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Perhaps 7 percent of all births in the United States are defective,?!
and an unknown but high number of pregnancies end in spontaneous
abortion or stillbirth. In the vast majority of these cases—perhaps up to
70 percent>—the cause is not known. Hundreds of agents capable of
producing such effects have been identified,? including many found in
the workplace, but their actual impact on human reproduction has not
been quantified.

Armed with the general knowledge that fetotoxic agents exist in the
workplace, some employers now exclude all fertile women from jobs or
industries where there is a possibility of exposure. Other employers, as
well as regulatory agencies and public interest groups, have not yet
established policy but are actively exploring the issue.

This paper discusses the scientific evidence implicating various
agents encountered in the workplace as fetotoxins, and examines the
adequacy of excluding fertile women alone as a means of eliminating
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the adverse impact of exposure. The case of inorganic lead serves to
illustrate the points made.

Kinds of Reproductive Dysfunction

Stillbirth, spontaneous abortion, and birth defects are three widely
used measures of reproductive failure. These can be easily observed
through appropriate studies. Other adverse effects, such as deviations
from normal fertility and developmental defects in offspring that do not
manifest for many years, are much more difficult to detect. All such
outcomes must be considered when appraising the effects of working
conditions on reproduction, however, and many may result from the
exposure of toxic agents of either the female or the male.

Organ Dysfunction

Organ dysfunction, such as anovulation, implantation defects in the
uterus, or the production of insufficient or defective sperm, may lead to
infertility. Disturbances in menstrual cycle have been noted among
several classes of female employees, such as women involved in the
manufacture of diethylstilbesterol* and airline flight personnel. Di-
bromochloropropane is one well-known male sterilant,® and many
others have been identified.”

Unfortunately few quantitative data exist on the impact of industrial
exposures on infertility. The dearth of information is not limited to
toxicological aspects but extends to the basic mechanisms of infertility.
In one report of 425 infertile males examined at a fertility clinic, a
diagnosis of idiopathic causation was made for 25 percent—no etiologic
agents could be identified.®

A major unanswered question is the effect of subfertility on repro-
ductive outcome. We do not know whether the female or male who
suffers sexual dysfunction but who is still capable of participating in
the production of a viable fetus is more likely than others to produce a
defective offspring.

There is some evidence that in males a selection among gametes for
spermatogenesis occurs. As Manson and Simon note, mice have been
found to have a high incidence of polyploid spermatogonia, an abnor-
mality in the parent cell of primary spermatocytes. However, poly-
ploidy among the spermatocytes themselves is rarely observed. Thus one
can hypothesize that defective gametes or parent cells are selected
against in the spermatogenesis process.

Defective sperm are present in the ejaculate of all species, and there
is extensive evidence, both human and experimental, that sperm mor-
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phology can be affected by toxic exposure.® Unfortunately, the effec-
tiveness of such abnormal sperm in fertilization is still not clear.
Further, even if fertilization were to occur, the extent to which such
defective fertilized ova could successfully implant and develop is also
open to question.

Current evidence does not justify the assumption that natural selec-
tion processes preserve the human species from defective births arising
from paternal origins. Studies demonstrate that mice do transmit chem-
ically induced elevations in sperm abnormalities, and do so at the rate
determined by Mendelian rules.® Manson and Simons discuss this
more fully. Definitive epidemiological data on male factors and repro-
ductive outcomes are not readily available, although suggestive pre-
liminary work has been done on the effects of nonionizing radiation
and some halocarbons.1!

As with males, the impact of female subfertility induced by en-
vironmental agents on defective births is not known. Most studies have
concerned the effects of exposure to toxic agents during gestation itself.
Several other factors, like maternal age, have also been relatively
widely explored. Maternal age, for example, is associated with an
increased risk for Down’s syndrome,? although whether this is due to
normal aging or to environmental factors is not known. Animal exper-
iments have found that organo-chlorine compounds can stimulate
uterine growth and interfere with conception. It has been hypothesized
that DDT exposures can cause resorption of an implanted conceptus
because of DDT’s estrogen-inducing properties.!® The high miscarriage
rate among operating room personnel exposed to trichloroethylene
may be due to a similar mechanism.

Thus both sexes are subject to the effects of mutagenic agents and
antifertility agents, and both sexes can become sexually dysfunctional.
There is no convincing evidence to indicate that both sexes cannot
transmit acquired defects to their offspring.

