages and benefits during the period of
medical removal. (See also medical removal pro-
tection.

Rational basis test: The legal test applied by a court
that is reviewing the constitutionality of a decision
of a legislative or administrative body. A court will
not second-guess the legislature as to the wisdom
or rationality of a particular statute if there is a ra-
tional basis for its enactment when the strict scru-
tiny test does not apply.

Reasonable personal standard: The standard that
one must observe to avoid liability or negligence is
the standard of the reasonable person under all the
circumstances, including the foreseeability of harm
to one such as the plaintiff.

Rem: Abbreviation for roentgen equivalent measure,

a unit that quantifies the degree of biological dam-
age from ionizing radiation.

Reproductive age: See childbearing years.

Reproductive health hazard: A chemical, physical,
or biological agent that causes reproductive impair-
ment in adults and developmental impairment or
death in the embryo/fetus or child.

Reproductive toxin: An agent that interferes with re-
productive or procreative functioning of the adult
from puberty through adulthood.

Respect for persons: A moral principle that requires
that individuals be treated as the focus of concern
in their own right and not merely as the means to
the achievement of other goals.

Risk assessment: The use of scientific evidence to
estimate the likelihood of adverse effects on the
health of individuals or populations from exposure
to hazardous materials and conditions.

Risk characterization: In risk assessment, the final
step, which summarizes information about the
agent and evaluates it in order to estimate the risk.

Risk management: Determination of the possible ac-
tions that can or should be taken in response to an
assessment that a substance or condition poses a sig-
nificant risk.

Semen: A mixture of sperm and fluids.

Sex ratio: The ratio of males to females in a popula-
tion, usually expressed as the number of males for
every 100 females.

Somatic cell: All cells of the body except the germ
cells.

Sonographic imaging: See uhrasonography.

Sovereign immunity: Doctrine that precludes a liti-
gant from asserting an otherwise meritorious cause
of action against a sovereign (government) or a party
with sovereign attributes unless sovereign consents
to suit. Historically, the Federal and State govern-
ments, and derivatively cities and towns, were im-
mune from tort liability arising from activities that
were governmental in nature. More jurisdictions,
however, have abandoned this doctrine in favor of
permitting tort actions with certain limitations and
restrictions.

Spermatogenesis: The transformations that result in
formation of spermatozoa.

Spermatogonia: Precursor sperm cells.

Spermatozoa: Sperm cell.

Spina bifida: A neural tube defect characterized by
incomplete closure of the spinal column.

Steroid hormones: See estrogen, progesterone.

Survival statute: Statutory provision for the survival,
after death of the injured person, of certain causes
of action for injury to the person, whether death
results from the injury or from some other cause.

TCDD: See dioxin.

Threshold limit value (TLV): Maximum airborne con-
centrations of toxic substances set as guidelines by
the ACGIH.

Teratogen/teratogenesis: An agent that interferes
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with embryonic or fetal development. A chemical
or physical agent that causes physical defects in off-
spring.

Testosterone: The hormone secreted by the testes
that stimulates the development of masculine char-
acteristics.

Tort: A wrongful act for which the law imposes lia-
bility.

Toxicant: See toxin,

Toxin/toxicity: A chemical, physical, or biological
agent that interrupts the normal function of a cell,
tissue, organ, or organism.

2,4,-D: 2,4dichlorophenoxyacetic acid; an herbicide
commonly used in agriculture and forestry.

2,4,6,-T: 2,4,5, -trichlorophenoxyacetic acid, a chlori-
nated herbicide in wide U.S. use from 1948 to 1970,
Banned in 1979 for all use except on rangeland and
rice fields.

Ultrasonography: Imaging of the ovaries or develop-
ing embryo/fetus using sonic waves.

Viability: A concept used to distinguish between the
early stages of gestation, when the embryo or fe-
tus is incapable of survival outside the uterus, and
the later stages, when the fetus can live outside the

Xiv

womb. Given current neonatal technologies, a fetus
achieves viability after approximately 6 months of
gestation.

Workers’ compensation: State-required insurance
programs that pay for an employee’s medical costs
and other economic costs due to work-related in-
jury and illness.

Wrongful death: A death resulting from a tort. Some
States have enacted special statutes, known as wrong-
ful death acts, to address liability in such cases.
These statutes generally do not apply to fetal deaths.

Wrongful birth wrongful life: A life resulting from
a tort, usually the birth of an infant with birth de-
fects as a result of a health care provider’s negli-
gent failure to either inform the parents of the risk
of birth defects or to perform procedures with due
care to prevent conception or birth. Wrongful birth
refers to the parent’s claim for damages, while
wrongful life refers to the child’s claim for damages.
The courts are divided as to whether relief can be
granted for such claims.

Zygote: Fertilized egg; the result of the union of sperm
and ovum.
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Chapter 1

Executive Summary

INTRODUCTION

Protecting the reproductive health and procrea-
tive capacity of working men and women is im-
portant for two basic reasons: 1) it safeguards the
health of future generations, and 2) reproductive
health and procreative capacity are fundamen-
tally important to individual well-being.

Reproductive health hazards, for the purpose
of this report, are defined as agents that cause
reproductive impairment in adults and develop-
mental impairment or death in the embryo/fetus *
or child. The effects of reproductive impairment,
which can include infertility, impotence, men-
strual irregularities, spontaneous abortion, and
damage to offspring, are difficult to measure and
can result in damage to other, related systems of
the body. Individuals also vary widely in suscep-
tibility and extent of exposure to reproductive
hazards.

What is known about reproductive health
hazards is far outweighed by what is un-
known: most commercial chemicals have not
been thoroughly evaluated for their possible toxic
effects on reproduction and development. Much
of the information on suspected reproductive
health hazards, as \vith other hazards, is derived
from animal studies, which present problems of
interpretation in extrapolating to effects in humans.

There are consequently no reliable esti-
mates as yet of the basic measures of repro-
ductive risk in the workplace-the number of
workers exposed to such hazards, their levels
of exposure, and the toxicity of the agents to
which they are exposed.

There are a number of sophisticated technol-
ogies for assessing reproductive function, but
none can fully assess fertility; the only true meas-
ure is the birth of a healthy infant. Because of
these unknowns, the management of uncer-

Gestation is commonly divided into three stages: 1 1 the blastocyst,
from conception until about 3 weeks: 2) the embryvonic from 3
weeks to about 8 017 9 weeks; and 3) ¢ he fetal from 8 o1 9 weeks
until birth. The blastocy st stage is often subsumed w ithin the pu)-
brvonic stage mn order to simplify terminology

tainty is the central issue in the protection of
the reproductive health and procreative ca-
pacity of working men and women.

Most policy decisions regarding the manage-
ment of occupationally related reproductive risk
must be made within the context of two Federal
statutes:

1. the Occupational Safety and Health Act (OSH
Act), which gives the Federal Government the
authority to protect workers to the extent
feasible from exposure to substances that
could damage their reproductive systems and
general health; and

2. Title VII of the Civil Rights Act, which for-
bids employment discrimination on the ba-
sis of sex or pregnancy.

The OSH Act and the Civil Rights Act can usu-
ally be reconciled in cases where protection of
the health of the embryo/fetus is of concern. An
employer who employs in a nondiscriminatory
manner and provides a place of employment that
is free of recognized hazards violates neither law.
When there is risk of exposure to recognized haz-
ards in the workplace, the employer is obliged
to take all reasonable nondiscriminatory steps to
ameliorate the hazard. Employers who are never-
theless unable to provide a safe workplace to all
employees may be legally permitted to resort to
sex-based distinctions in removing individuals at
risk if the employer meets certain stringent cri-
teria established by the courts.

Three additional major statutes potentially ap-
ply to occupational reproductive risk-these are
the Toxic Substances Control Act (TSCA); the Fed-
eral Insecticide, Fungicide, and Rodenticide Act
(FIFRA); and the Atomic Energy Act (AEA).

A number of hazardous agents have been
associated in varying degrees with impair-
ment of male and female reproductive func-
tion and the health of the developing em-
bryo/fetus Their effects are mediated by genetic
and environmental factors as well as by exposure.
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These agents include various chemicals; ionizing
and nonionizing radiation; physical factors such
as hot, cold, hyperbaric, or hypobaric environ-
ments, noise, and vibration; infectious agents;
aspects of lifestyle such as tobacco and alcohol
use; ingestion or absorption of certain drugs; and
overexertion and stress.

Toxic agents are regulated for a range of health
effects which until recently did not often include
reproductive effects. However, toxic agents are
unlikely to be regulated solely for their effects
on reproductive health because toxic agents that
affect reproductive health are likely to have other
health effects as well. To date, four health haz-
ards—ionizing radiation, lead, ethylene oxide
(EtO), and dibromochloropropane (DBCP)-are
regulated in part because of their effects on re-
productive or procreative capacity.

Workers have two primary concerns related to
reproductive health: exposure to substances that
can endanger their reproductive health and pro-
creative capacity, and exposure to substances that
can endanger the health and development of their
offspring. Workers are also concerned about em-
ployment opportunities and job security in this
context. For example, employment opportunities
for women workers may be affected by fetal pro-
tection policies instituted by employers who fear
future liability for offspring harmed by workplace
exposures. opinions of workers regarding these
policies differ, depending on their values and eco-
nomic circumstances.

While policymakers and employers may
never have complete information regarding
the full extent of reproductive dysfunction
and its causes, they must attempt to provide
as safe a workplace as feasible. The primary
means of protecting reproductive health in the
workplace are adequate engineering and adminis-
trative controls to keep exposure at the lowest
feasible levels; substitution of safer substances
where feasible; and programs to educate work-
ers concerning safe work practices and potential
dangers.”

‘See OTA’S report on Preventing Iliness and Injury in the Work-
p/ace, OTA-H-256 (Washington, DC: U.S. Government Printing Of-
fice, April 1985).

The methods used to protect workers’ repro-
ductive health must meet minimum standards un-
der the OSH Act and Title VII. Managers and pol-
icymakers often have different approaches to
meeting minimum standards, depending on their
personal philosophies. One view holds that all
workers, even the hypersusceptible, must have
equal access to job opportunities. In this view, jus-
tice cannot be served if employment is denied on
the basis of immutable traits, such as sex, age, eth-
nic status, or genetic susceptibility. The workplace
must therefore be made safe enough to protect
the health of even the most vulnerable worker.
A contrasting view holds that the hypersuscepti -
ble worker maybe denied equal access to job op-
portunities in situations where it is neither tech-
nically nor economically feasible to protect that
worker. In this view, justice is served because the
majority of workers have equal access and the
employer can remain in business. Difficulties arise
because the evidence that exposure to a substance
causes harm is rarely conclusive, people cannot
agree on the definition of “safe,” and the defini-
tion and implications of hypersusceptibility can
change, depending on the workplace situation,
Thus, depending on philosophical viewpoint, jus-
tice can be interpreted to mean either equal op-
portunity for all or the greatest good for the great-
est number.

If protective measures fail and workers are
harmed, compensation becomes the issue.
Under the laws of most States, reproductive im.
pairment probably cannot be compensated within
the workers’ compensation system; moreover,
workers are at present barred from bringing tort
claims against their employers. Although lawsuits
against third parties such as product suppliers
and manufacturers may achieve redress, prov-
ing causation is often difficult. And, in some cases,
third-party defendants cannot be identified.

Although it is difficult to identify the agents that
are hazardous to reproductive health and the
numbers of people who may be exposed, repro-
ductive dysfunction is a significant health prob-
lem in the United States:

An estimated 2.4 million (8.4 percent) of U.S.
couples in which the wife is of childbearing age
are unintentionally infertile. In some cases this
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inability to bear children appears to correct it-
self; in other cases the infertility persists.

Some congenital malformation is evident in 3
percent of all live births; an additional 3 percent
of infants are found to have malformations b-y
1 year of age. The causes of congenital malfor-
mations are unknown in 60 to 70 percent of
cases. (Rates of congenital malformation do not
appear to be rising.)

The rates of other manifestations of reproduc-
tive and procreative dysfunction (e.g., depressed
libido, impotence, contaminated breast milk,
early menopause) are unknown.

Although the extent to which workplace expo-
sure to chemical, physical, and biological agents
may contribute to impairment of reproductive
functioning is not known, the National Institute

for Occupational Safety and Health (NIOSH) ranks
work-related reproductive impairment as sixth of
the 10 leading work-related diseases and injuries.
This ranking is based on numbers of workers ex-
posed to known toxicants or substances suspected
of being toxic to human reproductive capacity and
levels of reproductive dysfunction in the popu-
lation. Thus there is a clear need to elucidate the
specific causes of reproductive dysfunction in or-
der to reduce its overall incidence.

This report reviews the evidence for workplace-
induced reproductive impairment. The options
describe actions that might be taken to reduce
the uncertainty surrounding its prevalence and
causes, and to compensate those who may be
harmed.

REPRODUCTIVE BIOLOGY AND MECHANISMS OF TOXIC EFFECTS

The complexity of the reproductive process is
often masked by a focus on discrete components
of procreation, such as the production of sperm
or egg cells or development of the embryo/fetus.
This narrow focus fails to encompass such aspects
of reproductive function as overall adult health,
sexual behavior, pregnancy, lactation, child health
and development, puberty, and reproductive
senescence. Failure to recognize the integral role
of each of these components as part of reproduc-
tive function leads to an underestimate of the sen-
sitivity of normal reproductive functioning to
even minor disruptions.

The processes involved in the production of
sperm and egg cells are different. Men produce
sperm continuously from puberty throughout life.
By contrast, women are born with a finite sup-
ply of egg cells which is steadily depleted from
puberty through menopause.

Embryo loss is a part of the reproductive
process. Only one-fourth to one-third of em-
bryos conceived result in a live birth. Data on em-
bryo loss are difficult to obtain and estimates vary
because its incidence is particularly high in the
early stages of pregnancy when the loss is least
easily recognized.

Assessment of individual reproductive function
cannot be limited to evaluation of reproductive
organs and reproductive cells because the many
indices of reproductive health are closely tied to
other physiological systems. Indices of impaired
reproductive functioning include abnormal pu-
bertal development, depressed libido, impotence,
and irregular menstrual cycles. Physical exami-
nation should thus include assessment of circula-
tory, endocrine, and necrologic function. Patient
histories should cover a broad range of factors
that may influence reproductive health, includ-
ing personal and family medical history, lifestyle
factors, and work history.

The complexity of reproduction and develop-
ment is mirrored by the complexity of the bio-
logical mechanisms that underlie toxic effects.
These mechanisms involve absorption, distribu-
tion within the body, metabolism (toxification
and/or detoxification), excretion, and repair.

A toxicant, whether a chemical, physical, or bio-
logical agent, acts by interrupting the normal
function of a cell, tissue, organ, or organism. Re-
productive toxicants may act directly in two ways.
They may be structurally similar to an endog-
enous compound (hormone or nutrient) and thus
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mimic its action, or they may alter the structure
of a hormone, causing it to vary in its activity.
Toxicants may also act indirectly. Following meta-
bolic conversion within the body, a secondary
product acts on a tissue or organ of the repro-
ductive system. Other toxicants act indirectly by
altering the body’s physiological control systems.
Certain reproductive toxicants act in several ways
simultaneously.

The toxicology of reproductive and sexual func-
tioning is generally divided into two types: 1) re-
productive toxicity, and 2) developmental toxic-
ity. A reproductive toxicant interferes with
reproductive or sexual functioning of the
adult fmm puberty through adulthood. The
many ways in which a reproductive toxicant can
manifest itself include depressed libido, impo-
tence, irregular menstrual cycles, and infertility.
A developmental toxicant produces an effect
in the offspring from conception to puberty.
Developmental toxicity has four principal manifes-
tations: 1) death of the conceptus, 2) structural ab-

normality, 3) altered growth, and 4) functional de-
ficiency in the offspring. Some toxicants may have
both reproductive and developmental effects.

Developmental toxicants can cause functional
teratogenesis (alterations or delays in the post-
natal abilities of the individual or delays in growth
and development of organ systems), structural
malformation, or altered growth. Developmental
toxicants can act during either the embryonic or
fetal periods, and can kill the embryo or fetus.
These toxicants maybe equally toxic to both par-
ents and the embryo/fetus. The evolution of the
concept of developmental toxicity and teratoge-
nicity has implications for the language of TSCA,
which refers to these substances as “teratogens)”
thereby implying the exclusion of substances that
may cause other developmental effects. Modify-
ing this language to refer to “developmental tox-
icants ” would clarify the existing statute with re-
gard to contemporary understanding of the word
teratogen, since a teratogenic effect is one of sev-
eral developmental effects.

EVIDENCE FOR WORKPLACE HAZARDS
TO REPRODUCTIVE FUNCTION

By present-day standards, there has been in=
adequate study of most suspected workplace
hazards to reproductive function and pmcrea=
tive capacity in both men and women. This sit-
uation exists for a variety of reasons:

1, Testing for workplace-induced reproductive
impairment is a relatively recent phenome-
non, stimulated in part by the thalidomide
tragedy. In past years, studies were neither
required by government nor considered nec-
essary by industry. Thus relatively few of the
thousands of chemicals used in the work-
place have been evaluated for their potential
effects on the reproductive systems of either
animals or humans.

2. The effects of some hazards have been ex-
amined only in men and/or women, or in the
developing offspring, but not in all three.

3. Many substances that have been tested for
their toxic effects in animals have never been
studied for their effects in humans, and more
reproductive endpoints have been studied in
animals than in humans.

4. Many study findings, particularly those of
human effects, are inconclusive because of
methodological problems.

5. Methods for extrapolating observed repro-
ductive and developmental effects in labora-
tory animals to possible similar effects in hu-
mans are only now being developed.

6. Data on human exposure levels and particu-
lar endpoints that indicate reproductive im-
pairment are difficult to obtain.

The scientific literature from human epidemio-
logical and animal toxicology studies was re-
viewed for evidence of reproductive effects from
exposure to a selected list of chemical, physical,
and biological hazards, and to stress. The sub-
stances that were reviewed are listed in table I-
1. With the exception of certain metals (e.g., lead,
mercury) certain organic solvents and pesticides
(e.g., DBCP, EtO), ionizing radiation, and certain
biological agents (e.g., rubella, mumps), evidence
linking particular agents with reproductive
and/or developmental effects in humans is, for
the most part, inconclusive. Some substances
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lable 1-1.—Agents and Substances Reviewed
for Reproductive Health Effects by OTA

Metals:

Lead
Boron
Manganese
Mercury
Cadmium
Arsenic
Antimony

Chemicals:

Agricultural chemicals:

Carbaryl

Dibromochloropropane
(DBCP)

DDT

Kepone (Chlordecone)

2,4,5-T, Dioxin (TCDD),
and Agent Orange

2,4-D

Polyhalogenated biphenyls:

Polybrominated
biphenyls (PBB)
Polychlorinated
biphenyls (PCB)
Organic solvents:
Carbon disulfide
Styrene
Benzene
Carbon tetrachloride
Trichlorethylene
Anesthetic agents:
Epichlorohydrin
Ethylene dibromide
(EDB)
Ethylene oxide (EtO)
Formaldehyde
Rubber manufacturing:
1,3-Butadiene
Chloroprene
Ethylene thiourea

Vinyl halides:
Vinyl chioride
Hormones
Undefined industrial
exposures:
Agricultural work
Laboratory work
Qil, chemical, and
atomic work
Pulp and paper work
Textile work
Physical factors:
lonizing radiation:
X-rays
Gamma rays
Nonionizing radiation:
Ultraviolet radiation
Visible light
Infrared radiation
Radiofrequency/
microwave
Laser
Ultrasound
Video display terminals
Magnetic field
Hyperbaric/hypobaric
environments
Hot environments
Cold environments
Noise
Vibration

Stress

Biological agents:
Rubella
Cytomegalovirus
Hepatitis B
Other infectious agents
Recombinant DNA

have been studied more intensively than others,
however. For example, anesthetic gases have been
studied fairly extensively in humans, and major
studies of the reproductive health effects of ex-
posure to dioxin and prolonged use of video dis-
play terminals (VDTS) are currently in progress.

Photo credit: Pemina Meise\s

Reports of reproduction system effects among users
of the many video display terminals (VDTS) now in use
in the Nation’s workplaces have raised questions about
the safety of prolonged VDT exposure. Comprehensive

SOURCE Off Ice of Technology Assessment studies of these effects are now in progress.

REPRODUCTIVE RISK ASSESSMENT

Risk assessment is the use of scientific evidence
to estimate the likelihood of adverse effects on
the health of individuals or populations from ex-
posure to hazardous materials and conditions.
Risk assessment is often confused with risk man-
agement, although the two are distinct. Risk as-
sessment evaluates the probability of biologically
significant events, while risk management deter-
mines the possible actions that can or should be
taken in response to an assessment that a sub-
stance or condition poses a significant risk.

Several Government agencies are charged with
the regulation of harmful substances. Because

these agencies have different mandates based on
the legislation underlying their authority and the
types of substances and environments in their
jurisdiction, the feasibility of centralizing risk
assessment and management processes among
them is uncertain. There is the potential, how-
ever, for establishing guidelines that can make
these processes more explicit.

In risk assessment, no matter how clearcut the
evidence for the hazard, there are always scien-
tific unknowns. It is not possible to predict the
likelihood of a particular health effect from given
exposure without some degree of uncertainty re-
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garding the specific number of people who may
be affected. Scientific decisions regarding the use
of particular models or dose-response curves may
carry with them judgments that generate differ-
ent assessments of risk, and thus result in differ-
ent risk management policies.

There are four steps in risk assessment. haz-
ard identification, dose-response assessment, ex-
posure assessment, and risk characterization.

+ Hazard identification is the qualitative anal-
ysis of all available experimental animal and
human data to determine whether and at
what dose an agent is likely to cause repro-
ductive or developmental effects. Hazard
identification determines the potential of an
agent to do harm, not the probability that
harm will, in fact, occur.

+ Dose-response assessment determines the
relationship between the magnitude of hu-
man exposure and the probability of human
health effects. In this step the results of ani-
mal studies, during which high doses are
often given, must be extrapolated to effects
on humans, who are usually exposed to smaller
doses and vary with respect to exposure, sus-
ceptibility, and lifestyle,

* Exposure assessment identifies the population
segments potentially exposed to the agent, in-
cluding their composition and size, as well
as the magnitude, frequency, and duration
of potential exposure to the agent. This in-
formation is difficult to obtain because ex-
posure can occur in different time patterns
(acute v. chronic), or by different routes (in-
halation v. skin contact), and exposure in-
formation on worker populations is often un-
available.

* Risk characterization, the final step, sum-
marizes information about the agent and
evaluates it in order to estimate the risk. An
important component of this phase is estimat-
ing the level of uncertainty in the conclusions.

Most agents for which risk assessment is nec-
essary are chemicals. Most of the 5 million known
chemicals are probably not harmful at typical ex-
posure levels. Many chemicals are manufactured
in small quantities or are used in small amounts
in research laboratories. For example, of the more

than 48,000 chemicals* listed in the TSCA inven-
tory (which lists substances in commerce but does
not include pesticides, food additives, or cos-
metics), only about 12,800 are manufactured in
guantities of more than 1 million pounds per year,
13,900 are manufactured in quantities of less than
1 million pounds per year, and 21,700 are pro-
duced in unknown amounts. Workers are there-
fore unlikely to be exposed to more than a few
of these chemicals in most workplaces. Because
no publicly available toxicity information exists
for more than 70 percent of the chemicals de-
scribed in the TSCA inventory, it is currently im-
possible to evaluate their health effects.

Results from both animal toxicology and hu-
man epidemiology studies are used in the risk
assessment process. Toxicology studies have
several advantages. The experimental situation
can be controlled, animals can be given specific
doses in controlled environments, and results can
predict the possibility that an agent is a repro-
ductive health hazard in a particular animal. Their
principal disadvantage lies in the necessity for ex-
trapolation to human health effects. Adequate math-
ematical models for extrapolating dose-response
curves from animal toxicology studies to human
effects have not been developed. In addition,
there is some biological basis for the assumption
of threshold effectss in the developing embryo/
fetus. Animal studies will continue to be neces-
sary, however, as they provide essential informa-
tion, and it is unethical to deliberately expose hu-
mans to potentially toxic substances.

Epidemiological studies may confirm an asso-
ciation between exposure to a hazard and repro-
ductive impairment in humans. Unfortunately,
once the effect is detected, the harm or damage
has already been done. Epidemiology studies
often suffer methodological problems because
sample sizes of worker populations may be too
small to significantly demonstrate effects on re-
productive or developmental endpoints whose
frequency is low in the overall population (e.g.,
congenital malformation). Many reproductive

. 1982 total; this figure now exceeds 63,000.

The threshold concept assumes no harmful effects from exposure
below acritical level a which no harmful effects are observed. By
contrast, in cancer risk assessment, exposure to carcinogensis as-
sumed always to present arisk, however low.
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endpoints (e.g., spontaneous abortion, depressed
libido) are difficult to measure. Some study de-
signs have not controlled for the possibility of
paternally mediated effects. Exposure is difficult
to estimate and individuals may have lifestyle
characteristics (alcohol, drug, or tobacco use) that
confound study results. Moreover, workers, fear-
ing loss of privacy, may be reluctant to cooper-
ate in studies, and employers, fearing liability if
results indicate evidence of harmful effects, may
hesitate to conduct studies or to make data avail-
able to others for analysis.

Federal agencies are concerned to varying de-
grees with reproductive risk assessment. The Na-
tional Institute of Occupational Safety and Health
(NIOSH), as the research and information support
agency for the Occupational Safety and Health
Administration (OSHA), is carrying out research
on reproductive impairment, and is in the begin-
ning phases of reproductive risk assessment. The

Environmental Protection Agency (EPA) is carry-
ing out research on reproductive impairment and
is developing risk assessment guidelines on rele-
vant topics. EPA’s Proposed Guidelines for Assess-
ment of Developmental Toxicants (in conjunction
with three other proposed guidelines) has been
published for comment in the Federal Register,
and another, Proposed Guidelines for Reproduc-
tive Risk, will be completed in 1986. The EPA
Developmental Toxicant guidelines assume the ex-
istence of thresholds and recommend the use of
arbitrary safety factors for extrapolating safe ex-
posure levels to humans until adequate mathe-
matical models can be developed (see chapter 3).
EPA is also completing Federal radiation protec-
tion guidelines that include recommendations for
protection of workers from reproductive effects.
The Nuclear Regulatory Commission (NRC) has
also developed guidelines for protection of repro-
ductive capacity.

REPRODUCTIVE RISK ASSESSMENT
IN THE REGULATORY PROCESS

Occupational Safety and
Health Administration

The OSH Act of 1970 gave the Federal Govern-
ment responsibility for the occupational health
of more than 75 million working Americans or
some three-fourths of today’s U.S. work force.
OSHA, established by the Act, is the primary reg-
ulator of hazardous occupational exposures, in-
cluding those that may cause reproductive effects.

OSHA has authority to regulate occupational
health hazards in various ways. It may promul-
gate permanent or temporary standards, it may
issue guidelines for employers when no standards
exist, and it may enforce the general duty clause
of the OSH Act.

« Permanent Health Standards. OSHA can
promulgate permanent health standards for
a single hazardous substance, for a group of
specific substances, or even for a class of sub-
stances, but extensive and cumbersome rule-
making proceedings may take several years
to complete. OSHA has promulgated perma-

nent standards for three substances—DBCP,
lead, and ethylene oxide-that include spe-
cific provisions for the protection of repro-
ductive health.

+ Emergency Temporary Standards (ETSS).
OSHA may issue an ETS, effective immedi-
ately, if it determines that employees are ex-
posed to a ‘(grave danger” from exposure to
a health hazard. No court has decided whether
reproductive health problems are grave
dangers, although a recent Federal court of
appeals decision suggests that only “incura-
ble, permanent, or fatal” health consequences
could support the issuance of an ETS. Since
OSHA has lost several challenges to its ETSS
in the courts of appeals, OSHA is unlikely to
issue ETSS for known or suspected reproduc-
tive health hazards.

* Guidelines for Employers. Even where no
temporary or permanent health standards
apply, OSHA may issue guidelines to employ-
ers to follow as an interim measure to pro-
tect workers while a standard is being set.

* General Duty Clause. OSHA is empowered
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to ensure that employers are fulfilling their
general duty under the OSH Act to furnish
working conditions free from “recognized
hazards” that are likely to cause death or seri-
ous physical harm. Because a hazard is con-
sidered recognized only if it is common knowl-
edge in the employer’s industry or if the
employer had actual or constructive knowl-
edge of the hazard, OSHA may not be able
to prove that newly documented or sus-
pected reproductive health hazards are rec-
ognized. In any case, OSHA rarely enforces
the general duty clause at present. The gen-
eral duty clause is therefore unlikely to sub-
stitute for an ETS as an interim measure un-
til a permanent standard is enacted.

OSHA may not have the authority to regulate
employment policies that exclude women from
jobs that entail exposure to suspected reproduc-
tive hazards. The Occupational Safety and Health
Review Commission ruled that Congress intended
a “hazard” to be a process or material that causes
injury or disease by operating directly on employ-
ees as they engage in work. This decision sug-
gests, for example, that OSHA does not have au-
thority to issue a citation to an employer on the
grounds that its fetal protection policy itself con-
stitutes a hazard even though the policy may re-
sult in women submitting to surgical sterilization
in order to keep their jobs. In 1984, the Commis-
sion’s decision was affirmed by the Federal court
of appeals for the District of Columbia.

Even if OSHA could expedite the permanent
health standard procedures or enact ETSS
without fear of being reversed in court, health
standards for reproductive health hazards
might not result. Harmful substances are diffi-
cult to identify and interagency cooperation with
NIOSH has varied with the political philosophy
of the Administration in power. Under the Carter
Administration, OSHA and NIOSH developed a
close working relationship, including personnel
exchanges and various joint programs, though
this resulted in criticism of NIOSH for allegedly
abandoning its research neutrality. The Reagan
Administration, which believes in the clear sepa-
ration of research (risk assessment) from regula-
tion (risk management), has discontinued some
cooperative programs.

OSHA also has a shortage of the professional
and technical staff needed to develop health
standards. This staff shortage may result in in-
sufficieilt technical expertise to evaluate NIOSH’S
work and undertake appropriate regulatory actions.

Environmental Protection Agency

EPA has statutory authority under TSCA and
FIFRA to regulate certain occupational exposures
to reproductive health hazards, and under Execu-
tive Order No. 10831 to recommend Federal ra-
diation protection guidance for workers. Like
OSHA, EPA faces institutional and political uncer-
tainties as well as scientific uncertainties that may
constrain regulatory action.

EPA’s administration of TSCA and FIFRA is con-
strained by data collection efforts that are not sys-
tematized enough to provide EPA with complete
and consistent data for assessing reproductive ef-
fects of chemicals. Although TSCA requires com-
panies to submit all available health effects data
prior to manufacture of a toxic substance, test-
ing rules do not address the full range of repro-
ductive and developmental effects. New FIFRA
regulations may begin to address a similar prob-
lem for pesticide manufacturers, who now, for
the first time, are required to submit information
on the potential reproductive effects of products
regulated under FIFRA.

EPA has recently moved aggressively to take
the regulatory lead from OSHA for substances
that have potential health effects, including re-
productive and developmental effects; e.g.,
benzene, ethylene oxide (EtO), formaldehyde, and
glycol ethers. Public interest groups have per-
suaded EPA to yield to OSHA in regulating EtO,
for example, because EPA does not have clear au-
thority or resources to inspect or enforce EPA
regulations in hospitals. EPA referrals to OSHA
are likely to be made with increasing frequency.

EPA is, however, the primary governmental
body regulating the hazardous exposure of farm-
workers, whose working environment is very dif-
ferent from that of other workers. For example,
unless drinking water is supplied, farmworkers
may be forced to drink water from ditches or
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other open sources that may be contaminated
with pesticide and herbicide residues, A proposal
to include children under 12 years of age within
farmworker protection standards because of their
special vulnerability and because they ‘(might be
in the field at any time” was dropped in 1974 af-
ter strong protests from growers and their asso-
ciations. Although some pesticide manufacturers
label products suspected of being hazardous to
pregnant women, EPA standards do not discuss
whether pregnant farmworkers require special
precautions, nor do public comments to the 1974
proposal indicate that the potential for reproduc-
tive effects among pesticide applicators (male or
female) has received adequate attention.

No single agency regulates radiation exposure;
Federal responsibility is dispersed among five ex-
ecutive departments, one independent commis-
sion and two agencies, and by diverse statutory
provisions. Federal responsibility operates under
the unifying force of Federal radiation protection
guidance administered by EPA. EPA is revising
the existing (1960) Federal radiation protection
guidelines for workers. The guidelines will in-
clude specific provisions for protection of repro-
ductive health and the health of the embryo/fetus.
The currently recommended exposure limit of 3
reins per quarter (3 months) whole-body dose
equivalent limit is expected to be reduced. Offi-
cials believe the new limits will be sufficient to
protect against the risk of cancer and genetic ef-
fects. The draft also recommends that the policy
of conforming to the lower limiting value for the
developing embryo/fetus should be achieved with-

out economic penalty or loss of job opportunity
and security to the workers. The draft is to be
transmitted to the President for approval in late
1985.

Nuclear Regulatory Commission

NRC regulations provide for some protection
of reproductive health. The regulations provide
for maximum exposure levels, including limita-
tions on exposure to gonads and lifetime cumu-
lative dose, and protection of the biological sys-
tems of minors. There are no provisions that
deal with protection of the embryo/fetus or
with pregnancy per se, although some expert
groups have recommended reduction of expo-
sure limits for fertile and pregnant workers.
Other expert groups have argued for a gender
neutral policy that protects male and female
workers from mutagenic risks.

The nature of the regulations promotes the use
of temporary employees. These workers gener-
ally receive higher doses over short intervals than
do regular workers. Temporary workers consti-
tuted 35 percent of the work force in the nuclear
power industry in 1977, but received an estimated
47.5 percent of the total work force radiation
dose.

The factual basis for NRC health regulations has
not been adequately tested in the courts. Federal
courts have repeatedly deferred to INRC exper-
tise and discretion.

SEX DISCRIMINATION

Some companies and health care facilities have
implemented, or are considering, policies that ex-
clude women of childbearing age or capacity from
jobs involving exposure to suspected reproduc-
tive or developmental hazards. Although it is im-
possible to determine how many companies have
either written or unwritten exclusionary policies,
at least 15 of the Fortune 500 as well as nu-
merous hospitals are reported to exclude fer-
tile and/or pregnant women from some jobs.

Company exclusionary policies vary greatly.
Some are based on epidemiological and toxicolog-
ical research findings with respect to particular
substances; others are relatively speculative about
suspected reproductive hazards. Some policies are
carefully written and documented; others are un-
written, making them more flexible but also more
ambiguous. In large manufacturing companies,
policies are generally announced to employees
and their unions, if applicable, prior to implemen-
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tation; smaller organizations appear to formulate
and apply policies as a perceived problem arises.
Some policies recognize that a developmental haz-
ard may be mediated through either male or fe-
male workers, while others apply only to women.

In some cases, these policies have faced court
challenges on grounds of sex discrimination in vio-
lation of Federal law. Title VII of the Civil Rights
Act of 1964 prohibits employment discrimina-
tion on the basis of sex, while the Pregnancy
Discrimination Act of 1978, an amendment to
Title VII, specifically forbids discrimination
on the basis of pregnancy, childbirth, or re
lated medical conditions. The amendment re-
quires that women affected by these conditions
be treated the same for all employment purposes
as others not so affected but similar in their abil-
ity or inability to work.

While many of these cases are apparently set-
tled out of court, some have been adjudicated and
three have been reviewed by the Federal courts
of appeals in the Fourth, Fifth, and Eleventh Cir-
cuits. Xl three courts have held that the exclu-
sion of fertile or pregnant women due to the
existence of alleged hazards to the embryol
fetus is permissible if scientifically justified
and if less discriminatory alternatives do not
exist. In all other circumstances, such exclu-
sionary policies constitute illegal sex discrimi-

WORKERS’

The primary goal of workers’ compensation is
to provide relatively rapid and fair compensation
for workplace-induced accidents or illnesses.
Workers’ compensation laws (and, to some extent,
tort law) are also intended to deter hazardous con-
duct by employers through the use of economic
disincentives, based on higher insurance costs
and/or more frequent payments to injured work-
ers. OSHA and other agencies with the authority
to mandate workplace conditions were created
in part as a response to the failure of workers’
compensation laws to have a significant deterrent
effect. Both the workers’ compensation and
tort liability systems fail to consistently pro-
vide compensation to the victims of occupa-
tionally induced reproductive impairment,
though they sometimes result in some com-

nation. Although the three courts used different
approaches, the following general principles can
be extracted from these cases:

A fetal protection policy (FPP) that applies only
to women is presumptively discriminatory. That
is, the mere existence of an FPP will create Title
VII liability for the employer in the absence of
strongly supportive scientific evidence.

To overcome the presumption of discrimina-
tion, the employer must be able to present per-
suasive evidence that the body of scientific evi-
dence supports legal findings that: 1) exposure
at the level encountered in the workplace in-
volves a significant risk of harm to the unborn
children of women employees, 2) exposure at the
level encountered in the workplace does not in-
volve a similar risk of harm to the offspring of
male employees, and 3) the FPP is effective in
significantly reducing the risk. An employer’s
subjective but scientifically unsupportable belief
in the necessity of the policy is insufficient to de-
fend it.

If the employer proves both points (embryo/
fetal risk through maternal exposure and lack
of embryo/fetal risk through paternal exposure),
the plaintiff may nevertheless prevail by prov-
ing that an acceptable alternative policy would
promote embryo/fetal health at least as well with
a less adverse impact on one sex or by showing
that the FPP is a pretext for discrimination.

COMPENSATION

pensation for some workers. Few workers
seeking workers’ compensation on the basis of
reproductive impairment would be able to meet
the following three criteria for eligibility, which
state that the injury or disease must:

1. Be a “personal” injury or disease. This would
preclude compensation for injuries or dis-
eases suffered by others, such as the work-
er's spouse, fetus, child, or descendant.

2. Result in job disability. This requirement
would prevent the award of disability bene-
fits for most claims of reproductive injury or
disease, since such harms do not usually dis-
able the worker or prevent him or her from
resuming work at the same job.

3. Be caused by a workplace accident or ex-
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posure: Proving causation is difficult. Work-
ers’ compensation boards generally prefer
medical evidence that a particular individual
contracted a particular disease in a particu-
lar way to scientific evidence that shows how
many, or even most, people contract the dis-
ease. The causation problem is endemic to
occupational disease claims in general.

A few State systems utilize a “whole body” con-
cept of disability that covers personal injuries that
do not prevent a worker from returning to work.
These States may allow reproductively impaired
workers to collect a scheduled benefit, although
only one State has considered the issue. The ef-
fects of the eligibility criteria on workers are sum-
marized in table 1-2.

Because the “exclusivity of remedy” doctrine
embedded in most workers’ compensation sta -

tutes provides that an employee covered by such
statutes cannot sue his or her employer at com-
mon law for any injury or disease subject to the
worker’s compensation statute, workers are often
barred from seeking common law remedies. This
bar to worker suits has generally been maintained
by the courts without regard to whether the
worker’s claim actual& resulted in the payment
of benefits.

If workplace exposure is determined to have
adverse reproductive effects, workers pres-
ently have no remedies or, at most, inadequate
remedies in the workers’ compensation sys-
tems of most States. These victims of hazardous
occupational exposures will, by default, bear the
burden of their occupational exposures to repro-
ductive health hazards.

Table 1-2.—Summary of Harms, Victims, Benefits Criteria, and Causation Problems
in Workers’ Compensation Systems

Victim

Circumstances of harm

Worker

Embryo/fetus

Spouse and offspring

1. Accidental injury to worker
reproductive system or
embryo/fetus resulting in
injury or disease to a part
of body covered by schedule

Personal injury: eligible for
compensation for medical benefits in
all States and loss of function and
disfigurement in a few States. No
disability unless earnings loss. No

Not personal injury, Not personal injury,
therefore no therefore no
compensation compensation

or in loss of work

2. Acute or chronic exposure
of worker, spouse, or
embryo/fetus

special causation problems

If personal injury, will be eligible for
compensation for medical benefits in
all States and loss of function benefits
in a few States. No disability benefits

therefore no
compensation

Not personal injury,

Not personal injury,
therefore no
compensation

unless earnings loss. Special

causation problems

3. “Side effect” cases where
reproductive function impaired
due to other diseases

Probably not applicable since other NA NA
injury or disease will be primary
personal injury for disability

compensation, not the reproductive

iniury

NA—Not applicable.
SOURCE" Office of Technology Assessment.

TORT LIABILITY

The body of law governing personal injuries is
known as tort law. Perhaps more than any other
area of the common law, tort law is a battle-
ground of evolving social theory.

Workers alleging reproductive injury may bring
lawsuits against two primary types of defendants.
First, they may try to sue their employers for al-
leged negligence, intentional tort, strict liability,
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or product liability. Second, they may bring suit
for negligence, strict liability, or product liabil-
ity against the manufacturers of products used
in the workplace that may have caused or con-
tributed to the injury or disease. '

Although the exclusivity rule operates to bar
worker tort suits against their employers, two
principal arguments have proven effective in con-
vincing judges to allow suits against employers
in some jurisdictions: the dual capacity exception
and the intentional tort exception.

Dual capacity exists when the employer is also
a manufacturer of the product that caused the
worker’s injury or provides medical services for
the injury in a negligent fashion. Although some
States allow an injured employee to sue a dual
capacity employer, this exception has been op-
posed by industry and has been rejected in 23
States. Under the intentional tort exception, evi-
dence that an employer’s conduct manifested a
deliberate attempt to injure a worker can also be
used by the worker to overcome the exclusivity
rule and bring a tort action against the employer.
However, the fact that an employer’s conduct is
egregious is usually, in itself, insufficient to prove
deliberate intent to cause injury. Therefore, for
the most part, reproductively damaged work-
ers have very limited access to redress against
their employers through the courts.