Gestational Exposures

Even during gestation, it is apparently not the female alone who is
at risk from toxic chemicals. There is evidence that toxic agents, such
as the mutagen alpha-chlorohydrin and many others, can penetrate the
blood-testis barrier and enter the testicular fluid.1* Congenital defects,
low birth weight, and poor survival in the offspring of male rabbits
exposed to thalidomide have also been observed.!s

Vulnerability to toxic agents during the latter periods of gestation
can be assumed to be limited to the pregnant female, although she may
be inadvertantly exposed through contamination of the home by the
spouse. The particular effects of industrial agents that act as gestational
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toxicants depend, usually, on the dose and also on the time at which
the exposure occurs. It is not correct to assume that an agent will
interact with the conceptus uniformly throughout the pregnancy. Gen-
erally, the fetus is most vulnerable during the first trimester when its
organs and bodily structures are being formed. Also, it is incorrect to
extrapolate levels of toxicant observed at one phase of pregnancy to
other phases. Exposure levels during the first trimester need not corre-
late at all with levels observed in umbilical cord tissue, for example.
This will be discussed more fully when some of the literature of the
reproductive effects of lead is reviewed.

Postpartum Exposures

Birth has been termed more a landmark than an endpoint in the
functional development process. The neonate, a wholly dependent and
still developing human, can also be negatively affected by a variety of
toxic agents via direct contact or through breast milk. It has even been
hypothesized that the neonate may be more vulnerable than the fetus to
some agents since it no longer enjoys the protection afforded by the
uterine environment.1¢ And, unfortunately, studies have documented
contamination of the home environment with agents found in the
industrial setting.!”

The Example of Inorganic Lead

Research on the effects of inorganic lead on reproduction provides
illustrations of organ dysfunction, fetotoxicity, and postpartum toxic-
ity. The following is not a complete review of the reproductive effects
of inorganic lead, but rather a few examples of the various kinds of
effects that toxic agents can induce. Inorganic lead is well researched
in comparison with thousands of other agents in common use in the
workplace, but even so, some of its possible effects and the mechanism
by which it produces some of its known effects are still uncertain.

Organ Dysfunction

There is human and experimental evidence that both the male and
female systems are adversely affected by lead but the data are inconclu-
sive about its actual teratogenicity, i.e., its ability to cause structural
birth defects. Several investigators have demonstrated that lead acetate
fed to rats and mice can result in reproductive dysfunction, including
abnormal spermatozoa with ultrastructural changes and hyperplasia of
the prostate in the male and irregularity of the estrus cycle, fewer
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pregnancies, and an increased rate of embryo death after implanta-
tion in the female.18

In humans, Lancranjan et al.!® have shown that men with lead
poisoning, as well as with “moderate’” and ‘‘slight”’ lead absorption,
experience a decrease in fertility owing to disturbed spermatogenesis
and teratospermia. The men also suffer disturbances in normal erec-
tion, ejaculation, and libido. Human and animal evidence regarding
chromosomal aberrations induced by inorganic lead exposure is also
available.20

Despite the evidence for chromosomal effects and teratospermia,
the role of lead exposure in the production of birth defects in humans is
not clear at all. In its review of the biological effects of lead, the
National Academy of Sciences concluded that no adequate evidence is
available which demonstrates this effect.2? The reproductive effect of
lead in animals appears to be decreasing fertility and increased embryo
and fetal loss more than teratogenicity.22 This appears to be true in
humans as well, although definitive data are still not available and
teratogenesis cannot be ruled out.

Maternal-Fetal Transfers

Toxicological literature on lead provides us with data on its transfer
from parent to the conceptus. It has already been noted that unwar-
ranted generalizations about the relationship between maternal expo-
sure levels and fetal exposure levels are often made. Inorganic lead is
no exception.

Several studies of lead levels found in human umbilical cord blood
and its relationship to maternal blood levels are available,?? as are
experimental investigations of placental transfer of inorganic lead.?* It
is clear that exposure of the mother to inorganic lead does result in
exposure of the embryo and the fetus. However, the dynamics of the
transfer are not clear. For example, Baltrop by examining fetal tissues,
did not find evidence of transfer of lead in humans until the twelfth
week of gestation,?s and McClain and Becker showed that although
significant quantities of lead are transferred to the rat fetus, the
placenta appears to greatly limit the passage of lead because of large
maternal-fetal gradients.26

These findings are similar to those observed for cadmium in rats.2”
Cadmium crosses the placenta at all gestational ages, but the dose
absorbed by the fetus increases with increasing gestational age rather
than as a function of dose. With cadmium a large maternal-fetal con-
centration gradient also exists. No available data, either experimental
or human, provide us with insight into the quantitative relationship
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between the levels of lead and cadmium observed in the mother and
those observed in the conceptus or offspring. The two blood levels are
correlated but not predictive.

It is quite possible that lead may enter the early uterine environment
via the semen, since the observation of polonium-210 in semen samples
demonstrates indirectly the existence there of lead. (Polonium-210 is
the radioactive decay product of lead-210, a radioisotope of lead.28)
However, actual transfer of lead from the semen to the uterine envi-
ronment has not been investigated or demonstrated.

Postpartum Effects

There is no need to discuss the adverse effects of lead on animal and
human neonates since these have been extensively discussed
elsewhere. It should be noted, however, several studies have demon-
strated that lead workers have inadvertantly exposed their families to
this agent.

Conclusion

This discussion has demonstrated that programs directed toward
ameliorating risk to reproduction cannot be limited to females alone. At
many stages of reproduction, both sexes appear to be at risk. It is
possible that a given substance may affect only the female during
gestation, but in order to establish this, one would have to rule out all
chromosomal, spermatogenic, and other effects noted here. In addition,
one would also have to demonstrate that the agent in question pre-
sented no general health hazard to the nonreproducing female or to the
male.
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Discussion

Marcus B. Bond: The lead case study is a timely one and it brings
out some of the problems. We don’t know that much about the effects of
lead in spite of the fact that it has been around since Hippocrates or
maybe even before. I am unsure myself whether I should let a female
employee who is capable of becoming pregnant be exposed to en-
vironmental levels above the action level of 30 micrograms per cubic
meter even if her blood level is below 40 micrograms per 100 grams of
blood.

Robert N. Clyne: We know from Needleman’s work in Boston, from
Chisholm’s work at Hopkins, and others’ as well, that the fetus is very
susceptible to lead. The Public Health Service has said that any blood
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level in a mother of higher than 30 micrograms poses a risk to the
unborn child which may be manifest anywhere from two to five years
following birth as a loss of cognitive powers and mentation. Mean-
while, OSHA’s newly promulgated standards say it is okay for the first
year to have 80 micrograms per 100 milliliters of blood, for the second
year to have 70, and so on, until we get to 40 micrograms some five
years hence. But that still doesn’t protect the fetus. [See box.] As
representatives of companies that use lead day in and day out, we must
address ourselves to this problem. The only way we can do it is the way
we have done it in Cyanamid.

I can assure you it has created more than just a slight murmur—an
uproar would be closer to the truth. We concluded that we could not
guarantee that the woman would have blood lead levels of less than 30
micrograms and so we had to exclude her—not because of any effect on
her as an individual, but because of potential effects on the fetus. We
worry about “loading of lead.”” Bob Kehoe, who has probably done as
much work on lead as anybody, has made the statement that it takes
twice as long to excrete a dose of lead as it took to accumulate it. There
is a real possibility that a woman who works for two to three years in a
high-lead atmosphere or a moderate-lead atmosphere and then decides
to have a child some two or three years later after she has left the
company may develop a malformed fetus or may abort as a result of the
earlier exposure.

Richard H. Egdahl: If Cyanamid were to fix up the plant so that you
would fall clearly below the level that would be dangerous to a fetus,
do you have hard data as to what it would cost and what effect it would
have on the price of the product?

Clyne: I don’t have hard data. We looked at one plant in Willow
Island that employs about 85 people, of whom 6 or 7 were fertile
females. If we spent $385,000 on that one plant we wouldn’t come close
to 200 micrograms per cubic meter. A competitor of ours has just built a
new plant within the last two years with all the existing technology and
no holds barred as far as protective mechanisms are concerned, and
they can’t meet 200, much less 50, which is the OSHA standard.

Egdahl: You are saying it is virtually impossible economically.

Clyne: That’s right: economically and technologically. The use of
respiratory protective equipment might modify that statement some-
what.

Bond: There is another problem with lead. Although OSHA has
said that the standard is 50 micrograms, we don’t know that that is a
safe level. The data on lead is human data from the turn of the century.
The animal tests on lead have not indicated a safe level and theoreti-
cally the only safe level is zero. And you can’t operate a plant at zero.