Suits against employers or product manufac-
turers may be brought not only by the injured
worker but also by others who may have been
injured. One type of potentially injured party is
especially relevant to reproductive health haz-
ards: the embryo or fetus that has not been born,
perhaps not even conceived, at the time the haz-
ardous exposure occurs. The controversy over
the rights of the affected child to recover for
prenatal and pre-conception injuries has in-
creased dramatically over the last 40 years.
Where once there was complete denial of any
rights, the courts now grant recovery in almost
every situation resulting in injury to an embryo/
fetus who is eventually born alive. Although these
cases generally involve negligent medical treat-
ment, the basis for liability to an embryo/fetus
does not appear to be limited to medical malprac-
tice. The extent of these legal rights varies greatly
among jurisdictions, however, as courts struggle
with the unique problems posed by the unresolved
status of the embryo/fetus. Although all States
now recognize the right to bring an action for
prenatal injuries many jurisdictions will deny
recovery unless the fetus has reached the
stage of viability when it is injured. In these
jurisdictions, lawsuits for many development=
tal effects, such as birth defects resulting from
chromosomal aberrations or embryo toxicity,
would not be permitted because the injury
occurred prior to viability.

ETHICAL CONSIDERATIONS

The management of exposure to reproductive
and developmental toxicants in the workplace
presents ethical dilemmas because a course of ac-
tion that may be justified by ethical principles can
carry with it both desirable and undesirable con-
sequences.

Reproductive health hazards in the workplace
raise ethical issues in three areas. First, the man-
agement of suspected hazards often focuses on
women workers, who traditionally have been dis-
criminated against under the guise of protecting
their reproductive health or the health of their
offspring. Second, there is the equivocal status
of an embryo/fetus who cannot consent to the

risks that may be involved. Third, reproduction
is one of the most sensitive and intimate aspects
of life, which raises issues of worker privacy.

The ethical principles most relevant to the is-
sues of exposure to reproductive health hazards
in the workplace are: 1) respect for persons, 2)
beneficence, and 3) justice.

Respect for Persons

The principle of respect for persons requires
that individuals be treated as the focus of con-
cern in their own right and not merely as the
means to the achievement of other goals. This
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principle has important applications both for
workers exposed to reproductive hazards and for
their offspring and potential offspring. Respect
for persons requires informed and voluntary
choices by individuals about matters that affect
their well-being and life prospects. Informed
choice by workers implies a duty on the part of
employers and unions (and possibly the govern-
ment) to disclose existing information about re-
productive health hazards in the workplace. Vol-
untary choice based on accurate information
allows workers to maintain their autonomy.

The principle of respect for persons offers lit-
tle real guidance on the specific duties of em-
ployers towards workers’ offspring and potential
offspring. The difficulty lies in the fact that ethi-
cally and legally, fetuses, infants, and even young
children have an equivocal status as “autonomous”
beings. In general, the interests of fetuses, infants,
and children fall more naturally under the prin-
ciple of beneficence, since all persons and poten-
tial persons are entitled to benefits and protec-
tion from harm,

Beneficence

The principle of beneficence requires avoiding
harms to others and maximizing the balance of
benefits over harms. Beneficence is a considera-
tion in at least three relationships in the work-
place: employers’ duty to workers, workers’ duty
to offspring, and employers’ duty to offspring.

Employers’ Duty to Workers

The specific and general legal duties specified
under the OSH Act imply an ethical duty to avoid
exposing workers to unreasonable risk of harm.
The OSH Act may be a statutory codification of
an evolving social conviction that the duty exists
at the moral level. The Civil Rights Act implies a
corresponding duty not to discriminate in the em-
ployment opportunities of individuals.

Workers’ Duty to Their Offspring
and Potential Offspring

Parents may have certain duties to the expected
child even while it is an embryo/fetus. Such duties
might equal but could not exceed the duties owed
to newborn infants. This points up a limitation

to the duties owed embryo/fetuses: beneficence
requires one to do what is best, on balance. It is
not a duty to avoid any and all possible harms
to the embryo/fetus when that same action might
gain some benefits to the embryo/fetus and avoid
other harms. From the standpoint of the manage-
ment of exposure to reproductive health hazards,
a parent who chooses to continue working in a
mildly hazardous workplace is not necessarily
violating any duty of beneficence to his or her
embryo/fetus. For example, the benefits of work-
ing in a mildly hazardous situation might include
improved prenatal health care, and better hous-
ing and food,

Employers’ Duty to Workers’ Offspring
and Potential Offspring

The scope of employers’ duty to their workers’
embryo/fetuses is difficult to determine because
of the lack of a clear relationship between em-
ployer and embryo/fetus, and ambiguities in the
moral status of an embryo/fetus. While the worker-
parent’s exposure is to some degree voluntary,
the fact that the embryo/fetus has not ‘(consented”
to be exposed to hazards should not automatically
lead to the implementation of a higher standard
of protection for the embryo/fetus than for the
worker-parent, unless the embryo/fetus is more
susceptible.

This underscores the interaction of the princi-
ples of respect for persons and beneficence: the
duty to protect certain persons or embryo/
fetuses from harm may be in conflict with the
duty to permit other persons maximum lati-
tude for free and informed choice.

Justice

Justice is the fair and equal treatment of others.
This principle is relevant to the management of
reproductive health hazards in at least two ways:
1) the differential impact on male and female
workers, and 2) the allocation of burdens.

Differential Impact on Male
and Female Workers

The principle of justice requires that like cases
be treated alike. Thus policies that have a heav-
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ier negative impact on workers of one sex may
not be just unless the cases are not alike. Fetal
protection policies have typically been directed
to women, who are much more likely than men
to be removed from or denied jobs on the grounds
that reproductive or developmental hazards ex-
ist. Unless such policies are based on relevant and
important differences, they can be regarded as
unjust.

ISSUES AND

In many ways, reproductive health hazards are
like other occupational health hazards. There is
scientific uncertainty about the health effects of
most occupational exposures. What should soci-
ety’s decisionmakers—employers, workers, reg-
ulatory agencies, courts, and legislators-do in the
face of such uncertainty? What should be as-
sumed about risk when it is unclear whether a
substance is hazardous or not? What are the costs
to the affected groups and to society in general?
How can risks, expenses, and other burdens be
apportioned fairly?

When these questions are asked in the context
of the management of exposure to reproductive
health hazards, however, it is important to con-
sider this salient difference: men and women are
physiologically distinct, especially with respect to
reproduction. Are their biological differences of
such nature and magnitude as to require differen-
tial treatment? Again, scientific uncertainty about
the effects of chemical, physical, and biological
exposures obscures the answer. Reproductive
health hazards are also different because they can
affect the offspring as well as the adult. This re-
ality presents moral and legal questions about
who is entitled to make certain decisions that may
affect the health and well-being of future gener-
ations.

This discussion of the policy issues and options
begins with an issue that is unique to reproduc-
tive health hazards in the workplace: the use of
sex-based employment policies that exclude fe-
male workers from workplaces containing sus-
pected reproductive and/or developmental haz-
ards. Issues that are not confined to reproductive

Allocation of Burdens

There are two burdens to be allocated: finan-
cial burdens and health burdens. Generally, seri-
ous impairment to a person’s health is perceived
as a greater harm to that person’s interest than
are financial burdens, especially when financial
burdens are spread over a large number of indi-
viduals, with little impact on each.

OPTIONS

health hazards, such as general occupational and
environmental disease problems concerned with
prevention, regulation, and compensation in the
face of scientific uncertainty, are then sum-
marized.

Sex Discrimination

Because of scientific uncertainty, it is difficult
for an employer to meet the three criteria for
justifying fetal protection policies (FPPs) that ex-
clude only female (fertile or pregnant) workers
from jobs involving exposure to suspected devel-
opmental health hazards. The mere existence of
an FPP that applies only to women will, in the ab-
sence of strongly supportive scientific evidence,
create liability for illegal sex discrimination un-
der Title VII of the Civil Rights Act.

For those chemical, physical, and biological
agents that have been researched for human re-
productive effects, scientific evidence generally
fails to confirm or disconfirm a need for differ-
ential exposure standards for men and women
based on either reproductive effects on the adult
or parentally mediated effects on future offspring.
This is because most suspected hazards have not
been thoroughly researched for their reproduc-
tive effects in both males and females and for de-
velopmental effects in the offspring.

ing the face of scientific uncertainty about many
of the chemical, physical, and biological agents
to which American workers are exposed, and
with the great publicity given to substantial per-
sonal injury verdicts in product liability cases, em-
ployers feel obliged to take action to protect their
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employees and their future offspring, and to de-
fend their own economic interests.

The tort system provides incentives to employ-
ers to abate hazardous conduct. However, the
employer’s economic interests are much greater
with respect to developmental hazards (those that
affect the embryo or fetus due to parental ex-
posure before conception or maternal exposure
after conception) than they are for other repro-
ductive hazards. For reproductive impairment,
most State workers’ compensation schemes both
fail to provide compensation for the victims of
occupationally induced reproductive and sexual
impairment and prohibit employee personal in-
jury lawsuits against employers. For developmen-
tal injuries, however, the offspring of exposed
workers would not be covered by workers’ com-
pensation and therefore would have a right to sue
the parent’s employer. In addition, the harm that
could be done to an embryo or fetus could be per-
manent and devastating, and could result in heavy
liability, while effects on adult sexual or repro-
ductive function, while potentially personally
devastating or physically damaging, are unlikely
to be physically or occupationally disabling and
may be reversible.

Congress could consider whether the employ-
er’s greater economic incentive to prevent ex-
posure to developmental hazards (as opposed to
hazards to adult reproductive function) is justi-
fied by ethical or public health considerations:
should the health of potential children be pro-
tected to a greater degree than the health and
well-being of their parents?

Exposure to developmental hazards can occur
either prior to conception or during pregnancy.
Prior to conception, exposure may result in dam-
age to a male worker’s sperm cells or a female
worker’s egg cells. During pregnancy, exposure
to a developmental hazard can be maternally
mediated. There is also the possibility that an ex-
posed man may transmit exposure to his preg-
nant wife who in turn exposes the embryo/fetus.

Officials in many companies believe that effects
on future offspring are most likely to be caused
by direct exposure of the pregnant woman, rather
than by exposure of either parent prior to con-
ception or by exposure of the sexual partner of
a pregnant woman. This is, in part, true because

of the relative abundance of animal studies of de-
velopmental effects on the embryo/fetus due to
exposure of pregnant females. There is a cor-
responding dearth of scientific information con-
cerning possible male-mediated effects. Since
companies anticipate being held financially and
morally liable should fetal injury occur, many feel
forced to employ only males in certain workplaces
in order to avoid potential liability to a damaged
infant. Since there are no records of any law-
suits brought by the children of exposed wom-
en workers, critics of industry policies sug-
gest that fear of liability is speculative. To the
extent that such liability might exist, some critics
note that it could extend equally to the offspring
of male workers.

Employers have a range of options, each with
limitations. Further reducing exposure or elimi-
nating the suspected hazard is the most effective
and least discriminatory option, but may be the
option with the highest cost and may not be eco-
nomically or technologically feasible for particu-
lar employers or substances. In other cases re-
ducing exposure to safe levels maybe impossible
because too little is known about the hazard to
establish a no-observed-effects-level (NOEL).
Nevertheless, reducing exposure or eliminating
the hazard may be cost-effective overall, when
society’s costs and benefits are added to those of
the company.

Monitoring female workers for pregnancy, even
if scientifically and legally defensible, would in-
volve considerable intrusion on personal privacy
and be difficult to implement. Monitoring is also
likely to be only moderately effective because
pregnancies are often not known or disclosed be-
fore exposure occurs and because no prevention
of possible male-mediated effects would result.
Voluntary medical removal policies for employ-
ees who are planning to parent children are less
burdensome on workers and minimize differen-
tial treatment of men and women if applied to
both sexes. However, if a pregnancy is unplanned,
voluntary removal may not have occurred early
enough to prevent injury.’

“Among women age 15 to 44 in the labor force in 1982, 33.6 per-
cent of birthsin the previous s years were unplanned (7.6 percent
were unwanted and 26.0 were mistimed). These data do not indi-
cate whether these women were working at the time they became

pregnant. (w. Pratt, personal communication, 1985, tabulations from
the Nationa survey of Family Growth (NCHS), 1982).
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The option of using sex-based distinctions in hir-
ing and assigning workers, and then attempting
to defend in court, is risky: the science and the
law are in flux, and such exclusionary policies
may be rejected due to corporate concerns about
fairness or reputation. Nevertheless, sex-based
distinctions may be less costly than other options
for some employers, notwithstanding possible
court challenges. Finally, various options involv-
ing personnel and medical counseling can be used
to promote voluntary removal policies or coerce
involuntary removal of female workers. An em-
ployer may find that one or more of these options
protects his or her interests, though not neces-
sarily those of his or her employees.

These options may be viewed as falling on a con-
tinuum from being more protective of embryo/fe-
tal health and less protective of employment
rights to less protective of embryo/fetal health and
more protective of employment rights. In many
cases, this is an oversimplification, since options
that protect against paternally mediated effects
may increase protection of the embryo/fetus while
spreading the burdens more evenly between men
and women. Nevertheless, most options can be
classified as either overprotective or underprotec-
tive, and the issue is whether the price of either
is too high.

OPTION 1:
Congress could maintain the status quo.

Congressional inaction would effectively con-
tinue the existing system of employer flexibility
in tailoring fetal protection programs to existing
scientific information concerning risk. As dis-
cussed above, the courts have set guidelines un-
der which certain sex-based employment distinc-
tions are permissible under Title VII when risks
to the embryo/fetus are involved. If the status quo
is maintained, any evolution of the law in this area
would take place in the courts.

Maintaining the status quo also maintains the
financial incentives: an employer might anticipate
that the expense of losing a sex discrimination
lawsuit would be smaller than the verdict in a sin-
gle lawsuit brought by the offspring of a worker
for personal injuries sustained in utero. This sug-
gests that, notwithstanding Title VII's prohibition,
sex-based distinctions may be the favored alter-

native in some cases, even where they are not
scientifically supportable.

OPTION 2

Congress could amend Title VII so as to
prohibit FPPs that apply only to women
unless scientific evidence exists showing
that there are no paternally mediated
effects.

Research on reproductive health effects of vari-
ous substances has focused on female-mediated
developmental effects in human and animal pop-
ulations and generally overlooked the possibility
of male-mediated developmental effects or other
reproductive effects. This bias may be reflected
in employment policies that exclude women from
the workplace based on scientific data but allow
men to remain exposed because of a lack of data
concerning male reproductive health effects. Cur-
rent scientific evidence is in most cases inadequate
to determine the extent to which a substance that
is hazardous to one sex may or may not be haz-
ardous to the other.

Congress could therefore provide greater pro-
tection to the future children of exposed men and
perhaps, over time, even reverse this research
bias by amending Title VII to create a legal pre-
sumption concerning the scientific data in Title
VIl sex discrimination suits. The law could pro-
vide that any substance proven or suspected of
being a hazard to one sex (or its future offspring)
for the purpose of an exclusionary policy will be
legally presumed to be a hazard to the other sex
(and its future offspring) at similar exposure levels
until substantial scientific evidence demonstrates
the contrary to be true. This approach would help
ensure that women’s employment rights are not
easily overridden. It would provide greater pro-
tection to men and their future offspring in cases
where a substance is known to be harmful to
women and their future offspring but where the
evidence concerning men is not yet available. It
would also encourage employers to undertake
more scientific research on both male and female
reproductive and developmental risk so as to be
able to scientifically support a single-sex exclu-
sionary policy. Finally, it would enable Congress
to articulate how much scientific justification is
necessary to support an employment policy that
discriminates between men and women.
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This option could make exposing both men and
women economically preferable to excluding
both, however, especially for small companies
that camot afford the research that would be re-
quired to overcome the legal presumption of similar
effects on both sexes. An unpredictable number
of embryo/fetuses could be exposed to hazards
that are real but insufficiently documented to be
the subject of a legal FPP that applies only to one
Sex.

This option might also discourage employers
from engaging in any research at all if the result
is likely to be the exclusion of men as well as
women, or only men. Employers might decide to
take the chance that a substance is harmful and
could injure a worker’s offspring rather than pay
for research that might result in the expense of
redesigning a workplace that would otherwise
pose significant risks to both sexes.

While the current system may also result in an
unpredictable number of paternally mediated de-
velopmental effects, this option could result in an
unpredictable number of paternally and mater-
nally mediated developmental effects. A similar
proposal by the Equal Employment Opportunity
Commission (EEOC) and Office of Federal Con-
tract Compliance Programs (OFCCP) was with-
drawn in 1981 due to these concerns,

In addition, Congress could make sex-based dis-
tinctions a less attractive employer option by pro-
viding an additional financial disincentive, such
as recovery of punitive or treble damages by los-
ing defendants in sex discrimination lawsuits.
Such disincentives would also make it easier for
employees who have been discriminated against
to find lawyers willing to handle their cases.

OPTION 3:

Congress could require that employers
with unproven but suspected developmen-
tal hazards in their facilities fully inform
workers and allow individual employees
to decide whether or not to continue in
jobs involving such exposures. Employees
would then be responsible for the conse-
guences of exposures to which they con-
sented.

An employer disclosure requirement could be
coupled with employer immunity from personal

38-748 0 - 85 - 2

injury suits should injury to an employee or his
or her offspring result from the employee’s in-
formed consent to the exposure. Because it ap-
pears that a worker cannot legally waive his or
her offspring’s legal right to avoid injuries caused
by developmental hazards, employers are gener-
ally unwilling to accept a worker’s attempted
waiver of the future offspring’s rights. Under this
option, if an employee were to decide to continue
in a job involving exposure to a suspected but un-
proven developmental hazard, the employee would
be legally, financially, and morally responsible for
injury to his or her offspring. A possible suboption
would grant employees the right to temporarily
and voluntarily work at another job.

The major beneficiaries of such a policy would
be employers, workers who do not parent chil-
dren during the period of exposure or bioaccumu-
lation (e.g., workers who practice sexual absti-
nence or who have undergone sterilization), and
workers who parent healthy children because
speculation about a suspected hazard was incor-
rect. Employers would benefit because they could
avoid the economic burdens associated with the
other options, as well as the potential expense of
compensating damaged children. Workers who
cannot or choose not to parent children \vould
be free to expose themselves to suspected devel-
opmental toxins rather than be excluded from the
workplace on the assumption that they might par-
ent children.

There are several problems inherent in this op-
tion. The public health problem is that some em-
ployees may assume the risk, either because of
scientific uncertainty, because they mistakenly be-
lieve the exposure will not hu~ them, or because
they are not planning parenthood, and produce
injured children as a result. While workers in-
tending to reproduce might not intentionally ex-
pose themselves to suspected developmental haz-
ards, accidental pregnancies could have serious
consequences for the health of the offspring. In
these cases, this option may force a worker and
his or her partner to choose between an abortion
and an injured child. The public health problem
could in fact extend beyond the injured children
themselves and, in the case of genetic mutations,
affect the health of future generations.

It is also questionable whether full disclosure
or true informed consent can really be made in
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such circumstances. Technical information that
is disclosed but not fully understood may lead to
misinterpretation of the extent of risk. Further-
more, the prospect of unemployment or a wage
decrease may leave the worker with little choice
but to continue employment in a potentially haz-
ardous workplace. These situations cast doubt on
the concept of freely given consent. In addition,
many people believe that shifting the burden for
workplace risks to the employee is never ethical.

There is also an ethical issue as to whether a
worker should be permitted to waive the rights
of future offspring to be uninjured (or, if preven-
tion fails, to be compensated for a job-induced
injury), so that the worker can pursue his or her
employment in a particular job and facility. More-
over, while it may seem fair to eliminate the em-
ployer’s liability to the child of a worker who
consents to exposure, the worker may not be
financially able to assume the consequences of
his or her decision, in which case this burden falls
on society.

The financial benefit to employers maybe min-
imal. Because of the scientific uncertainty in-
volved, an employer’s disclosure and an employ-
ee’s consent will often be less than fully informed.
In these cases, the worker and his or her injured
offspring may attempt to bring a personal injury
suit against the employer and have the worker’s
consent declared legally ineffective. Thus, employ-
ers may be subjected to the same legal battles and
expenses that accompany the prophylactic use of
exclusionary fetal protection policies.

SUBOPTION:

Congress could allow workers to tempo-
rarily and voluntarily remove themselves
from jobs involving exposure to suspected
reproductive health hazards.

OSHA provisions allow medical removal for em-
ployees exposed to some health hazards, such as
lead.

In cases where the employee’s uptake of the
hazard can be easily measured, an employee
could consent to be regularly monitored for his
or her uptake of workplace substances until the
concentration of suspected or known hazards
was sufficiently elevated to warrant the employ-
ee’s removal from that job. This monitoring could

be limited to those who are trying to parent chil-
dren or could be extended to all workers with
reproductive capability. In cases where the em-
ployee’s uptake cannot be measured easily, an
employee who is trying to parent a child could
voluntarily remove himself or herself from a job
involving a potentially hazardous exposure. In
many cases, however, measurement of exposure
levels or safety levels cannot be accurately de-
termined.

Upon removal from the job and its risks, the
employee could be temporarily placed in a job
without exposure to suspected reproductive or
developmental hazards, either retaining the former
wage rate or assuming the generally lower wage
rate of the less hazardous job.

In cases where the employer could not economi-
cally justify placing the employee in another, non-
hazardous position (e.g., where all such positions
are filled, or where they require extensive train-
ing or education), the employee could be per-
mitted to take a paid or unpaid leave of absence
without losing seniority, health benefits, and/or
eligibility for unemployment insurance or work-
ers’ compensation coverage during or after the
period of absence. This option may not be realis-
tic for many small businesses.

In a Pennsylvania case, involuntary removal
from a job to protect worker health, including re-
productive health, from further absorption of
lead, and subsequent placement of the workers
by the employer in different, lower paying jobs
resulted in a successful claim for partial disabil-
ity benefits. In reversing the Pennsylvania board’s
order denying benefits, the Pennsylvania Su-
preme Court stated:

It would be barbaric to require an employee
to continue in a position where he is exposed to
a toxic substance until he is so ill that he is phys-
ically incapable of performing his job. We have
held that . . . the word disability is to b regarded
as synonymous with loss of earning power.’

Conceivably, this view could be extended to sit-
uations from which the employee voluntarily
withdraws to avoid a reproductive health hazard
with compensation to be provided for any result-
ing decrease in earnings. This policy would be

‘Lash v. Workmen's Comp. App. Bd., 420 A.2d 1325 (Pa. 1980).
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comparable to cases of voluntary removal from
health risks where the worker was not barred
from securing unemployment benefits.

After the voluntarily rotated or absent employ-
ee has parented a child (or determined that he
or she is not able to parent a child), within a max-
imum timeframe designed to protect the employ-
er, the employee could be allowed to resume his
or her former responsibilities without penalty.

OPTION 4:

Congress could amend Title VII to explic-
itly permit FPPs that treat male and female
workers differently when scientific infor-
mation supporting differential treatment is
inconclusive.

This protective public health approach offers
greater protection to the embryo/fetus than some
of the other options. It assumes that the embryo/
fetus is more susceptible to workplace health haz-
ards than are adults. This option also assumes that
most injuries are maternally mediated during
pregnancy and overlooks the possibility of dam-
age due to pre-conception exposure of either fa-
ther or mother.

Unfortunately, this option could permit unnec-
essary discrimination against female workers. In
any given year, only 1 of 15 women aged 16 to
44 gives birth to a live child,G though all 15 might
be subject to exclusionary policies that deny them
their jobs or encourage them to submit to surgi-
cal sterilization due to speculation about risk of
developmental effects. Furthermore, it is reason-
able to assume that some of the substances for
which scientific evidence is inconclusive are not
in fact harmful to the embryo/fetus at the level
of exposure encountered in the workplace. The
level of protection to the embryo/fetus provided
by this option would not reduce the risk of pater-
nally mediated effects and could come at a sub-
stantial cost to female employment opportunities.

Qn a~fera~e, less than 1 of the other 14 j$onlen will hate a preg-

nancy that &ilsto result in alive birth. Fetal loss may be attr:ibu’t-

able to exposure to occupationa and’ or other health hazards. In
addition, some of these women will be exposed to hazards that are
not manifested until a pregnanr~" 1 or more ~;ears later.

Regulation

Regulation in the Face of Uncertainty

Regulatory agencies such as OSHA, EPA, and
NRC often face scientific uncertainty about
whether a particular exposure constitutes a haz-
ard to reproductive health. This problem exists
for all areas of health regulation. Activities in the
face of scientific uncertainty vary among Govern-
ment agencies. Due to differing statutory man-
dates, OSHA, EPA, and NRC have developed their
own proctxlures for corporate notification of new
evidence concerning adverse health effects and
agency response to toxicity information.

Should an agency regulate exposures when
scant evidence suggests a possible health hazard,
on the premise that worker health should be pro-
tected from all suspected hazards despite the sub-
stantial cost of such protection? Or should an
agency only regulate when “all the evidence is
in”—i.e., when there is a preponderance of evi-
dence that a substance is harmful? OSHA, the
agency charged with protecting occupational
health, currently declines to regulate unless there
is a preponderance of scientific evidence demon-
strating the existence of a significant health risk.

OPTION 1:
Congress could maintain the status quo.

Agencies could continue to regulate exposures
only after substantial evidence supports reduc-
ing exposure limits because of the finding of sig-
nificant risk, even though this may result in more
harmful exposures than might otherwise be the
case. Regulating only when supported by substan-
tial evidence would nevertheless serve to protect
society from welldocumented hazards while
avoiding the costs associated with regulating sus-
pected substances that later prove to be non-
hazardous.

OPTION 2:

Congress could instruct the regulatory
agencies to be more willing to assume that
an exposure is dangerous when only a
small number of studies suggest this.

Such an option would probably require a legis-
lative amendment to the OSH Act specifying that
an OSHA determination as to risk is conclusive
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if some evidence of risk exists. Such determina-
tions might concern whether an observed health
effect is occupationally induced or not, or
whether evidence demonstrates an effect on ani-
mals but is only suggestive in humans. This would
better enable OSHA to regulate when the scien-
tific evidence is not substantial. Presently, a court
can strike down OSHA regulations if the court
believes there is not “substantial evidence” to sup-
port the standard.

This option may result in great costs for “pro-
tection” from substances that are later shown not
to be harmful at levels encountered in the work-
place, but it could also protect some workers from
exposure to a substance that is later, more con-
clusively, proven to be harmful.

Private Right of Action

OSHA is enforced solely by the Federal Govern-
ment, except where States have federally ap-
proved State plans. Individual workers have no
explicit right to go to court to force OSHA to is-
sue citations to particular employers who are
violati Ng the Act. Thus, even if an employee has
evidence that his or her employer is exposing him
or her to a known reproductive (or other) health
hazard, the employee probably cannot force OSHA
to cite the employer either for violating an OSHA
health standard or for violating the general duty
clause.

OPTION 1:
Congress could maintain the status quo.

Congress may use its oversight and appropria-
tions authority to maintain a level of OSH Act en-
forcement that is satisfactory to the Congress.

OPTION 2:

Congress could amend the OSH Act to
grant employees the right to force OSHA to
take action against employers who may be
violating either an OSHA standard or the
general duty clause.

This would enable workers to force OSHA to
inspect a facility if there are reasonable grounds
for concern about workplace health and safety
hazards and to issue a citation if a workplace is
found to be unhealthful or unsafe. Unless OSHA
is provided additional funding and manpower for

responding to worker petitions, however, the
agency’s resources may be diverted from other
matters identified by administrative and scientific
personnel as having higher priority.

Additional Relationships
Between OSHA and NIOSH

Congressional action might help to protect
workers from potential occupational health haz-
ards by creating additional relationships between
OSHA and NIOSH that enable or encourage OSHA
to act on NIOSH-generated data about reproduc-
tive health hazards.

OPTION 1:
Congress could maintain the current rela-
tionship between OSHA and N1OSH.

Though the two agencies have common goals—
the protection of occupational health in America’s
workplaces —their separation in the bureaucracy
may sometimes result in lack of communication
and thus a lack of compatible research and reg-
ulatory priorities.

OPTION 2:
Congress could join OSHA and NIOSH
organizationally.

Although creating a single agency from the two
might enhance communication and cooperation
in risk assessment and risk management activi-
ties, either agency’s removal from its current par-
ent agency might compromise the quality of those
activities. NIOSH’S relationship with the Centers
for Disease Control enables it to play an impor-
tant role in the Federal Government’s public
health effort, while OSHA'’S relationship with the
Department of Labor may make the agency more
politically responsive than NIOSH. OSHA'’S Chief
reports to a member of the President’s Cabinet
while NIOSH’S does not; this may or may not af-
fect agency interactions. The fact that different
subcommittees of Congress oversee the activities
of the two agencies does not help to increase co-
ordination of priorities.

OPTION 3:

Congress could give NIOSH the power to
force OSHA to respond to NIOSH recom-
mendations concerning reproductive and
other occupational health hazard~
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When NIOSH evaluates suspected health haz-
ards and makes recommendations to OSHA con-
cerning regulation, OSHA is not presently re-
quired to respond. Congress could force OSHA
to respond to NIOSH research and recommenda-
tions by requiring OSHA to act within a fixed time
limit after receiving NIOSH research results and
recommendations and either proceed as recom-
mended or publish an explanation in the Federal
Register of why such action would be inappropri-
ate. This would place a burden on OSHA to ar-
ticulate its reasons for failing to adopt health
standards recommended by NIOSH.

The disadvantage of this option is that requir-
ing OSHA to respond to NIOSH recommendations
may dilute its personnel resources and prevent
OSHA from attending to matters it considers more
pressing. For example, a NIOSH study that finds
that a particular substance may cause transitory
infertility and that results in a NIOSH recommen-
dation for regulatory action could require a for-
mal OSHA response based on scientific, economic,
and other data. Given OSHA'’S small technical staff,
the legally mandated response to N'IOSH and the
public could prevent OSHA from investigating
other suspected hazards that, while not yet the
subject of completed NIOSH research, appear to
be more hazardous. In addition, forcing OSHA to
respond to NIOSH recommendations might dilute
OSHA'’S ability to enforce existing standards.

Emergency Temporary Standards

E\~en when the evidence appears to strongly
support a health standard, OSHA may not promul-
gate an emergency temporary standard (ETS) un-
less a “grave danger” exists. The Fifth Circuit
Court of Appeals interprets this language to mean
a danger of “incurable, permanent, or fatal con-
sequences to workers, as opposed to easily cur-
able and fleeting effects on their health. ” Gi\~en
this definition, some reproductive health hazards
might be categorized as grave dangers, while
others might not. It is unclear, for example,
whether temporary infertility would be consid-
ered to be a grave danger, even though it could
hat~e a permanent effect on an employee’s abil-
ity to reproduce, particularly if the female of the
couple is approaching 40 years of age. In the ab-

sence of a grave danger, however, OSHA must
promulgate a permanent standard, w~hich may
take more than a year to produce, thus allowing
some workers to be exposed to the hazard in the
interim.

Even where a grave danger exists, the ETS pro-
cedure has been held by a Federal appeals court
to require an exhaustive statement of reasons, in-
dicating on which data OSHA is relying, why those
data are sufficient to show the existence of a grave
danger, and why the particular standard is nec-
essary for the protection of employees, Prepar-
ing such an exhaustive statement of reasons could
be sufficiently time-consuming to render the ETS
mechanism ineffective for reproductive health
hazards.

OPTION 1:
Congress could maintain the status quo.

This would probably result in OSHA refusal to
issue ETSS for hazards that produce certain re-
productive health effects (e.g., temporary infer-
tility) that may not be considered gra~~e dangers
by the courts. In addition, the requirement of an
exhaustive statement of reasons means that ETSS
are less likely to be promulgated quickly when
a genuine public health emergency occurs.

OPTION 2:
Congress could amend the “grave danger”
language of the OSH Act.

This would allow OSHA to respond quickly to
public health concerns, including reproducti~~e
health hazards, that are not incurable, perma-
nent, or fatal, without fear that a court will re-
quire the agency to proceed by way of the cum-
bersome and time-consuming formal rulemaking
process. The disadvantage of this option was rec-
ognized by Congress when the grave danger lan-
guage was adopted. Emergency temporary stand-
ards can result in substantial compliance costs to
an affected employer, yet they are effective only
for 6 months and general]y require less support-
ing evidence than do permanent standards. Con-
gress wanted to spare employers the expense of
complying with temporary standards unless a
substantial workplace danger warranted the reg-
ulation.
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OPTION 3:

Congress could amend the OSH Act so
that all that is required when an ETS is is-
sued is notice of OSHA'’S reason for issuing
the standard and access to the scientific
data on which it relied.

This would allow an ETS to be issued for an
agent that is reasonably suspected, though not yet
proven, to be hazardous.

Compensation for Job-Induced
Reproductive Harm

Even when there is full cooperation among la-
bor, industry, and government, prevention of oc-
cupational disease may not always be successful.
In some cases, a substance may not be recognized
as hazardous until some workers are injured.
Even in cases where the hazard is recognized and
exposure avoided, accidents occur. A manufac-
turing or design flaw may make engineering con-
trols or personal protective equipment malfunc-
tion. A human error by an employee may result
in release of a substance. Exposure to multiple
substances both inside and outside the workplace,
as well as personal lifestyle and medical factors,
may Yyield unanticipated interactions. All of these
scenarios have two things in common: they are
unpredictable events leading to injury and they
will probably continue to occur with uncertain
frequency in spite of all preventive efforts.

The issue that remains, therefore, concerns the
personal and financial costs of occupational dis-
ease in general and reproductive health hazards
in particular. While the persona] cost of repro-
ductive, sexual, or developmental injuries must
ultimately be borne by the affected individuals
and their families, these individuals may be
morally entitled to place some or all of the finan-
cial burden on other parties associated with the
injurious workplace situation.

Most workers cannot collect compensation for
their reproductive injuries. As discussed previ-
ously, not only do most workers’ compensation
systems fail to provide remedies for job-induced
reproductive failure, they also deny workers ac-
cess to court-awarded relief. (Since injured off-
spring are not covered by workers’ compensation
statutes, they may press their claims in court.)

Should compensation for a worker’s reproduc-
tive or procreative injury be provided? If so,
should it be provided through court-awarded
remedies under State tort law or through work-
ers’ compensation schemes, either at the State or
Federal level? Since a workers’ compensation
award is generally the only remedy available to
compensate a worker with nonreproductive oc-
cupational injuries, it may be rational to extend
coverage to job-induced reproductive injuries. His-
torically, the underlying theory of compensation
law is to award benefits only for those injuries
that cause a diminution in earning capacity. Work-
ers’ compensation can be viewed as being de-
signed to protect the worker from economic in-
security and not as a form of “damages” in the
sense of relieving the victim from all of the ef-
fects of the injury. Yet the exclusivity rule pre-
vents injured employees from seeking compensa-
tory damages in court, even when the employer
is negligent. Since it limits the worker’s ability to
collect damages, workers’ compensation can also
be viewed as a form of limited restitution. Because
of this conflict, a policy choice is presented in
which legislators must weigh the relative inter-
ests of the employer, the public, the injured
worker, and the integrity of the workers’ com-
pensation system.

Several theories underlie the responses of State
courts, legislatures, and compensation boards to
reproductive harm claims made pursuant to work-
ers’ compensation statutes. The narrowest the-
ory is the view that actual wage loss is required
for any benefits other than medical. A potentially
broader view requires evidence of loss of earn-
ing capacity, though not necessarily actual wage
loss. The most generous theory, adopted by only
a handful of States, claims that the health and
functions of the whole manor woman should be
used as the standard for measuring the validity
of a claim and its compensability. Reproductive
or procreative impairment maybe covered under
such theories because it may have life-shattering
effects without negative economic implications.

Virtually all State workers’ compensation sys-
tems follow one of the two narrower theories,
thereby providing a remedy for reproductive in-
juries only when they affect earning capacity. It
is a justifiable option to limit the scope of State
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compensation plans to the occupationally dis-
abled. But no one claims that it is justifiable to
base denial of a tort remedy on the fact that the
reproductive injury was job-related if the case
falls outside the State system for compensating
occupational injuries.

Regardless of whether compensation is pro-
vided through the workers’ compensation system
or the tort system, the problem of assigning
moral, legal, and financial responsibility is com-
plicated by uncertainty concerning the relation-
ship between a particular workplace exposure
and a particular injury. Scientifically conclusive
evidence that a particular workplace exposure
caused or contributed to an injury is rare. Test
results showing the effects of a substance on ani-
mal reproductive or procreative capacity, or on
embryo/fetal development, must be interpreted
with caution, and research on human exposure
presents a number of moral and pragmatic con-
straints that may confuse the assignment of cau-
sation. Furthermore, determination of whether
there is a statistically significant relationship be-
tween workplace exposure and a medical condi-
tion may require study of large numbers of ex-
posed employees; in some cases, the number of
workers exposed to the suspected hazard may be
smaller than the number of subjects needed for
ensuring valid and reliable results. In any event,
a court of law or a workers’ compensation board
may be unwilling to rely solely, or even substan-
tially, on the results of epidemiologic or toxico-
logic investigations to support claims for compen-
sation.

Given the scientific uncertainty as to causation
of most reproductive dysfunction, compensation
boards and courts are faced with a choice be-
tween compensating too few and compensating
too many. If the court or compensation board re-
quires a high degree of scientific certainty, then
the tribunal can be relatively certain that it has
not paid on fraudulent or erroneous claims, but
some genuine cases of job-induced reproductive
impairment will go uncompensated due to lack
of sufficient proof. If the tribunal accepts less
scientific evidence to support claims, fewer meri-
torious cases will go uncompensated but more er-
roneous claims will result in a windfall to the
claimant. The expense of paying the erroneous

claims will fail directly on industry, which funds
the workers’ compensation program, and ulti-
mately on the consumers of that industry’s prod-
ucts. The question therefore arises as to how the
burden of scientific uncertainty should be allo-
cated among the various concerned parties.

OPTION 1:

Congress could enact a Federal statute, or
State legislatures could add specific provi-
sions to State workers’ compensation sta-
tutes, to cover loss of reproductive and pro
creative function even when nondisabling.

Workers’ compensation schemes already pro-
vide scheduled benefits for some types of inju-
ries in the absence of wage loss (e.g., for loss of
an eye, limb, or digit). If coverage for reproduc-
tive injuries is adopted, the amount of compen-
sation should be the value that the legislature
places on the reproductive impairment; when a
worker suffers reproductive or procreative im-
pairment without a wage loss, there is no justifi-
cation for tying the cash benefit to an existing
wage level.

Proposals for occupational disease compensa-
tion at the Federal level have generally used job
disability or earnings loss as a criterion for com-
pensability. Such legislation would fail to result
in compensation for most reproductively injured
workers.

OPTION 2:

A Federal statute could be enacted or
State legislatures could amend their work-
ers’ compensation laws to provide workers
with the right to pursue a tort remedy for
injuries falling outside the workers’ com-
pensation law.

If legislators do not want to extend workers’
compensation coverage to nondisabling reproduc-
tive injuries, they could adopt this option so that
injured workers can sue employers who are alleg-
edly responsible for their injuries.

Adopting this option would probably result in
an increase in liability actions. A comparison of
the costs of compensating individuals with oc-
cupationally caused asbestosis suggests that mov-
ing occupational disease cases into the tort sys-
tem will result in higher awards to injured
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workers, as well as higher legal expenses, than
does placing these cases under the umbrella of
workers’ compensation. Court proceedings may
also take longer than those for workers’ compen-
sation; and court proceedings are generally less
likely to result in compensation due to the more
stringent evidentiary standards that they apply.

OPTION 3:

Reproductive impairment claims could
be carefully disaggregate into those suit-
able for the compensation system and those
suitable for the tort system.

This would necessitate variations on the legis-
lative actions suggested above for the first and
second options. For example, physical impairment
of a worker’s reproductive system may be deter-
mined to be suitable for the State compensation
system (with the necessary amendment and ben-
efits schedule), whereas harms to other members
of the worker’s family may be determined to be
suitable for the tort liability system (as they are
at present).

Reducing Uncertainty:
Issues in Research

Given the existing level of reproductive dysfunc-
tion, it is difficult to know whether the level of
risk now tolerated represents the inevitable and
irreducible consequence of life in the 20th cen-
tury, or whether it represents an excessive and
reducible risk to the reproductive health of work-
ers and their potential offspring. Additional re-
search on reproductive health hazards can reduce
the degree of uncertainty.

From the point of view of workers, increased
funding for research is intimately linked to their
“right to know” about the substances to which
they are exposed. Only informed workers can
make informed choices. From the point of view
of employers, more research could lead to bet-
ter understanding of the actions necessary to both
protect workers and inform them of potential
risks. From the point of view of society, more re-
search could reduce scientific uncertainties and
lead to more reasoned consideration of policies
to protect the reproductive health of working
men and women.

There are practical considerations to be weighed,
however. How much research is enough? How
should resources be allocated among the various
agencies and between basic and applied research?
The results of basic research are often not im-
mediately applicable and their impact is difficult
to measure. It might be possible to place a mone-
tary value on a new in-vitro assay that reliably
and validly tests for specific developmental ef-
fects, but how can a monetary value be placed
on the prospect of reducing the incidence of spon-
taneous abortion?

Several types of studies, from research at the
molecular level to epidemiological studies on hu-
man populations, are necessary to elucidate the
causes and consequences of suspected reproduc-
tive health hazards. This effort includes basic re-
search to better understand the physiology of
reproduction and the mechanisms of action of
toxicants. More efficient techniques need to be
developed to assay reproductive and developmen-
tal effects. Mathematical models for accurately
extrapolating dose-response effects from animals
to humans are needed. The reproductive end-
points in animals that reliably predict concordant
effects in humans need to be clarified. Human
populations need to be better monitored and
more studies need to be done in the workplace.

The workplace is the laboratory for occupa-
tional health research. Occupational health re-
search and monitoring activities are currently car-
ried out by the larger firms, and both toxicology
and epidemiology research efforts are sponsored
by trade associations, However, some research-
ers report difficulty in gaining access to indus-
trial settings in order to carry out research on
workplace-related health effects. Companies are
in a difficult position because they fear liability
for injured workers could result from such stud-
ies. Congress might limit corporate liability in the
case of companies that cooperate with research-
ers in order to provide an incentive to cooper-
ate. However, this option could place an unnec-
essary burden on injured workers by denying
them full compensation for their injuries.

In a period of budget-tightening, congressional
oversight to ensure adequate review of research
priorities and scientific standards may be in or-
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der. In addition, some measures could improve
the quality of data inexpensively. For example;
such low-cost options as recording the occupa-
tions of both parents on birth records could pro-
vid information on whether birth defects are
correlated with occupation. Occupational histo-
ries of both parents could also be added to the
Birth Defects Monitoring Program (CDC survey),
and the NCHS National Health and Nutrition Ex-
amination Survey (HANES).

Most basic research on human reproductive
physiology is carried out in university laboratories
sponsored by the National Institutes of Health
(NIH) or the National Science Foundation (NSF’).
Basic research in toxicology is carried out in
universities as well as by the National Institute
for Environmental Health Sciences (NIEHS), the
National Toxicology Program (NTP), EPA, the Food

and Drug Administration (FDA), and NIOSH.
Work on improved methods of risk assessment,
including use of new assays and development of
mathematical models for extrapolation from ani-
mal data, is being carried out by these same agen-
cies. The Centers for Disease Control is carrying
out several surveillance efforts to monitor levels
of reproductive impairment in the population.
Both EPA and NIOSH are also conducting epidemi-
ology studies. NIOSH can have a positive impact
on the quality of epidemiology studies done in in-
dustry through its Health Hazard Evaluations.
These studies can increase knowledge of human
effects, and can be used to further cooperative
efforts between government and industry. Con-
gress, through its appropriations and oversight
functions, could assign priority to particular types
of research and improve its quality.
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Chapter 2

Introduction to the Study

INTRODUCTION

Protecting the reproductive health of male and
female workers is necessary because reproduc-
tive capacity is fundamentally important, both to
individuals and to the health of future genera-
tions. Because reproductive dysfunction manifests
itself in and through a variety of effects, and be-
cause these effects are difficult to measure, pol-
icymakers may never have complete information
regarding the full extent of reproductive health
dysfunction. The management of uncertainty,
therefore, stands as a central issue in the protec-
tion of reproductive health.

This chapter summarizes the nature and com-
plexity of the issues surrounding reproductive
health hazards in the workplace, outlining what
is known and unknown about agents that may
cause harm, the number of people potentially ex-
posed, the nature of research on reproductive
hazards, and the risk assessment process in
Government regulatory agencies. The historical
perspective of women in the workplace is dis-
cussed in terms of their changing fertility pat-
terns, and the importance of occupational safety
and health measures, worker education, and engi-
neering controls is stressed,

The reproductive system involves many physio-
logical processes, and its functioning is integrated
with numerous other organ systems. Reproduc-
tive health dysfunction thus has repercussions for
general health status. Alterations in sex hormone
metabolism or production may, for example, in-
crease the risk of heart disease or certain cancers
in men and women. In women, alterations in sex
hormone metabolism may cause premature men-
opause which, in turn, increases their risk for
developing osteoporosis. The more immediate
effects of reproductive system damage are infer-
tility or subfertility. Reproductive impairment can
also affect offspring in various ways.

Hazards to reproductive health include chemi-
cals, drugs, infectious agents, radiation, physical
factors, aspects of lifestyle such as the use of

tobacco or alcohol, and stress. These hazards may
be found virtually anywhere—in the home, in the
environment, and in the workplace. This study
is confined to reproductive health hazards found
in the workplace, where most Americans spend
a substantial portion of their lives.

The Federal Government is committed, through
legislation, to ensuring as safe and healthy a work
environment for its citizens as is administratively
and technically feasible. The United States is also
committed to a second important social goal, which
sometimes appears to conflict with the commit-
ment to protect the health and reproductive ca-
pacity of workers and their offspring: equal op-
portunity for men and women in the workplace.
These commitments are complicated by the bio-
logical dependency of an embryo/fetusl on the
pregnant woman. The embryo/fetus, an involun-
tary presence in the workplace, may need addi-
tional protection from exposure to harmful sub-
stances beyond that which may be required to
protect the health of the worker.

A number of recent events have focused atten-
tion on exposure to reproductive health hazards,
intensifying public concern over the presence of
such hazards both in and out of the workplace:

* Drug= related damage to children whose
mothers ingested apparently harmless
drugs during pregnancy. Use of the non-
prescription drug thalidomide by European
women to treat minor headaches and insom-
nia caused major congenital malformations
in their children. The thalidomide episode
heightened public awareness that a drug can
damage the fetus even when it is not harm-
ful to adults.

‘Gestationiscommonly divided into three stages: 1) the blastocyst,
from conception until about week 3; 2) the embryonic, from week
3 to about 8 or 9 weeks; and 3) the fetal, from 8 or 9 weeks until
birth. The blastocyst stage is often subsumed within the embryonic
stage in order t0 simplify terminology (see ch. 3).
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The use of the prescription drug diethyl-
stilbestrol (DES) by pregnant women in the
United States to reduce the risk of miscar-
riage caused an increased frequency of a rare
form of vaginal and cervical cancer in daugh-
ters born to these women. Daughters of
mothers who took DES are more likely to
have structural anomalies in their reproduc-
tive organs (6,24,40). Earlier evidence, which
had suggested that sons of women who took
DES are at higher risk for incidence of struc-
tural anomalies in their reproductive organs,
has not been confirmed by a recent study
(12).

. Damage to parents and offspring exposed to
toxic substances as a result of industrial ac-
cidents: Minamata disease (brain damage re-
sembling that associated with cerebral palsy)
in Japan illustrated the potentially devastating
effect of industrial pollution on unborn chil-
dren as well as on adults. In the Japanese city
of Minamata, industrial waste containing
methyl mercury contaminated the fish eaten
by local inhabitants, causing deaths among
adults and children, and major congenital
defects in children born in the area. More

than 10 years elapsed before the cause of the
symptoms was officially acknowledged (29).

* The potential for reproductive damage to
adults and their offspring posed by expo-
sure to toxic substances released in indus-
trial accidents: The escape of a cloud of
dioxin from a trichlorophenol plant in Seveso,
Italy, and the accidental release of radioactive
materials at the Three Mile Island Nuclear
Power Plant in Pennsylvania have not, to
date, been linked with reproductive damage.
They have, nonetheless, served to heighten
public awareness of the potential health
hazards of industrial processes.

There has also been increased attention given to
the effects of such other hazards to reproduction
as alcohol consumption, ingestion of illegal drugs,
and smoking. These hazardous agents can impair
reproductive health and sexual capacity in adults
and can have adverse effects on the developing
embryo/fetus. They differ, however, in that in-
dividuals can control their use and are often
aware of the potential health risks posed by use
or ingestion of these substances.

PREVENTION OF REPRODUCTIVE IMPAIRMENT

Reduction of preventable reproductive impair-
ment would lessen the need for policies to deal
with the consequences of such impairment, A vis-
ible, serious, and persistent commitment to safety
by both management and labor appears crucial
to preventing workplace impairment of reproduc-
tive function. Workplace-induced damage to re-
productive function can be minimized by such
specific measures as reducing exposures through
engineering controls (e.g., ventilation), placing
physical barriers between the worker and the
source of the hazard, substituting nonhazardous
materials for hazardous ones, using personal pro-
tective equipment, training workers in the safe
performance of tasks, initiating repeated, system-
atic inspections of the workplace for emerging
or previously undetected hazards, and rotating
jobs or changing tasks to reduce exposure to the
hazard. This latter action could, however, have

the opposite effect in that greater numbers of
workers would be exposed if job rotation were
the only means instituted to reduce exposure.
Control technologies are extensively described in
the recently completed OTA assessment, Prevent-
ing lllness and Injury in the Workplace, 1985.

It is important to monitor workers for evidence
of reproductive health impairment prior to and
during workplace exposure, and to adequately
compensate those who have been harmed by such
exposure. This report assesses current levels of
knowledge of the causes of reproductive impair-
ment and detection of such impairment. It also
analyzes the regulatory and legal apparatus for
reducing exposure to reproductive health hazards
and compensating for reproductive impairment
when it occurs.
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THE POPULATION AT RISK

Ascertaining the extent of exposure to hazards
in the workplace is crucial. How many workers
are at risk? How many workers are of reproduc-
tive age, and how many of these workers are ex-
posed to reproductive hazards? In what occupa-
tions are workers more likely to be exposed to
reproductive impairment? What is the extent of
reproductive dysfunction in the total population?

In 1984, the number of individuals in the Amer-
ican work force totaled 106.3 million, according
to the Bureau of Labor Statistics (BLS). Men con-
stituted 56.3 percent (59.8 million), and women,
43.7 percent (46.5 million) of this total. Approx-
imately three-fourths of employed women were
of reproductive age (16 to 44).’Reproductive age
limits for men are more difficult to identify be-
cause reproductive function is less strongly cor-
related with chronological age.

There are no reliable estimates of the number
of workers potentially exposed to reproductive
or other health hazards at present. The National
Institute for Occupational Safety and Health
(NIOSH) is, however, now surveying industries for
the purpose of obtaining these data, which will
be tabulated by sex but not by age. Preliminary
information will be available in late 1985 (8)26).

Estimates of the proportion of U.S. women who
were employed during their pregnancies indicate
that in 1980, 63.2 percent of married women over
20 years of age who had delivered a live infant
were employed at some time during the 12 months
prior to the birth of their children. Of these
women, an estimated 17 percent, or 314)000
mothers, worked in industries and occupations

‘Reproductive age limits for women vary according to the source.
Although reproductive biologists usually define reproductive age
as from 15 to 44 years, the Bureau of Labor Statistics data cover
women only from age 16 onward.

HISTORICAL

Interest in protecting reproductive health tradi-
tionally has focused on women as bearers of chil-
dren. One of the earliest references to hazards
to women’s reproductive health is found in the

in which they faced possible exposure to 10 po-
tential teratogens (13).

In humans, only one-fourth to one-third of fer-
tilized eggs are likely to survive to term (43). Prior
to the third month of pregnancy, about three-
fourths of spontaneous abortions show chromo-
somal or other abnormalities (1)2,12). Some con-
genital malformation is present in 3 percent of
live births in the United States. Some serious de-
velopmental defect is diagnosed by the end of the
first year in another 3 percent of live births. Al-
though rates of congenital malformation do not
appear to be rising, the causes of these malfor-
mations are unknown in 60 to 70 percent of these
births (10,14).

An estimated 8.4 percent of U.S. couples in
which the wife is of childbearing age are infertile*
(15). In some cases this inability to bear children
appears to correct itself; in other cases the infer-
tility persists. The causes of infertility are also un-
known in a high proportion of cases.

The rates of such other manifestations of
reproductive dysfunction as impotence, contami-
nated breast milk, or early menopause are un-
known. The extent to which the chemical, phys-
ical, and biological agents to which individuals
may be exposed in the workplace contribute to
unexplained impairment of reproductive func-
tioning is also unknown.

sThe results of this survey are limited because only married
women who delivered a term live birth were included, only three
physical agents and seven chemicals were labeled potentiallytera-
togenic, and the exposure of the women in the sample was not meas-
ured. Instead, potential exposure was linked to the occupations that
women reported. Only nonpharmaceutical, ‘ (recognized” animal
teratogens were included. Recognized animal teratogens are defined
as two positive findings from at least two different laboratories and
in at least two different mammalian species.

“This figure does not include couples in which one spouse has
been surgically sterilized.

PERSPECTIVE

writings of Aristotle, who observed that “foolish,
drunken, and harebrained women most often bring
forth children like unto themselves, morose and
languid” (7). And in Judges 13:7 of the Old Testa-
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ment the woman who is to bear Samson is ad-
vised, “Behold, thou shalt conceive and bear a son:
and drink no wine or strong drink. ” Only in the
last 20 years has the importance of male repro-
ductive health and its contribution to healthy chil-
dren been widely recognized.

Social concern for hazards to women as bearers
of children appears at several points in the his-
tory of women in the workplace. This concern
has intensified during periods when women
entered the workplace in relatively large
numbers.

Before the Industrial Revolution women played
an acknowledged role in economic life. In agrar-
ian England, male wage earners were paid lower
wages because their wives also earned wages.
With the eradication of home industries during
the Industrial Revolution, women were squeezed
out of the economy. During this period the pow-
erful image of woman as preserver of home and
hearth flourished, obscuring the role of woman
as wage earner. With the emergence of the mid-
dle class, a wage earner could make enough
money to support a wife, children, and sometimes
servants. Women of that era who were not mar-
ried or who had been widowed had difficulty ob-
taining jobs that paid well because of the wide-
spread conviction that a woman’s place was in
the home (28).

The view of women as lifelong homemakers has
been perpetuated in the 2oth century by the
misperception that fewer children and less
time-consuming household chores have “pulled”
women from the home into the workplace.
Smaller family size has not, however, been a
decisive factor in the return of women to the
workplace. While the birth rate (number of chil-
dren born annually per 1,000 women of
childbearing age) has declined, more women
today are having at least one child. From 1910
to about 1960, most American women either bore
no children or had only one or two children. Until
the 1950s, about one in five U.S. women who
reached age 35 to 39 had never given birth to a
child. Another 20 percent had given birth to only
one child. Since the 1960s, the percentage of
women who are childless or have only one child
has fallen to about 1 in every 10 women of
childbearing age.

The persistent image of woman as preserver
of the home is also belied by the fact that one-
fifth of U.S. women were employed outside the
home at the turn of the century (an underesti-
mate because women who labored on farms were
undercounted). Before World War I, the propor-
tion of women employed outside the home was
nearly 30 percent, This proportion rose to 38 per-
cent during the war, returned to 30 percent im-
mediately thereafter, and has risen steadily since
1945 (28). In 1960, 38 percent of women over 15
years of age were employed; by April of 1984,
this percentage had climbed to 54. Some 58 per-
cent of American women are expected to be in
the labor force by 1990 (36) (see figure 2-I).

The proportion of married women who are
employed has also increased rapidly, from 31 per-
cent in 1960 to 55 percent in 1982. Married
women with children accounted for most of this
increase. Among married women with children
6 to 17 years of age, the proportion employed rose
from 39 percent in 1960 to 62 percent in 1980.
Among married mothers with younger children,

Figure 2-1 .—Civilian Labor Force Participation Rates
‘for Women 16 Years and Over, Selected Years
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the proportion employed more than doubled,
from 19 percent in 1960 to 45 percent in 1980
(13). By March of 1984, BLS reported that 46.8
percent of married women with children under
a year old were in the labor force, compared with
only 24 percent in 1970. The sharp rise in num-

bers and proportion of women-workers over the
past 10 years has been accompanied by growing
concern for their safety. Evidence of the risk to
the reproductive capacity and sexual functioning
of both men and women posed by toxic exposures
has continued to mount during this period.

EVIDENCE OF REPRODUCTIVE HEALTH HAZARDS

The effects of occupationally induced disease
on the reproductive system were first described
in 1775, when Percivall Pott detected the link be-
tween chimney sweeps and scrotal cancer. He ob-
served that scrotal cancer occurred almost exclu-
sively in chimney sweeps and that ‘(the disease
in these people seems to derive its origin from
a lodgment of soot in the rugae of the scrotum .
Pott thus also identified the first known carcino-
gen. Interestingly, a 1962 report on his work
points out that:

... the mechanism of action of soot or its active
ingredient is not understood, even after 187 years
of enormous technological development, and the
easiest, most effective method to control scrotal
soot cancer is the same as that available to Per-
civall Pott and his contemporaries: prevention by
avoidance of contact (22).

Physician Alice Hamilton, a pioneer in occupa-
tional health, brought the plight of female lead
workers to public attention in 1919. Although she
also demonstrated evidence of negative health ef-
fects in male workers, she was particularly inter-
ested in the causes of the more severe effects ob-
served in women. She showed that the adverse
health effects in these women and the higher in-
fant mortality among their offspring were due not
to their being “the weaker sex” but to the fact that
women workers came from economically dis-
advantaged circumstances. More women than
men were suffering from lead poisoning, for ex-
ample, because men were more likely to be mem-
bers of strong unions (which gave them some pro-
tection from adverse working conditions), were
better paid, and had better living conditions.
Women were more likely to be young and un-
married or to be widows, since married women
were discouraged from working, and were un-
organized, underpaid, and poorly housed (9).

They came to the workplace undernourished and
ill and were further weakened not only by the
lead but by the effects of long hours, poor living
conditions, and low pay.

To date, most studies of reproductive hazards
have been carried out on wives of workers and
their offspring or women and their offspring
(4,19). The 1977 case involving exposure to 1,2-
dibromo-3-chloropropane (DBCP), a known car-
cinogen, was one of the first to highlight the im-
portance of hazards that affect male reproduc-
tive function. Informal discussion among male
workers in a California pesticide factory manu-
facturing DBCP disclosed the fact that their wives
had been having trouble conceiving since the hus-
bands began working at the plant. After consid-
erable discussion, one worker convinced five
others to submit semen samples for analysis; all
samples were determined to be grossly abnormal.
All of these men worked with DBCP (41,42). Soon
after the discovery of abnormal sperm at this and
other plants, the Occupational Safety and Health
Administration (OSHA) issued an emergency tem-
porary standard that reduced exposure levels. A
final standard was issued in March 1978 (43FR;
11514). DBCP was later banned by the Environ-
mental Protection Agency (EPA) except for spe-
cific limited uses (spraying of pineapple planta-
tions in Hawaii). EPA banned all uses in January
1985, and stipulated that existing supplies in Ha-
waii must be phased out by 1987. A subsequent
study (20) indicates that, except in cases of ex-
posure greater than 100 hours, the effects of
DBCP on male fertility appear to be reversible.
However, there is some evidence of an altered sex
ratio in subsequent births to wives of the exposed
workers (21) (see chapters 4 and 7).

The policy ramifications of this incident are also
significant. Male reproductive capacity was found



36 . Reproductive Health Hazards in the Workplace

to be endangered by DBCP, but men of reproduc-
tive age were not removed from their jobs. In-
stead, the hazardous agent was banned. In cases
where the potential developmental hazard is pa-
ternally mediated, male workers have not been
removed. The treatment of women workers in
similar circumstances has, in certain cases, been
reversed: when developmental hazards to the
embryo/fetus have been identified, the women,
rather than the hazards, have been removed. In
at least two instances female X-ray technicians
were removed from their jobs because of sus-
pected risks, and in another case, women had
themselves sterilized because they believed it was
the only way they could retain their jobs (see
chapter 8).

Since the regulation of DBCP in 1978, only two
other standards, those for lead and for ethylene
oxide, have been developed to protect workers
from reproductive health hazards as well as other
health hazards. These standards reduce allowable
exposure levels and require mandatory posting
of signs warning of risks to health and the repro-
ductive system and mandatory employer educa-
tion of employees with regard to health risks. In
the case of ethylene oxide, regular physical exam-
inations with attention to reproductive function
are required, and in the case of lead, counseling
with a physician is recommended if a pregnancy
is planned (49FR 25734; 50FR64; 43FR 52952).

WORKER PERCEPTION OF RISK

Even if all risks could be accurately estimated
and all workers fully informed and free to reject
risks without other economic or social constraints,
workers’ actions would still be guided by personal
perceptions of risk. The element of risk is a cost
that is weighed against other costs and benefits
in the personal decisionmaking process. Several
features motivate an individual’s acceptance of
risk (3,5,27):

. the seriousness of the consequences,

. the perceived probability of personal impair-
ment or misfortune,

. the voluntariness of the dangerous activity,

. the familiarity of the risk, and

. the availability/awareness of alternatives.

The inability of an individual to obtain informa-
tion on which to base a decision is a source of
stress. Among the coping mechanisms individuals
use when faced with uncertainty is denial. When
the safety of an activity is unclear, they may re-
duce or exaggerate the risk in order to support
their choices. Another mechanism is to consider
oneself immune from risk: “lI am a safe driver;

I won’t have an accident.” Others seek informa-
tion from external sources, relying on “experts)”
or the media. A consequence of this tendency is
often a distorted sense of the risk inherent in
some of the dangers people face. They tend to
overestimate the likelihood of highly publicized
events while underestimating more common
events that elicit less public notice (5,27).

Although there is some evidence that workers
mistrust employers, believing that they put profits
before safety, evidence from the 1977 Quality of
the Workplace Study (23) indicates that 84 per-
cent of the workers questioned believe that their
employers do inform and will continue to inform
them of any dangerous or unhealthy conditions
to which they are exposed on the job. There has
been little quantitative analysis of employee risk
perception, however. A recent qualitative study
(18) describes worker perceptions of risk, fears
of being harmed, and perceptions of employer
neglect with regard to potential exposure, but
provides no representative sampling of worker
attitudes.
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RISK ASSESSMENT AND MANAGEMENT OF HARMFUL AGENTS

The practices of risk assessment and risk man-
agement are changing, as are their underlying
concepts. The protection of workers and others
from the harmful effects of ionizing radiation
emitted at nuclear powerplants was until recently
a major focus of concern. As more and more
chemicals have been produced, the emphasis of
risk assessment and management has turned to
the effects of chemicals that maybe toxic. Atten-
tion has shifted from protecting the human ge-
nome from the mutagenic effects of X-rays and
radiation to protecting the population from the
specific disease effects of often proprietary chem-
icals produced by individual companies.

Assessing and managing the risks of chemicals
and other agents are complex undertakings. Most
of the 5 million chemicals now in existence are
probably not harmful at typical exposure levels.
The National Academy of Sciences (17) estimates
that there are about 53)500 chemicals to which
individuals in the population potentially could be
exposed. This total includes everything from in-
dustrial solvents to food additives, however. Many
chemicals are manufactured in small quantities
or are used in small amounts in research Labora-
tories. Of the more than 48)000 chemicals listed
in the Toxic Substances Control Act (TSCA) inven-
tory, only about 12,800 are manufactured in
guantities of more than 1 million pounds per year,
13)900 are manufactured in quantities of less than
1 million pounds per year, and 21,700 are pro-
duced in unknown amounts (17). It is therefore
unlikely that many people will be exposed to more
than a few of these chemicals. But because no
publicly available toxicity information exists for
more than 70 percent of the chemicals included
in the TSCA inventory, it is not possible to evalu-
ate their health effects (17). In the case of chemi-
cals for which there is sufficient information to
undertake a health hazard assessment, factors
such as dose, number of people exposed, condi-
tions of use, and costs of testing must be taken
into account in establishing priorities for health
hazard evaluation and risk assessment.

1982 estimate: this figure now exceeds 63,000.

The manufacturer is responsible for testing
new chemicals when testing is required. Manu-
facturers must submit a Premanufacture Notifi-
cation to EPA for substances included under
TSCA, for example. But because TSCA requires
no standard tests, the data need be only those that
the company has available (30)31,32) (see chapter
7). For chemicals in commerce, EPA can issue a
rule requiring that certain tests be undertaken
by the manufacturer if EPA officials believe that
the chemical poses a potential hazard.

In risk assessment, scientists evaluate the risk
to find out whether the suspected hazard is real,
and if so, the extent of risk to humans from ex-
posure to the hazard (16,39). Scientists use epi-
demiological and toxicological evidence to predict
the health effects of exposure of individuals or
populations to hazardous materials and situations.
Risk assessment includes: 1) hazard identification,
2) dose-response assessment, 3) exposure assess-
ment, and 4) risk characterization (16; chapter 6):

* Hazard identification is the determination of
whether a particular agent is or is not caus-
ally linked to particular health effects. In or-
der for a substance to be identified as a re-
productive or developmental hazard, it must
be causally linked to reproductive or devel-
opmental impairment.®

* Dose-response assessment is the determina-
tion of the relationship between the dose or
magnitude of exposure to an agent and the
probability or incidence of the health effects
in the population. Estimating human repro-
ductive health effects is difficult because data
are most often available only for animals.

+ Exposure assessment is the determination of
the extent of human exposure before or af-
ter application of regulatory controls. Ex-
posure can occur in different patterns over
time (chronic or acute); it can occur by differ-
ent routes (inhalation or through the skin);
and particular groups of workers may be
more likely to be exposed.

‘Developmental toxins may act from the time of conception until

puberty, while reproductive toxins may interfere with reproduc-
tive or sexual functioning from puberty through adulthood (seeh.
3).
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* Risk characterization is the description of
the nature and often the magnitude of
human risk, including attendant uncertainty.
All of the issues in the risk assessment proc-
ess are summarized and evaluated in order
to determine the potential risk of the hazard.

Risk management, which follows risk assess-
ment, involves deciding what to do about prob-
lems that have been identified in the assessment
process. The goal of risk management is to con-
trol the risk. Decisionmakers must be able to dem-
onstrate that when a regulation is enacted, there
will, for example, be fewer deaths, or less
sickness. The policy alternatives are weighed in
order to select the most appropriate regulatory
action. A host of legal, scientific, economic, and
ethical issues attach to risk management (16,38)
(see chapters 7 and 11).

Despite a growing body of information concern-
ing the effects of reproductive health hazards and
the risks they pose, legislators, regulators, indus-
trial scientists, and managers are confronted by
differing levels of uncertainty in efforts to man-
age potential risks. What is uncertain is likely to
differ with each situation. There may be uncer-
tainty as to which agents are harmful because

workers are exposed to more than one hazard-
ous agent in the workplace, or there may be syn-
ergism among a number of factors (including non-
occupational factors) that cause reproductive
impairment. The evidence of toxic effects may
come only from animal data, making extrapola-
tion to humans difficult, or there may be a sub-
stantial time lag between cause and effect. Deci-
sions regarding the management of reproductive
risk must be made within the context of two im-
portant Federal statutes:

1 the Government’s authority to protect work-
ers, so far as is feasible, from exposure to haz-
ards that could damage their reproductive
systems (Occupational Safety and Health Act);
and

2. the right of women and men to have equal
access to employment opportunities, work-
ing conditions, and wages (Title VII of the
Civil Rights Act).

The complexity of this decisionmaking is in-
creased by the potential for harm to an embryo/
fetus, which can come from either or both parents’
exposure to toxic substances in the workplace or
from exposure to substances parents may bring
home on clothing and equipment.

THIS ASSESSMENT

This study examines the issue of reproductive
health hazards in the workplace from three per-
spectives: scientific, legal, and ethical. Chapter 3
describes the fundamentals of reproductive bi-
ology, the mechanisms of action of reproductive
and developmental toxins, and reproductive dys-
function in the population as a whole. Chapter
4 presents the scientific evidence for reproduc-
tive health hazards in the workplace, including
chemical, physical, and biological agents. Chap-
ter 5 reviews technologies for assessing human
reproductive function. Chapter 6 describes the
nature of the complexities in data collection and
evaluation, and discusses the risk assessment
process and regulatory agency activities with re-
gard to guideline development for reproductive
risk assessment.

The legal issues are discussed in chapters 7
through 10. Chapter 7 covers the prevention of
injury; chapters 9 and 10 cover compensation for
injury. Chapter 7 analyzes the regulatory proc-
ess as it affects reproductive risk assessment and
regulatory policy in a discussion of activities at
OSHA, EPA, and the Nuclear Regulatory Commis-
sion (NRC). It also discusses landmark court deci-
sions that bear on the Government’s ability to reg-
ulate exposure to reproductive health hazards.
Chapter 8 continues the discussion of relevant
legal issues with an analysis of sex discrimination
in employment under Title VII of the Civil Rights
Act of 1964, as amended. Chapter 9 deals with
workers’ compensation systems, Legal liability for
causing reproductive damage is assessed in
chapter 10, which looks at theories of liability and
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proof of causation. The issues covered in chap-
ters 9 and 10 are of central importance because
of the lack of uniformity in State workers’ co--
pensation laws, and the possibility of tort liability

of

employers if an embryo/fetus is damaged

through exposure of the parent to hazards in the
workplace.

Chapter 11 is devoted to an analysis of the ethi-
cal considerations surrounding the protection of
workers and their offspring from reproductive
damage.
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Chapter 3

Principles of Reproductive
Biology and Development

INTRODUCTION

Normal reproductive function comes about only
as a consequence of interactions among multiple
physiological systems. In the narrowest sense, re-
production is the union of sperm and ovum to
form a new biological entity. Yet the union of ga-
metes is merely a signal event in the continuum
of physiological processes comprising normal re-
productive function, Prior to fertilization, for ex-
ample, the maturation of sperm and egg depends
on the coordinated secretion of multiple hor-
mones. At coitus, synchronized neural reflexes
and appropriate reproductive behaviors are re-
quired to bring gametes together. After concep-
tion, embryonic growth depends on the integrity
of the zygote and a remodeling of the maternal
circulatory system. The later growth and devel-
opment of the offspring are a function of both
prenatal and postnatal nutrition.

For purposes of this report, reproductive
function is used in the broadest sense possible.
It encompasses:

+ the functional and structural integrity of the
sperm and ova;

+ differentiation and development of the inter-
nal and external reproductive organs and en-
docrine glands;

+ activation of the adult reproductive system
at puberty;

+ senescence of the adult reproductive system
(e.g., menopause);

* behaviors associated with or subserving re-
production (e.g., libido);

+ maternal and paternal prenatal events;

* embryonic and fetal events (e.g., organo-
genesis);

* maternal postnatal events (e.g., lactation); and

* child health and development.

The significance of some aspects of reproduc-
tive function not overtly related to fertility is often
underestimated; because they are held to be
strictly private matters, many of these subjects
tend to go undiscussed. In fact, an individual’s re-
productive function and, should it occur, repro-
ductive dysfunction, can be of extraordinary per-
sonal importance. Impotence, menstrual pain, and
loss of libido exemplify instances of reproductive
dysfunction that can have substantial impact on
individual well-being and human relationships.

Concern about reproductive processes is not
limited to the brief periods in an individual’s life-
time during which reproduction may actually oc-
cur. Reproductive function is an integral part of
everyday human health and well-being. Before,
during, and after the childbearing years, repro-
ductive hormones may act, for example, on such
variables as resistance to heart disease and can-
cer, immune function, complexion, bone mineral
content, and feeling and mood. Threats to repro-
ductive function can take place at nearly any point
during an individual’s lifespan. In fact, the most
insidious hazards to reproductive function may
be those whose immediate effects are apparently
benign, but whose ill effects surface at a later
date.

Viewed from this perspective, the bounds of
typical reproductive function and the task of
defining atypical reproductive function seem im-
possibly broad in scope. Yet, by using an array
of well-defined endpoints, it is possible to assess
human reproductive function in both a qualita-
tive and a quantitative manner.

43
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MEASUREMENT OF REPRODUCTIVE FUNCTION:
RELATION TO WORKPLACE HAZARDS

For the couple desiring to reproduce, it may be
argued that the only meaningful index of repro-
ductive function is the ability to produce a healthy
baby when they wish to do so. At any given time,
the couple either can, or cannot, procreate. But,
for the purposes of this report, this final common
denominator of successful procreation must be
dissected into numerous constituent factors in or-
der to: 1) examine the nature of reproductive
function and dysfunction, and 2) relate reproduc-
tive dysfunction to a potential workplace hazard.
Multiple endpoints of reproductive function fur-
ther serve to define the reproductive status and
physiological well-being of the majority of the pop-
ulation who are, at any given time, not pro-
creating,

Endpoints used for measuring reproductive
function may be divided into two groups: 1) those
serving as indices of reproductive function inde-
pendent of fertilization, and 2) those serving as
such indices after fertilization. There are close
parallels between male and female reproductive
processes up to the point at which sperm and egg
mature. Thereafter, most of the reproductive
processes related to procreation occur in the fe-
male, as the fetal-placental-maternal system ex-
hibits many stages without counterpart in the
male.

Table 3-1 lists measures by which reproductive
function may be assessed in adult men and wom-
en. The measures listed are limited to those that
are readily observable in a relatively noninvasive
fashion. In order to have broad applicability in
a workplace or outpatient setting, such measures
are obtainable by one or more of the following
means:

. a detailed patient history,
. a physical examination,

. blood samples,

. semen samples,or

. urine samples.

Table 3-1 illustrates the disparity between the
ease with which male and female reproductive
parameters can be assessed. That is, sperm are
readily accessible, while eggs are not Table 3-2
lists measures by which reproductive function
may be assessed in the adult woman and her off-
spring during pregnancy and after birth. Again,
the measures listed are limited to those readily
obtainable in the relatively noninvasive fashion
just described. A comprehensive discussion of the
methods used to assess reproductive function, in-
cluding more sophisticated methods than those
listed in these tables, appears in chapter 5.

NORMAL REPRODUCTIVE BIOLOGY AND DEVELOPMENT

Hormonal Control Mechanisms

In both men and women, the hypothalamus, an
area at the base of the brain, serves as a funda-
mental neural regulator of the body’s reproduc-
tive function. It receives neural and hormonal in-
put from the brain and endocrine glands and re-
sponds to these stimuli by secreting luteinizing
hormone-releasing hormone (LHRH) and other
hormones. The hypothalamus releases LHRH into
tiny blood vessels which surround the pituitary
gland, With a target so nearby, LHRH is released
in minute amounts and breaks down quickly. As

a consequence, this vital reproductive hormone—
a telling indicator of reproductive function—is
possible but difficult to detect in peripheral blood
circulation.

LHRH acts on cells of the anterior pituitary
gland to promote secretion of two hormones, lu -
teinizing hormone (LH) and follicle-stimulating
hormone (FSH). LH and FSH, known as gonado-
tropin, direct hormone and gamete production
by the testes and ovaries. As the gonads release
hormones in response to stimulation by LH and
FSH, these gonadal hormones act at the hypothal-
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Table 3-1.—Measures of Reproductive Function Readily Obtainable
Prior to Fertilization

Affected individual
Endpoint Male (Both) Female
Sexual function: Erection Libido
Ejaculation Behavior
Endocrine system: Luteinizing hormone Cervical mucus
Follicle-stimulating quality

hormone

Steroid hormones
(androgens,
estrogens,
progestins)

and

Germ cells: Sperm number
Sperm motility
Sperm shape
(morphology)
Chromosomal
integrity
Fertilizing ability

Testicular integrity
Semen quality

Fecundity:

Integrity of external
genitalia

Ovarian integrity
Blockage of oviduct
Menstrual regularity
Amenorrhea
Anovulatory cycles

Secondary sexual
characteristics:

Breast development

Facial and axillary hair
growth

Sebaceous glands

Reproductive lifespan:

Age at puberty

Age at menopause

SOURCE: Office of Technology Assessment.

Table 3.2.—Measures of Reproductive Function Readily Obtainable After Fertilization

Affected individual
Endpoint Female (Both) Offspring
Endocrine system: Human chorionic
gonadotropin
Steroid hormones,
especially
progesterone
Health during
pregnancy: Hemorrhage Fetal death Morphology
Toxemia Spontaneous Chromosomal
abortion aberrations
Perinatal period: Premature birth Death
Postmature birth: Chromosomal
aberrations
Birth defects
Birth weight
Apgar score
Postnatal period: Lactation Infant death

Childhood morbidity
Childhood

malignancies
Development
Behavior

Reproductive lifespan: Age at menopause

Age at puberty

SOURCE: Office of Technology Assessment.
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amus and pituitary gland to reduce the secretion
of LH and FSH. In this way, a feedback loop oper-
ates, involving the hypothalamus, pituitary gland,
and gonads. A defect at any point in the hypo-
thalamic-pituitary -gonadal axis or in the metabo-
lism of their modulator hormones will interrupt
the normal pattern of reciprocal hormone secre-
tion among these organs.

The moment-to-moment secretion of LH and
FSH is best described as episodic, or pulsatile, with
a frequency of 1 to 2 hours under normal condi-
tions. The pattern of episodic gonadotropin secre-
tion represents endocrine signaling from the
hypothalamic-pituitary unit to the gonads, thus
directing normal ovarian and testicular activity
(6,14,58). In addition, larger alterations in the pat-
tern of gonadotropin pulses are correlated with
dramatic changes in reproductive function, as in
the peripubertal period, at menopause, and in cer-
tain pathological conditions. The pattern of hor-
mone secretion is difficult to detect when the plas-
ma concentration of gonadotropins is low, as in
prepubertal individuals.

Normal, premenopausal, adult women (but not
men) exhibit a second cyclic mode of hormone
secretion. This cyclic secretion is marked by a
periodic, synchronous burst of LH and FSH re-
lease, known as the preovulatory LH surge. Es-
trogens secreted by the cells in the ovaries act
upon the brain to trigger the preovulatory surge.
Thus, coordination of both neural and ovarian sig-
nals is required for normal ovulation to occur.

In order to map the pattern of LH and FSH se-
cretion—and thus judge hypothalamic-pituitary
function-it is necessary to draw serial blood sam-
ples at frequent intervals. A single blood sam-
ple yields no information about the pattern of
gonadotropin secretion, although it can some
times identify gross abnormalities in hormone
levels

The episodic nature of LH and FSH secretion
is a consequence of episodic release of LHRH from
the hypothalamus. In this way, intrinsic proper-
ties of the central nervous system mediate gonad-
otropin secretion and, ultimately, gonadal func-
tion. It is through the central nervous system that
psychological, emotional, sensory, and environ-

mental stimuli can profoundly influence repro-
ductive function.

Male Reproductive Function

In the male, the testes are the target of the LH
and FSH released by the pituitary gland (figure
3-1). The testes serve two functions, producing
both gametes (sperm) and hormones, notably tes-
tosterone. Sperm develop in the loops of seminif-
erous tubules within the testes; these tubules
make up the bulk of the testes. Testosterone is
produced by the Leydig cells, which are scattered
throughout the testes and lie outside the semi-
niferous tubules. Damage to the sperm-producing
tubules does not necessarily affect testosterone
production by the Leydig cells. However, a defi-
cit in testosterone production by the Leydig cells
is likely to be accompanied by impaired sperm
production because of feedback to the pituitary
and hypothalamus.

Sperm are produced continuously in the testes
beginning at puberty and continuing throughout
life. A decline in sperm production may occur as
men age, becoming apparent in the sixth decade
and beyond (22,41). Such an age-related decline
in sperm production is not observed in all study
populations (44), and the response of the testes
to aging is variable (41).

Sperm production begins with division of sperm
precursor cells, the spermatogonia, within the
seminiferous tubules. Spermatogonia are gener-
ally thought of as falling into two broad catego-
ries—those in a self-renewing pool and those in
a proliferating pool of cells. Most spermatogonia
are in the latter. These spermatogonia divide to
produce two daughter cells that are destined to
become spermatozoa. A few more spermatogonia
exist in a pool of cells that renew themselves.
These spermatogonia produce two daughter cells
that can either remain in the population or com-
mit to the proliferating pool of cells.

When spermatogonia are damaged or Killed by
a toxic agent (e.g., ionizing radiation) reproduc-
tive function in the male maybe greatly impaired.
There is some evidence that a third type of sper-
matogonium that rarely divides under normal cir-
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Figure 3-1 .—The Male Reproductive System
Hypothalamus

y
PP AP

Testes

Seminiferous

\ cells tubule
4
Male
U secondary Deepening of voice
sex Axillary and pubic hair
characteristics Sexual behavior

Key:

PP: posterior pituitary

AP: anterior pituitary

LH: luteinizing hormone

LHRH: luteinizing hormone-releasing hormone
FSH: follicle-stimulating hormone

SOURCE: Adapted from S M Harman, “Cltnical Aspects of Aging of the Male Reproductive System, * The Agirrg Reproductive System (Aging, Volume 4), E. L.
Schneider (ed ) (New York: Raven Press, 1978), pp. 29-58.
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cumstances may begin to actively divide to replen-
ish the population of spermatogonial cells, and
in this way, the testes may regain sperm-produci-
ng capacity. Although it may be temporary, in-
terruption of fertility can have lifelong conse-
guences in that timing of procreation can be
crucial. The gonad itself may be the target of toxic
agents (e.g., DBCP). In such cases, depending upon
the extent of exposure, gonadal damage can be
irreversible.

The final stages of sperm maturation take place
during passage of the sperm from the testes
through the long, coiled epididymis. Maturation
involves changes in motility, metabolism, and
morphology. Sperm then leave the body in the
semen, a fluid comprised of secretions of the semi-
nal vesicles, prostate, and glands adjacent to the
urethra. Ejaculation is a two-part spinal reflex that
involves: 1) emission, the movement of the semen
into the urethra; and 2) ejaculation proper, the
propulsion of the semen out of the urethra at the
time of orgasm.

The process of forming sperm from primitive
stem cells in the seminiferous tubules consumes
an estimated 64 to 74 days; the sperm take an ad-
ditional 9 to 12 days to pass through the epidi-
dymis. For this reason, changes in the sperm-pro-
ducing activities of seminiferous tubules are gen-
erally not immediately reflected in ejaculated
semen.