Jeanne M. Stellman: I find myself in an interesting position here. It
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WHITHER THE LEAD STANDARD

1933 U.S. Public Health Service recommended 150 micrograms
per cubic meter of air (ug/m3) as a goal for industry in the
1940s.*

1957 American Conference of Govermental Industrial Hygienists
increased this recommendation to 200 ug/m?3.

1971 American Conference of Governmental Industrial Hygienists
lowered this recommendation back to 150 pg/m?3.

1971 Lead exposure level set at 200 ug/m3>—Dbased on the American
National Standards Institute’s recommendation—no reason
was given for this level.

1973 NIOSH submitted to the Secretary of Labor a document rec-
ommending lowering the standard for lead exposure to 150
pgma?,

1975 OSHA proposed to the Secretary of Labor new occupational
health and safety standards limiting exposure to lead to 100
pgm? and recommended provisions for environmental
monitoring, medical surveillance, employee training, and
other protective measures.

Notice of hearings on the proposed standard was published

along with an announcement of a proposed environmental

impact statement to assess the effect of the proposed

standards on the human environment.

Hearing record completed and certified in August 1978.

Standards for lead published in the Federal Register,

November 14, 1978, with effective date set as February 1,

1979.1 Standards contain requirements for (among others):

® Permissible exposure level (PEL): set at 50 ug/m3—based
on the opinion that to prevent impairment to the health
and functional capacity of employees, exposure must be
maintained below this level.
Exposure monitoring: to identify sources and evaluate ex-
tent of exposure so that appropriate controls can be insti-
tuted and that employees know when they are overex-
posed.
Compliance: employers must institute engineering con-
trols and work practices according to specific implementa-
tion schedule to reduce employee exposure to lead below
the PEL.

® Specific standards for respirators, protective clothing,
housekeeping, and hygiene facilities.

U.S. Court of Appeals stayed the start-up date pending the

outcome of petitions filed against the standards (January).

The court then set the effective date for the standards as

March 1, 1979, with limited exceptions.

Sources: Federal Register, November 14, 21, 1978; January 26, 1979;

March 13, 1979; and April 6, 1979.

*Exposure levels are based on an 8-hour time-weighted average.
tThe complete text of the lead standard is published in the Federal

Register of November 14, 1978, along with arguments supporting it.
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is always much easier to fight for lower standards than for higher
standards but it is interesting to be in the position of asking why
women and fetuses are being picked out for this kind of special protec-
tion? I have been pulling out all the literature on lead because it seems
to be a substance that especially affects employee and personnel
policies for women workers in industry. But it is not at all clear what
the relationship is between a mother’s exposure and the exposure of the
embryo or the fetus or between the father’s exposure and the potential
effects on reproduction. Everybody cites a book by Baltrop [D. Baltrop,
“Transfer of Lead to the Human Fetus,” in Mineral Metabolism in
Pediatrics, ed. D. Baltrop and W. L. Barland (Philadelphia: Davis,
1969): 135-151.] as the major source and he says that in the twelfth
week of pregnancy lead finally enters the embryo. I looked up the
original reference and found that the experimenter used fetal material
from one mother and blood samples from another woman. The whole
thing was invalid. If any worker actually has a choice about working
with lead, my advice is don’t because we really don’t know what the
effect may be. I resent very much applying the test of absolute safety
and absolute security to the females as childbearers and not applying
those same tests and criteria to other workers in our society.

Clyne: You are aware of the fact, of course, that lead has been used
for many, many decades to induce abortion and that certainly occurred
before twelve weeks?

Stellman: Yes, I’ve read that old data, and it is clear that there were
toxic exposures for women. Women were suffering clinical effects of
lead poisoning at the time it was used for abortions.

Bruce W. Karrh: You mention that the women were sick from the
lead exposure. That is true, they were, but that study was never ex-
trapolated far enough to find out at what level the mother was not sick
and the fetus was stillborn. So we don’t have a safe level of exposure,
and we'’re right back where we started.

Glen Wegner: Lead is an appropriate item to discuss on a macro
level as well because it illustrates the far-reaching economic implica-
tions of some of these health issues. There are only about twenty
primary lead-zinc smelters in the country now, but I would guess that a
significant number of them will have to close by the time they get the
ultimate OSHA standards in place, if they do. The economic implica-
tions are mind-boggling, to say the least.