Testosterone has a number of actions. It dif-
fuses into the seminiferous tubules to promote
sperm development. Testosterone is also secreted
into the general circulation, where it acts at the
hypothalamic-pituitary unit to modulate the re-
lease of LH. (FSH release by the pituitary gland
is modulated by a protein factor called inhibin,
which is secreted from the seminiferous tubules.)
Testosterone acts to promote growth and devel-
opment of male sexual organs, causing an increase
in size of the penis, prostate, Cowper’s gland, and
seminal vesicles, and promoting secretory activi-
ty of the latter three glands. Male secondary sex
characteristics (e.g., increased muscle mass, beard
growth, deep voice, and underarm and pubic hair)
are all developed and maintained by testosterone.
Sex drive in men increases in puberty as testoster-
one rises, usually decreases in the event of cas-

tration, and is restored by exogenous testoster-
one in ‘men with dysfunctional testes.

Female Reproductive Function

In the female, the target organs of LH and FSH
are the ovaries. Within each ovary are primitive
germ cells, called oocytes. The number of oocytes
in the ovaries is fixed prenatally and is greatest
during the fetal stage of development, when it
reaches several million. After peaking in the sev-
enth month of gestation, the number of oocytes
decreases to fewer than 1 million at birth, and
continues to decline markedly throughout life (fig-
ure 3-2). Only about 400 oocytes are actually
ovulated during the period of female fertility.
In contrast to the continuing renewal of germ
cells throughout an adult male’s life, no new
oocytes are formed after the fetal stage in the
female.

The female menstrual cycle averages 28 to 29
days, but may range from 21 to 50 days (13). Each
month, LH and FSH stimulate growth of a selected
group of ovarian follicles—small spheres of cells
that surround a developing egg. Concomitant with
the growth in size and number of follicular cells
is the production of estrogenic hormones by these
ovarian cells. Estrogens are responsible for the
thickening of the uterine lining, or endometrium.
Estrogens also stimulate and maintain secondary
sex characteristics (e.g., growth of breasts, devel-
opment of a flared pelvis, and distribution of body

Figure 3.2.-Relation Between Oocyte Number
and Age n Women
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Ch. 3—Principles of Reproductive Biology and Development .49

fat to hips and thighs), and induce cyclical alter-
ations in cervical mucus.

Follicular growth continues throughout the fol-
licular phase of the menstrual cycle. One domi-
nant follicle then prevails, while the 20 or more
other follicles at the same stage of development
begin to degenerate. At ovulation, the dominant
follicle ruptures in response to a surge of LH and
FSH, and the ovum travels down the oviduct to
the uterus. Fertilization of the ovum by a sperm
usually takes place in the oviduct, within 24 to
36 hours after ovulation. The follicular cells of
the dominant follicle remaining in the ovary form
a temporary endocrine organ called the corpus
luteum.

During the second half of the menstrual cycle,
the luteal phase, the corpus luteum produces high
levels of progesterone in addition to estrogens.
These hormonal changes prepare the uterus for
a possible pregnancy. If a fertilized egg does not
reach the uterus and begin to implant, the corpus
luteum regresses, the uterine lining is discharged,
and menstruation occurs. (Figure 3-3 summarizes
the female reproductive cycle.) The luteal phase
usually consumes about 14 days. Variability in the
length of the overall menstrual cycle, from 21 to
50 days, typically results from varying duration
of the follicular phase, rarely from variations in
the luteal phase, although shortening of the lu-
teal phase may profoundly affect the ability to
support implantation of the fertilized egg (see
chapter 5).

Menopause, the cessation of menstrual cyclic-
ity, occurs when the ovary is virtually depleted
of oocytes, and is marked by diminished produc-
tion of ovarian estrogens, bursts of LHRH release,
sudden body-temperature fluctuations, and other
changes of a longer term. It occurs, on average,
at about age 50 (figure 3-4). The destruction of
oocytes at any time from the fetal period through
adulthood may lead to premature ovarian failure,
and premature menopause. As oocytes age, the
chances of developmental abnormalities in off-
spring increase.

Embryogenesis and Fetal Growth

If fertilization of the ovum occurs (24 to 36
hours after ovulation), cell division is initiated and

continues during the next 3 to 4 days as the early
embryo, called a blastocyst, passes down the
oviduct. The blastocyst implants in the lining of
the uterus 6 to 7 days after ovulation. During the
second and third weeks following conception,
extraembryonic membranes are laid down and
the development of the three layers of cells (endo-
derm, mesoderm, and ectoderm) occurs. Thus,
by the time the first menstrual period is missed,
the embryo is in the primitive “streak” stage,

The embryonic period takes place between
weeks 3 and 8 to 9 of pregnancy 1This is a criti-
cal phase of development, during which cell dif-
ferentiation proceeds at an accelerated pace. Dur-
ing this period, the brain, eyes, heart, upper and
lower limbs, and other organs are formed.

The fetal period is considered to have begun
after the major organs have developed. It extends
from approximately 8 or 9 weeks of gestational
age until birth. This period is both a time of fetal
growth and continued biochemical and physio-
logical maturation of tissues and organs. Early in
the fetal period, during weeks 9 to 11, the exter-
nal genitalia differentiate, The growth and devel-
opment of the nervous system occurs largely in
the later fetal stages, during the second and third
trimesters of pregnancy. It is important to note
that the growth of nerve cells, or neurons, and
the formation of connections between neurons,
called synapses, continue in humans even after
birth. Table 3-3 summarizes the timing of embry -
onic and fetal development, and figure 3-5 places
the periods of embryogenesis, organ-system de-
velopment, and fetal growth in the perspective
of a full-term pregnancy.

The Pregnant Woman

If a fertilized egg reaches the uterus and be-
gins to implant, the nascent placenta produces the
hormone hCG, human chorionic gonadotropin.
This hormone signals the corpus luteum to con-
tinue producing progesterone and estrogens in
order to maintain the uterine endometrial lining.

‘References to time during pregnancy are often made in two ways.
If the time from conception, or time of gestation, is enumerated
(asin thistext), afull term pregnancy spans about 38 weeks. If preg-
nancy is timed from the last menstrual period, about 2 weeks are
added, making a term pregnancy equal to about 40 weeks.



50 . Reproductive Health Hazards in the Workplace

Figure 3-3.—The Female Reproductive System
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Secretion of hCG is the earliest biochemical
change indicative of pregnancy. Chorionic gonad-
otropin has been detected in plasma and urine
as early as 6 to 9 days after conception; that is,
very soon after implantation of the primitive em-
bryo into the uterine endometrium, Under in
vitro conditions, hCG secretion has been detected
at 7 days after fertilization, in the absence of im-
plantation (15), suggesting that hCG release by the
developing embryo occurs even prior to implan-
tation. In a spectacular demonstration of the diag-
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Sexual behavior

nostic value of hCG measurement, doubly ele-
vated hCG levels in blood have been used to
diagnose the occurrence of twins, just 2 to 3
weeks after conception (23).

During the first 60 days of gestation, the secre-
tion of hCG doubles approximately every 2 days
(5). This leads to an exponential rise in maternal
plasma hCG concentration with very little indi-
vidual variation. Maternal plasma hCG levels dur-
ing the first 60 days of pregnancy can thus be
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Figure 3“4.—Reiation Between Age, Oocyte Number,
and Menopause
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used to accurately predict gestational age. After
60 days’ gestation, hCG levels vary widely and are
of little value for predicting gestational age (28,29).

A high rate of embryonic loss occurs during the
early phase of the normal reproductive process.
It was suggested more than 60 years ago that em-
bryonic death is so widespread in mammals, in-
cluding humans, that it should be accepted as a
normal phenomenon (47). For example, the con-
ception rate per menstrual cycle for a normal cou-
ple of reproductive age having unprotected in-
tercourse is nearly 50 percent, whereas the viable
pregnancy rate is approximately 25 percent (52)
(see figure 3-6). This loss of embryos is particu-

larly high in the very early stages of pregnancy,
1 to 2 weeks after conception. Estimates of em-
bryonic and fetal wastage in women are depicted
in figure 3-7. These data have been used to esti-
mate the probabilities of conception, recogniza-
ble pregnancy, and live birth in women who are
attempting to reproduce. Upon exposure to sper-
matozoa, the probability of fertilization of an
ovum is estimated to be 84 out of 100. By the time
pregnancy is recognizable, half of all embryos
have been lost. During the remainder of preg-
nancy, another 25 percent perish and are spon-
taneously aborted. The entire process—from ex-
posure of an ovum to a spermatozoan through
parturition —results in an estimated probability
of a live birth of only 31 out of 100 (3). Employ-
ing a different frame of reference, the success
rate of pregnancies following implantation of the
conceptus is estimated to be 57 percent, with 43
percent ending in spontaneous abortion (32).

Pregnancy generates changes in the physiology
of the pregnant woman (reviewed in (10)). Her
blood volume increases to 150 percent of its non-
pregnant volume. The resulting moderate dilu-
tion of red cells in the plasma is the anemia of
pregnancy and is normal. However, the pregnant
woman may be particularly vulnerable to other
factors that induce further anemia, including poor
nutrition and iron deficiency. Because of the in-
crease in blood volume, her heart works harder,
and more blood goes to all her organs.

Greater blood volume and the growing weight
of the pregnant uterus act in concert to increase

Table 3-3.—Stages of Embryonic and Fetal Development

Time after Time after

Period conception Stage conception
Fertilized ovum . . . . . First week Cleavage . ............... 1-3 days
Blastocyst. . . ............ 4-5 days

Implantation . .. .......... 7 days

Embryonic streak . . . 2-3 weeks Gastrula . ............... 7-8 days
Neurula................. 20 days

Embryo............ 3-8 weeks Tail-bud embryo. . .. ... ... 29 days
Complete embryo . . . ... .. 35-37 days

Metamorphosing embryo . . 38-56 days

Fetus............. 9-40 weeks Firstfetal . .............. 56-70 days
Secondfetal . ............ 70-140 days

Thirdfetal . ..............

140-280 days

SOURCE: Adapted from R H. Blank, Redefining Human Life: Reproductive Technologies and Social Policy (Boulder, CO: West-

view Press, 1984).

38-748 0 - 85 - 3
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Figure 3-5.—Embryogenesis and Fetal Growth: Three Trimesters of Gestation
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pressure on the leg veins during pregnancy. Sit-
ting or standing in one position may become un-
comfortable, and the risk of developing varicose
veins in the legs is increased. The weight of the
enlarging uterus also increases strain on the lower
back. The pregnant woman’s kidneys serve to fil
ter wastes from both her blood and that of the
fetus. The increased blood flow to the kidneys
and pressure on the bladder can cause the preg-
nant woman to urinate more frequently, particu-
larly as pregnancy progresses.

OURCE: Adapted from E. K. Silbergeld and D. Ma;nison‘, personat commun cal on, 193&.

Coping With Pregnancy Loss

Embryonic or fetal loss causes maternal and pa-
ternal grief reactions. The grief pattern seen par-
allels that which has been described in facing
death in adulthood (25), namely:

. shock,

. disorganization,

. volatile emotions,
« guilt,

« loss,
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Figure 3-6.—The Percentage of Normal Women Who
Conceive per Menstrual Cycle and the Outcome of
These Pregnancies
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. relief, and _
. reestablishment of an emotional balance.

A 1984 study found that the strongest stage of
grief in pregnancy loss was guilt. This stage took
the longest time to begin to resolve, and was the
one in which the couples needed the most sup-
port and assistance. Women stated that if only
they had not jogged, or had sexual intercourse,
or fallen, or if they had eaten better, the sponta-
neous abortion might not have happened. Others
had to deal with previous events that represented
higher risks, such as medical illnesses or heavy
cigarette smoking (30).

Although society is sensitive toward the cou-
ple who experiences pregnancy loss, there is a
tendency not to express this sympathy. There are,
for example, no accepted rituals for mourning an
early pregnancy loss. Wakes and funerals are un-
common for a nonviable fetus. In-depth, emotion-

ally supportive counseling sessions are considered
an essential part of care for couples who experi-
ence a pregnancy loss (30).

Lactation

The breast is a complex organ that both syn-
thesizes and excretes. When feeding a growing
infant, the mother typically produces a liter of
milk per day, containing protein, fat, carbohy-
drate, minerals, vitamins, hormones, and antibod-
ies. All nutrient components are fully digestible.
The product is delivered sterile, on demand, and
with the carbohydrate and protein suspended in
a mineral/aqueous system. The fat is excreted as
a milk-fat globule, Because breast milk is a mix-
ture of both water and fat, it can serve as a vehi-
cle for a wide variety of substances present in
maternal tissue or blood. Many constituents pres-
ent in maternal blood plasma may be present in
breast milk. Chemical or drug excretion into
breast milk may be accomplished by binding to
milk protein or to the surface of milk fat glob-
ules. It is also possible that fat-soluble chemicals
(e.g., DDT, PCB, most insecticides) maybe trapped
entirely within the milk-fat globule (2,19,61).

Sexual Development:. puberty

Puberty is the period of transition between the
juvenile state and adulthood. During this stage of
development, secondary sex characteristics ap-
pear and mature, the adolescent growth spurt oc-
curs, profound psychologic effects are observed,
and fertility is achieved. These changes are in part
a consequence of maturation of the hypothalamic-
pituitary-gonadotropin unit, stimulation of the sex
organs, and secretion of sex steroid hormones
(17). A complex biological and maturational event,
puberty actually spans several years, and is not
well understood in terms of its onset.

Most American girls (98.8 percent) enter pu-
berty between age 8 and age 13, with a mean age
of 11 years (43). They complete their secondary
sexual development in an average of 4.2 years,
with a range of 1.5 to 6 years (32). Menarche (the
first menstrual period) occurs fairly late in the
maturational process and is the salient event for
the pubertal girl. The first menstrual period ap-
pears at an average age of 12.8 years (56).
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Figure 3-7.—Percentage of Surviving and Lost Human Embryos and Fetuses at Different Stages
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Some sign of puberty is first shown by 98.8 per-
cent of normal American boys between 9 and 14
years, with a mean age of 11.6 years (43). Boys

ABNORMAL

Historical Perspective

Since the 1950s tests of the effects of selected
chemicals on reproduction have been conducted

This section reviews abnormal development of the embryo/fetus;
a discussion of abnormal reproductive function from puberty
through adulthood appearsin ch. 5.

complete secondary sexual development in an
average of 3.5 years, with a range of 2 to 4.5 years

(33).

DEVELOPMENT

by the pharmaceutical industry, using animal
models. The prospective sires and dams are usu-
ally exposed to the test chemical by diet, and
measurements are made of reproductive end-
points (e.g., pregnancy rate; successful parturi-
tion; number, viability, and growth rate of off-

spring).
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As a consequence of the thalidomide tragedy
in the early 1960s (see chapter 2), intensive ef-
forts were mounted to detect substances capa-
ble of producing structural abnormalities in de-
veloping fetuses. The ability to detect skeletal and
external malformations was emphasized, because
techniques were available to detect those types
of effects (60). These efforts were placed in a prac-
tical context as awareness grew that nearly all
substances or agents are capable of adversely af-
fecting the conceptus, if the dose is sufficiently
great (24).

Methodologic advances since the 1960s have
permitted detection of soft-tissue deficits and
some functional deficits. These include alterations
in central nervous system function (7), intestinal
function (11), and respiratory function (42). As
a result, the concept of teratology has evolved into
a broad concept that includes structural and func-
tional aspects of reproductive and developmen-
tal capability.

Terminology

The field of developmental toxicology is evolv-
ing rapidly, and its vocabulary is consequently in
a state of flux. In late 1984, the Environmental
Protection Agency (57) summarized the relevant
terminology as follows:

+ Developmental toxicity is the induction of
adverse effects on development occurring up
to the time of puberty. The four principal
manifestations of developmental toxicity are:
1) death of the conceptus, 2) structural ab-
normality, 3) altered growth, and 4) function-
al deficiency.

+ Embryotoxicity and fetotoxicity refer to
any toxic effect on the conceptus occurring
as a result of prenatal exposure. The distin-
guishing feature between the terms is the
period during which the insult occurs. These
terms include malformation, altered growth,
and in-utero death.

—Altered growth is a significant alteration
in fetal or neonatal organ or body weight.
A change in body weight may or may not
be accompanied by a change in skeletal
maturation. Altered growth can be induced
at any stage of development, may be rever-
sible, or may result in a permanent change.

—Functional teratogenesis refers to aera-
tions or delays in the postnatal abilities of
the individual or organ system, following
exposure to an agent during critical peri-
ods of prenatal or postnatal development.

—A malformation is defined as a permanent
structural deviation that is generally incom-
patible with or severely detrimental to nor-
mal postnatal survival or development.
These types of defects are also called tera-
togenic effects. A variation is defined as
a divergence beyond the usual range of
structural constitution, but which may not
have as severe an effect as a malformation
on survival or health. Distinguishing be-
tween malformations and variations is dif-
ficult, since there exists a continuum of re-
sponses from the normal to the extreme
deviant. Other terminology that is often
used, but no better defined, includes
anomaly, deformation, and aberration.

Developmental toxicants thus induce functional
teratogenesis, structural malformations, altered
growth, or variations. Toxicants can act during
either the embryonic or fetal periods, and can Kill
the embryo or fetus. Developmental toxicants
may be equally toxic to both the parents and the
embryo/fetus. If exposure occurs at, or sufficient-
ly near to, the adult toxic dose, both the embryo/
fetus and pregnant woman are likely to be harmed’
(21,27),

A teratogen can be defined in several ways. As
indicated, the EPA defines teratogenic effects as
functional alterations or delays in postnatal abil-
ities and structural malformations that are gen-
erally incompatible with or severely detrimental
to normal postnatal survival or development. A
teratogen can also be defined as a substance that
adversely affects the embryo at doses below those
necessary to produce overt signs of toxicity in the
pregnant woman (53). Yet another definition
states that a teratogen is an agent that produces
a malformation at any dose (2 I).

Thalidomide remains the premier, but not sole,
example of a chemical—a pharmacologic in this

sSome Substances may be equally toxic to woman and embryo.
If exposure occurs at, or sufficiently near to, the adult toxic dose,
both the embryo and woman will be affected. The woman may re-
cover, but the embryo can be irrevocably damaged (19).
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instance—uniquely hazardous to the developing
embryo. It has a marked selectivity for a particu-
lar target in humans, the limb buds of the con-
ceptus. Thalidomide is able to injure the con-
ceptus at dose levels so small as to be essentially
harmless to the pregnant woman. However, most
developmental toxicants can affect the woman as
well.

The evolution of the concept of developmental
toxicity and teratogenicity over the past 20 years
has implications for public policy. For example,
the Toxic Substances Control Act (TSCA,; Public
Law 94-469), written in 1976, classifies some
chemicals as “teratogens)” thereby implying the
exclusion of substances that may cause other de-
velopmental effects. Section 4(b) of TSCA states
that testing standards may be prescribed for car-
cinogenesis, mutagenesis, and teratogenesis by
the Administrator of the Environmental Protec-
tion Agency. Section 4(e) requires the Adminis-
trator to develop a list of chemicals for priority
attention. The chemicals listed are those known
or suspected to cause or contribute to cancer,
gene mutation, or birth defects. Section 10(C) re-
quires coordination between the Administrator
and the Secretary of the Department of Health
and Human Services for research on rapid screen-
ing techniques for carcinogenic, mutagenic, and
teratogenic effects of chemicals.

The wording of these sections of TSCA is gen-
erally consistent with contemporary understand-
ing of cancer and mutations. However, insertion
of the words “developmental toxicants” would
clarify the existing statute with regard to contem-
porary understanding of the word “teratogen.”

Mutagens

A mutagen is an agent capable of altering the
structure of deoxyribonucleic acid (DNA), the ge-
netic material of a cell, The basic process of muta-
genesis may be spontaneous or induced by some
agent, and may involve the alteration of a single
cell. If the event occurs in a sperm progenitor or
egg cell, the cell may die or the mutation may be
transmitted to progeny of the affected parent.
This kind of mutation, called a germ cell muta-
tion, may be expressed, for example, as fetal wast-

age, sterility, structural or functional defect, or
inherited disease. If the event occurs in a cell
other than a sperm or an egg, the result may be
cell death or the formation of daughter cells that
produce altered gene products or tumors. This
type of mutation is called a somatic cell mutation
(46). Mutations in somatic cells imply the existence
of a germ cell genetic hazard if the inducing agent
also reaches the gonads. Mutations may or may
not be harmful either to the affected individual
or to the progeny.

Impaired Embryogenesis and
Fetal Growth

During its earliest phase, prior to implantation
and beginning organogenesis, the fertilized ovum
(table 3-3) is largely resistant to certain types of
toxicants. That is, toxic insults occurring during
the preimplantation stages that do not kill the em-
bryo usually do not have an adverse outcome.
During this early embryonic period—the first 3
weeks of pregnancy—the most probable effects
of toxic influences on the embryo are severe dam-
age and death, followed by spontaneous abortion

(16).

After implantation, the organs develop rapidly
in a complex series of overlapping and interde-
pendent events. The embryonic period is the pri-
mary, although not the sole, period for the induc-
tion of congenital malformations. During embryo-
genesis, the rate of cell division and the timed
differentiation of primordial cells into organ sys-
tems confer a period of increased vulnerability
to toxic effects. This is the period during which
most structural teratogens act; functional terato-
gens may act later on, as well. The expression of
teratogenicity varies with dose and with timing
of exposure during gestation (51).

During the fetal stages and extending into early
postnatal life, major functional and tissue matu-
ration occurs. An agent acting during this period
of time can markedly disrupt these processes.
Such insults would be expressed not as major
gross anatomical abnormalities, but rather as dec-
rements of anticipated function (21). For this rea-
son, most damage occurring in fetal stages is likely
to be regarded as a type of functional injury,
rather than as the gross malformations or devel-
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opmental disruptions that may occur during the
earlier embryonic period (16).

The major organs are already formed by the
beginning of the fetal stages, after which it is too
late to cause gross morphological abnormalities.
For example, after the palatine shelves have al-
ready fused with one another to form the palate,
cleft palate cannot be induced by any agent. Nev-
ertheless, a substantial amount of development
continues after the embryonic stages, and in-utero
exposure of the fetus has been established as ca-
pable of producing altered postnatal functional
capabilities. Such alterations have been produced
in numerous organ systems (e.g., central nervous
system, gastrointestinal tract, and cardiovascular
system) (21).

Exposure of the developing nervous system to
toxic influences may result in enduring behavioral
deficits or abnormalities. Behavioral teratogene-
sis may thus be induced during organogenesis,
in the later fetal stages of pregnancy, and even
post-partum. Ingestion of mercury, alcohol, or ad-
dicting drugs, for example, can cause behavioral
deficits or abnormalities in later fetal stages.

The exact nature and severity of induced im-
pairments to embryogenesis and fetal growth de-
pend on such factors as the time of exposure, the
severity of exposure, and the nature of the sub-
stance itself (see table 3-4), Although it is gener-

Table 3.4.—Principies of Teratogenesis and
Timing of Embryonic and Fetai Toxicity

« Teratogens often adversely affect only a portion of ex-
posed individuals; large individual differences in suscep-
tibility exist.

+ Susceptibility to embryotoxins depends on the genetic
makeup of the embryo and the environmental conditions
and lifestyle variables surrounding the parents.

+ Toxic agents may be devastating to the embryo but harm-
less to the parents.

+ A toxic agent may produce defects at different levels of
biological organization resulting in biochemical, phys-
iological, or behavioral anomalies that may not be ap-
parent at birth.

+ A toxic agent may affect the embryo even when given
prior to conception either to the mother or to the father.

- The kind of effect a genetic or environmental toxin
produces depends on the stage of development during
which it acts.

+ The same toxic agent may disrupt the developmental
program and produce a congenital malformation at one
stage, but merely injure an organ or produce no effect
at all at another stage.

+ The earlier in the formation of a structure a toxic agent
acts, the more complete is the damage to that structure.

SOURCE: Adapted from A.S. Goldman, “Critical Periods of Prenatal Toxic In-
sults,” Drug and Chemical Riskstothe Fetus and Newborn, R. H.
Schwartz and S.J. Yaffe (eds.) (New York: Alan R. Liss,Inc., 1980).

ally not possible to examine a defective newborn
and determine precisely when, during pregnancy,
a malformation occurred, it is often possible to
determine a gestational age beyond which it could
not have been precipitated (2 1).

MECHANISMS OF ACTION OF REPRODUCTIVE AND
DEVELOPMENTAL TOXICANTS

The mechanisms of reproductive and develop-
mental toxicity can be reduced ultimately to some
effect that interrupts the normal functioning of
a cell, tissue, organ, or organism (8), A toxicant,
whether a chemical, physical, or biological agent
(see chapter 4), acts by interrupting biological
processes, including the transfer of energy and
information necessary for normal reproductive
function and development.

Following exposure, for example, to a toxic
chemical, the compound must be distributed to
the target organ ie.g., hypothalamus, pituitary
gland, gonad, uterus, epididymis, or liver), where
it exerts its toxic effect, Within the target organ,

the toxin interacts with a critical cell or subcel-
lular component, disrupting an event necessary
for normal reproductive function. If this inter-
action goes unrepaired, the toxic effect—altered
reproductive function-will be produced. The tox-
ic effect may be highly specific and affect only
a single function of a single cell type. Or it may
be broad and nonspecific, with multiple sites of
toxicity within the organism. Within each target,
this multistep process precedes the occurrence
of reproductive toxicity (34).

Metabolism of the chemical by the liver or kid-
neys, for example, may result in toxicity that is
more or less apparent. In some cases, a compound
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may be metabolized and cleared from the body,
and no adverse effect will occur. In other cases,
metabolic products may be more toxic or long-
lived than the original toxin.

Reproductive toxins may act directly: 1) by vir-
tue of structural similarity to an endogenous com-
pound (e.g., hormone or nutrient); or 2) because
of chemical reactivity, such as the ability to alter
the structure of, or denature, a protein hormone.
Some reproductive toxins may act indirectly, re-
quiring metabolic processing or conversion within
the body before exerting a toxic effect. The met-
abolize formed may then act through one of the
direct mechanisms of reproductive toxicity (i.e.,
structural similarity or chemical reactivity). Other
indirect-acting reproductive toxins may exert
their effects by producing alterations in the body’s

physiological control systems (e.g., activation or
inhibition of enzymes) (34). Figure 3-8 illustrates
these mechanisms of action of reproductive toxins.

It is also possible for reproductive toxins to ex-
ert adverse effects through multiple mechanisms.
For example, polychlorinated or polybrominated
biphenyls (PCBS, PBBs) may act indirectly by ac-
tivation of subcellular enzymes. These same com-
pounds may also act directly by virtue of their
ability to mimic the structure and function of
steroid hormone molecules (34).

A great deal of attention is being given to re-
search efforts to discover the mechanisms of ac-
tion of agents known to disrupt development.
Current knowledge, however, falls markedly
short of identifying even the developmental se-

Figure 3-8.—Machanisms of Action of Reproductive Toxins

SOURCE: D. R. Mattison, “The Mechanisms of Action of Reproductive Toxins,” Am. J. Industr. Med. 4:65-79, 1983.
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guences leading to some adverse effects, much
less the precise cellular and molecular mecha-
nisms involved in disruptions of normal structure
and function of either the reproductive system
or in-utero development (21). Nevertheless, it is
possible to enumerate general developmental
mechanisms that can be disrupted and lead to
altered development. These include:

« faulty cell or tissue differentiation;

+ excessive, or in some cases inadequate, cell
death during development;

* improper cellular migration;

+ faulty intercellular communication; and

+ disrupted metabolism, manifested as altered
respiration, absorption, excretion, or se-
cretion.

Three issues are central to understanding the
mechanisms of action of reproductive and devel-
opmental toxicants; these issues also illustrate the
overall complexity of reproductive toxicology (34).
They are:

. Species differences: Differences in repro-
ductive toxicology among species are a reflec-
tion of variations among species. In mecha-
nisms of hormonal control, for example,
there are differences in anatomy, metabo-
lism, and pharmacokinetics.Q In some in-
stances, these species differences are poorly
understood. A reproductive toxin in one spe-
cies may not be toxic in another (including

sPharmacokinetics refers to the study of the action of a chemical
in the body over a period of time. It includes the processes of ab-
sorption, distribution, localization in tissues, transformation into
other chemicals with biological activity, and excretion.

humans) because of differences in reproduc-
tive or toxicological mechanisms. The tera-
togenicity of thalidomide is an instructive ex-
ample of species susceptibility in that rat and
mouse are relatively insensitive, while rab-
bit, human, and nonhuman primates are sen-
sitive (49). Another example is the difference
exhibited by rats and mice in sensitivity to
oocyte destruction by aromatic hydrocarbons
(e.g., benzo(a)pyrene) (36).

® Gender differences: This issue is crucial be-
cause of the differences in anatomy and bio-
logical control mechanisms for reproduction
in the male and female. Because of the ease
of accessibility of gametes and gonads in the
male, more suspect compounds have been
screened in animal studies and demonstrated
toxic to males than to females. Whether this
represents an actual gender difference in ga -
metic or gonadal toxicity or is simply an ar-
tifact of experimental designs is as yet un-
known. More parameters are accessible for
evaluating sperm, for example, than more-
difficult-to-obtain oocytes (table 3-).

® Time frame for toxicity: Knowledge of the
window of sensitivity during which a struc-
ture or function may be affected by repro-
ductive and developmental toxicants is of crit-
ical importance. A developing organ such as
the ovary (35) may be susceptible to the
harmful effects of a reproductive toxin, yet
the same agent may have no effect on the de-
veloped organ. Little is known, for example,
about differences between the immature
oocyte and the mature, preovulatory oocyte
with respect to susceptibility to reproductive
toxins.

REPRODUCTIVE DYSFUNCTION IN THE POPULATION AS A WHOLFE’®

In 1982, approximately 2,4 million married
American couples, or 8.4 percent of those in
which the wives were of childbearing age (I5 to
44) were unintentionally infertile, The epidemio-
logic profile of infertile couples reveals: 1) a
greater proportion of infertile couples among

sThis section is a summary of the detailed analysis of reproduc-
tive impairment in the general population that appearsin app. A,

blacks than whites, 2) a tendency to have experi-
enced one or no live births, and 3) a tendency for
the woman to be age 30 or over with less than
a high school education. Although the overall in-
fertility rate among married couples (excluding
those who have been surgically sterilized) has not
changed since the 1960s, subgroups of couples
in which the wife is age 20 to 24 or black have
experienced substantial increases in infertility
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(39,40). It is important to note that many infer-
tile couples are only temporarily affected and may
eventually bear a viable infant irrespective of
medical treatment (12).

The causes of infertility are often complex, dif-
ficult to pinpoint, and variable among individuals.
Infertility is attributed in roughly equal propor-
tions to men and women among married couples
(18). The known and suspected causal factors of
infertility can be categorized as:

® environmental, including pollutants;

® pathological, including infectious diseases;

® heritable, such as genetic syndromes;

® jatrogenic, or medication-induced, includ-
ing contraceptive and therapeutic drugs;

® nutritional;

® ascribed, including race, maternal or pater-
nal age; and

® sociobehavioral, including “recreational”
drugs, stress, and exercise.

Analysis of these factors reveals large gaps in
scientific knowledge of the causes of infertility,
and even sparser knowledge about possible syn-
ergism with occupational factors.

Infant mortality rates in the United States are
higher than those of many developed countries.
The proportion of infant deaths due to birth de-
fects has risen to more than 20 percent, because:
1) the rate of birth defects has not fallen as rap-
idly as the overall infant death rate, and 2) im-
provements in prenatal and postnatal care have
reduced the infant death toll from other causes.
The overall infant death rate for blacks is almost
twice that for whites, and more than three times
higher for infant deaths that are due specifically
to low birth weight or prematurity. Although the
overall rate of birth defects is lower among blacks
than whites, the proportion of black infants of
low birth weight is almost twice that of white in-
fants, probably because of: 1) the higher propor-
tion of preterm black infants, and 2) the higher
proportion of black mothers possessing risk fac-
tors for bearing low birth-weight infants.

Birth defects afflict about 7 percent of live-born
infants in the United States (31). About one-half
of these birth defects are apparent at birth; the
remainder become clinically apparent within 1

year. Some of the most common defects involve
the cardiovascular system and the male urogeni-
tal system. Many of the more common birth de-
fects, such as Down syndrome or neural tube de-
fects, have a substantial impact on the individual,
family, and society because of the severity of their
physiological and functional effects. Single neu-
ral tube defects (those with no major associated
defects) decrease in incidence following a gradient
across the United States from East to West and
are most common in white and female newborns
(26). Several other defects, including Down syn-
drome and clubfoot, are most common in the
Northeast.

The causes of the majority of birth defects are
unknown. Individuals may be affected differently
by a given causal agent, and some may not be af-
fected at all. Age, health, and personal habits of
both male and female, and extent of prenatal care
in the female are some of the characteristics that
can influence the risk of adverse fetal effects. At-
tempts to isolate and identify work-related repro-
ductive hazards must take these variables into ac-
count (50). The timing and extent of fetal exposure
to the agent during gestation may also vary its
effect.

Sociobehavioral factors have received much at-
tention in the quest to understand the causes of
birth defects. Alcohol is teratogenic when con-
sumed by the mother in large amounts (defined
variably) and can result in ‘(fetal alcohol syn-
drome)” characterized by central nervous system
dysfunction, mental retardation, growth deficien-
cy, and facial deformities (54). Among neonates
of alcoholic mothers, 83.3 percent had birth weights
under the tenth percentile compared with 2.3 per-
cent in a nonalcoholic sample (55). In a prospec-
tive study of the relationship between birth
weight and alcohol consumption during the first
trimester of pregnancy in 31,604 pregnancies, the
authors found that consuming at least one to two
drinks daily was associated with a significantly
increased risk of producing a growth-retarded in-
fant. Conversely, consuming less than one drink
daily had minimal to no effects on intrauterine
growth and birth weight. The authors note that
“an occasional drink has only a trivial effect on
intrauterine growth” (38). Conclusions regarding
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the effects of alcohol consumption, although prob-
ably valid for heavy drinkers, may be tentative
because of the difficulty of assessing all possible
impacts on prenatal development. These include
factors often associated with excessive alcohol
consumption such as smoking, heavy coffee con-
sumption, abuse of drugs, lower socioeconomic
status, and poor nutrition. In addition, most
studies do not control for the father’s consump-
tion of alcohol or other paternal risk factors.

Cigarette smoke and nicotine are also harmful,
carrying an increased risk of: 1) prematurity; 2)
low birth weight, due partly to fetal malnutrition
resulting from depression of placental circulation
or maternal appetite; and 3) perinatal death
(45,54). A pregnant woman who smokes two packs
of cigarettes a day may reduce the oxygen sup-
ply to her fetus by 25 percent (I). Effective Octo-
ber 1985, new warning statements were required
(Public Law 98-474) on the packages and adver-
tising of all cigarette brands sold in the United
States (59). Two of these statements call specific
attention to the hazards imposed by maternal
smoking upon the offspring, for example:

SURGEON GENERAL’S WARNING: Smoking
by Pregnant Women May Result in Fetal Injury,
Premature Birth, and Low Birth Weight.

Data on the effects of passive smoking-inhalation
of the spouse’s or co-worker’s smoke by the preg-
nant woman-on the fetus are not available.

In sum, more complete knowledge of causal fac-
tors for both male and female infertility and birth
defects in the population at large is needed to ac-
curately isolate and identify reproductive hazards
specific to the workplace. Epidemiological surveil-
lance using incidence data is capable of detect-
ing only unusually high rates of infertility or birth
defects in certain worker populations, and only
after many people have been affected. Even then,
epidemiological data are often not sensitive
enough to pick up more subtle changes (see chap-
ter 5), and national prevalence data may not pin-
point locally high rates of infertility and birth
defects. Furthermore, many indicators of repro-
ductive impairment, such as early spontaneous
abortion, are difficult to detect and are therefore
underreported.

SUMMARY AND CONCLUSIONS

The complexity of the continuum called repro-
ductive biology and development is masked by
a tendency to focus on discrete components of
the process, such as the sperm cell or the egg cell
or the embryo. Reproductive function also encom-
passes pregnancy, lactation, child health and de-
velopment, puberty, adult behavior, reproductive
senescence, and the integration of reproductive
physiology with the overall health of the individ-
ual. Failure to recognize the integral role of each
of these components as part of reproductive func-
tion leads to an underestimation of the sensitiv-
ity of normal reproductive biology and develop-
ment to perturbation.

Reproductive function in adult men and women
can be assessed by relatively simple means, in-
cluding a detailed patient history, a physical ex-
amination, blood samples, semen samples, and
urine samples. When only these means are em-
ployed, a disparity exists between the ease with

which male and female reproductive parameters
can be assessed. Sperm are readily accessible,
while eggs are not. However, evaluation of the
causes of particular aspects of reproductive dys-
function is difficult. Diagnostic techniques are dis-
cussed in chapter 5.

Embryonic loss is a normal part of the repro-
ductive process. Only one-quarter to one-third of
all embryos conceived develop to become live-
born infants. The remainder are lost at some stage
between fertilization and the end of pregnancy.
Data such as these are hard to obtain, and esti-
mates vary, because the loss of embryos is par-
ticularly high in the early stages, before clinical
diagnosis of pregnancy is made.

The terminology of the evolving field of devel-
opmental toxicology is rapidly changing. The four
principal manifestations of developmental toxic-
ity are: 1) death of the conceptus, 2) structural
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abnormality, 3) altered growth, and 4) functional
deficiency. Structural abnormalities and altera-
tions or delays in postnatal abilities are teratogenic
effects. Insertion of the term “developmental tox-
icant” for the term ‘(teratogen” in the language
of TSCA would clarify the existing statute to co-
incide with contemporary understanding of the
word “teratogen. ”

The complexity of reproduction and develop-
ment is mirrored by the complexity of biological
mechanisms underlying toxicology, which involve
absorption, distribution within the body, metab-
olism (toxification and/or detoxification), excre-
tion, and repair (34).

Toxicants may produce their adverse reproduc-
tive or developmental effects by one of several
mechanisms. Some agents may act directly, either
by virtue of direct chemical action, or by struc-
tural similarity to endogenous molecules (e.g., hor-
mone mimics or antagonists). Other agents inter-
rupt reproductive processes indirectly, either by

metabolic processing to a direct-acting toxicant
(e.g., metabolic activation to form an active chem-
ical), or by altering the normal endocrine balance
(e.g., increased steroid hormone clearance) (34).

The causes of the unintentional infertility be-
ing experienced by some 2.4 million U.S. married
couples are varied and difficult to pinpoint. More-
over, for some couples, infertility is a temporary
phenomenon. The known and suspected causes
of infertility can be grouped as environmental,
pathological, heritable, iatrogenic (i.e., medication-
induced), nutritional, and sociobehavioral. Birth
defects afflict about 7 percent of live-born infants.
As in the case of infertility, the causes of many
birth defects are often unknown or speculative.
Analysis of reproductive impairment in the popu-
lation as a whole (see appendix A to this chapter)
provides a background against which to identify
any increased incidence of reproductive dysfunc-
tion that may be workplace-related.
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Chapter 4

Evidence for workplace Hazards
to Reproductive Function

INTRODUCTION

Two elements are required to produce a work-
place reproductive hazard. First, a male or female
worker, or developing embryo or fetus, must be
exposed to a hazardous agent found in the work
environment. Second, this exposure must com-
promise some aspect of male or female reproduc-
tive function, or embryonic or fetal growth and
development.

This chapter reviews selected chemical, physi-
cal, and biological agents that are real or sus-
pected workplace hazards to reproductive func-
tional These agents were chosen for review in
consultation with the Advisory Panel for this re-
port. Throughout the text, which is not a full
assessment of the hazards of these agents, but
rather a sumary of the evidence or lack of evi-

IA number of excellent reviews of the effects of chemica and phys-
ical hazards on reproductive function have recently been published

(2661,69,215,226,260,372,373,4 11).

dence for effects of particular agents, the focus
is on available human data. These data have been
integrated with animal data in order to further
define the site and mechanism of action of par-
ticular adverse reproductive effects. It is impor-
tant to note, however, that the identification of
an agent as a suspected reproductive or devel-
opmental hazard hinges not only on its mecha-
nism of action and evidence of harmful effects
in animal and/or human data, but also on the level
and kind of exposure the agent presents to hu-
mans. It is also important to point out that the
National Institute for Occupational Safety and
Health (NIOSH) has identified a number of occupa-
tional chemicals as reproductive hazards. These
chemicals include 1,3-butadiene, carbaryl, carbon
disulfide, chloroprene, dinitrotoluene, epichloro -
hydrin, ethylene oxide, ethylene thiourea, glycidyl
ethers, glycol ethers, monohalomethanes, and
polychlorinated biphenyls (PCBS).

EFFECTS OF WORKPLACE CHEMICALS ON
REPRODUCTIVE FUNCTION

Of the thousands of chemicals used in the work-
place, relatively few have been examined for their
effects on reproductive function. A 1982 review
of the reproductive hazards of industrial chemi-
cals that explored the effects of 48 compounds
(26) found significant gaps in information on re-
productive toxicity in either experimental animals
or humans for all but one of these chemicals.
These gaps in knowledge make estimation of
human hazard difficult, and prediction of hu-
man risk virtually impossible. Of the 48 chem-
icals reviewed, only a small number of those

known to produce adverse reproductive effects
have been classified by both endpoint and mech-
anism of the effect. Although reproductive tox-
icity has been suggested for a number of the
chemicals that have been studied, many of these
finings are in dispute. Moreover, some chemi-
cals have been investigated in one sex, but not
in the other. For these reasons, existing knowl-
edge of workplace chemical hazards to reproduc-
tive function is incomplete and of uneven qual-
ity. A major conclusion of every symposium on
the reproductive toxicity of suspected hazards

67
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over the past several years has been the absolute
necessity for increased knowledge through addi-
tional experimental study.

Discrepancies among results of epidemiological
studies of reproductive toxicity appear to arise
from four major factors (see chapter 6):*

1. Differences in levels of exposure of the
study groups: Exposure levels or biological
indicators of exposure are frequently un-
known, or not presented in research reports.
In some studies, the precise identity of the
chemical(s) is either not known or not re-
vealed.

2. Differences in accuracy and sensitivity in
detecting reproductive outcomes The abil-
ity to detect and measure many of the end-
points of reproductive function (see chapters
5 and 6) varies from laboratory to laboratory
and from country to country. For example,
one laboratory may use sensitive measures
of sperm motility employing video systems
while another may employ the older, tradi-
tional method of watching sperm under the
microscope.

3. Definition of control groups The use of in-
appropriate controls can skew the findings
of a study. For example, an investigator may
compare groups composed of small numbers
of participants. This can result in a finding
of no adverse reproductive effects of occupa-
tional exposure. Using control groups that
are not well-defined or using historical con-
trols drawn from studies of populations with
different sociodemographic characteristics
may bias the results in an unpredictable di-
rection.

4. Confounding variables: Failure to control
for variables with the potential to modify ob-
served effects can confound the interpreta-
tion of results. Control of these confounding
variables is essential because lifestyle, ethnic,
or disease-related factors may have adverse
effects on male or female reproduction or fe-
tal development (see chapter 6).

*The basic overall scarcity of data on the reproductive health ef-

fects of many of the substances summarized has led to the inclu-

sion of research findings whose methodology or validity cannot al-

ways be determined. Gaps in information and instances of single
studies for particular agents are noted where they occur.

It is important to note that a majority, perhaps
two-thirds, of the studies on workplace chemi-
cal hazards to reproductive function are not con-
ducted in the United States. Most of the epidemio-
logical studies are conducted in the Scandinavian
countries and in the Soviet Union, where access
to workers and workplace exposure data is less
difficult than in the United States. Further, the
United States has relatively few large-scale, cen-
tral data bases from which both occupational and
reproductive data can be retrieved. In contrast,
Sweden and Finland maintain central data regis-
tries that cross-link occupational history, preg-
nancy data, birth certificates, medical records,
and death certificates by means of an individual
identification number. Until U.S. scientists have
better access to occupational and health data,
most conclusions regarding occupational repro-
ductive hazards will necessarily be based in large
part on studies conducted in other countries.

Reproductive toxins are classified by: 1) the
site(s) or endpoint(s) of adverse effect in the re-
productive system, and 2) mechanism(s) of action
(see chapter 3). The site of effect defines where
the compound acts to interrupt reproduction (e.g.,
the hypothalamus, pituitary, gonad, accessory or-
gans, placenta, or embryo/fetus). A compound
may be a reproductive toxin in the male but not
in the female, or the fetus alone may be suscep-
tible. I't is important to note that there is no
biological basis for assuming that either the
embryo/fetus or the female is more suscepti-
ble than the male. Only careful experimental
studies and reproductive health surveillance
of workers exposed to suspected compounds
will provide definition of the range of human
susceptibility to reproductive toxins

The mechanism of action of a reproductive tox-
in is important because it defines how the com-
pound produces its adverse reproductive effect
(226). The mechanisms of action of reproductive
toxins can be classified as direct or indirect.
Direct-acting reproductive toxins do not need to
be processed in the body to be hazardous. A
direct-acting reproductive toxin need only be de-
livered to its site of action to produce an adverse
reproductive effect. An indirect-acting reproduc-
tive toxin, by contrast, requires some chemical
change in the body before it can produce an ad-
verse reproductive effect (see chapter 3).
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Metals

The adverse reproductive effects of lead, mer-
cury, cadmium, arsenic, lithium, antimony, bo-
ron, and manganese have been described in both
humans and experimental animals. Other metals,
such as chromium, copper, nickel, and selenium
produce adverse reproductive effects in animals
but have not been examined in humans. Only a
fraction of the studies assessing the effects of met-
als on human reproductive function are framed
in the context of occupational exposure to a sin-
gle metal; most workplace exposures are to com-
plex mixtures of several metals and other xeno-
biotics (a biologically foreign compound).

Many studies are based on workers exposed to
metals while employed in metallurgical or smelt-
ing industries, These workers are often exposed
to a variety of metals, as well as to other sub-
stances that may be reproductive toxins (e.g., hy-
drogen sulfide, sulfur dioxide). Their occupational
exposure may also include such confounding ex-
posures as heat, vibration, or dust. It is therefore
difficult to attribute specific observed toxic effects
in a workplace study to any single hazard, and
difficult to define interactions that may increase
or diminish the reproductive toxicity of any sin-
gle agent.

Unlike the case of some chemical exposures,
there are biological indicators of metal exposure,
such as metal levels in blood, urine, and hair. In
fact, the diversity of indicators often makes it dif-
ficult to reach a consensus on the toxic level for
a particular indicator. For this reason, major re-
search efforts are focused on the identification
of sensitive tissues and techniques for monitor-
ing acute and chronic exposure to metals. For
some metals, such as methylmercury, there is no
agreement among researchers even as to units
of measurement; for others, methodology for
measurement in biological samples is problematic.
In hair analysis, for example, metals adhering to
the outer surface of hair must be removed prior
to analysis for metal content.

Metals classified by N1OSH as occupational car-
cinogens include arsenic, beryllium, cadmium,
chromium, and inorganic and organic nickel (243).
In addition, some metals (e.g., mercury, arsenic)
have been found to be mutagenic to human so-

matic cells. This creates concern for mutagenic-
ity to germ cells; i.e., spermatocytes and oocytes.
Other metals (e.g., lead, cadmium) are capable of
disrupting the cellular mechanisms involved in mi-
tosis and meiosis, and may, by this mechanism,
be toxic to germ cells.

Lead

Lead exists in the environment as a widespread
contaminant in both inorganic and organic forms.
Approximately 90 percent of the lead entering the
atmosphere comes from the combustion of leaded
gasolines. Blood levels of lead have been shown
to vary directly with the content of lead allowed
in gasoline (12).

Lead is found in lead azides, lead salts, tetra-
ethyl lead, tetramethyl lead, metallic lead, tetra-
ethylplumbane, and tetramethylplumbane. Work-
ers who are exposed to lead include smelters,
battery manufacturers, painters, typesetters, and
stained glass artists. Workers may also be exposed
to lead in the manufacture of paint, ink, ceramics,
pottery, ammunition, textiles, and leaded gasoline.

Lead has been recognized as a reproductive
hazard since the days of ancient Rome (125). In-
deed, it has been suggested that lead in drinking
vessels produced enough toxicity to result in the
declining population of the upper class. Lead has
also been used as a spermicide and as an abor-
tifacient. Provisions for the protection of repro-
ductive health in adults and the health of the de-
veloping embryo/fetus in the Occupational Safety
and Health Administration’s (OSHA) lead stand-
ard are discussed in chapter 7.

Male.—A 1975 study reported dose-related dis-
turbances in sperm-related factors in 150 lead
workers (194). A number of studies of the effect
of lead on various aspects of male reproductive
function were published in the 1970s (259)300,
37°13). One small case control study reported that
3 of 14 men had subnormal sperm counts, one
patient had azoospermia, and another had low
sperm motility following exposure to tetraethyl
lead (379). Another study reported sexual distur-
bances in 66 men aged 24 to 49 who had been
exposed to ethyl benzene containing tetraethyl
lead. The major complaints were poor or absent
erection, premature ejaculation, and reduced or-
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gasm. Semen volume was reduced in 23 of the
exposed men. A 1985 study reported no effect
of lead exposure on sperm volume or motility
compared with controls. Exposure ranged from
1 to 24 years in men aged 27 to 57 (347). A 1983
study of men exposed to lead found lower chro-
mosome stability and lowered secretory function
and accessory genital glands, but no difference
in sperm number, motility, morphology, or semen
volume (395).

There is substantial evidence of excessive rates
of abnormal pregnancies among wives of lead
workers. An 1860 study of 32 pregnancies in 7
women who were married to lead workers (280)
recorded 11 abortions and 1 stillbirth; 8 of the
20 liveborn children died within their first 12
months. A 1985 review of similar data (374) also
suggests that paternal exposure to lead alters re-
productive outcome in the female. The traditional
view that lead exposure leads to male reproduc-
tive problems has been supported by studies in
the lead-related industries. Additional collection
and analysis of data on lead exposure are needed,
however, to identify other potential sites of tox-
icity in the reproductive system.

A 1983 review of the effect of lead on the re-
productive capacity of male mammals (209) con-
cludes that the effect of lead on reproductive
function may be generally cytotoxic rather than
mutagenic. The study also points out that animal
data do not support the findings on human fer-
tility. This disparity, which may reflect differences
in animal/human metabolism, illustrates the dif-
ficulty in extrapolating human effects from ani-
mal studies.

Female.—Female exposure to lead has been
associated with amenorrhea and other menstrual
disorders, infertility, spontaneous abortion, still-
birth, and neonatal deaths (122,207,273,304,305)
for more than a century and lead was at one time
used to induce abortion (122). Although exposure
to lead in earlier times was probably greater than
it is today (46), occupational lead exposure of men
and women still appears to pose a threat to nor-
mal reproductive function.

A recent review of the effects of various forms
of lead on female reproduction in experimental

animals noted decreased fertility, delayed vagi-
nal opening, ovarian atrophy, and altered ovar-
ian cyclicity (225). The sites of action include the
hypothalamus, pituitary, ovaries, and uterus.

Pregnancy. -Exposure to a mixture of metals,
including lead, has been associated with an in-
creased rate of spontaneous abortion (264)265).
Exposure to lead is reported to be detrimental to
implantation and embryonic survival [226) and
lead chloride can interfere with implantation
(394). It has also been suggested that prenatal ex-
posure to lead can result in spontaneous abor-
tion (146). Reviews of the effects of various forms
of lead on the pregnant animals (26,225, 246,394)
found no teratogenic effect of tetraethyl lead,
tetramethyl lead, and trimethyl lead, when given
at doses below those that cause maternal toxicity.

Prenatal exposure to lead, even in small amounts,
may have an effect on central nervous system de-
velopment (255)302). A recent review delineates
the specific pre- and post-natal periods during
which particular developmental effects of lead ex-
posure occur in the embryo/fetus (179).

Boron

Boron is used for weatherproofing wood and
fireproofing fabrics. It is used in manufacturing
cements, crockery, porcelain, enamels, glass,
leather, carpets, hats, soaps, and artificial gems.
It is also used in the manufacture of cosmetics,
in printing and dyeing processes, in painting and
photography, and for impregnating electric con-
densers and hardening steel. Boron, in the form
of boric acid and berates, is widespread in the
environment. Although boron is usually consid-
ered a chronic poison, effects are unlikely to be
seen at an intake of less than 100 mg of boron
per day.

Male.—Soviet studies (which do not describe
methodology, selection of control groups, etc.) re-
port oligospermia and decreased libido in men
working in factories that produced boric acid
(206,348) and in men living in communities with
high boron concentrations in well water (190,206).
No studies of males are available from the United
States,
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The major adverse reproductive effect of bo-
ron appears to be on the testes, as evidenced from
studies in the rat and dog (26). Sodium borate and
boric acid given orally (117, 350, or 1,170 ppm
in the diet) to rats for up to 2 years caused testicu-
lar atrophy and sterility in the high-dosage group.
No testicular effects were seen at 117 or 350 ppm.
In a similar 2-year study of dogs fed 58, 117, or
350 ppm of boric acid, no changes were seen in
histology, or in relative or absolute organ weights.
High doses of 1,170 for 38 weeks caused testicu-
lar degeneration, spermatogenic arrest, and atro-
phy of the lining of the seminiferous tubules in
the testes. Two of the dogs were put on a control
diet for 25 days, after which testicular weights
and spermatogenesis were found to be similar to
controls, suggesting possible reversibility of the
effects (387).

Female.—A three-generation reproduction
study was conducted in male and female rats fed
diets containing 117, 350,and 1,170 ppm boron
equivalents of sodium borate and boric acid. At
the highest dose level both male and female rats
were sterile; the males had reduced sperm counts,
and there was decreased ovulation in females. Re-
production was not affected at the two lower con-
centrations of boron in the diet (387).

Pregnancy. —The only studies of developmen-
tal effects available for boron involved the effects
of boric acid on chick embryos (36). Injection of
boric acid into chicken eggs causes growth inhi-
bition, interference with feather growth, and sev-
eral types of malformations. The relevance of
these results to humans is not established, and
there appear to be no published data on the ef-
fect of boron on human pregnancy. There is thus
a marked lack of evidence about its reproductive
and developmental effects, especially in humans.

Manganese

Manganese is present in more than 20 differ-
ent compounds, including complexes with acetate,
bromide, chloride, phosphate, and sulphate. It is
used in the manufacture of steel, dry-cell batter-
ies, glass, ink, ceramics, paints, rubber, and wood
preservatives.

Male.—Chronic manganese poisoning in male
miners has been reported to produce impotence,
decreased libido, delayed ejaculation, and reduced
androgen secretion (26,231,282,317). A 1985 study
of 85 male workers from a factory producing
manganese salts revealed markedly fewer chil-
dren born to exposed workers than to nonex-
posed workers (202).

At doses that had no other toxic effects, there
are reports of retarded growth of testes and semi-
nal vesicles (131). The testes and accessory glands
in experimental animals appear to be particularly
sensitive to manganese (26).

Female.—Although one study reports depressed
fertility in female rats exposed in utero (200), a
recent review found no evidence of detrimental
effects on females of exposure to manganese (26).

Pregnancy .-Manganese deficiency appears to
cause developmental effects in a number of spe-
cies, but there has been little study of the effects
of an excess of manganese. Manganese appears
to be harmful to the embryo/fetus only at doses
that are near or above those toxic to the dam
(mouse, rat, hamster, and rabbit). Postnatal de-
velopment of the rodent, however, may be ad-
versely affected if manganese is transferred from
the mother to the newborns during suckling
(26,216). Accumulation of manganese in the brain
of the newborns may account for biochemical dis-
turbances in the brain, as well as poor weight gain
and postnatal survival.

Mercury

Mercury exists in metallic, inorganic, and or-
ganic forms, including inorganic mercury salts
and organic mercury, both of which may be
produced by natural processes. Humans are most
likely to be exposed to these two forms of mer-
cury from environmental contamination. The va-
por of metallic mercury is the predominant form
in occupational exposures. It is estimated that
40,000 U.S. workers are exposed to this form of
mercury in manufacturing (e.g., electrical appa-
ratus, mercury vapor lamps, paint, thermometers)
and mining (68). inorganic mercury appears ca-
pable of producing reproductive toxicity follow-
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ing ingestion, inhalation, or absorption through
the skin, although the inorganic forms are less
well absorbed.

The methylmercury contained in fish and fish
products accounts for the balance of human ex-
posure (68). The best documented exposures to
methylmercury have not been in the workplace,
but in the home, through the ingestion of con-
taminated fish (see chapter 2) or seed grain.

Male.—Both organic and inorganic mercury
can alter spermatogenesis and decrease fertility
in experimental animals (26). Altered libido has
been observed in men accidentally exposed to
mercury vapor. In experimental animals, organic
mercury also accumulates in the central nervous
system in regions that are involved in the con-
trol of reproduction. This suggests that occupa-
tional exposures to metallic, inorganic, or organic
mercury may disrupt male reproduction at mul-
tiple sites.

Female.—Various forms of mercury accumu-
late in the ovary of experimental animals; inor-
ganic mercury preferentially accumulates in the
granulosa cells surrounding oocytes, while metal-
lic mercury accumulates in the corpus luteum
(225). Accumulation of mercury in the central ner-
vous system is consistent with the menstrual dis-
turbances observed in women following occupa-
tional exposure. Monkeys treated with mercury
also show alterations in hypothalamic, pituitary,
and ovarian function,

Pregnancy. -lnorganic and organic mercury
can cross the placenta and gain access to the fe-
tus in both animals and humans. In experimen-
tal animals, metallic mercury and inorganic mer-
cury alter fetal growth, increase fetal mortality,
and increase the incidence of congenital malfor-
mations. Mercury can also produce biochemical
changes in the human placenta. Mercury, used
historically in the treatment of syphilis, has also
been associated with an increase in spontaneous
abortions among women treated during preg-
nancy. The data on organic mercury also show
evidence of developmental effects in both humans
and experimental animals (69).

All forms of mercury appear to be reproduc-
tive toxins. Sites in the reproductive system that
are impaired include the hypothalamus, pituitary,

and gonad. Effects include chromosome abnor-
malities, increased rates of spontaneous abortion,
low birth weight, congenital malformation, and
abnormal development of the nervous system.

Cadmium

Cadmium is used in industry for corrosion pro-
tection, as a plastics stabilizer, for electroplating,
and in nickel-cadmium batteries, pigments and
paints, soldering liquids, semiconductors, pho-
tocells, insecticides, and fungicides. Cadmium is
set free during welding. Although under some cir-
cumstances occupational exposure is the dominant
source of exposure, the major source of cadmium
intake is usually food (113). Cadmium occurs
naturally in zinc-bearing minerals and in phos-
phate rocks, which are used to make many fer-
tilizers. Cadmium absorption thus occurs from
food, water, and air (339), One pack of cigarettes
contains 30 micrograms (pg) of cadmium (78), and
smoking may contribute to half of the total body
cadmium when occupational exposure and ex-
posure via food are low (113).

Some studies have indicated an increased fre-
guency of chromosomal aberrations following ex-
posure to cadmium while others have not (50,
276,327). The chromosomal damage observed in
several studies may be attributable to lead ex-
posure, cadmium exposure, or the synergistic ef-
fects of exposure to both metals (31,79), Cadmium
is classified as an occupational carcinogen, and
may therefore alter the integrity of germ cell DNA
in workers.

Male.—The testicular toxicity of cadmium has
been conclusively demonstrated in experimental
animals (26)188,279,292), The effect appears to
result from the direct toxicity of cadmium to tes-
ticular capillary lining. Human exposure to cad-
mium fumes or dust is also associated with tes-
ticular toxicity, altered libido, and infertility (26).

Female. -Although cadmium has been demon-
strated to accumulate in the ovary of experimen-
tal animals, there are no reports of alterations in
human female pre-implantation reproduction.
Women exposed occupationally to cadmium ap-
pear to have normal integrated function of the
hypothalamus-pituitary mvarian axis (411).
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Pregnancy. -Cadmium impairs implantation
and produces placental necrosis in experimental
animals. Similar effects on placental vasculature
have been reported in women exposed to cad-
mium. In addition, occupational and environmen-
tal exposure to cadmium have been associated
with decreased birth weight (69,411). Congenital
malformations have been observed in experimen-
tal animals following cadmium exposure. How-
ever, it is not known whether human exposure
is associated with a higher frequency of congen-
ital malformations.

Arsenic

Arsenic occurs in industry largely as a by-
product of copper and lead smelting. It occurs
naturally in trace amounts in soil, minerals, and
some foods. Compounds containing arsenic are
used in pesticides, glass, ceramics, paints, dyes,
wood preservatives, and leather processing. An
estimated 545,000 workers in the United States
are potentially exposed to arsenic in metal smelt-
ing and in the manufacture and application of pes-
ticides (112).

Male.—Evidence of an adverse effect of arse-
nic on male reproductive function is inconclusive
(316). Workers exposed to arsenic at a smelter in
northern Sweden were found to have an increased
frequency of chromosomal aberrations when
compared with healthy males from a nearby city.
Among the affected smelter workers, the groups
with higher exposure to arsenic had a greater fre-
guency of chromosomal aberrations. The data
also suggested an interaction between smoking
and arsenic exposure, although smoking status
was not controlled in the analysis (263). An in-
creased frequency of chromosomal aberrations
was found in the white blood cells of wine growers
exposed to arsenic pesticides (263) and in patients
with psoriasis treated with arsenic (53).

Recent studies list several effects of arsenic on
reproductive function in mice and pigs, includ-
ing testicular toxicity, altered sexual behavior, and
impaired sperm quality and fertility (26). Effects
are seen only at higher levels and the decreases
in fertility are probably secondary to abnormal
sexual behavior.

Female.—Studies of the effect of arsenic on the
female have largely been limited to its carcino-
genic potential. No effects on the fertility of fe-
male mice in multigeneration studies at doses
ranging from 0.025 to 215 mg/kg of diet have been
observed (26). Although arsenic has an effect on
post-fertilization events, it apparently has no di-
rect effect on the mature reproductive system
(226).

Pregnancy.—A 1982 study examined the rate
of spontaneous abortion in a Scandinavian com-
munity where a metallurgic industry was located
(144). The industry produced mostly zinc and co-
balt and emitted sulfur dioxide, hydrogen sulfide,
arsenic, and to a lesser extent, cadmium and mer-
cury into the environment. Twenty-five percent
of the community’s men were employed at the
metals plant. The wives of workers in the metal-
lurgic industry had a higher rate of spontaneous
abortion (11.5) than wives of all industrial work-
ers (9.3 percent). This study also demonstrated
that specific male and female occupations may
provide increased risk of adverse pregnancy out-
come.

Several other studies of female workers in the
metallurgy industry in Finland, who were ex-
posed to arsenic as well as sulfur, zinc, cobalt,
and copper, were based on women who were
members of the Metal workers Union between
1973 and 1976 (141). The rate of spontaneous
abortion was found to be higher among the
35,000 metal workers (13.8 percent) than in the
general population of Finnish women (10.3 per-
cent). Parity was not factored into the data anal-
ysis. A 1983 update of this study that included
membership up to 1979 (146) reported no differ-
ence in the rate of spontaneous abortion for preg-
nancies before or after union membership (7.1
percent). Spontaneous abortions were more fre-
guent among smelters (21 percent) than among
other union members, but the numbers of work-
ers studied was small (n= 7).

Inorganic arsenic in the pentavalent (arsenate)
or trivalent (arsenite) form is fetotoxic and tera-
togenic to rodents (154,155,156,245). Of the two
forms, arsenate has been the most extensively
studied, and at doses equally toxic to the mother
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produces the highest malformation rate. Arsenite
iS more toxic than arsenate, however, and thus
is teratogenic at lower doses. The inorganic ar-
senical produce a broad spectrum of develop-
mental toxic effects, ranging from inhibition of
fetal growth and prenatal death to gross skeletal
malformation, including neural tube defects such
as exencephaly (brain outside of the cranial
cavity). A single intraperitoneal injection of so-
dium arsenate at 45 mg/kg body weight of preg-
nant mice on day 8 of gestation resulted in a 65-
percent incidence of exencephaly (245). Higher
doses (60 or 75 mg/kg/body weight) produced sig-
nificant maternal toxicity. Sodium arsenate and
sodium arsenite are considerably less toxic and
teratogenic when given orally than when given
by intraperitoneal injection. In the case of ar-
senite, doses required to produce fetotoxicity and
maternal toxicity are similar. Organoarsenicals
(e.g., methylated arsenical such as sodium caco-
dylate) are significantly less toxic to the rodent
embryo than are inorganic arsenic compounds
(155).

Antimony

Salts of the trivalent and pentavalent forms of
antimony, which have been used for centuries as
drugs, have more recently been used as parasiti-
cides (30). Metallic antimony is used in some al-
loys and inorganic salts are used as pigments,
abrasives, and flame retardants.

There is little evidence that antimony acts as
a reproductive toxin in either humans or animals.
Although radioactive antimony is released from
nuclear industries, it does not appear to be a ter-
atogen, probably due to its inability to cross the
placental barrier. Antimony can be passed to off-
spring via the milk of the exposed mother (123).

A Russian study found that women working in
an antimony metallurgy plant had a higher inci-
dence of premature births, spontaneous abortion,
and other, unnamed reproductive system dis-
orders. Their infants did not gain weight as rap-
idly as infants of nonexposed women (34). Fur-
ther experimental data will be required before
antimony is judged to be toxic or nontoxic to the
reproductive system.

Agricultural Chemicals

Agricultural chemicals include compounds used
as insecticides, herbicides, and fungicides. Cer-
tain of these chemicals (i.e., dibromochloropro-
pane (DBCP), Kepone (chlordecone), and 2,2-bis
[p+hloro-phenyll 1,1,1 -trichloroethane (DDT) are
no longer used in the United States, in part be-
cause of adverse reproductive effects in animals
or humans. Nonetheless, these chemicals are im-
portant to consider because of: 1) their similarity
to chemicals still in use; 2) their long-term effects
on workers who were exposed to them during
their production and use; 3) their possible per-
sistence in the environment; and 4) their sites and
mechanisms of action, which have undergone
detailed investigation and can provide useful in-
sights into reproductive toxicity.

Exposure to agricultural chemicals can occur
throughout the manufacturing process of these
products as well as during their distribution, sales,
and final application. Few agricultural chemicals
are well-studied, In some cases there has been
only one animal or human reproductive investi-
gation of a given chemical. In most cases only one
or a small number of reproductive variables have
been studied for each compound. The reproduc-
tive outcomes that have been studied are usually
in males. There is a notable lack of data on the
effects of exposure of women workers to agri-
cultural chemicals in the English literature, al-
though several studies conducted in eastern Eur-
ope and Russia suggest the potential reproductive
toxicity of these substances.

Although agricultural chemicals have been
shown to have a variety of reproductive effects,
published studies do not provide good evidence
of individual human exposure levels to a given
chemical. Several studies have utilized aggregate,
rather than individual, data. Although this ap-
proach is appropriate for early studies designed
to identify reproductive hazards, it may not be
useful for deriving definitive conclusions about
effect or causality. unfortunately, individual ex-
posure levels are difficult to secure in the agri-
cultural chemical field because of a lack of indus-
trial hygiene data and inadequate long-term
exposure records. It is even more difficult to
gauge exposure in circumstances where exposure
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Further study is needed of the unknown reproductive and
developmental chemicals that are similar to DDT and
DBCP, which have been banned in the United States.

occurs outside the production. site; for example,
to the pesticide applicator. Despite these difficul-
ties, evaluation of animal and human data impli-
cates selected agricultural chemicals as reproduc-
tive toxins and suggests the need for further
animal studies of the reproductive effects of these
economically important compounds.

Carbaryl

workers may be exposed to carbaryl (1-Napthyl
methyl carbamate), a broad-spectrum insecticide,
during both its manufacture and its widespread
application. It is readily absorbed through the
skin. The potential for exposure during the man-
ufacturing process is probably greatest among
workers bagging the product (404).

Male.—Animal studies have demonstrated that
carbaryl is distributed to the testis, seminal vesi-
cles, and prostate after absorption. Suggestive
data link carbaryl exposure and male infertility,
although a definitive relationship has not yet been
established. Chronic feeding of carbaryl to exper-
imental animals impairs spermatogenesis and fer-
tility and produces testicular atrophy. In 1979,

carbaryl-exposed workers were compared with
nonexposed workers with respect to sperm count
and blood levels of reproductive hormones. No
abnormalities in blood or semen could be related
to carbaryl. A borderline decrease in sperm count
was observed among carbaryl-exposed workers
(393). A reexamination of the same cohort of
carbaryl-exposed workers 2 years later identified
an excess of morphologically abnormal sperm
compared with the sperm of nonexposed, newly
hired employees (404).

Female.—There has been little study of the ef -
feet of carbaryl on the female reproductive sys-
tem in humans or experimental animals. Other
cholinesterase inhibitors have been demon-
strated to alter reproductive function in experi-
mental animals and are associated with reproduc-
tive abnormalities in exposed populations. Women
exposed to cholinesterase inhibitors in agricul-
tural chemical production or application have an
increased incidence of menstrual cycle distur-
bances and secondary infertility. Data from acute
poisoning suggest a direct effect on the ovary.

Pregnancy.- carbaryl has been demonstrated
to be a structural teratogen in experimental ani-
mals. However, the doses required are close to
those that are lethal to the maternal organism.
Its effects on the human embryo/fetus are unknown.

Dibromochloropropane

Dibromochloropropane (DBCP), a nematocide,
was widely used in agriculture in the United
States and abroad from the mid-1950s until 1977.
In 1977, the discovery of adverse reproductive
effects in humans led to a partial ban on its pro-
duction in the United States. Prior to the ban,
DBCP was used on a variety of crops, including
cotton, soybeans, fruits, nuts, vegetables, and or-
namental plants. Since 1981, the sole U.S. use of
DBCP has been on Hawaiian pineapple planta-
tions, The pineapple industry won a reprieve af-
ter promising to reduce worker exposure to the
chemical. In 1985, the Environmental Protection

Choline esters transmit information between nerve cells.
Cholinesterase metabolizes choline esters to maintain proper levels
of the choline estersin the body. Cholinesterase inhibitors prevent
the metabolism of choline esters and thus permit abnormal levels
of the esters to accumulate in the body.
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Agency (EPA) mandated that remaining uses of
DBCP in Hawaii be phased out by 1987. DBCP has
been found in drinking-water wells on oahu and
Maui (380,383). (See chapters 2 and 7 for further
detail on DBCP.)

Male.—Interest in the adverse human repro-
ductive effects of DBCP arose in the late 1970s
when DBCP production workers in a northern
California chemical plant complained of their in-
ability to father children. Initial studies (391) con-
firmed semen and hormonal abnormalities in 11
of the 25 men who had not had vasectomies, and
found a direct relationship between sperm count
and duration of DBCP exposure in the others.
When divided into groups by duration of ex-
posure, 9 of 11 men with the longest exposure
(an average 8 years) were azoospermic and two
had sharply reduced sperm counts with reduced
motility and increase in abnormal forms. Subse-
guent studies of 154 DBCP-exposed and 42 nonex-
posed workers in this plant confirmed the origi-
nal findings of testicular toxicity (235,316,392).

Animal studies confirm the specific toxic effect
on the testes. In the 1960s, prior to the observa-
tions of the effects on male pesticide-manufactur-
ing workers, a comprehensive, multispecies study
demonstrated the testicular toxicity of DBCP (353).
In this study, testicular atrophy in rats was noted
even at the lowest of three dose levels. Later
studies confirmed these effects in rats and rab-
bits (52,296)297).

Eventual recovery of spermatogenesis follow-
ing DBCP-induced testicular toxicity has been doc-
umented in some but not all of the exposed men.
In Israel, 4 years after DBCP exposure, 17 healthy
children were born. However, the sex ratio in this
group was highly abnormal, Only 6 of the 17 (35
percent) were males (the ratio is normally 105
males for every 100 females). A subgroup of men
who had recovered from azoospermia and oligo-
spermia showed an even more skewed sex ratio
of 2 males in 12 live births (16.6 percent).

Female.—DBCP has been shown to alter ovar-
ian function and decrease fertility in female ani-
mals (297). Although females have been less
thoroughly studied than males, females appear
to be less sensitive to the toxicity of DBCP. Its ef-
fect on human female reproductive function is
not known.

Pregnancy,—There is some evidence of fetal
weight reduction in rats (310).

DBCP is clearly a testicular toxin in men and
experimental animals. The extent of damage is
proportional to the extent of exposure. The ef-
fects of DBCP on female reproduction and preg-
nancy in animals and humans require further in-
vestigation.

DDT

DDT (2,2 -bis(p-chloro-pheny Nl,l,I-trichloro-
ethane) is a pesticide in common use around the
world. It reached its peak agricultural use in the
United States in 1959, but U.S. use was halted in
1972 in response to concern about the pesticide’s
wide-ranging effects on the ecosystem. Because
DDT accumulates in fatty tissue, its presence per-
sists in the body for many years. Major concern
about the reproductive toxicity of DDT arose be-
cause it mimics the effects of estrogen, a normal
sex steroid in males and females.

Most of the animal studies that have been con-
ducted on the effects of DDT have been mul-
tigeneration reproduction studies on the rat,
mouse, rabbit, and dog. Chronic exposure to DDT
impaired fertility in female rats and caused re-
duced weight gain and survival of the offspring.
In the dog, administration of DDT caused early
onset of estrous but all other fertility parameters
were normal. with a 14-month regimen, male
dogs experienced diminished libido and females
had delayed estrous, infertility, and increased in-
fant and maternal mortality.

Rabbits exposed to DDT exhibit premature de-
livery, increased fetal resorption) and decreased
intrauterine growth but show no evidence of tera-
togenic effects (260).

The effects of DDT on avian eggshells (DDT de-
creases eggshell thickness) are a direct reflection
of its estrogenic properties. DDT can also increase
the metabolism and excretion of estrogen. This
is thought to partially explain the lack of calcium
metabolism and soft egg shells in birds of prey
(281).

In a comprehensive study of the health effects
of DDT exposure of migrant farm workers, men-
strual irregularities were the most frequent com-
plaint of women seen in health clinics (63).
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In addition to its adverse effects on the adult
reproductive system, DDT exposure alters the de-
velopment of the reproductive system. Human
prenatal exposure to DDT has been suggested to
be associated with polycystic ovary disease, Other
systems of the developing organism may also be
susceptible to adverse effects following prenatal
exposure to this estrogen.

DDT has been found as a contaminant in hu-
man breast milk in persons exposed both occupa-
tionally and otherwise. However, no association
has yet been found between milk concentrations
and human health effects of DDT (397).

Mutagenic properties of DDT were studied in
Brazil in 23 DDT-production workers and 35
nonexposed persons. Exposure levels were quan-
tified by measurement of plasma levels of DDT
and its metabolic products, This study showed
a higher frequency of white blood cells with chro-
mosomal abnormalities among workers with high
blood DDT levels than among those with low
blood DDT levels (294).

Kepone IChlordecone]

Kepone is a chlorinated hydrocarbon insecticide
and fungicide that mimics the action of estrogen
and is chemically related to Mirex, Endrin, Diel-
drin, Heptachlor, chlorophenothane, and DDT.
Kepone was manufactured and used in the United
States until 1975, Its use was banned in 1977. Ke-
pone was used most commonly as a pesticide
against fire ants and in ant and cockroach traps.

Male.—Reported effects of Kepone on male fer-
tility include reduced sperm count and motility
and decreased spermatogenesis as judged by tes-
ticular biopsy in 13 of 23 exposed Kepone pro-
duction workers (349). Abnormal sperm morphol-
ogy has also been reported in Kepone production
workers (56). Animals exposed to Kepone exhibit
adverse effects on the testes at doses as low as
10 ppm in the diet over a prolonged period (2
years) (96).

Female.—Female rats and mice fed Kepone in
the diet exhibit constant estrus with some dam-
age to the ovaries (134,157). No human studies
are available.

Pregnancy.—Kepone has been shown to alter
embryonic development in animals but at levels
that are also toxic to the dam (67). Female off-
spring that survive prenatal or neonatal treatment
suffer reduced reproductive capacity (1021 2o,
121). There is evidence that Kepone can concen-
trate in breast milk in humans (124,159). No data
on developmental effects in humans are available.

2,4,5-T, Dioxin, and Agent Orange

2,4,5-T (2)4,5 -trichlorophenoxy acetic acid) is a
chlorinated herbicide that was used widely in the
United States from 1948 until 1970 in large-scale
farming, family gardens, forest management, and
weed control along roadsides and railroad rights-
of-way. The observation of birth defects in ani-
mals exposed to 2,4,5-T led the U.S. Department
of Agriculture to suspend many uses in 1970. In
1979, EPA banned the use of 2)4,5-T except for
range land and rice fields.

In 1957, dioxin was identified as a contaminant
of the synthesis leading to 2,4,5-T. Dioxin (2,3,7,8-
tetrachlorodibenzo-pdioxin, or TCDD) also occurs
as a contaminant in the manufacture of 2,4,5-
trichlorophenol (TCP), which, in turn, is used in
the synthesis of 2,4,5-T and 2-(2,4,5 -trichloro-
phenoxy) proprionic acid, also known as Silvex.
Dioxin, then, is an unwanted, unavoidable con-
taminant in the manufacture of these other chem-
icals. It is not a product in itself.

NIOSH reported in 1984 that it was not possi-
ble to provide an accurate estimate of the num-
ber of U.S. workers then at risk of exposure to
dioxin (370). Occupational exposure to dioxin may
occur:

* during production of TCP;

* in decontamination of worksites from prior
production or use of TCP, 2,4,5-T, or Silvex;

+ from waste materials, such as reclaimed oil,
contaminated with dioxin;

+ from cleanup after fires in transformers con-
taining polychlorinated aromatics; or

* from dioxin-wontaminated dust or soil parti-
cles that can remain airborne or accumulate
on indoor or outdoor work surfaces,

Agent Orange was the most widely used of
several herbicides sprayed by U.S. military forces
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for defoliation and crop destruction between 1962
and 1971 during the Vietham War. Most of the
spraying was done between 1967 and 1969 from
fixed-wing aircraft, as part of “Operation Ranch
Hand.” Agent Orange was a 50/50 mixture of 2,4-D
(to be discussed) and 2,4,5-T (114).

Public concern over possible reproductive ef-
fects of Agent Orange has been extreme for three
reasons. First, between 2.4 and 2.8 million Amer-
ican military personnel served in Vietnam, and
an unknown large number of Vietnamese soldiers
and civilians lived or fought in sprayed areas. Sec-
ond, anecdotal reports persist of birth defects at-
tributed to exposure to Agent Orange or its con-
stituents. Third, Agent Orange contains 2,4,5-T,
which is contaminated during manufacture by di-
oxin (114).

Males. -Definitive adverse reproductive effects
of occupational exposure to 2)4,5-T or dioxin on
adult reproductive function have not been doc-
umented. To date, studies of exposed and nonex-
posed groups of workers have found no differ-
ences in semen characteristics, male potency and
libido, infertility, and spontaneous abortion (201,
331)342).

A study of U.S. Air Force personnel who worked
with Agent Orange in Vietnam found an excess
of minor birth defects, such as birthmarks, among
their offspring compared with the offspring of
nonexposed personnel. No difference in incidence
of more severe birth defects was observed be-
tween the exposed and nonexposed groups. In
this study, the Air Force Ranch Hand Study, data
were obtained from parental history and were
not verified through medical records (130)201).
A study based on the experiences of parents of
babies born in metropolitan Atlanta from 1968
to 1980 contained no evidence to indicate that
Vietnam veterans have been at greater risk than
other men for fathering babies with birth defects,
when all types of serious structural birth defects
are combined (97).

Although concern about the effects of dioxin
on the offspring of exposed males has overshad-
owed concern about the direct reproductive tox-
icology of dioxin, there is little or no evidence to
suggest that dioxin alters fertility or sexual func-
tion in human males (355).

Female.—Female reproduction in animals ap-
pears to be sensitive to dioxin. At doses of 1
@kg/day for 13 weeks there were changes in es-
trous cyclicity and corpora lutea formation (184).
There is also evidence of altered steroid metabo-
lism and/or production in nonhuman primates ex-
posed to dioxin (27).

2,4-D

2,4-D (2,4dichlorophenoxyacetic acid) is an her-
bicide commonly used in agriculture and forestry.
It is closely related to 2)4,5-T in chemical struc-
ture. A 1984 case report from Arkansas described
multiple malformations, including facial, digital,
and limb defects and severe mental retardation,
in a child born to parents who had both been
heavily exposed to 2)4-D while spraying trees (59).
Exposure of the parents was prolonged and at
high levels and occurred both through respira-
tory and cutaneous routes. Exposure to the
mother occurred 7 hours per day, 6 days per
week from 6 months before conception to 5
weeks after her last menstrual period, when preg-
nancy was confirmed. A study of rats exposed
prenatally on days 6 to 15 of gestation, reported
subcutaneous edema, wavy ribs, delayed ossifi-
cation, and lumbar ribs (319).

Polyhalogenated Biphenyls

Polybrominated biphenyls (PBB) and polychlori-
nated biphenyls (PCB) belong to a class of chemi-
cals known as halogenated aromatic hydrocar-
bons. They have been a valuable resource in
industry because of their chemical stability, low
volatility, and nonflammability (210). Yet these
same properties cause the persistence of these
chemicals in the environment. They are a poten-
tial reproductive health concern to humans and
animals because once absorbed they are metabo-
lized poorly, excreted slowly, and accumulate in
fatty tissue (309). Since 1979, all manufacture,
processing, and distribution of these chemicals
has been banned in the United States, in part out
of concern for reproductive toxicity (244).

There is a dearth of information concerning the
reproductive effects of PBB and PCB, and exist-
ing information is derived largely from incidence
of food contamination rather than workplace ex -
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posure. Both PBB and PCB are known to cross the
placenta, although not readily. Levels of these
agents, which are extremely fat-soluble, have
been found in breast milk at up to 100 times ma-
ternal blood levels. Lower birth weights and der-
matological effects of PCB and PCB-like chemicals
were observed in offspring of women exposed
in a cooking-oil contamination accident in Japan,
but no persistent morphological or behavioral ef-
fects have been documented. There have been
no reports of congenital malformations associated
with PBB.

Polybrominated Biphenyls

Polybrominated biphenyls (PBB) were devel-
oped for use as a flame retardant in thermoplas-
tic products (309). In 1973, PBB was inadvertently
mixed into cattle feed in Michigan, which led to
widespread contamination of the food chain (176).
Measurement of PBB in breast milk suggested that
the chemical had been widely disseminated across
the State (47), a finding later confirmed in a larger
study (398). Farmworkers exhibited higher PBB
levels than the general population (397), but there
were few objective findings related to male re-
productive effects (316). Most of the information
on the health effects of PBB has been generated
from this Michigan incident.

Male.—To date, only one human study has ex-
amined the effects of PBB on human spermato -
genesis. Research efforts generated in 1979 by
findings of a clinical field study of PBB-exposed
men who complained of loss of libido (1) ana-
lyzed the semen quality of farmers and individ-
uals who had consumed food from PBB-contami-
nated farms and PBB workers who might have
inhaled or ingested the chemical (309). The results
showed no difference in sperm counts, motility,
and morphology in these men compared with a
control group of male university students. Men
with possible confounding factors (e.g., varicocele;
marijuana use) were eliminated. However, be-
cause the collection of sperm did not occur until
4 years after the contamination incident, an
earlier transient effect of PBB on spermatogene-
sis could have been reversed. No other studies
have been conducted to explore the effect of PBBs
on human male reproduction (26).

Although testicular damage and abnormalities
in sperm function have been reported in cows
and monkeys, these effects appear to be second-
ary to the general toxicity of this compound (26).
Polybrominated biphenyls are also potential in-
ducers of the hepatic mixed function oxidase sys-
tem, which might alter testosterone pharmacoki -
netics and indirectly impair testicular function.

Female.—Disrupted menstrual cyclicity and a
7 percent weight loss were observed in monkeys
fed 0,3 ppm PBB; no other signs of toxicity were
observed (4). Perinatal exposure to PBB increased
liver metabolism of estrogens in offspring of rats.
The effect of estrogen on uterine weight and uter-
ine RNA content was also decreased (41).

Pregnancy. —A 1983 analysis of blood, pla-
centa, and umbilical-cord blood samples, as well
as tissue and milk samples, from women giving
birth found that cord blood and the placenta con-
tained one-tenth the maternal serum concentra-
tion of PBB (103), In a 1984 study (165), cord blood
contained one-sixth the maternal serum concen-
tration of PBB.

The high fat volubility of PBB allows it to ac-
cumulate in maternal breast milk. Detectable
levels of PBB were found in 96 percent of the 53
samples randomly collected from nursing mothers
in Michigan’s lower peninsula (47). In another
study, breast milk levels of PBB in women living
on PBB-contaminated farms were more than 100
times greater than their blood levels, and reached
approximately 80 percent of the PBB level in their
body fat tissue (103). In a 1984 study, breast milk
levels of PBB were twice those of maternal blood
(165).

A number of studies have been conducted to
assess the possible effect of PBB exposure on the
developmental abilities of young children (318,
320,386). The studies examined children in Mich-
igan who were exposed to PBB in utero, in early
infancy, or both. A number of these children
were breastfed by mothers who ingested PBB-
contaminated foods. The first investigation of this
kind, in 1981, failed to identify any effects of PBB
on physical health and growth when 33 children
born on PBB<ontaminated farms were compared
with 20 unexposed controls. Psychological devel-
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opment tests were also negative. However, on sev-
eral of the McCarthy Scales of Children’s Abili-
ties an inverse relationship was shown between
body-fat PBB level and performance. The mean
age of the children was 37.2 months (386).

Developing fetal and newborn animals are read-
ily exposed to PBB by transplacental and milk
transfer from the exposed mother (25,88). Placen-
tal transfer of PBB has been shown in the cow,
rat, and guinea pig.

PBB administration to pregnant rats causes
lower body weight, increased mortality, and liver
carcinomas in the offspring (132). Feeding PBB to
pregnant pigs causes toxicosis in the dams and
abnormalities in the thyroid and liver of the off-
spring. The major route of exposure of the off-
spring appears to be via the mother’s milk. PBB
can also cross the placenta in the pig (388).

Polychlorinated Biphenyls

Polychlorinated biphenyls (PCB) are a family of
synthetic compounds introduced in industry in
1929. Until the 1970s, these chemicals were man-
ufactured and used in coolant fluid in electrical
transformers, hydraulic fluids, lubricants, plasti-
cizers, coatings, sealants, and pesticide extenders.
Mixtures of PCB may be oily, viscous liquids, or
sticky resins.

PCB may enter the workplace or ambient envi-
ronment through the careless disposal of indus-
trial fluids, the leakage of nonclosed systems, and
electric transformer fires. PCB has been found
in samples of air, soil, water, and fish. Since the
1979 EPA ban on manufacturing, processing, and
distribution of PCB, occupational and environ-
mental exposure has been reduced (210). The
principal hazard today rests with transformers
and capacitors put in use before the ban and still
containing PCB fluid. Estimates of the number of
PCB-containing transformers range from 20)000
to 150,000 (65). PCB-laden transformers pose a
potential hazard to utility workers, appliance serv-
ice workers, and fire fighters (210).

Males.—There are no reports of studies de-
signed to evaluate the effect of PCB on human
male reproduction (26,316). Postnatal exposure
to PCBS depresses mating ability and fertility in

adult male rats (311). Male reproductive function
appears to be somewhat resistant to the effects
of PCB (26].

Females.—Women exposed to high levels of
PCB have been reported to experience altered
menstrual cycles (384). Chronic exposure to 5
ppm in female mice and monkeys causes prolon-
gation of the estrous cycle. Ovulatory failure has
also been observed in exposed female monkeys
(26,28). Daily exposure of rats to 30 mg/kg Aroclor
1254 for 1 month produced prolongation of the
estrous cycle, decreased sexual receptivity, vagi-
nal bleeding during pregnancy, decreased litter
size, and delay in the time to parturition (45).

After 18 months of consuming 2.5 to 5.0 ppm
PCB, female rhesus monkeys were placed on a
control diet for 1 year. Infants born to these
mothers showed signs of PCB toxicity similar to
those of siblings born during PCB intoxication.
This illustrates the tremendous residual ability of
PCB in the female (2). The reproductive effects
of PCBS in mammals include longer estrous cy-
cles, decreased implantation sites, and increased
stillbirths in a variety of species, including rats,
mice, rabbits, monkeys, dogs, and mink (178).

Pregnancy.—Several studies indicate preg-
nancy abnormalities in women exposed to high
levels of PCBS following the ingestion of contami-
nated rice oil (26). A recent study reports that
pregnant women with Yusho (rice oil disease) de-
liver babies with fetal PCB syndrome (407). The
symptoms include dark brown pigmentation, gin-
givial hyperplasia, shorter gestation length, and
lower birth weight. The study’s authors suggest
a possible alteration in calcium metabolism simi-
lar to that seen in the fragile egg-shell formation
exhibited by DDT-exposed birds,

Women exposed to PCB 3 to 4 years prior to
conception have high levels of placental monox-
ygenases, enzymes that are capable of metaboliz-
ing many environmental pollutants to reactive
products that may be toxic to the fetus (400).
These findings suggest that PCB stored in mater-
nal adipose tissue could have a persistent effect
on placental metabolism in subsequent pregnhan-
cies. An inverse correlation between PCB expo-
sure and fetal head circumference and birth weight
has also been reported (108).
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A number of abnormalities of pregnancy have
been associated with PCBS in animals (26). The
effects include disruption in implantation and
prolonged gestation. PCB does not appear to be
teratogenic or fetotoxic when given after implan-
tation. Behavioral effects have been noted in mice
exposed prenatally to PCBS. Neonatal exposure
to PCB through the milk has been shown to im-
pair the fertility of male and female offspring (26).
An interesting interaction between dioxin and
PCB has been reported in which PCB potentates
the dioxin-dependent cleft palate formation in
mice tenfold (37). This suggests that exposure to
complex mixtures in the occupational environ-
ment may be more harmful than exposure to in-
dividual compounds.

Both PCBS and PBBs appear to be reproductive
toxins in both male and female; fetal toxicity may
also occur. Because PCBS and PBBs are metabo-
lized very slowly, exposure may exert adverse ef-
fects even when it is far removed in time from
reproduction.

Organic Solvents

Organic solvents such as carbon disulfide, car-
bon tetrachloride, styrene, xylene, toluene, and
benzene are widely used in manufacturing and
in the chemical industry. A new, major source
of potential occupational solvent exposure is the
electronics industry, where these chemicals are
used to clean and fabricate electronic compo-
nents. Despite the potential daily exposure of an
estimated 10 million workers to organic solvents,
few studies have examined the reproductive ef-
fects of these chemicals. Many solvents are muta-
genic and carcinogenic in experimental animals,
and some have been identified as human carcino-
gens. Carbon disulfide has been identified as an
occupational reproductive hazard by NIOSH (244).

Accurate biological indicators of most solvent
exposures, such as urine or blood levels, unlike
those for some metal or pesticide exposures, can
only be obtained soon after exposure because of
the rapid metabolism and clearance of the chem-
icals. Many of the workers studied were exposed
to multiple solvents and often to other chemicals.
Little is known about the synergistic effects of
multiple exposures that include industrial alco-
hols.

Studies on the neurotoxicology of solvents sug-
gest the existence of a synergistic relationship be-
tween alcohol use and solvent exposure, yet no
studies on the reproductive hazards of solvents
have factored alcohol use into the results. Nor
have other confounding variables been taken into
account in analysis of the data. Most of the re-
ported results are therefore based on crude esti-
mates of actual exposure.

Male.—It is likely that solvents affect male fer-
tility and semen quality. Single studies of carbon
disulfide and derivatives of toluene have reported
deleterious changes in semen quality, levels of se-
rum FSH and LH, and testicular size (1,133,316).
Wives of workers exposed to carbon disulfide
have an increased rate of spontaneous abortion
(141), and wives of painters exposed to aromatic
solvents were found to be more likely to have chil-
dren with congenital malformations. The effects
of benzene, carbon tetrachloride, styrene, tri -
chlorethylene, and xylene on male fertility in hu-
mans have not been investigated.

Some information on male reproductive effects
of solvents is available from animal studies. Car-
bon tetrachloride produces testicular atrophy in
mice and rats (172,321) Trichlorethylene has re-
cently been examined for male reproductive ef-
fects in animals (410). No structural changes were
observed, but reproductive behavior was altered.
Male rodents may be more suspectible to ex-
posure to carbon tetrachloride than females (26).
There have been no studies of the effect of ben-
zene on male fertility except for one dominant
lethal study (26). Carbon tetrachloride is carcino-
genic in several animal species, increasing concern
for germ cell mutations. No eff&ts on fertility and
no dominant lethal effects were observed in one
study of the effect of styrene on male mice. The
effects of xylene have not been studied.

Female.—Adverse reproductive effects have
also been observed in women workers exposed
to organic solvents. Irregular menstrual flow has
been associated with carbon disulfide exposure
(55,93). A recent study of women workers found
no association between styrene exposure and
menstrual disturbances, refuting the findings of
an earlier study (208). An increase in the incidence
of spontaneous abortion has been associated with
carbon disulfide exposure (144), and inconsist-
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ently associated with styrene exposure (141).
Three studies have reported increased incidence
of toxemia in solvent-exposed women (carbon di-
sulfide, styrene, and mixed solvents) (55). Men-
strual disturbances and heavy bleeding have been
observed in women exposed to benzene, and
women appear to be more susceptible to benzene
exposure than men (160).

A 1975 report noted adverse effects on the es-
trous cycle of female rats (16) exposed to benzene;
confirmation is needed from other studies. Effects
of carbon tetrachloride on estrous cycles in ro-
dents have been inconclusive because the rela-
tionship of the general toxic effect on liver func-
tion to gonadal function is unclear. No work has
been done to ascertain whether there are simi-
lar effects on males (26). Inhalation exposure of
the rat to styrene appears to alter gonadotrophin
function and estrous cycles; the levels of expo-
sure, however, are just below those which cause
overt toxicity (26,163)412). No data are available
for toluene and xylene.

Pregnancy. -Several studies have suggested
that children of solvent-exposed workers are
more likely to have congenital malformations and
tumors; three studies have implicated solvent ex-
posure in malformations of the nervous system.
One study suggests the existence of a fetal solvent
syndrome similar in nature to the fetal alcohol
syndrome; because the structure and metabolism
of many industrial alcohols are similar to those
of ethanol, such a solvent syndrome is considered
plausible (151)152)192,274)354). Studies are needed
on exposure during pregnancy to confirm or deny
this effect. Benzene crosses the placenta and is
present in fetal blood in amounts equal to or
greater than levels in maternal blood (84). No data
are available for carbon tetrachloride.

Benzene and carbon tetrachloride may alter
ovarian function in experimental animals (16,26).
Consistent findings on benzene’s effects during
pregnancy in the mouse, rat, and rabbit include
embryolethal and teratogenic effects such as re-
duced body weight and skeletal variants in the
offspring at doses that are not toxic to the dams
(26,158,247,385). The industrial solvent 2-ethoxy -
ethanol is a behavioral teratogen in rodents; hu-
man effects have not been defined (356).

Anesthetic Agents

At room temperature, anesthetic agents are ei-
ther gases or volatile liquids. Traces of anesthetics
present a potential occupational health hazard
when these gases and vapors leak from the anes-
thetic breathing circuit. An estimated 214)000
medical personnel, including surgeons, anesthe-
siologists, nurse anesthetists, operating room
nurses and technicians, dentists, laboratory per-
sonnel, and veterinarians are regularly exposed
to anesthetic agents (362).

The most widely used anesthetic gas is nitrous
oxide (375). Other commonly used agents include
fluorinated hydrocarbons (halothane, enflurane,
and methoxyflurane) and cyclopropane. The
fluorinated hydrocarbons replaced diethyl ether
and chloroform, which were used commonly as
anesthetics until 1950 (362). While dentists tend
to administer nitrous oxide alone, physicians pri-
marily use nitrous oxide in combination with the
halogenated agents, making the effect of any one
agent difficult to document (73). Levels of waste
anesthetics in ambient air depend on: 1) anesthetic
technique, 2) scavenging devices, and 3) ventila-
tion systems (375).

There is concern for two undesirable reproduc-
tive outcomes in humans with occupational ex-
posure to anesthetic agents: 1) an increase in the
frequency of spontaneous abortion, and 2) an in-
crease in congenital malformations (147,162,316).
The various epidemiologic investigations are dif-
ficult to compare and to validate because they lack
information on the actual chemical agents used
and quantification of exposure. Most of the
studies define “exposure” by occupation—for ex-
ample, operating-room nurse, dentist, or anes-
thesiologist—and/or by number of years spent
working with anesthetic agents. Further, few
studies have discussed the sorts of scavenging de-
vices or ventilation systems, or lack thereof, oper-
ating within the workplace.

General methodological problems characterize
many of the studies (89,109,147)162)377)3 78). Pit-
falls include retrospective design and the use of
poorly designed postal questionnaires, the pri-
mary source of data for most studies. A common
criticism is the degree of candor of the question-
naires: they were often considered to be ‘(loaded”
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so as to encourage a bias in reporting. For exam-
ple, one study (9) entitled its questionnaire, “Ef-
fects of Waste Anesthetics on Health.” With the
exception of two Swedish studies (18)98) that vali-
dated their data with information from medical
registries, the other studies relied solely on data
collected from personal questionnaires. Neither
of the Swedish studies revealed positive findings.

Male.-Infertility has been reported among
men exposed to anesthetic gases; however, anal-
ysis of sperm number and morphology reveals
no differences. Although experimental animals ex-
posed to anesthetic gases appear to have normal
reproductive function, alterations in sperm mor-
phology have been observed in some studies (195).
Reversible effects on spermatogenesis were re-
ported when male rats inhaled nitrous oxide (260).

Female.—Although anesthetic agents have acute
effects on the integrated control of the hypotha -
lamic-pituitary-ovarian axis in women, the effect
appears transient. Studies of exposure to halo-
thane and nitrous oxide have been inconsistent
with respect to fertility effects in females and em-
bryolethality and fetotoxicity effects on the em-
bryo/fetus. Nitrous oxide does not destroy oocytes
in rodents (147).

Pregnancy .—Although studies are somewhat
inconsistent, exposure to anesthetic gases has
been correlated with increased rates of spontane-
ous abortion (147,346). Women working as den-
tal operatory chairside assistants show increased
rates of spontaneous abortion compared with
wives of operating room personnel and wives of
dentists (147). Experimental animals exposed to
various anesthetic agents (227) demonstrate de-
layed development. Analysis of infant outcome in
cases of either maternal or paternal exposure has
been inconsistent with respect to congenital mal-
formations in humans (147).

Epichlorohydrin

Epichlorohydrin, which is a liquid at room tem-
perature, is a highly reactive compound used as
an intermediate in the manufacture of a broad
spectrum of chemicals, including agricultural
chemicals, insecticides, coatings, adhesives, plas-
ticizers, textile chemicals, and pharmaceuticals.
An estimated 85)000 workers face potential ex-
posure to epichlorohydrin (365).

38-748 0 - 85 - 4

Evidence suggests that epichlorohydrin is a po-
tential human mutagen. Human somatic-cell chro-
mosomal changes have been reported, both in
vitro and in vivo (193,285,338).

Male.—In a study of testicular function in two
cohorts of workers at two plants where epi-
chlorohydrin was produced (236), semen of 128
of 216 eligible workers was compared with that
of a 90-member control group. No differences
were found between sperm count distributions
in exposed workers and the control group. Fur-
ther, no relationship was found between sperm
count and either the duration or intensity of ex-
posure to epichlorohydrin.

A 1980 study examined the fertility status of
64 men employed in the glycerin department of
a Texas industrial chemical plant (376). Epichloro-
hydrin was one of three carbon compounds pro-
duced. The other two were allyl chloride and 1,3-
dichloropropene. All of these are structurally re-
lated to DBCP, a pesticide known to cause steril-
ity in male workers. Employees were divided into
three subgroups on the basis of their work areas:
1) epichlorohydrin and allyl chloride, 2) allyl chlo-
ride and 1,3-dichloropropene, and 3) epichloro-
hydrin, allyl chloride and 1,3-dichloropropene.
Employees were also classified by strength of ex-
posure (a subjective measure) and duration of em-
ployment. No associations were shown between
lowered fertility and exposure to epichlorohydrin,
allyl chloride, or l,3dichloropropene when the
64 exposed and 63 unexposed employees were
compared. Further, there were no differences be-
tween the three groups in measures of fertility
(e.g., sperm count, percent viable sperm, sperm
motility). A 1982 review found no studies that
show an association between epichlorohydrin and
human male sexual function (26).

The antifertility effects of epichlorohydrin on
the male rat are welldocumented. Reversible in-
fertility in the absence of histologic damage to the
gonads was first shown in male rats given epi-
chlorohydrin orally at 15 mg/kg body weight for
12 days (26). Higher doses caused damage to the
testes which resulted in permanent sterility. Ex-
posure of male rats to 50 ppm epichlorohydrin
by inhalation for 10 weeks resulted in infertility
that was reversed 2 weeks after removal from
exposure (170). At a lower exposure level of 25
ppm, fertility was impaired but not abolished in
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male rats. An exposure level of 5 ppm epichloro-
hydrin in air had no effect on fertility in male rats.
In male rabbits exposed to 5, 25, or 50 ppm epi-
chlorohydrin in air, no effect on fertility could
be seen.

Female.—Among female rats inhaling 5, 25, or
50 ppm epichlorohydrin for 10 weeks prior to
mating, no adverse effects were noted on the es-
trous cycle, pregnancy rate, or number and via-
bility of the offspring (170). No studies of humans
are available.

Pregnancy.—Although epichlorohydrin ap-
pears to have no specific adverse effects on the
outcome of pregnancy in animals, there has been
little study of possible effects. In pregnant rab-
bits inhaling epichlorohydrin at 2.5,25,50, or 100
ppm, no effects were observed in the absence of
maternal toxicity (26). No significant effects were
reported at up to 25 ppm for 7 hours/day on days
6 to 16 of gestation on pregnancy outcome in rab-
bits. No data are available for humans.

Ethylene Dibromide [EDB]

Ethylene dibromide is used chiefly as an anti-
knock additive in leaded gasoline. It was also used
as a pesticide from 1948 to 1984, primarily as a
preplanning soil fumigant against nematodes, but
also to fumigate fruits, vegetables, grain, and
grain-milling machinery. Pesticidal use of EDB is
now limited to fumigation of citrus and tropical
fruits for export and, until 1986, certain beehive
equipment. EDB continues to be used as an inter-
mediate in the synthesis of dyes and pharmaceu-
ticals, and as a solvent for resins, gums, and
waxes. It is used less frequently in fire extin-
guishers and as a catalyst in the synthesis of or-
ganic chemicals.

In 1983, an estimated 56)000 (66) to 108)000
(359) workers in the United States were poten-
tially exposed to EDB during its production and
use. Because most pesticidal use of EDB was halted
in late 1984, these figures are now likely to be
overestimates of current exposure. An additional
875,000 workers are potentially exposed to low
concentrations of EDB while working with leaded
gasoline. This use of EDB is declining as the de-
mand for leaded fuel decreases (359).

A colorless, nonflammable liquid, EDB is ab-
sorbed into the body by skin contact and inhala-
tion. It binds with many of the constituents of liv-
ing cells, reacts chemically with and alters DNA,
and can accumulate in body tissues overtime with
repeated exposures. Since it is similar in struc-
ture to DBCP, its potential mutagenic, carcino-
genic, and male infertility effects have been
investigated. Both continual and repeated inter-
mittent exposures constitute a hazard to genetic
mechanisms via accumulation of EDB in tissues
(359). NIOSH recommends warning workers
about the reproductive toxicity of EDB (244).

Male.—A 1979 study monitored fertility in
wives of male workers in four plants who were
exposed to EDB at levels up to 5 ppm (401). At
three of the plants there was no evidence of fer-
tility changes and at one there was a suggestion
of lower fertility. Recent evaluation of workers
exposed to EDB during its production suggests
that exposure to levels below 5 ppm impairs sper-
matogenesis (350).

Adverse effects of EDB on the male gonads have
been demonstrated in the rat and the bull. Atro-
phy of the testes and secondary sex organs oc-
curred in rats inhaling 89 ppm EDB for 10 weeks
(26). At this level of exposure, however, 20 per-
cent of the animals died. At lower concentrations
of EDB that were not significantly toxic (19 or 39
ppm),no specific effects on the gonads of male
rats were seen. Calves and bulls were shown to
be much more susceptible to a selective toxic ac-
tion of EDB on the gonads. Daily oral doses of EDB
averaging 2 mg/kg/body weight/day resulted in
semen and sperm abnormalities and damage to
the testes, which occurred in the absence of other
signs of toxicity (26).

Female.—There are insufficient data to com-
ment on the potential for adverse reproductive
effects in women exposed to EDB. Chickens ap-
pear to be relatively sensitive to EDB as evidenced
by impaired follicle growth and egg size. How-
ever, in one study, rat estrous cycles were af-
fected only at doses that were lethal to 20 per-
cent of the animals (26).
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Pregnancy.-The effect of inhalation exposure
of EDB during pregnancy was studied in rats and
mice. In one series of experiments, pregnant rats
and mice inhaled EDB at 20, 32, 38, or 80 ppm
on days 6 to 15 of pregnancy (26). There was no
apparent effect of EDB treatment on the incidence
of major congenital malformations in the fetuses
of rats or mice. Fetotoxicity was observed at doses
that caused maternal toxicity. In one group of
pregnant rats inhaling 32 ppm EDB, an increase
in the incidence of minor congenital defects was
observed in conjunction with slight maternal tox-
icity. In a 1983 study, rats were exposed to EDB
at levels of 0.43, 6.67, or 66.67 ppm in air during
pregnancy (333). Maternal toxicity was evident
at the two higher dose levels, and the offspring
showed signs of postnatal neurobehavioral im-
pairment. No effects on the mother or fetus were
evident from exposure to 0.43 ppm of EDB in air.
EDB administered by daily intraperitoneal injec-
tion at 55 mg/kg body weight to pregnant rats on
days 1 to 15 of gestation produced signs of mater-
nal toxicity (significant change in maternal organ
weights) but no evidence of fetotoxicity or tera -
togenicity (137).

EDB is a potent animal carcinogen and testicu-
lar toxin, Evidence indicates that human males
are more susceptible than animals. Because data
on fertility are equivocal, in late 1983 NIOSH be-
gan a cytogenetic and semen study of the effects
of occupational exposure to EDB. Fifty workers
exposed to EDB in the fumigation of fruit are un-
der study, as are 50 nonexposed sugar refinery
and plantation workers. Blood and sperm sam-
ples are being analyzed, and each participant has
contributed a questionnaire covering demograph-
ic data, occupational history, and medical history
(270).

Ethylene Oxide {EtO]

Ethylene oxide, a colorless gas, is a major in-
dustrial chemical ranked 26th in U.S. production
of chemicals. The vast majority of EtO is found
in chemical plants, where it is produced and used
in the production of ethylene glycol for automo-
tive antifreeze, polyester fibers and films, and
detergents (368). EtO is also used in sterilizing
equipment and supplies used in hospitals and
health-care facilities, as a fumigant in the manu-

facture of medical products and foodstuffs, and
in libraries and museums (107).

Because EtO is highly explosive and chemically
reactive, the processing equipment containing it
in chemical plants generally consists of tightly
closed and highly automated systems. Such equip-
ment is often located outdoors, and workers
spend most of their shift in and around control
rooms, away from the equipment. The greatest
potential for worker exposure in these settings
occurs during the loading or unloading of trans-
port tanks, product-sampling procedures, and
equipment maintenance and repair (368).

In contrast to chemical-manufacturing plants,
health-care and medical-products industries use
a very small portion of total EtO production, but
workers in these industries face potentially high
levels of occupational exposure to the chemical
(368). Workers in hospitals and health care facil-
ities are believed to be both the largest single
group of workers exposed to EtO, and the group
exposed to the highest levels of EtO (see table 4-
1). Estimates of the number of workers exposed
to EtO from all sources range from 100,000 (126)
to 140,000 (271), including 75,000 health care
workers employed in sterilization areas.

Exposure to EtO during sterilization of medi-
cal equipment is quite variable within a given hos-
pital or health care facility, and also varies greatly
from one hospital or health care facility to another.
Some institutions may have several sterilization
cycles per day, involving a number of different
sterilization units. In other institutions, there may
be only one sterilizer unit that is run infrequently.
Other variables affecting exposure include:

+ the nature and installation of the sterilization
equipment,

* design and layout of the room housing the
sterilizer,

+ the nature and frequency of equipment main-
tenance activities,

+ sterilizer operating practices, and

* the type and functional capacity of ventila-
tion systems.

Exposures of sterilizer personnel to EtO con-
sequently vary widely; some sterilizer personnel
are exposed daily, and others may be exposed in-
termittently or infrequently (107).



86 . Reproductive Health Hazards in the Workplace

Table 4-1.-Estimated Ethylene Oxide Fumigation Use
and Potential Operator

Ethylene oxide
of operators

(pounds x Estimated
Site 10,000/year) number
Manufacturing and
production of sterile
medical disposable . . . . 3.3-5.7 3,000-4,000
Hospitals (1976 figures) . . . 822-1,000 11,000-26,000
Medical clinics . .. ....... 111 1,150
Dental clinics. . . ......... 65.5 400
Doctors, private . .. ....... 37 750
Dentists, private . . ....... 7.3 80
Veterinarians, private and
clinic (estimated) . . ... .. 0.1 N A®
Museums . .............. 0.7 15
Libraries and archives . . . . 19 40
Research laboratories:
Animal breeding . . .. ... 50 25-30
Drug and medical
device.............. 550-900 NA®
Microbiological and
cancer.............. 5-25 NA®
USDA’high-containment
researchlabs . ......... 4.3 10-15
USDA’APHIS quarantine
operations, .. .......... 0.7 200-300
Railroad cars . . .......... 2 5-10
Beehives ... ............. 1-2 30
Spices . ... 750 60
Black walnuts . . . ... ..... 3.2 10
Cosmetics . .. ........... 24 25
Dairy packaging. . . ....... 32 30

ANA—pPJ~T avallabie. ]
bSDA—United States Department of Agriculture.
CAPHIS—Animal and plant Health Inspection Service.

SOURCE: “Occupational Exposure to EtO, Final Standard,” Federal Register
49(122):25734, June 22, 1904.

Major emissions of EtO into workroom air oc-
cur during discharge of EtO into floor drains, fol-
lowing opening of the door of the sterilization
equipment after completion of a cycle, and dur-
ing exchange of gas cylinders. Additional ex-
posure may result from off-gassing of EtO from
sterilized articles during aeration, leaks in the
sterilizer system, and releases during mainte-
nance of equipment. All of these variables hin-
der the determination of precise worker-exposure
levels (107).

EtO is a recognized mutagen and has a geno-
toxic mode of action. At very low dose levels,
(TWA of 1 to 10 ppm), mutagenic effects were
observed (107). Changes in genetic material and
aerations in DNA repair occur at average EtO

exposure concentrations of 1 ppm. Effects ob-
served in humans include unscheduled DNA syn-
thesis, and deficiencies in DNA repair, sister chro-
matid exchange, and chromosomal aberrations,
including quadriradials, a relatively rare aberra-
tion. These data demonstrate clearly the genetic
toxicity of EtO in somatic cells and signal the po-
tential of this chemical to damage germ cell DNA.

Male.—EtO has produced testicular damage
and impaired fertility in rodents inhaling a toxic
concentration (26). Guinea pigs inhaling 357 ppm
EtO for 25 weeks showed general growth depres-
sion and testicular degeneration. Decreased fer-
tility and dominant lethal effects were found in
rats following a single 4-hour exposure to 1,000
ppm EtO in air. Exposure of male rats to 10, 33,
or 100 ppm EtO in air for 12 weeks had no ef-
fects on fertility indices (336). A single intravenous
injection of EtO at 25, 50, or 100 mglkg body
weight in male mice did not result in dominant
lethal mutations when the animals were subse-
guently mated with untreated females (26).

Female.-A study of hospital workers using
sterilization equipment revealed an increase in the
spontaneous abortion rate that was correlated
with exposure to EtO (143). Although some mis-
classification of the pregnancies according to ex-
posure may have been possible, the data suggest
a toxic effect of ethylene oxide on human repro-
duction (143).

Pregnancy. —Exposure of pregnant rats to 10,
33, or 100 ppm in air on days 6 to 15 of gestation
resulted in fetotoxicity at the highest dose level,
but no evidence of embryolethality or teratoge-
nicity (335). Similar findings of fetotoxicity were
reported in pregnant rats and rabbits inhaling 150
ppm EtO (138). The fertility of female rats exposed
to 10, 33, or 100 ppm EtO in air, beginning 12
weeks before mating and continuing throughout
pregnancy and lactation, was not affected al-
though there were significantly fewer offspring
born per litter in animals exposed to 100 ppm
(335). Maternal toxicity did not result from the
treatment, and survival and growth of offspring
during the postnatal period were not adversely
affected, even while the nursing mothers were
exposed to EtO.
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Formaldehyde

Formaldehyde is a colorless, flammable gas with
a pungent odor. Formaldehyde may be used ei-
ther in a water-based solution (i.e., formalin) or
in solid form. In 1983, the United States used
more than 7.5 billion pounds of formaldehyde in
some 60 different industrial and laboratory ap-
plications (399). For example, formaldehyde and
its derivatives are used: to give wet strength to
paper; in transforming raw animal skin and fur
into tanned leather; to harden and protect the
gelatin surface of film and photographic papers;
in textile processing; in the manufacture of par-
ticle board, plywood, and foam insulation; and as
a preservative of biological material.

During a 1972-74 survey, MOSH estimated that
1.6 million workers were exposed to formalde-
hyde. Of these workers, about 57000 were ex-
posed to formaldehyde for 4 or more hours per
day. Nearly one-third of workers, some 507,200,
were engaged in medical and other health serv-
ices (367).

Formaldehyde is ubiquitous in the human envi-
ronment and is a normal metabolize in human bio-
chemistry. It is contained in cigarette smoke, car
exhaust fumes, and in ambient air, even in remote
areas. Formaldehyde can be found in a large va-
riety of consumer products, ranging from per-
manent-press fabrics to cosmetics. The most com-
mon sources of exposure for the nonsmoking
general population are particle board, plywood,
and urea formaldehyde foam insulation. When
new, these emit formaldehyde and can cause the
levels in indoor air to become relatively high.

Male.—A 1984 study reported that formalde-
hyde exposure in men had no effect on sperm
count or morphology (381). The human subjects
in this study were 11 hospital autopsy service
workers and 11 matched controls. Sperm counts
were lower (but not significantly) in exposed men
than controls, however, indicating the need for
a larger study from which more definite conclu-
sions can be drawn.

Data regarding the reproductive toxicity of for-
maldehyde in animals are limited. In male rats

chronically exposed to formaldehyde at two doses
(0.1 mgfliter in water, 0.4 ppm in air), no effects
on fertility were seen (26). In a dominant lethal
study treatment of male mice with single intra-
peritoneal injections of formaldehyde at 16 to 40
mg/kg body weight produced no effects on preg-
nancy rate or dominant lethal effects (25).

Female.—A study of 446 Soviet workers ex-
posed to urea formaldehyde resins in a fabric
plant found menstrual disorders in 47.5 percent
of exposed fabric finishers and inspectors. By con-
trast, only 18.6 percent of the 200 industrial sales-
women in a comparison group were found to
have such disorders. Dysmenorrhea was the most
common disorder reported. No test for statisti-
cal significance was performed, but the highest
frequency of menstrual disorders occurred among
the youngest women, and among the fabric
finishers who experienced the greatest exposure.
Formaldehyde concentrations ranged from less
than 0.05 ppm to 3.7 ppm, depending on the area
of production (329). A 1980 study found that gyn-
ecological disorders accounted for only 2.3 per-
cent of all disorders in 13,000 cases of unfitness
for work at a plywood factory where women
were exposed to formaldehyde (15). Another 1980
study reported no increase in miscarriages among
women exposed to formaldehyde in the home

Table 4-2.—Workplace and Ambient Exposure
to Formaldehyde

Number of
Exposed population individuals exposed

Industrial workers:

Abrasives manufacturers . . ... ... 7,000
Particle board manufacturers . . . . 4,000
Resins manufacturers . . ... ...... 6,025
Apparel manufacturers , . .. ... ... 777,000
High school biology students . . . . .. 3,834,000

Beginning medical students . . . . ... 16,000
Residents of new mobile homes . . . 4,200,000
Residents of urban areas,

exposed to ambient air. . . . ... ... 162,000,000

20nly a small sample of the various categories of workplace and ambient ex-
posure is given.

SOURCE: Adapted from B. Hileman, “Formaldehyde: Assessing the Risk, " Envi-
ron. Sci. Technol. 16(7) :216 A-221A, 1964.
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(119). All of these studies are flawed by the fact
that exposures were not measured. The study of
Soviet workers appears to have confounding fac-
tors that prevent formaldehyde per se from be-
ing implicated as a reproductive hazard. There
are no adequate studies of the effects of formalde-
hyde on female animal fertility or pregnancy.

Pregnancy.—In the Soviet study, anemia was
the most frequent pregnancy complication in
women exposed to formaldehyde (329). Although
not analyzed for significance, this pregnancy com-
plication was reported twice as often by the ex-
posed group as by the unexposed group.

No difference in the frequency of spontaneous
abortion was found in a comparison of pregnant
women who sterilized medical instruments with
formaldehyde and pregnant women not exposed
to formaldehyde (143), Frequencies were based
on total number of pregnancies, and rates were
adjusted for age, parity, decade of pregnancy,
smoking, and alcohol and coffee consumption. Of
the children born to mothers exposed to for-
maldehyde, 17 percent weighed 2,500 to 2,990
grams. Only 11 percent of the babies born to un-
exposed women were in this borderline-low
weight category. Whether variables know to af-
fect birth weight were controlled is not known.

Pregnant mice given formaldehyde orally at
doses up to 185 mg/kg body weight/day on days
6 to 15 of gestation showed no adverse effects
other than maternal toxicity. Dogs who were fed
diets containing 125 or 375 ppm of formaldehyde
(corresponding to doses of 3.1 or 9.4 mg/kg/day)
from days 4 to 56 after mating (26) showed no
evidence of embryolethality or teratogenicity, al-
though fetal weights were slightly reduced in
comparison with untreated control animals. Post-
natal development of pups from formaldehyde-
treated mothers appeared to be normal, and the
pups were reported to have subsequently pro-
duced normal litters. A more recent study showed
no effect of formaldehyde on embryos when ham-
ster dams were exposed on day 8, 9, 10, or 11
of gestation (278).

Rubber

The production of rubber involves an estimated
500 or more chemicals, including acrylonitrile,

aromatic amines, 1,3-butadiene, carbon black,
chloroprene, epichlorohydrin, mineral oils, ni-
trosoaompounds, styrene and other solvents, and
vinyl chloride. The reproductive toxicity of all of
the individual chemicals involved, as well as vari-
ous combinations of them, is poorly understood,
although some are identified as reproductive toxins.
The range of possible reproductive hazards caused
by exposures in the rubber industry has not been
comprehensively studied.

Researchers have not attempted to separate or
to measure chemical exposures, although efforts
have been made to identify specific work areas
where greater exposures probably occur. Al-
though accurate individual exposure estimates are
difficult to make in an environment such as a rub-
ber plant, evidence from reproductive as well as
other studies suggests that the level of harm from
chemical exposure may vary greatly throughout
the plant, making such determinations important.

Information on reproductive and developmental
effects is available for several of the chemicals in-
volved in the production of rubber-hloroprene,
1-3 butadiene, and ethylene thiourea.

Chloroprene is a colorless liquid that is slightly
soluble in water. It is used as a chemical inter-
mediate in rubber manufacturing. Chloroprene
at room temperature apparently dimerizes to sev-
eral different compounds. It has been demon-
strated that these reaction products are often
more toxic than chloroprene, which may explain
the inconclusive results obtained by several in-
vestigators. Since dimerization is likely to occur
in industrial settings, the reproductive toxicity of
the dimers may need to be explored in order to
enhance understanding of the reproductive ef-
fects associated with chemical exposure in rub-
ber plants,

l,a-butadiene is a gas, readily soluble in or-
ganic solvents, used in the manufacture of rub-
ber, latexes, and resins. Although there are no
data showing human reproductive effects of 13-
butadiene, NIOSH recommended in 1984 that 13-
butadiene be regarded as a potential occupational
human reproductive hazard. The NIOSH recom-
mendation was based on long-term animal studies
that demonstrate maternal and fetal toxicity, ter-
atogenicity, and testicular and ovarian atrophy
(371).
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Ethylene thiourea is a rubber accelerator,
used to speed the curing process in the manu-
facture of rubber. It is available as a powder, or
as a powder suspended in oil, which retards the
dispersion of ethylene thiourea dust in the air.
NIOSH recommended in 1978 that ethylene
thiourea be handled as if it were a human ter-
atogen. Based on data derived from animal studies,
NIOSH found that ethylene thiourea poses a risk
of teratogenesis, particularly to the central nerv-
ous system, that is greater than has been gener-
ally recognized. An estimated 3500 workers in
the rubber industry have potential occupational
exposure to ethylene thiourea (365). A 1976 study
of employees formerly exposed to ethylene thiourea
(exposure ended in 1972), identified no increase
in specific congenital anomalies such as hip dis-
location, malformed trachea and esophagus, cleft
palate, and heart disease among the offspring of
exposed workers compared with those of nonex -
posed workers (332).

Male.—A Russian study found reduced sperm
motility in workers after 6 years exposure to chlo-
roprene and changes in morphology after 11
years (26)312). Few details of the study are given,
so it is impossible to access the significance of the
result. A threefold increase in the abortion rate
in the wives of rubber workers was also reported.
A NIOSH (1977) document reports sexual impo-
tency with both loss of libido and sexual dynamics
following exposure to high levels of chloroprene.

Female.—Menstrual disorders have been asso-
ciated with chloroprene exposure (47 percent in
exposed v. 10 percent in controls) (26). A 1976
study reported 6.1 percent sterility in chloroprene
workers v. 2 percent in controls (312). Females
appear to be less susceptible to gonadal toxicity
than males (26,312). Fertility is not affected by
chloroprene exposure in animals where the pu-
rity of the substance is known.

Pregnancy.—In 1983, two investigations fo-
cused on rates of spontaneous abortion and con-
genital malformations among women exposed to
chemicals in the rubber industry. In one report
(213), the rate of spontaneous abortion did not
differ between pregnancies occurring during em-
ployment and those occurring before or after em-
ployment, after adjusting for differences in age.

A casewontrol study of spontaneous abortion in
the footwear department (a high-exposure area)
of one plant indicated a tenfold increase in risk of
spontaneous abortion for women exposed to rub-
ber chemicals compared with unexposed women
working in a nearby area of the plant. A second
report (19) found an increase in pregnancy com-
plications, including miscarriages and threatened
abortions, among tire builders.

Exposure to pure chloroprene up to 25 ppm has
no effect in animals. Following exposure to chloro -
prene where purity was in question, teratogenic-
ity and embryo death were noted at concentra-
tions as low as 1 ppm, suggesting that impurities
or reaction products are responsible. Many of the
chemicals used in the rubber industry are tera-
togenic in the chick embryo assay (186,187).
Those with the highest teratogenic potential were
the highly aromatic oils and tricresylphosphate.

Vinyl Halides

Vinyl halides are in widespread industrial use,
especially in the manufacture of plastics. These
chemicals are easily polymerized with acrylo-
nitrile, vinyl acetate, and styrene to form pliable,
lightweight plastics or resins. The best studied and
most widely used vinyl halide is vinyl chloride,
which may occur as a monomer or polymer,
called polyvinyl chloride (PVC). Polyvinyl chloride
occurs in a wide variety of commercial products,
including clothing, upholstery, flooring, wire in-
sulation, food containers, and phonograph rec-
ords. Other vinyl halides of industrial importance
are vinylidene chloride, vinyl bromide, vinyl fluo-
ride, and vinylidene fluoride. Exposure to the vi-
nyl chloride monomer, generally in the polymeri-
zation industry, is considered the most hazardous
of vinyl halide exposures (171).

Studies of vinyl chloride provide exposure
levels, at least on an industry-wide basis. How-
ever, the extent and type of exposure vary widely,
according to the production facility and process
utilized, Discrepancies among results may occur
because of differences in exposure levels across
studies and in the differences of exposures to
other agents, such as organic solvents, during the
production of vinyl chloride.
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Male.—There is some evidence that vinyl chlo-
ride may cause sexual dysfunction in men (26).
A study of pregnancy outcome among wives of
95 workers showed increased fetal loss follow-
ing their husbands’ exposure to vinyl chloride
monomer. The greatest increase occurred in preg-
nancy outcome associated with husbands under
age 30 (161).

The absence of dominant lethal effects in male
rats and mice inhaling vinyl chloride has been
demonstrated by high dose short-term exposure
(30,000 ppm for 5 days), and lower dose sub-
chronic exposures (5,000 ppm for 10 weeks or
1,000 ppm for 5 days). However, reduced mat-
ing performance and fertility have been observed
in male rats inhaling 250 or 1,000 ppm for 11
weeks. Pregnant rats, rabbits, and mice exposed
to vinyl chloride at concentrations up to 2,500
ppm have exhibited maternal toxicity and some
embryolethality and fetotoxicity (26,149,169).

Pregnancy. -Vinyl chloride has also been asso-
ciated with increased rates of fetal death follow-
ing paternal exposure (161), and possibly associ-
ated with malformations of the fetal central
nervous system following environmental expo-
sure of both parents. Studies of female exposure
have been limited and tend to focus on environ-
mental rather than workplace exposure and to
utilize aggregate rather than individual data.

Residents of Gainesville, Ohio, the site of two
PVC plants, showed a significant increase in cen-
tral nervous system (CNS) malformation. Scien-

Table 4.3.-Workplace Vinyl Halide Exposures

Estimated number of workers
potentially exposed

Chemical Definite® Probable®
Vinyl chloride. . .. ........ 27,000 2,200,000
Vinyl bromide. . . ......... 360 26,000
Vinylidene chloride . . . . . .. 6,500 58,000
Vinylidene fluoride . . . .. .. 1,900 32,000
Vinyl fluoride . . . ......... NA°® NA®

8Definite estimates are extrapolated from actual observations of the use of the
specific chemical or the use of a trade name product known to contain the
chemical,

Probable estimates include additional extrapolations from observations of trade
name products suspected of containing the chemical because of generic for.
mutations.

‘NA—not available,

SOURCE: U.S. Department of Health, Education, and Welfare, National Institute
for Occupational Safety and Health, “Vinyl Halides Carcinogenicity,”
NIOSH/OSHA Current Intelligence Bulletin 28, DHEW (N IOSH) Pub. No.
79-102, Sept. 21, 1978.

tists from the Centers for Disease Control used
Birth Defects Monitoring Program (BDMP) data
to compare CNS malformations rates in Gaines-
ville and a similar Pennsylvania community hous-
ing a PVC plant with rates for both States (91).
The study found no increase in CNS malforma-
tions in the Pennsylvania community, but did find
an increase in the Gainesville area, primarily in
anencephaly and spina bifida. A small, follow-up,
case-ontrol study (cases =15; controls =30) failed
to show an association with vinyl chloride ex-
posure.

BDMP data were also used to identify the rate
of CNS defects in Kanawha County, West Virginia,
which houses a polyvinyl chloride facility, as be-
ing higher than the national rate. In a follow-up,
case control study, 46 cases with CNS defects
were matched with 2 normal controls each. The
study found no evidence that higher CNS rates
in Kanawha County were related to parental ex-
posure to vinyl chloride monomer (90).

Pregnant rats, rabbits, and mice have been ex-
posed to vinyl chloride at concentrations of up
to 2,500 ppm in air. A 1981 study reported that
maternal toxicity, but not fetotoxicity or teratoge-
nicity, resulted from exposure of pregnant mice
to 50 ppm and exposure of pregnant rats and rab-
bits to 2,500 ppm vinyl chloride in air (169). Mater-
nal toxicity, embryolethality, and fetotoxicity de-
veloped in pregnant mice exposed to 500 ppm
vinyl chloride in air, Embryolethality in the rat
was increased by inhalation of 1,500 ppm vinyl
chloride early in pregnancy (days 1 to 9 of gesta-
tion) (26).

The mutagenicity of vinyl chloride raises con-
cern for the integrity of germ cell DNA in exposed
individuals. There is insufficient evidence to reach
conclusions about fertility effects in animal repro-
duction.

Hormones

Synthetic hormones have a wide variety of uses,
ranging from supplements in animal feeds to hu-
man pharmaceuticals (e.g., oral contraceptives,
cancer therapeutic agents). Occupational expo-
sure to synthetic hormones occurs chiefly dur-
ing their production in pharmaceutical plants.
The principal exposure of workers is usually to
the synthetic estrogens ethinyl estradiol and
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diethylstilbestrol (DES) or to synthetic progesto-
gens. Sources of exposure are via the air and di-
rect contact, especially when hygienic or prophy-
lactic measures are neglected. In the United
States, an estimated 3,000 persons are exposed
to ethinyl estradiol in the work environment (140).

There have been few studies of the reproduc-
tive effects of workplace exposure to synthetic
hormones. Despite their small number, however,
studies of these and other hormones in clinical
settings provide a broad data base for evaluation
and identification of site and mechanism of ac-
tion. The literature is limited to data on observa-
tions in factories producing oral contraceptives
and synthetic estrogens. These studies are note-
worthy for their: 1) efforts to measure workplace
exposure levels of the hormones, 2) measurement
of exogenous hormones in the worker’s blood-
stream as exposure indicators, and 3) focus on
exposure of both male and female workers.

Certain methodological problems (e.g., difficulty
in measuring the clinical effects of exposure) com-
plicate studies of this type. Effects are both sub-
jective (e.g., complaints of loss of libido), and dif-
ficult to quantitate (e.g., gynecomastia). Clinical
examination is not always conclusive; for exam-
ple, 30 percent of the nonexposed adult male pop-
ulation may present with gynecomastia (139).
Uncertainty also exists in identifying the most
appropriate indicators of exposure and outcome.
Despite these difficulties, adverse reproductive
effects reported following occupational exposure
to hormones are consistent with the well-defined
biological actions of these compounds.

Male.—A 1984 study (237) of 22 hormone-
exposed men found an increased incidence of
breast swelling, tenderness, and lumps or nod-
ules, and decreased total blood estrogen levels,
but no detectable evidence of synthetic estrogens
in the blood. These changes are consistent with
occupational exposure to and absorption of syn-
thetic estrogens.

Female.—Lower average total blood estrogen
levels have been reported in hormoneexposed fe-
male workers (237). Again, none of the women
had detectable evidence of synthetic hormones
in their blood. Among 24 female employees ex-
posed to the synthetic hormones mestranol and
norethindrone, 50 percent experienced intermen-

strual bleeding, compared with 17 percent of a
group of 60 nonexposed women (140).

Pregnancy .-The adverse reproductive effects
of the synthetic estrogen diethylstilbestrol (DES)
have been welldocumented in pregnant mice,
rats, hamsters, rabbits, monkeys, and humans
(260). In pregnant mice, daily subcutaneous in-
jections of DES at doses ranging from 0.01 to 10
mglkg body weight/day during gestation caused
severe developmental and functional disturbances
in both male and female offspring. Females ex-
hibited decreased fertility, sterility, and abnormal-
ities of the genital tract; male offspring showed
growth inhibition, sterility, and alterations of the
reproductive tract, Similar effects were observed
in the offspring of rats and hamsters treated with
DES during pregnancy. Abnormalities of the gen-
ital tract were reported in female offspring of
monkeys given DES orally at doses of 1 mg/day
from day 21, 100, or 130 of gestation to delivery.
Women exposed to DES in utero have been dem-
onstrated to have abnormalities in the develop-
ment of the uterus and cervix. In addition, DES
is a transplacental carcinogen in women and ex-
perimental animals.

High levels of corticosteroid hormones in early
fetal life have been associated with developmen-
tal toxicity in animals. Hydrocortisone acetate, a
synthetic glucocorticoid hormone, has been stud-
ied for its ability to induce renal anomalies in the
offspring of pregnant rats given an injection of
250 mg/kg body weight during the gestation
period of fetal organ development. Polycystic kid-
ney disease may also be induced by injecting new-
born rats, rabbits, hamsters, and mice with the
hormone because kidney development continues
postnatally in these species.

Although workplace exposure to hormones
such as DES and hydrocortisone acetate is pri-
marily through inhalation and most laboratory
studies have administered the hormones in feed
and through injections (77,260), these differences
do not obscure the clear reproductive toxicity that
follows occupational exposure to hormones.

Undefined Industrial Exposures

A number of studies have examined the effects
of particular occupations on workers’ reproduc-
tive function. These studies do not specify the in-
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dividual chemicals to which the workers are ex-
posed, nor do they attempt to quantify exposure.

Agricultural Work.—A 1973 study (408) exam-
ined white-blood-cell cultures from 42 pesticide-
application workers and 16 nonexposed workers
to evaluate chromosomal characteristics. Increases
in frequency of chromosomal abnormalities, espe-
cially in workers with heavy herbicide exposure,
occurred during heavy-spraying seasons.

A 1978 study of five lIsraeli insecticide work-
ers found impaired spermatogenesis, chromosom-
al breakage, and Y-chromosome damage. The five
men, who were infertile, had been frequently ex-
posed to various chlorinated and phosphate or-
ganic insecticides (324).

A series of case reports reported impotence
among four of five farm workers exposed to un-
specified chemicals. The impotence was not ac-
companied by a decrease in libido. When contact
with the chemicals was stopped and hormone
therapy given, the four workers recovered sex-
ual function (101).

Laboratory Work.-A 1977 study (116) found
an excess of chromosomal abnormalities in the
white blood cells of 73 workers in laboratories
and in the printing industry. An increase in chro-
mosomal abnormalities was found in 14 children
of 11 women who had worked in laboratories
while pregnant.

A study of pregnancy outcome among 32 women
working in a Swedish hospital laboratory found
an increased risk of spontaneous abortion, which
occurred in 17 of 71 pregnancies, when preg-
nancy occurred in conjunction with laboratory
work. This study was conducted on a relatively
small population, and confounding variables were
not factored into the analysis (341).

A 1979 study (23) of the relationship between
delivery outcome and women working in medi-
cal professions covered 1,500 women working in
hospitals from 1965 to 1975 who gave birth dur-
ing the period. The hospital workers exhibited in-
creased rates of cesarean deliveries and threat-
ened abortions, and during 1 year of the study,
perinatal death.

A 1984 report examined delivery outcomes of
1,161 infants born to Swedish laboratory work-

ers and compared them with the total number
(98,354) of births in Sweden in 1976. Although
an increase in perinatal deaths and congenital
malformations was found among infants of a sub-
set of the laboratory workers, no specific type
of laboratory or laboratory worker was found to
be associated with these outcomes (97).

Two other Swedish studies have found that lab-
oratory workers are more likely to give birth to
infants with congenital malformations of the gas-
trointestinal tract. A 1979 study (230) looked at
perinatal death and malformation rates in 322 de-
liveries to women working at a Swedish univer-
sity during their pregnancies. Of these women,
245 were laboratory workers while pregnant. No
occupational effect on perinatal deaths was ob-
served, but the study did show an increased rate
of congenital malformations among offspring of
laboratory workers. Gastrointestinal defects ap-
peared to be especially elevated. A 1982 study of
this outcome among pregnant women laboratory
workers (99) found that infants with gastrointes-
tinal atresia were more likely than normal infants
to have mothers who were laboratory workers.

Oil, Chemical, and Atomic Work.-A 1984
survey of reproductive hazards among 1,280 male
oil, chemical, and atomic workers exposed to
halogenated hydrocarbons (315) in 7 U.S. plants
was conducted by postal questionnaire. Workers
in these plants used the chemicals ethylene di-
chloride, methyl chloride, vinyl chloride monomer,
chlordane, epichlorohydrin, and perchlorethy -
lene. Oil, chemical, and atomic workers not ex-
posed to any brominated or chlorinated hydro-
carbons served as a comparison group. Subjects
were placed, on the basis of occupation, in “higher,”
“lower)” or “no-exposure” categories.

The salient finding of this industrial study was
an increase in infant deaths among the offspring
of exposed male workers. The rate was 2.3 and
4.6 times greater for the “lower” and “higher” ex-
posure workers, respectively, than for the non-
exposed workers.

pulp and Paper Work—A study of female em-
ployees in the Swedish pulp and paper industry
examined congenital anomalies and perinatal sur-
vival from 1973 to 1977 (38), Information on all
births was gathered from the Swedish Medical
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Birth Register. The number of congenital malfor-
mations, based on 890 deliveries, was close to the
Swedish norm. When pregnancy outcomes were
divided into specific job categories of the mother,
the highest frequency of birth defects (4.0 per-
cent) and perinatal deaths (1.8 percent) occurred
among women in the “converting” section, where
paper is refined into various products. Some of
these workers were listed as having exposure to
ethylene acetate, glues, and various stains.

Textile Work.—Medical records and data from
guestionnaires in Denmark indicate that female
textile workers exposed to textile dyes experi-
enced a fivefold increase in risk of infertility when
these data were adjusted for age, education, resi-
dence, and parity. The risk of infertility among
textile workers was greater than for women
working with cutting oils, drydeaning chemicals,
lead, cadmium, or mercury. No exposure levels
were provided (293).

Several studies have examined the frequency
of spontaneous abortion among women in the tex-
tile industry, although none of these studies,
which are generally part of larger industrial in-
vestigations, focuses solely on this industry. In a
1977 Iranian study, the rate of spontaneous abor-
tion (12 percent) was greater among textile work-
ers than among nonworking women (175). More
than 70 percent of the women interviewed were
at least 30 years of age and had been employed
in one of two local factories for more than 15
years. No specific workplace hazards were cited
in the report.

A more recent investigation of spontaneous
abortion among women in textile industries
yielded similar findings (146). Unlike the Iranian

study, this investigation took the husband’s oc-
cupation into account. Hospital discharge data
were employed to obtain information on the
study group and their families in the community
of Kokkola, Finland. While women in the town
worked mainly in the textile industry, men were
employed in the metal, leather, and chemical in-
dustries. The highest rate of spontaneous abor-
tion in Kokkola (12.2 percent) was recorded
among women textile workers. This rate was sig-
nificantly higher than for women who did not
work outside the home (6.3 percent), but only
slightly higher than the rate for other economi-
cally active women (11.4 percent). A subgroup of
women working as seamstresses in the textile fac-
tory had a spontaneous abortion rate of 20.4 per-
cent. When the husband’s occupation was also
considered, women employed in textiles married
to men employed at the metallurgical factory had
a rate of spontaneous abortion of 16.0 percent.
The authors suggest that higher rates of spontane-
ous abortion among the combined occupations
may be due in part to a paternal effect. Although
the husbands’ jobs in the metallurgic factories
were unspecified, possible exposures to arsenic,
zinc, cobalt, sulfur dioxide, hydrogen sulfide, and
cadmium were suggested.

A Swedish study found an increased rate of
spontaneous abortion among both women and
wives of men working in rayon textile jobs. The
investigators noted that viscose rayon industries
use hydrogen sulfide and carbon disulfide. No ac-
tual exposure data were provided (144). These
studies suggest that occupational exposures dur-
ing pregnancy in the textile industry are associ-
ated with an increased risk for female infertility
and spontaneous abortion.

EFFECTS OF WORKPLACE PHYSICAL AGENTS ON
REPRODUCTIVE FUNCTION

Workers in every occupational field are exposed
to one or more physical agents in their workplace
environment. The variety of forces encompassed
by the term physical agents includes such natu-
ral forces as radiation, atmospheric pressure, and
electric, magnetic, and gravitational fields. It is
essential to recognize the close relationship be-

tween physical agents in the occupational envi -
ronment and these same agents as integral parts
of the natural environment. With few exceptions,
these physical energies are, in fact, elemental
forces that have shaped the evolution of life on
earth. The form, behavior, and function—includ -
ing reproduction-of human, monkey, mouse, rat,
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and dog developed under the influences of natu-
ral gamma rays, ultraviolet light, gravity, vary-
ing barometric pressures, and hot and cold tem-
peratures.

As important as natural physical agents have
been from an ecological perspective, they do not
become notable agents of biological stress until:
1) above-normal levels are created artificially in
industrial and commercial environments, or 2) the
background levels become abnormal. The physi-
cal factors that have most often been considered
as potential occupational hazards include ioniz-
ing radiation, optical radiation, radiofrequency/
microwave radiation, electric and magnetic fields,
atmospheric pressure, hot or cold environments,
noise, and vibration.

Certain health effects resulting from occupa-
tional exposure to physical forces, such as noise-
induced hearing loss, heat stress, and vibration-
induced numbness, have been recognized for dec-
ades. Unfortunately, very few well-documented
studies have been conducted for the specific pur-
pose of evaluating the reproductive effects of ex-
posure to physical forces in the workplace. Data
on the adverse effects on reproduction from oc-
cupational exposure to physical forces are there-
fore in most cases either inferential or non-
existent.

lonizing Radiation

lonizing radiation is energy that is transmitted
in wave or particle form and is capable of caus-
ing ionization (ejecting orbital electrons) of atoms
or molecules in the irradiated tissue. Alpha par-
ticles and beta particles are forms of ionizing ra-
diation that interact directly with irradiated tis-
sues to cause ionization, whereas gamma and
X-rays are forms of electromagnetic radiation that
generate secondary particles in the irradiated tis-
sues which subsequently lead to ionization. Re-
actors and high-energy accelerators produce, in
addition to gamma and X-rays, protons, neutrons,
and other particles that are effective in produc-
ing tissue ionization either directly (protons) or
indirectly (neutrons).

The critical element for defining the biological
effect of ionizing radiation is energy deposition
(i.e., absorbed dose), since the different types of

ionizing radiation vary in their penetrative powers
and number of ions produced. The unit used to
guantify the energy deposited in matter by ioniz-
ing radiation is the rad, defined as 0,01 joules per
kilogram of irradiated material. Since different
types of radiation can deposit the same total
energy but produce different amounts of dam-
age, a different unit, the rem, is used to quantify
the degree of biological damage. Reins are defined
as a factor Q times rads, where Q is set equal to
1 for gamma and X-rays, and 20 for alpha parti-
cles. Thus, at equivalent energy depositions, the
alpha particle will produce 20 times the biologi-
cal damage of gamma and X-rays. The currently
recommended limit for workers exposed to ioniz-
ing radiation, set by the Federal Radiation Coun-
cil (FRC, 1960) and incorporated into regulatory
limits by most Federal agencies (e.g., NRC, 1977)
is 3 reins/quarter (3 months) for the whole body,
or head and trunk, lens of the eyes, gonads, or
blood-forming organs. This limit is subject to the
further constraint of a cumulative lifetime limit
expressed as 5(N — 18) rein,) where N is equal to
the worker’s age in years. Some Federal agencies
(e.g., the Departments of Defense and Energy) use
a simpler, more restrictive limit of 5 reins/year.

A major source of human exposure to ionizing
radiation is natural background radiation. The
two sources of this exposure are cosmic radia-
tion produced by collisions of high-energy parti-
cles impinging on the earth’s atmosphere, and the
radioactive elements (radionuclides; e.g., radon,
potassium commonly found in soil, brick, con-
crete, and stone. The total whole-body dose due
to natural sources averages about 100 millirems
per year; the dose to the lungs from natural
sources is about 500 millirems per year; and the
average gonadal dose from natural radiation is
about 80 millirems per year (250,298). Added to
this exposure from background radiation is the
dose received from medical use of X-rays, which
contributes about 20 millirems per year to gona-
dal exposure. Other minor sources of nonnatural
exposure are atmospheric weapons testing, nu-
clear powerplant operation, consumer products,
and building materials. Tobacco smoking may also
result in substantial localized radiation exposures
to points within the respiratory tract, possibly
reaching 8,000 millirems per year (250).
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Occupational Exposure to
lonizing Radiation

Some 1.32 million persons are presently occupa-
tionally exposed to ionizing radiation each year.
About 44 percent of all exposed workers are em-
ployed in medicine, 23 percent in industry, 16 per-
cent in government, and 11 percent in the nu-
clear fuel cycle. Workers in the nuclear fuel cycle
accounted for the largest share of the collective
dose (37 percent), followed closely by those in
medicine (27 percent), and industry (25 percent)
(see chapter 7). Comprehensive surveys of the
numbers of workers exposed and their doses, age,
and sex distributions have been published by EPA
(372,373). In general, the exposures are low. How-
ever, it is important to remember that ionizing
radiation causes dose-related damage to all tissues.

Industrial use of ionizing radiation is now rap-
idly expanding, both in terms of its application
to industrial processes and the type of industry
involved. Future developments in the industrial
application of ionizing radiation are likely to be
focused in the area of radiation processing. Re-
search is being conducted on radiation process-
ing to achieve cross-linking, polymerization, graft-
ing, and free-radical generation in the chemical
industry, and in the production of flooring, fur-
niture, textiles, adhesives, paints, membranes, and
wood/plastic composites (42).

Preservation and sterilization of foods, spices,
cosmetics, and pharmaceuticals by irradiation is
also rapidly approaching large-scale commercial
application (42)288), These efforts will, of neces-
sity, expand because of the ban on ethylene dibro-
mide for similar uses. The radiation source used
in sterilization can be either machine-generated
electrons or gamma rays from cobalt-60 or cesium-
137 (288). Reduction of microbial load and im-
provement in food properties occur with appli-
cations of about 100)000 to 1 million rads, and
sterilization for commercial purposes requires
about 1million to 5 million rads.

Concern for worker exposures occurring dur-
ing radiation-processing operations is greater than
for other industrial or medical applications. prob-
lems can be foreseen due to the experimental na-
ture of the processes, the high doses of radiation
employed, the likelihood that radiation process-

ing will be conducted in small establishments with
limited resources for protective measures, the
lack of employee training regarding the hazards
involved, and the absence of regulatory standards
and guidelines for controlling exposures. No in-
formation currently exists to indicate the magni-
tude of potential exposure of men and women
engaged in these newly emerging occupational
tasks (288). This is therefore a research area of
major concern because ionizing radiation is
known to exert profound effects on the develop-
ing embryo/fetus and child and on reproductive
function in men and women.

Male.—lonizing radiation produces dose-re-
lated impairment of testicular function. There is
some indirect evidence that occupational expo-
sure to radiation is associated with diminished sex
drive and decreased sperm viability in men (339).
High doses of ionizing radiation clearly have an
adverse effect on the gonads of men. Although
the effects of relatively low doses of ionizing ra-
diation on male reproductive function (below 5
to 10 rads) are not well understood, sperm pro-
duction is suppressed by doses of X-irradiation
as low as 15 rads (71). Sperm production is tran-
siently eliminated with doses of 50 rads. At high
dosages, in the range of 236 to 365 rads, severe
spermatozoa damage occurs which persists for
many months (75). Radiation doses greater than
400 rads are associated with the complete cessa-
tion of testicular function. Although it occurs
rarely, recovery of sperm production is possible,
even following dosages as high as 400 rads. There
are numerous case reports of testicular damage
produced by radiation therapy for malignancies
(325), but well-documented reports on the effects
of occupational exposures are limited.

Testicular gamma and X-irradiation in animals
exert profound effects on developing sperm. Nu-
merous studies have been conducted in mice to
assess dose-response relationships for induction
of sperm abnormalities (48,269). When mice were
exposed to testicular X-irradiation, the dose to
produce a doubling in the number of abnormal
sperm in comparison with controls was deter-
mined to be 39 rads (409). A 1983 study deter-
mined that the dose of X-irradiation to produce
a 50 percent suppression of type A spermatogo-
nia was 30 rads for the mouse and 917 rads for
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the human (71). This indicates that human type
A spermatogonia are about 3.1 times more sen-
sitive to ionizing radiation than are mouse sper-
matogonia. Irradiation of the testes also has a
mutagenic effect on male germ cells, as evidenced
by reduction in post-implantation survival of the
offspring of exposed male (313) animals.

Female.—In the female, the reproductive proc-
ess is susceptible to radiation-induced damage in
several ways. Because females are born with a
fixed supply of oocytes (egg cells), damaged egg
cells cannot be replaced (see chapter 3). Exposure
of these cells to ionizing radiation, either during
gestation or following birth, can cause reproduc-
tive disorders at puberty and during reproduc-
tive life. There is evidence that exposure during
childhood may lead to disorders of the endocrine
system, which subsequently give rise to infertil-
ity or failure to undergo normal pubertal devel-
opment.

Animal studies demonstrate similar effects with
a dose-related impairment of reproductive proc-
esses. All tissues of the reproductive tract are sus-
ceptible to the adverse effects of ionizing radia-
tion but exhibit different dose-response curves,
Numerous studies of the effects of ionizing radi-
ation on ovaries, oocytes, and reproduction have
been conducted in rodents, primates, and many
other species (21). The vast body of data from ani-
mal studies reveals wide variations in suscepti-
bility according to species, age, egg-cell stage, and
follicle size (22,221). For example, extreme sensi-
tivity of female egg cells to ionizing radiation is
seen in postnatal mice and in prenatal squirrel
monkeys. Oocytes in women and in adult rhesus
monkeys, by contrast, appear to be relatively
resistant. In sensitive animals, such as the juve-
nile mouse, destruction of immature oocytes can
result from dosages of less than 6 rads.

Pregnancy .-Exposure of pregnant women to
levels of greater than 20 rads leads to birth
defects, while lower exposures in the region of
1 to 10 rads are associated with increased men-
tal retardation and childhood leukemia and other
cancers in their offspring (218,251). The National

Council on Radiation Protection and Measure-
ments (252) recommends that workplace expo-
sure of a fertile woman be controlled to ensure
that if she becomes pregnant her fetus will re-
ceive a cumulative exposure of no more than 0.5
rads.

Understanding of the teratogenic effects of
ionizing radiation on fetal development dates to
the explosion of the first nuclear weapon in 1945,
Extensive retrospective epidemiological surveys
were conducted on individuals exposed to radia-
tion in utero in Hiroshima and Nagasaki (44)277)
343,402,403,405,406). These studies, coupled with
earlier case reports, provide clear evidence of se-
vere teratogenic effects, particularly the occur-
rence of microcephaly (reduced size of the brain),
and severe mental retardation.

The effects of exposure on reproductive func-
tion are not known for the low-dose range in fe-
males although clinical data suggest that repro-
duction is not impaired. The evidence for harmful
effects at high doses is clear, however. High doses
can cause sterility and initiate menopause. Some
effects of chromosomal abnormalities have been
observed in women who were exposed to ioniz-
ing radiation prior to pregnancy, but important
confounding variables may have biased results,
and dosages were unknown.

Nonionizing Radiation

The term nonionizing radiation refers to the re-
gion of the electromagnetic spectrum where the
energy of the emitted photon is incapable of ioniz-
ing atoms or molecules in the irradiated tissue.
The lower wavelength limit for nonionizing ra-
diation is considered to be 100 nanometers [rim],
which corresponds to ultraviolet light. Succeeding
portions of the spectrum correspond to visible
light (400 to 750 nm wavelength), infrared radia-
tion (0.75 micrometers [mm] to 750 nm wave-
length), and radiofrequency radiation (1 milli-
meter [rim] to 10,000 kilometers km] wavelength).
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netic spectrum, wave frequency decreases. Con-
siderable confusion arises from the fact that the
anxiety-provoking term “radiation” is applied to
X-rays (i.e., ionizing radiation) as well as to micro-
waves, radio and television transmission signals,
and other forms of nonionizing energy. These
forms of energy are in fact significantly differ-
ent with respect to biological activity. All humans
are under constant exposure to natural or man-
made sources of nonionizing radiation, thereby
complicating the design of any population study
to assess the health effects of occupational ex-
posure.

Ultraviolet Radiation

Ultraviolet radiation is produced naturally by
the sun, and artificially by arcs operating at high
temperature. Exposure to ultraviolet radiation in
the workplace is associated with incandescent,
fluorescent, and discharge-type light sources, as
well as with welding and cutting torches, elec-
tric arc furnaces, plasma torches, and lasers. In
addition, outdoor workers, such as farmers,
fishermen, lifeguards, and construction workers
receive substantial solar exposures. Ultraviolet ra-
diation can be expected to occur in all occupa-
tions involving germicidal lamps, welding arcs,
and plasma torches, and in industrial drying and
curing processes, printing processes, and chem-
ical manufacturing operations.

Visible Light

Visible light is provided by the sun and by arti-
ficial light sources. Industrial exposure to visible
light is additionally associated with highly incan-
descent lights and various types of arc processes.
Many sources of high-intensity visible light also
produce substantial thermal energy.

Infrared Radiation

All objects emit infrared radiation, which in-
creases as a function of temperature. The sun is
a major source of infrared radiation, Occupational
exposure occurs either directly from lamps or in-
directly from heat sources. The most widely rec-
ognized industrial exposures to infrared radiation

are from hot furnaces, molten metals or glass, and
arc processes.

Laser Radiation

A laser (acronym for “light amplification by
stimulated emission of radiation”) operates in the
infrared, visible, and ultraviolet regions of the
electromagnetic spectrum. Lasers are sources of
monochromatic optical-frequency waves, whose
output can be focused to form extremely high-
power beams (127). The source of laser radiation
can be a solid, a liquid, or a gas that can be made
to fluoresce. Sources in use include ruby, ne-
odymium, helium, neon, argon, krypton, carbon
dioxide, and an yttrium-aluminum-garnet combi-
nation.

The laser has been of great value in numerous
segments of industry, and its applications con-
tinue to expand. In the biomedical field, lasers are
used in the detection of tumors, to measure cir-
culation and components of blood, and as opti-
cal knives to perform delicate surgery. Several
methods have recently been developed in which
lasers are used to detect air pollutants with great
specificity and sensitivity. Lasers are used in
metal-working and in the aircraft industry to drill
holes, particularly on curved surfaces, with great
accuracy and precision. A recent development in
laser applications is in communications and in-
formation transfer with fiber optics.

The harmful effects of optical radiation appear
to be restricted to the surface of the body, espe-
cially the skin and eyes. Lasers operating in the
visible or near infrared wavelength regions may
produce severe retinal burns of the eye, and
lasers operating in the infrared region (e.g., car-
bon dioxide lasers) may produce surface burns
on the cornea. Damage is primarily the result of
tissue-heating, which causes protein destruction
(denaturation) and the typical symptoms associ-
ated with burns. An additional biological effect
of ultraviolet and infrared radiation, and of lasers,
is excitation of intracellular organelles unrelated
to tissue-heating (81). The health effects result-
ing from thermal excitation of cell organelles are
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not understood. Ultraviolet radiation is also re-
garded as a cause of skin cancer. There are no
known reproductive effects in humans and lower
animals associated with occupational or environ-
mental exposure to optical radiation. In many ani-
mals, changes in the ambient levels of light are
a powerful modulator of reproductive behavior.

Radiofrequency/Microwave Radiation

The applications of these man-made electromag-
netic fields are extremely diverse and rapidly ex-
panding. In terms of potential health effects, two
frequency ranges are receiving focused attention.
One is the microwave and shortwave frequeticy
range (several MHz to 100 gigahertz (GHz) used
by the military and for communications. The
other is the extremely low-frequency range (10
to 60 Hz) associated with high-voltage power lines.
There is no question that the thermal effects of
radiofrequency and microwave radiation are haz-
ardous. There is, however, little agreement as to
the potential for health hazard produced by the
nonthermal effects of this physical force.

For a human, significant heating will not occur
with radiofrequency radiation having a frequency
below 15 MHz and a wavelength greater than
about 20 m (i.e., television and radio transmission,
radiation from power lines). The electromagnetic
radiation used in radar is in the microwave fre-
guency range capable of inducing thermal and
subthermal biologic effects in humans (234). The
American National Standards Institute (ANSI)
Committee C95 has recently proposed revised
guidelines (8) for safe exposure to radiofrequency
electromagnetic fields which acknowledge that
prolonged whole-body exposure at intensities
above 100 mW/cm’are dangerous at frequencies
at which significant energy is delivered to the hu-
man body. In humans, the radiation absorption
efficiency reaches a maximum at a frequency of
77 MHz for a person 1.75 m tall who weighs 70
kg (117). The majority of industrial radiofre-
guency sources operate from 10 to 40 MHz,
whereas a microwave oven operates at 2,450
MHz. Diathermy electromagnetic waves (27.5 Hz)
have great penetration into the human body and
produce significant heating, while microwaves
with frequencies above 10)000 MHz have little
penetration (44).

Workplaces designated as hazardous due to the
presence of radiofrequency/microwave radiation
are generally associated with antenna systems,
emitters, generator tubes, and other high-fre-
guency units. The adverse health effects of ex-
posure to radiofrequency/microwave radiation
that result in tissue heating are welldocumented
(364). The health effects of subthermal doses re-
main unclear, particularly with respect to low-
frequency and weak-field radiation.

Male.—The only form of nonionizing radiation
that has been repeatedly associated with damage
to male gonads is radiofrequency/microwave ra-
diation. The available evidence is incomplete,
however, with respect to dosage and influence
of other variables. There is little doubt that radio-
frequency/ microwave radiation of sufficient in-
tensity can damage the testes by thermal action.
Most studies of occupational exposure to radio-
frequency/microwave radiation have involved mil-
itary personnel. Clinical studies of radar opera-
tors in the U.S. Navy showed no adverse effects
on male fertility.

Numerous studies have been conducted on tes-
ticular and reproductive function in rats and mice
exposed to radiofrequency/microwave radiation.
Testicular degeneration is clearly associated with
microwave dosages sufficient to cause tissue heat-
ing (75,203,314). At a dosage of microwave radi-
ation (1.3 GHz) sufficient to cause a net change
in body temperature of 1.50 C, no effects were
seen on the testes of rats (203). In contrast to the
evidence for effects of ionizing radiation, evidence
concerning a mutagenic effect for microwave ra-
diation is inconsistent and conflicting (313). Yet
impaired male fertility as evidenced by a reduced
pregnancy rate in mated females can be achieved
with sufficient dosages of microwaves (189). The
extent to which thermal effects account for these
results is not clearly established.

Female.—Epidemiological studies of microwave
workers and military personnel exposed to radar
have not provided clear evidence for the devel-
opment of pathologic damage, reproductive fail-
ure in women, or malignancies (233). These neg-
ative and in some cases equivocal results may
reflect inadequacies in the studies (e.g., inade-
guate dose information, inappropriate control
groups, and lack of recognition of concomitant
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exposure to toxic agents). There is thus a need
for well-designed and carefully controlled epidemio-
logical studies of workers and other populations
exposed to measured amounts of radiofrequency/
microwave radiation. The presently available data
suggest that the adverse effects of radiofrequency
/microwave exposure are primarily, if not exclu-
sively, the result of tissue-heating. Occupational
exposure of women to radiofrequency/microwave
radiation at typical power densities would not be
expected to produce sufficient internal tissue-
heating to harm the fetus or the reproductive
organs.

Pregnancy. —The adverse effects of prenatal
exposure to radiofrequency/microwave radiation
at various frequencies have been extensively stud-
ied in rats, mice, chickens, Japanese quail, and
insects. Studies have been concerned with mor-
phologic alterations, as well as more subtle neuro-
behavioral changes. The power levels employed
in many of these studies were sufficient to indi-
cate that fetal malformations may have resulted
from hyperthermia. At lower power densities,
there appears to be a minimum threshold level
for induction of fetal abnormalities. Exposures of
rats to a power density of 35 mW/cm*GHz contin-
uous-wave microwave radiation on gestation days
1 to 6 produced a decrease in implantation sites
per litter and decreased fetal weight (254). Expo-
sure to a power density of 30 m W/cm’on days
6 to 15 of gestation produced a slight increase in
fetal malformations. No effects on the offspring
were observed when pregnant mice were exposed
to power densities of 5 and 21 mW/cm’.

Negative results have also been obtained with
pregnant rats exposed to 915 MHz microwaves
at a power level of 10 mW/cm’(166), and with
pregnant rats exposed to 100 MHz radiation (the
frequency region of maximum human absorption)
at a power density of 25 mW/cm?®(198)199). These
exposures produce no increase in maternal tem-
perature. It therefore appears that a threshold
for induction of teratogenic effects in mice and
rats by radiofrequency/microwave radiation may
be in the power density region of about 30
mW/cm’. These results also suggest that the 1982

ANSI exposure standard of 1 mW/cm?for fre-
guencies between 30 and 300 MHz will provide
adequate protection of pregnant women and the
human embryo/fetus. It is important to note, how-
ever, that there is a considerable body of disagree-
ment concerning the nonthermal effects of non-
ionizing radiation. Additional study of these
effects will be necessary before acceptable ex-
posure levels can be established.

Ultrasound

Ultrasound is a mechanical vibration of an elas-
tic medium having a frequency range beyond
16,000 to 20,000 Hz, which is above audible fre-
qguency for the human ear. Low-frequency ultra-
sound (18,000 to 30,000 Hz) of high intensity (6
to 7 W/cm?®) is widely used in industry in clean-
ing baths for metal and fabricated parts; in weld-
ing, brazing, and soldering; for electrolytic coat-
ing; and for acceleration of chemical reactions.
Low-frequency ultrasound is also a compound of
the noise produced by jet engines, gas turbines,
and powerful pneumatic devices.

High-frequency ultrasound is more readily ab-
sorbed by the surrounding medium and does not
travel in air. Penetration of human tissue by ultra-
sound decreases as the frequency increases. High-
frequency ultrasound (500 kHz to 5 MHz) of low
intensity (0.1 to 10 W/cm’) is widely used for de-
tection of flaws and structural analysis of matter.

The medical applications of ultrasound have
greatly increased in recent years, particularly in
obstetrical diagnostic procedures (211). Two types
of ultrasound are used with pregnant women.
One is pulsed ultrasound, employing frequencies
in the 1 to 10 MHz range with output intensities
ranging from less than 1 to 10 mW/cm®. The other
is continuous-wave ultrasound, employing fre-
guencies of about 2 MHz with output intensities
ranging from less than 1 to 20 mW/cm’. Continu-
ous-wave ultrasound is used early in pregnancy
for placental localization, confirmation of normal
or abnormal pregnancy, detection of twins, and
in monitoring fetal growth.
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Worker exposure to ultrasound, particularly
during the loading and unloading of parts of
cleaning tanks, may result in damage to periph-
eral nerves and blood vessels of the fingers,
hands, and forearms (306). The adverse effects
in humans from high-frequency ultrasound are
not clearly understood.

The teratogenic and embryotoxic effects of ex-
posure to ultrasound have not been studied as
extensively as those resulting from exposure to
radiofrequency/microwave radiation. As with
microwaves, when ultrasound exposure has been
reported to induce fetal malformations, there is
also an increase in maternal temperature (181).
When pregnant mice were exposed to 1 MHz
ultrasound at power densities up to 1.00 W/cm’,
no statistically significant effects on the fetus
could be demonstrated (181). These results sug-
gest that clinical applications of ultrasound diag-
nostic procedures in pregnant women at typical
power levels below mW/cm’should not pose an
unacceptable risk to the mother or fetus.

Video Display Terminals (VDTS)

Use of VDTS is rapidly expanding as a means
to display alphanumeric information in the work-
place. An estimated 5 million to 10 million VDTS
were in use in the United States by 1980 (249).
By 1990, it is projected that 25 million VDTS will
be in use (13). The principal applications for VDTS
are for data entry, data acquisition, interactive
communication, word processing, computer pro-
gramming, computer-assisted design, and com-
puter-assisted manufacture. The expanding use
of VDTS has created an area of special health con-
cern with respect to workplaces and occupations
that have been traditionally regarded as hazard-
free. The major issue of concern is the potential
for chronic worker exposure to radiation emitted
by VDTS and its possible health-related conse-
guences.

Most VDTS use cathode ray tubes, and in many
respects are similar to television receivers. Cath-
ode ray tubes emit visible radiation (light), but also
emit ultraviolet and infrared radiation, and radi-
ofrequency radiation in the 15 to 125 kHz fre-
guency range. Cathode ray tubes also produce in-
ternal X-rays, which are effectively fihered by the

tube face, thus preventing most emissions. Nu-
merous field surveys and laboratory studies by
industry, government, and independent groups
have concluded that the emission of all types of
radiation by VDTS is well within acceptable limits
of exposure (13,249). It should be noted, however,
that most VDT emissions are in the radiofre-
guency range below 300 kHz, where no enforce-
able emission standards have been established
and adverse health effects are not well under-
stood. A limit of 614 V/M or 100 mW/cm*for radi-
ofrequencies between 10 kHz and 3 MHz is be-
ing recommended by the American Conference
of Governmental Industrial Hygienists (5). This
level is about 10 times higher than the VDT emis-
sions in the 10 kHz-100 MHz range measured un-
der worst-case conditions in a study by the Cen-
ter for Devices Radiological Health (249). In the
same study, no X-ray emissions could be detected
from 91 VDT units operated under normal con-
ditions.

Reports of clusters of spontaneous abortions,
miscarriages, and birth defects among VDT oper-
ators have raised serious concerns over safety.
Although at least two of these clusters have been
investigated, no association has been confirmed
for VDT work and increased risk for adverse re-
productive outcome (249). The only documented
causal role of VDTS in inducing birth defects or
fetal death comes from the fact that VDTS emit
ionizing radiation, which has been implicated in
birth defects and increased fetal death rates. None
of the numerous studies on emissions from VDTS
(249) report levels of ionizing radiation that are
known to be associated with biological effects of
any kind. Since the primary emissions from WTS
are below 300 kHz, there is a possibility that low-
level nonionizing radiofrequency radiation may
be involved in some type of as-yet-unexplained
adverse effect on reproduction. Great care should
be taken in drawing any such inference, however,
since no clear evidence exists to support any such
association.

Information regarding the effects of low fre-
guency electromagnetic radiation on reproduc-
tion in females is conflicting. Early studies with
mice exposed continuously to 60 Hz electric fields
(3.5 kvV/m, 10 kV/m, and 15 kV/m) over several
generations indicated that mortality in the off-
spring may be higher in certain exposed groups
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Reports of reproduction system effects among users
of the many video display terminals (VDTS) now in use
in the Nation’s workplaces have raised questions about
the safety of prolonged VDT exposure. Comprehensive
studies of these effects are now in progress.

(223). A 1980 study reported no effects on fertil-
ity or development of offspring in mice exposed
to a 240 kV/m 60 Hz electric field for about 3
months (105). Similarly, in rats exposed for 30
days to a 100 kV/m, 60 Hz electric field, no effect
was seen on reproductive performance of the ex-
posed animals, nor were significant adverse ef-
fects noted in the offspring (33).

NIOSH has undertaken an extensive study that
is designed to help resolve the question of
whether VDT use affects reproduction. The 3-
year study will involve a cohort of 2,000 VDT-
exposed women and 2,000 nonexposed controls.
All women will be employed in nonmanagement
positions in a small geographic area. Reproduc-
tive, health, and work histories will be obtained
by self-administered questionnaires completed at
three 9-month intervals. Personal habits such as
alcohol, tobacco, and caffeine use will be taken
into account, NIOSH intends to perform a follow-

up study to evaluate future reproductive out-
comes. Specific studies of adverse reproductive
effects in men exposed to VDT emissions have not
been conducted by NIOSH, nor are any being
planned.

Another prospective study of 10,000 office
workers has been initiated by Mount Sinai School
of Medicine in cooperation with the Service Em-
ployees International Union and the 9 to 5 Asso-
ciation of Working Women. The study will be
comprised of male and female VDT worker volun-
teers who will be compared with a group of non-
VDT workers. Participants will complete exten-
sive health quesionnaires on a regular basis. Re-
sults will be analyzed after 2 years. Follow-up
studies are planned to determine whether chil-
dren of VDT workers suffer an increased inci-
dence of cancer (272). (A discussion of reproduc-
tive and other health effects of VDT emissions
appears in OTA’S upcoming report, Automation
and America Offices. )

Magnetic Fields

Magnetic fields are associated with power trans-
mission lines, electric machinery and appliances,
and the Earth’s natural electric field. Beyond the
near field region, an electric field is always asso-
ciated with a complementary magnetic field, and
vice versa.

The magnetic field strength directly beneath a
60 Hz alternating current (AC) power transmis-
sion line ranges from 0.3 to 0.6 G, dropping off
to about 0.01 to 0.1 G 200 feet from the right-of-
way center (82). By comparison, the Earth’s nat-
ural magnetic field strength is 0.6 G, and local-
ized 60 Hz magnetic fields around household ap-
pliances (e.g., color television sets, hair dryers)
may range from 1 to 25 G. It is generally assumed
that the biological effects of magnetic field are
attributable to induced body voltage, electric
fields, and currents,

Considerable interest has developed in recent
years in evaluating the biological activity of low-
level, low-frequency (50 to 60 Hz) magnetic fields.
Exposure to this type of electromagnetic radia-
tion commonly occurs in the vicinity of extremely
low-frequency (ELF) communications antennas,
which would result in significant population ex-
posures.
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Teratogenic effects in humans have not been
associated with exposure to magnetic fields. Sev-
eral studies in the United States, Sweden, Eng-
land, and Wales have reported correlations between
increased incidence of leukemia and possible ex-
posure to electric and magnetic fields near high-
voltage power lines. However, this association was
not substantiated by a 1980 study (115). Informa-
tion regarding effects of low-frequency electro-
magnetic radiation on reproduction in female
laboratory animals is conflicting (105,223,330). Al-
though these data do not permit a firm conclu-
sion, they suggest that occupational exposures to
magnetic fields may not constitute a hazard tore-
production.

Hyperbaric and Hypobaric
Environments

Air pressures in excess of those found at sea
level (14.7 pounds/square inch) are considered
hyperbaric, and air pressures below that found
at sea level are hypobaric. Workers exposed to
hyperbaric environments include those engaged
in caisson or tunneling operations, where com-
pressed gas is used to exclude water or mud and
to provide structural support during construction.
Such operations are associated with pressures
that can be more than four times that occurring
at sea level (363). Underwater diving can be asso-
ciated with considerable pressure, since each 10-
meter increase in sea-water depth is equivalent
to an increase of one atmosphere pressure. The
primary health effect caused by hyperbaric envi-
ronments is the tissue damage that results from
expansion or contraction of gas spaces found
within or adjacent to the body, such as around
the teeth, in the sinuses, and within the ear. This
type of effect is referred to as barotrauma. Other
secondary types of damage caused by hyperbaric
environments result from the narcotic action of
nitrogen at four atmospheres of pressure or
more, oxygen poisoning when its partial pressure
exceeds two atmospheres, and the severe effects
of rapid decompression.

Hypobaric environments can be of two types,
high-altitude and low-altitude. High altitude hypo-
baric environments occur when pilots and air
crews operate aircraft at altitudes in excess of
30,000 feet. In these situations, the greatest haz-

ard is caused by lack of oxygen (hypoxia). Hypoxia
also occurs at lower altitudes, as shown by the
syndrome of impaired judgment and performance
and general feeling of malaise associated with
acute mountain sickness (363).

Male. -Only limited data are available on the
influence of atmospheric pressure on male repro-
ductive function. one study has described the
semen characteristics of nine men exposed to high
altitude (14,000 feet) in Peru for 4 weeks (83).
A continuous decrease in sperm count was ob-
served throughout the experiment. In addition,
increased numbers of sperm abnormalities, de-
creased motility, and decreased testosterone levels
were associated with high altitude. The principal
causative factor for these changes may have been
reduced ambient oxygen levels.

From the limited data available, it appears that
male fertility can be suppressed by both hypo-
baric and hyperbaric environments (83). A 1968
review cited studies in which brief exposures to
high altitude were found to cause impaired sper-
matogenesis, destruction of germinal epitheliums,
and testicular atrophy in several species of ani-
mals. These changes are apparently reversible on
descent to sea level.

In a 1982 study, mice were exposed to high
pressure (50 ATA) at intervals throughout one
spermatogenic cycle and then mated with un-
treated females in order to evaluate effects on sex
drive and fertility (20). A significant effect on male
fertility resulted, as evidenced by reduced preg-
nancy rates in mated females. In addition, there
was a reduction in live litter size, although no in-
dication of teratogenic effects was obtained, The
precise mechanism for the action of high pres-
sure on male fertility could not be identified, espe-
cially in view of the fact that no gross morpho-
logical abnormalities were seen in the sperm,

Female. -Data concerning the effects of hyper-
baric environments on female reproduction are
limited to two case reports (40,357); there is thus
insufficient scientific evidence to determine
whether hyperbaric environments represent a
hazard to female reproduction.

Pregnancy.—Atmospheric conditions are
known to affect the outcome of pregnancy. Sev-
eral studies have documented that human birth
rates and birth weights are reduced in commu-
nities at high altitudes (75).
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There is little information available regarding
the effects of atmospheric pressure variations on
female reproduction. Several studies have been
conducted in pregnant dogs and sheep using con-
ditions designed to simulate underwater diving
and rapid decompression (258,340). In general,
it appears that in the late stages of fetal develop-
ment, the fetus appears to be less susceptible to
decompression sickness than the mother. These
studies do not provide an indication of the possi-
ble effects of hyperbaric exposures on the em-
bryo/fetus early in pregnancy.

Hot and Cold Environments

The relationship of body heat to the external
environment is a function of air temperature, air
velocity, moisture content of the air, and radiant
temperature. The hazards of working in a hot
environment result when an imbalance occurs be-
tween metabolic heat production and heat loss
from the body to the environment; i.e., heat loss
fails to keep pace with heat produced by the body.
A rise in body temperature is an indication that
the body is storing heat that it cannot dissipate.
As a result of the body’s inability to adequately
dissipate excess heat, four primary illnesses may
occur. In order of increasing severity they are re-
ferred to as heat rash, heat cramps, heat exhaus-
tion, and heat stroke. Heat stroke is a serious med-
ical condition that can be fatal if not treated
immediately. It is recommended (364) that work-
ers should not continue to perform tasks that
cause their body temperatures to exceed 380 C.

Maintenance of heat balance in a cold environ-
ment requires that the body restrict heat loss and
increase heat production. The primary mecha-
nism for limiting heat loss is constriction of the
blood vessels (vasoconstriction), particularly in the
extremities. This results in a drop in skin temper-
ature and consequently less heat loss to the envi-
ronment. Under severe conditions, the chilling of
the extremities is so great that tissue freezing oc-
curs, which results in frostbite. Work in a cold
environment of sufficient duration to result in ex-
haustion will make the individual more prone to
heat loss and the development of severe acute ef-
fects of general body hypothermia (364).

Experts have questioned whether women are
exposed to work environments that are suffi-
ciently hot to affect reproduction (75). Animal
studies indicate that maternal temperature must
be raised to at least 38.90 C before effects on the
fetus are observed. Teratogenic effects have
occurred in humans in conjunction with mater-
nal hyperthermia. Prolonged fever in the mother
during the first trimester of pregnancy appears
to be a major factor in producing severe central
nervous system dysfunction in offspring (70,110,
286). There is no documentation available con-
cerning the specific effects on reproductive func-
tion or pregnancy outcome in women exposed
to cold environments.

Although hyperthermia is well-known for its
antispermatogenic effects in humans, there are
no data available on the influence of cold envi-
ronments on reproductive function in men. Docu-
mentation on the suppression of spermatogene-
sis by heat is largely related to certain medical
disorders, such as cryptorchidism (undescended
testes) varicocele (enlarged veins in the scrotum),
and acute febrile illness (301). There are no case
reports or epidemiologic studies of reproductive
function in men working in hot environments.
One group of experts has concluded that the
occurrence of adverse reproductive effects in
men from exposure to hot environments is un-
likely under normal working conditions (75). Oc-
cupational exposure to direct heat, by contrast,
may be a leading cause of male infertility.

Application of heat to the scrotum has been
promoted as an effective, reversible means of
male birth control. In controlled studies with hu-
man volunteers, elevation of testicular tempera-
ture by 2,50 to 3.00 C for 30 minutes on several
alternate days led to depression in sperm count
beginning at 3 weeks after exposure and lasting
3 to 5 weeks (299,301). Sperm counts subse-
qguently recovered and in fact increased beyond
pre-exposure levels. It is important to note that
these transient decrements in sperm count are
unlikely to be associated with a decrease in male
fertility and should not be used as a contracep-
tive method.
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Noise and Vibration

Noise, generally identified as unwanted sound,
is probably the most prevalent of all occupational
hazards. Permanent, noise-induced hearing loss
has been recognized for several hundred years
(5). Noise is classified according to several criteria.
wide-band noise refers to sound that covers a
large portion of the available frequency spec-
trums, and is typified by the noise produced by
large machinery and jet engines. Narrow-band
noises are often associated with a definite pitch,
such as that produced by a circular saw or other
power-cutting tools. A noise of short duration (less
than a second) that rises rapidly to a peak and
then falls to below background levels is referred
to as impulsive or impact noise. The sounds of
a gunshot or a forging hammer are examples of
impulsive noise.

Vibration occurs in all segments of industry in
which power-driven tools, heavy machinery, and
mechanized equipment are utilized. When con-
sidering workplace exposure, vibration is usually
categorized as either segmental or whole-body
vibration. Whole-body vibration is mechanically
transmitted to the entire human body through
a supporting structure, such as a vehicle seat. Seg-
mental vibration affects localized parts of the
body, usually the hands and feet. Hand-operated
tools are a common source of segmental vibration.

The harmful effects of segmental vibration ap-
pear to be more severe than for whole-body vibra-
tion (364). Workers who use vibratory hand tools
for prolonged periods may develop Raynaud’s
phenomenon (“dead hand” or “vibratory white
fingers”). This condition is associated with numb-
ness and blanching of the fingers, and can result
in loss of muscular control and reduced sensitiv-
ity to vibration, pain, and temperature. Numer-
ous additional ailments can be associated with seg-
mental vibration, including changes in bone,
nerve degeneration, muscular weakness and atro-
phy, and Dupuytren’s disease, which causes per-
manent flexion of one or more fingers (364).

Male.—There is no evidence to indicate that oc-
cupational exposure to noise is harmful to male
reproductive function, nor is there conclusive evi-
dence of adverse effects of vibration on repro-
ductive function in men. one report found sperm
abnormalities and decreased fertility among pro-
fessional drivers, which may have resulted from
vibration (75). other factors, however, including
elevated intrascrotal temperature from prolonged
sitting, may also be implicated.

Female.—Evidence concerning the effects of
noise on reproductive function and pregnancy
outcome in humans is largely circumstantial and
conflicting. No information is available on the ef-
fects of occupational exposure to noise. Based on
the results of animal studies, it is presumed that
vibration may affect the human embryo. There
are no specific reports of adverse reproductive
effects in the human female resulting from
vibration.

Pregnancy.—The most consistently reported
reproductive effect of noise in animals is preg-
nancy-rate reduction (253). In addition, there is
evidence that embryolethality and fetolethality
are increased by noise exposure. Both positive and
negative findings with respect to teratogenesis
have been reported. Differences in noise level and
variations in spectral and temporal patterns of
exposure may all be expected to influence the bi-
ologic effect produced. Thus far, it has not been
possible to use the results from available animal
studies to predict whether similar effects may oc-
cur in humans.

There are insufficient data available from ani-
mal studies to critically evaluate the reproductive
effects of mechanical vibration. In a 1971 study,
pregnant mice were exposed at 4% and 7 days
gestation to whole-body vibration for 10 minutes
at 3 different frequencies (5 Hz, 10 Hz, 20 Hz) (24).
Mouse embryos were found to be quite resistant
to vibration, although in the 4% day embryos, the
incidence of abnormalities was increased in the
20 Hz group.
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EFFECTS OF STRESS ON REPRODUCTIVE FUNCTION

Stress, in the workplace as elsewhere, refers
to a type of individual response to an environ-
mental stimulus or condition. The principal
sources of stress in the work environment are
posture, work on industrial machines, physical
exertion, mental stress, environmental factors,
and characteristics of the worker (174,220).

Psychological Stress

It has long been suspected that psychological
stress may lead to infertility in both men and
women. This possibility seems clear from the evi-
dence in animals. The question of a relationship
between psychological variables and infertility is
complex, and the literature, although extensive,
is speculative, anecdotal, and contradictory, Few
studies meet adequate methodological standards.
Nevertheless, a consideration of the effects of
workplace stress on reproductive function must
address the question of psychogenic infertility.

Psychological stress can lower testosterone
levels (191) and may be associated with decreased
sperm counts (35,229). In women, stressful experi-
ences, such as those encountered in wartime, may
lead to amenorrhea (182). Clinical evidence of
such stress-induced psychological endocrine re-
actions among patients attending infertility clinics
is anecdotal. Hence, although a psychological
mechanism associated with infertility is possible,
there is little firm evidence of stress-induced in-
fertility, save for some cases of amenorrhea.
Knowledge of psychogenic endocrine reactions
is extremely limited (33).

Workplace psychological stress may play a role
in infertility by means of a behavioral mecha-
nism—through interference with the sexual rela-
tionship. In this context, the following sexual
problems have been cited: impotence, retarded
ejaculation, ejaculation prior to intromission, in-
frequent intercourse, and vaginismus (extreme
aversion to coitus accompanied by painful spasm
of the vagina) (94). Detection of behavioral prob-
lems induced by psychological stress depends on

a number of factors, including the comfort of the
clinician in asking, and the comfort of the patient
in answering, detailed questions about sexual be-
havior (54), and how extensive an assessment of
sexual function is made (33).

Further study may reveal that the reproductive
status of workers facing workplace-induced psy-
chological stress exhibits a distribution that mir-
rors that of the population at large. Adaptation
to psychological stress may not represent the de-
mands of a particular stress, such as job insecu-
rity or long working hours, but rather the mani-
festations of enduring personality constructs and
capabilities (60).

physiological Response to Stress

Stress, from whatever source, stimulates sev-
eral hormonal responses in both women and men.
Prominent among these responses are the secre-
tion of ACTH (adrenocorticotropin, a hormone
stimulating the adrenal glands) from the pituitary
gland, and neurotransmitters and steroid hor-
mones from the adrenal glands. These hormones
serve to adapt the body to stress ranging from
the mildly psychological to the intensely physi-
cal by affecting the cardiovascular, energy-pro-
ducing, and immune systems (17).

Plasma levels of the neurotransmitters epineph -
rine and norepinephrine are one measure of
stress-induced activation of the adrenal glands
and nervous system. Until recently, it was diffi-
cult to obtain a reliable measure of plasma epi-
nephrine and norepinephrine because of their ex-
tremely low concentrations in the blood. The
introduction of highly sensitive assays, however,
has made it possible to determine their concen-
trations during stressful situations in humans.

Physical exertion, cold, and heat stress, for ex-
ample, can cause marked elevations in these hor-
mones. Public speaking may result in a so per-
cent increase in plasma norepinephrine and a 100
percent increase in plasma epinephrine (17).
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Proper reproductive function is also heavily de-
pendent on the functional integrity of these three
major body systems. As the complex hormonal
and biochemical sequelae of workplace stress be-
come better known, it is likely that a more com-
plete understanding of the effects of workplace
stress on reproductive function will emerge. At
present, the documented effects of repeated or
prolonged stress on the cardiovascular, energy-
producing, and immune systems should be re-
garded as factors with the potential to compro-
mise reproductive function.

Physical and Psychological Stress
and the Pregnant Worker

The pregnant employee is able, in most cases,
to continue productive work until the onset of
labor at 40 weeks (168). It is important to note
that in a discussion of pregnancy and working,
generalizations are made only for normal, uncom-
plicated pregnancies. Complications of pregnancy
(e.g., vaginal bleeding, premature rupture of the
membranes) (29) may cause some women to mod-
ify certain aspects of their work at specific times
during their pregnancies.

Recent research offers reassurance that work-
ing during pregnancy is not in itself a risk factor
for adverse outcome. Pregnancy outcomes of
7,155 women who worked between 1 and 9
months of pregnancy were compared with out-
comes of 4,018 women who were not employed
during pregnancy (222). It is significant that no
differences were found between the group of
working pregnant women and the group of non-
working pregnant women in rates of premature
birth, Apgar score, perinatal death rate, birth
weight, use of special care nurseries, or preva-
lence of malformations. These findings indicate
that working to term in the absence of contra-
indications does not impose an added risk on
mother or infant. Remaining unanswered is the
guestion of whether any specific occupational
groups are at increased risk of adverse pregnancy
outcome by virtue of their continued employment
during pregnancy.

In a 1982 study comparing pregnant and non-
pregnant women and their partners, pregnant
women were more likely to report altered states;
e.g., “feeling ill” or “feeling overweight .“ Pregnant
women, however, reported the fewest impacts
of these states on their performance in the work-
place as compared with any of the other groups
(prospective fathers, and nonexpecting women
and men) (214).

Quantifying the relative risks posed by occupa-
tional stresses during pregnancy is particularly
difficult because of the absence of baseline data
for comparison. There has been no scientific
study, for example, comparing the pregnant
worker’s exertion (mental or physical) during paid
employment with that of full-time work in the
home. Thus the relative risk to the pregnant
worker from workplace stress versus stress in
a nonoccupational setting cannot be readily evalu-
ated. A job may entail strenuous activity, such as
lifting, which the anatomical changes of preg-
nancy may make difficult to perform, although
women who are accustomed to activities that may
be strenuous to others may be able to continue
their usual jobs virtually throughout their preg-
nancies.

The American Medical Association (7) has pub-
lished guidelines for various job tasks during
pregnancy. Table 4-4 shows the period of time
during which healthy employees with normal,
uncomplicated pregnancies should be able to per-
form specific tasks without undue difficulty or
risk to the pregnancy. All pregnant employees
need not stop these activities at the exact time of
gestation noted, but the guidelines may be used
to help evaluate individual cases. In addressing
the issue of the pregnant worker, the American
College of obstetricians and Gynecologists makes
the following recommendation:

The normal woman with an uncomplicated
pregnancy and a normal fetus in a job that pre-
sents no greater potential hazards than those en-
countered in normal daily life in the community
may continue to work without interruption un-
til the onset of labor and may resume working
several weeks after an uncomplicated delivery (6).
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Table 4-4.—Guidelines for Continuation of Various Job Tasks During Pregnancy

Week of Week of
Job task gestation Job task gestation
Secretarial and light clerical . . . ... ......... 40 Intermittent (less than 4 times per
Professional and managerial . . . . ... ........ 40 8-hourshift) . .. ....... ... ... ..... 28
Sitting with light tasks: Stairs:
Prolonged (more than 4 hours) . . . ... ... .. 40 Repetitive (4 or more times per
Intermittent . . . . ... ... . 40 8-hour shift) . . ....... ... ... .. . ... 28
Standing: Intermittent (less than 4 times per
Prolonged (more than 4 hours) . . . ... ... .. 24 8-hourshift) . ...................... 40
Intermittent: Lifting:
More than 30 minutes per hour. . . . . . . .. 32 Repetitive:
Less than 30 minutes per hour . . . . .. ... 40 Lessthan251b. . ..................... 40
Stooping and bending below knee level: 25t10501b . . ... ... 24
Repetitive (more than 10 times per hour) . . 20 Morethan 501 b . .. ................... 20
Intermittent: Intermittent:
2 t0 10 times per hour . . . ... ... ....... 28 Lessthan251b . ... ... ... ... ... ....... 40
Less than 2 times per hour . . . ... ... ... 40 25t0501b . ... ... 40
Climbing: Morethan 501 b ... ................... 30
Vertical ladders and poles:
Repetitive (4 or more times per
8-hourshift) . . ..................... 20

SOURCE American Medical Association Council on Scientific Affairs, “Effects of Pregnancy on Work Performance,” J. AM.A. (251):1995-1997, 1984.

EFFECTS OF WORKPLACE BIOLOGICAL AGENTS ON
REPRODUCTIVE FUNCTION

Occupations associated with a risk of an infec-
tious disease fall into two categories: 1) health care
occupations, with direct patient contact, labora-
tory exposure to infective material, or production
of biological materials, and 2) nonhealth care oc-
cupations, primarily those involving contact with
animals or animal products, refuse collection,
groundbreaking or earthmoving, individuals in
nonmedical settings (e.g., social workers), or travel
into areas of endemic disease. Most of the avail-
able information about workplace biological haz-
ards to reproductive function concerns workers
in the first category.

Among health care workers, the hazards of
hospital-acquired, or nosocomia , infectious dis-
eases have long been recognize . Less attention
has been given-to such problems among those in
outpatient settings; e.g., dentists’ and doctors’
offices, kidney dialysis centers, laboratories
where there is contact with blood, nursing homes,
institutions for the retarded, and prisons (118).

Health care personnel are frequently exposed
to infectious agents that can cause intrauterine

infections, produce teratogenic effects in their off-
spring, be passed to and infect their offspring,
or act as abortifacients. These agents include the
viruses rubella, cytomegalovirus, and hepatitis B.
Some infectious agents may also infect and im-
pair male reproductive function (e.g., mumps, or-
chitis).

Rubella

Rubella, or German measles, is a virus that
threatens health care workers and certain non-
health care workers, such as school teachers and
day-care workers, who are likely to have contact
with children infected with the disease. The ma-
jor hazard of rubella is infection in pregnant
women, with the possibility of congenital rubella
syndrome developing in their offspring. Trans-
placental infection of the fetus in the first trimes-
ter produces developmental abnormalities of the
heart, eyes, brain, bone, and ears, often without
interrupting the pregnancy. Congenital rubella is
also associated with developmental abnormalities
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of the male reproductive system (291). Intrauter-
ine infection may also result in miscarriages and
stillbirths.

The widespread use of rubella vaccine has
greatly reduced the incidence of the disease in
the United States. In 1984, 959 cases of rubella
and 4 cases of congenital rubella syndrome were
reported in the United States (243). Thirteen
States and the District of Columbia reported no
rubella cases, and 284 of 3,137 U.S. counties (91
percent) were free of rubella in 1983 (241).
Whether occupational exposure to the produc-
tion or formulation of rubella vaccine has pro-
duced congenital infections is not known.

Depending on the severity of the illness, the
costs of caring for an infant with congenital
rubella can be substantial. Such costs can include
hospitalization for treatment and repair of con-
genital heart lesions and cataracts, special educa-
tional services, and institutionalization for the
most severely affected children (275). The exis-
tence of even a limited number of cases of con-
genital rubella syndrome is thus of significant eco-
nomic consequence. The average lifetime cost for
a child with congenital rubella syndrome is esti-
mated to be $221,660 in 1982 dollars (185).

Therapeutic abortion may be a consequence of
rubella infection of pregnant women. Limited in-
formation suggests that rubella-associated abor-
tions are considerably more common than cases
of congenital rubella syndrome. In an outbreak
of rubella in Hawaii in 1977, 11 of 12 women who
had rubella elected to undergo abortion (224,322).

Rubella vaccine is the most effective means of
preventing the disease. It is well tolerated in the
work setting and results in minimal absenteeism
(118). The authors of a 1984 study (275) declare
that the opportunity is at hand to eliminate rubella
from the United States by ensuring that suscep-
tible females of childbearing age are vaccinated
and by requiring proof of rubella immunity for
all children enrolled in schools.

Cytomegalovirus

Cytomegalovirus, a member of the family of
herpes viruses, is generally of minor consequence
in normal populations, and infection may be

asymptomatic. It can have a major impact, how-
ever, if contracted during pregnancy. For this rea-
son, the risk of acquiring cytomegalovirus is of
serious concern to many female health care work-
ers. Intrauterine infection with transmission to
the fetus is one of the most serious consequences
of cytomegalovirus infection in women. Offspring
of infected mothers may have an enlarged liver,
an enlarged spleen, microcephaly (abnormally
small head), microphthalmia (abnormally small
eyes), and mental or motor retardation.

Infants who are infected with cytomegalovirus
shed large quantities of virus into their urine and
saliva. Because these infants commonly have no
symptoms attributable to cytomegalovirus, the vi-
ral infection is likely to go undetected. Nursery
and pediatric health care personnel and teachers
in day-care centers are frequently exposed to the
secretions of infected newborns and older infants.
Yet evidence indicates that this occupational con-
tact confers no greater risk than that faced by
young women in the community at large. Thus,
although female health care workers frequently
and unknowingly care for infants shedding cy -
tomegalovirus, and exhibit a high degree of con-
cern about this exposure, their incidence of pri-
mary infection is not higher than that of other
young women (87). Data from experimental ani-
mals suggest that the ovary or testis may serve
as a reservoir for cytomegalovirus (43,86).

Hepatitis B

Hepatitis B is the most dangerous form of hepa-
titis, a debilitating liver disease characterized by
fever, weakness, loss of appetite, headache, and
muscle pain. There are nearly 1 million hepatitis
B virus carriers in the United States today, and
the cost of hepatitis B infection in this country
is estimated to be $1 million per day. Up to 1 per-
cent of those infected with hepatitis B may die
of the disease, and 5 to 10 percent of infected per-
sons become chronic carriers of the virus who
can remain infectious indefinitely (128). Once in-
fection with hepatitis B occurs, there is ho known
treatment.

Contact with infected blood or saliva is the es-
sential factor in occupational acquisition of hepa-
titis B virus. The groups at highest risk for acquir-
ing hepatitis B virus are medical technicians,
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operating room staff, phlebotomists, physicians
(especially surgeons and pathologists), nurses (par-
ticularly intravenous-therapy nurses, and nurses
in oncology and dialysis units), dentists and oral
surgeons, laboratory and blood-bank technicians,
and emergency-room staff. Morticians and their
assistants who have routine contact with blood
and secretions are also at high risk of hepatitis
B infection (242).

Workers may acquire hepatitis B virus via ac-
cidental needle punctures, touching the mucous
membranes of the nose, rubbing the eyes, and
from human bites that penetrate the skin (238).
Those routes serve to infect workers of both
sexes; there are added consequences if pregnancy
ensues.

Transmission from mother to infant during or
following birth is an efficient mode of hepatitis
B virus transmission; between 10 and 50 percent
of infants born to mothers infected with the dis-
ease may also become infected (62)308). The risk
of postnatal infections can be diminished with the
use of hepatitis B immunoglobulin (80,248,308).
Although infection is rarely symptomatic in the
acute phase, approximately 90 percent of infected
infants will become chronic hepatitis B carriers.
This presents a double-barreled public health
problem: 1) female carriers may subsequently
perpetuate the cycle of perinatal transmission,
and 2) chronic hepatitis B infection is associated
with hepatocellular carcinoma, a form of liver
cancer (136).

Other Infectious Agents

Several other infectious agents to which health
care personnel may be exposed in the workplace,
either in the form of infected patients or contami-
nated body fluids, may have untoward conse-
guences for pregnant workers, or workers who
later become pregnant (389). The principal infec-
tious agents in this group are:

« Herpes simplex virus! which may produce
microcephaly (abnormally small head), micro-
phthalmia (abnormally small eyes), and retinal
defects in the offspring of infected women.
Typical herpes lesions have been noted in
newborns of infected mothers, and the virus
has been isolated from the placenta. These

effects are due to exposure of the neonate
to active genital lesions at the time of deliv-
ery. Herpes simplex viral infection has re-
cently come under suspicion as a cause of
previously unexplained spontaneous abor-
tions (129).

* Congenital syphilis, a bacterial infection,
which causes numerous abnormalities in the
skin, mucous membranes, skeleton, nervous
system, and eyes in infants born to infected
women.

+ Toxoplasmosis, caused by a protozoan
organism, which can cause macro- or micro-
cephaly, microphthalmia, and mental defi-
ciency in babies born to infected mothers.

+ Varicella, or chicken pox, caused by the her-
pes varicella-zoster virus, which can produce
skin scars, limb deformities, microphthalmia,
cataracts, and mental deficiency in infants ex-
posed in utero during pregnancy.

It is important to note that problem pregnan-
cies caused by infectious agents are relatively
rare. The overwhelming majority of women with
herpes simplex or herpes zoster infection during
pregnancy, for example, give birth to normal
babies.

Recombinant DNA

The rapid expansion of the field of biotechnol-
ogy (360) will increase potential exposures of
skilled and unskilled workers to: 1) micro-orga-
nisms containing recombinant deoxyribonucleic
acid (DNA), and 2) their products. Micro-orga-
nisms have for centuries been employed for
leavening bread, fermenting beer and wine, and
ripening cheese. These traditional applications de-
pend on naturally occurring mutations to provide
microbial strains with particularly useful prop-
erties. Modern biotechnology, however, takes ad-
vantage of recent advances in molecular genetics
and cell biology to expand the use of microorgan-
isms. Genetic manipulation of molecules of DNA
to form new, recombinant DNA permits the de-
velopment of novel microorganisms (196).

Under present working conditions, the threat,
if any, to reproductive function of occupational
exposure to genetically altered microorganisms
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appears to be slight. Many micro-organisms cur-
rently used in biotechnology are “attenuated, ” or
debilitated, through genetic manipulation, so that
their ability to reproduce outside of carefully con-
trolled culture conditions is severely curtailed.
None of the organisms in use today have been
shown to cause either infection or disease in
workers using the techniques of biotechnology
(196).

Any reproductive hazards of occupational expo-
sure to the biologically active products of recom-
binant microorganisms are not a consequence of
recombinant DNA techniques per se. Product haz-
ards in biotechnology are not likely to differ
gualitatively from those encountered in other sec-
tors of the pharmaceutical and chemical indus-
tries. The fact that the molecules encountered in
biotechnology are the products of engineered
microorganisms, rather than naturally occurring
ones, or of synthetic catalysis, will not alter their
reactivity or toxicity. For example, the synthetic

manufacturing and packaging of estrogenic hor-
mones has produced excessive breast develop-
ment, or gynecomastia, in male workers (140). Use
of engineered micro-organisms to manufacture
these hormones is likely to result in a hazard of
similar nature. Exposure to biologically active
products constitutes a class of potential hazards
throughout the chemical and pharmaceutical in-
dustries, and biotechnology applications are not
likely to be exempt from such hazards (196).

To the extent that biotechnology uses highly
specific techniques to produce particular chemi-
cals, it will decrease the number of currently
encountered mixtures of chemicals—sometimes
contaminated with toxic compounds—that are
common in conventional chemical synthesis. It is
noteworthy, too, that recombinant DNA technol-
ogies, operating at moderate temperature and
pressure, have fewer inherent physical hazards
than traditional chemical syntheses (360).

SUMMARY AND CONCLUSIONS

Two elements are required to constitute a
workplace hazard to reproductive health. First,
a worker (and perhaps a developing embryo/fe-
tus) must be exposed to a chemical, physical, or
biological agent. Second, the agent must be toxic
to reproductive function or embryonic/fetal de-
velopment.

Identifying exposed workers, evaluating their
level of exposure, and determining their degree
of reproductive impairment—if any-continues to
be difficult. Studies of experimental animals of-
fer valuable indicators of potential workplace re-
productive hazards, but the extrapolability of ani-
mal studies to humans is variable.

Although present knowledge is incomplete, con-
cern about workplace chemical hazards to repro-
ductive function has focused on metals (lead, mer-
cury, cadmium, arsenic, antimony, boron, and
manganese), agricultural chemicals (carbaryl,
DBCP, DDT, chlordecone, 2,4)5-T, dioxin, 2,4-D,
PBB, and PCB), organic solvents, anesthetic agents,
epichlorohydrin, EDB, EtO, formaldehyde, rub-
ber (1,3 -butadiene, chloroprene, and ethylene

thiourea), vinyl halides, hormones, and other
undefined industrial exposures, Review of these
compounds reveal that there is indeed cause for
concern about reproductive hazards resulting
from occupational exposures.

Present knowledge is also incomplete for phys-
ical factors of potential concern, including non-
ionizing electromagnetic radiation, atmospheric
or ambient pressure (hypobaric and hyperbaric
environments), heat, cold, noise, vibration, and
stress. Although there is extensive evidence avail-
able for the harmful effects of ionizing radiation,
the effects of occupational exposure have not
been well researched.

Workplace stress refers to: 1) an environmental
condition, 2) a worker’s response to that condi-
tion, or 3) a relationship between the environ-
mental demands and a worker’s ability to meet
those demands, The elements of occupational
stress are posture, work on industrial machines,
physical exertion, mental stress, environmental
factors, and characteristics of the worker. Aside
from imposing physical stressors, workplace
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activities may lead to psychological stress. Both
physical and psychological stress are thought to
be sources of worker infertility, although direct
evidence of this phenomenon has proven elusive.

Biological agents—agents of infectious disease—
are a potential reproductive hazard to those in
health care occupations, either through direct pa-
tient contact, through laboratory exposure to in-
fective material, or through exposure to materi-
als on infected individuals. Exposure to the viruses
rubella, cytomegalovirus, and hepatitis B is of con-
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cern, as is exposure to such infectious agents as
herpes simplex virus, congenital syphilis, toxoplas-
mosis, and varicella through contact with either
infected patients or contaminated body fluids.

Most available data only suggest that certain oc-
cupations or occupational exposures are associ-
ated with adverse effects on male or female re-
production, or fetal development. In some cases
it is possible to identify the site and mechanism
of reproductive toxicity. In most instances, how-
ever, the gaps in information are enormous.
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LIST OF CHEMICAL NAMES

Lead

Also known as, or contained in: lead azides, lead salts,
lead tetraethyl, lead tetramethyl, metallic lead, TEL,
tetraethylplumbane, TML, and tetramethylplumbane.
Boron

Also known as boric acid, orthoboric acid.
Manganese

Compounds include manganese acetate, borate, bro-
mide, carbonate, carbonyl, chloride, difluoride, di-
oxide, hypophosphite, iodide, nitrate, oleate, oxalate,
oxide, phosphate (dibasic), pyrophosphate, selenide,
sesquioxide, silicate, sulphate, sulphide, trifluoride.
Mercury

Also known as hydrargyrum, liquid silver, quicksilver;
compounds include mercuric acetate, arsenate, bro-
mide, chloride, chloride (ammoniated), cyanide,
bichromate, fluoride, iodate, iodide, nitrate, oxide
(red), oxycycanide, subsulphate, sulpate, sulpide, (red),
thiocyanate; mercurous acetate, bromide, chlorate,
chloride, fluoride, iodide, nitrate, sulphate.
Cadmium

Compounds include cadmium acetate, carbonate, chlo-
ride, fluoroborate, fluoride, molybdate, nitrate, oxide,
sulphate, sulphide.

Arsenic

Also known as arsen, arsenic black, gray arsenic, me-
tallic arsenic; compounds include arsanilic acid; arsenic
pentoxide, sulphide, trioxide; arsine; calcium arsen-
ate; dimethylarsinic acid; lead arsenate; methanear-
sonic acid (disodium and monosodium salt); potassium
arsenate; potassium arsenite; sodium arsenate, arsen-
ite, cacodylate.

Carbaryl

Also knonw as, or contained in I-naphthyl-N-methyl
carbamate, I-naphthyl methyl carbamate, nitrosocar-
baryl, and Sevin,

Dibromochloropropane

Also known as, or contained in 1,2-dibromo-3-chloro-
propane, 3-chloro-l)2dibromopropane, Fumazone,
Nemazon, and Nemaset.

Kepone (Chlordecone)

Also known as, or contained in Acarin, Kelthane, and
Mitigan.

Polybrominated Biphenyls (PBB)

Also known as, or contained in decabromobiphenyl,
decabromodiphenyl, hexabromobiphenyl, hexabromo-
diphenyl, octobromobiphenyl, octabromodiphenyl,
and perbromobiphenyl.

Polychlorinated Biphenyls (PCB)

Also known as or contained in askarels, Aroclor, Chlo-
phen, Chlorextol, chlorinated biphenyl, chlorinated
diphenyl, chloro-biphenyl, Dykanol, Fenclor, Inerteen,
Kanechlo, Noflamol, Phenoclor, polychlorinated bi-
phenyl, polychlorobiphenyl, Pyralene, Pyranol, and
Santotherm.

Epichlorohydrin

Also known as, or contained in I+hloro-2,3~poxypro-
pane, 3-chloro-l,2+poxypropane, 3-chloro-1,2-propylene
oxide, (chloromethyl) ethylene oxide, (chloromethyl)
oxirane, 2~hloromethyl oxyrane, 3+hloropropene-I,2-
oxide, chloropropylene oxide, g-chloropropylene ox-
ide, ECH, ECHH, a%pichlorohydrin, I,2-epoxy-3+hloro-
propane, 2,3-epoxypropyl chloride, glycerol epichloro-
hydrin, glycidyl chloride, and SKEKhG.

Ethylene Dibromide

Also known as, or contained in Aadibroom, Bromo-
fume, Celmide, dibromoethane, 1,2-dibromoethane,

symdibromoehtane, Dowfume EDB, Dowfume MC-2,
Dowfune W-8, Dowfune W-85, Dowfune 40, E-D-BEE,

EDB-85, ENT 15, 349, ethylene bromide, Fumo Gas,

glycol dibromide, Iscobrome D, Kopfume, Nefis, Pest -
master, Postmaster EDB-85, Sanhyuum, Soilbrum-40,

Soilbrum-85, Soilfume, and Unifume.

Ethylene oxide

Also known as, or contained in Anprolene, Benvicide,
Carboxide, Cry-oxide, dihydrooxirene, dimethylene

oxide, epoxyethane, |-2+poxyethane; EO, ETO, oxacy -

clopropane, Oxane, oxidoethane, a, B-oxidoethane,

Oxiran, Oxirane, Oxyfume, Oxyfume 12, Oxyfume

sterilant-20, Pennoxide, Steroxide-12, Steroxide-20, and

T-gas,

Formaldehyde

Also known as, or contained in BFV, Fannoform, Form-
alin, Formalith, formic aldehyde, Formol, ode, HCHO,

Ivalon, Karsan, Lysoform, Methanal, methyl aldehyde,

methylene oxide, Morbicid, oxomethane, oxymethy -
lene, Paraform, and Superlysoform.

Vinyl Chloride

Also known as, or contained in chlorethene, chlorethy -

lene, chloroethene, chloroethylene, ethylene mono-

chloride, monochloroethene, monochloroethylene,

Tridene, Trovidur, VC, vinyl C monomer, and VCM.

Carbon tetrachloride

Also known as tetrachloromethan~, Carbona, carbon

chloride, carbon tet, methane tetrachloride, perchloro-
methane, tetrachlorocarbon.

Styrene

Also known as ethenylbenzene, Cinnamene, phenethy -

lene, phenylethene, phenylethylene, styrol, styrole,

styrolene, vinylbenzene, vinylbenzol.

Xylene

Also known as dimethylbenzene, xylol.

Toluene

Also known as methylbenzene, toluol, methyl

benzene.

Benzene

Also known as benzin, benzine, benzol, benzole, ben-
zolene, bicarburet of hydrogen, carbon oil, coal naph-
tha, cyclohexatriene, motor benzol, phene, phenyl hy-
dride, mineral hnaphtha, pyrobenzol, pyrobenzole.



Chapter 5
Technologies for Assessing
Human Reproductive Function



CONTENTS

Page

INtrodUCtiON . . . . . . 129
Tests of Male Reproductive Health . . . ... ... ... ... .. ... .. ... ... ... .. 131
The Fertility Evaluation . . . . . . ... ... ... ... ... ... . Fr + 0,131
Semen Quality . . .. ... 135
Sperm Function . . . . . . . . .. e 138
Tests of Female Reproductive Health. . . . ... ... .. ... .. ... . . .. ... ... ... 140
Personal History . . . . .. . . . Ve e 141
Physical Examination . . . . . .. .. ... ... . . e 141
Ovarian Function. . . .. ... . . ~ 141
Cervical MUCUS . . . . . 145
Endometrial Cells . . . . ... . 145
Tubal Patency/Uterine Structure . . . . ... ... . . i 146
Implantation/Establishment of Pregnancy . P 5]
Embryonic Differentiation and Fetal Development e 146
DellveryandLactatlon................................ P 1510]
CONCIUSION . . . o 151
Technical NOTES . . . . ... 152
Chapter 5 References. . . . . . .. e e 155

Table No. Page
S5-I Patient History . . . . .. o 132
5-2. Circumstances for Which Amniocentesis is Recommended - ...........