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Reproductive Hazards of Fire Fighting I.
Non-Chemical Hazards

Jacqueline Agnew, RN, PhD, Melissa A. McDiarmid, MD, MPH,
Peter S.J. Lees, PhD, CIH, and Richard Duffy, ms

Fire fighters are regularly exposed to chemical and non-chemical agents that have known
or suspected adverse effects on reproductive health. Although chemical agents have
received some attention, non-chemical hazards such as heat, noise, and physical exer-
tion have only recently been examined for their reproductive effects. There is evidence
that heat, noise, and physical exertion may affect various endpoints of reproductive
health, including fertility, fetal loss, and growth parameters of the offspring. In partic-
ular, hyperthermia, a major fire fighting hazard, has been shown to impair male fertility
and may also be teratogenic. Further study of the potential reproductive effects of this
and other common non-chemical agents in the fire environment is needed to ensure the
reproductive health of male and female fire fighters.

Key words: reproductive health, hyperthermia, noise, physical activity, stress, radiation, biolog-
ical agents, fire fighting exposures

INTRODUCTION

Awareness of the existence of potential reproductive hazards in the workplace
has increased dramatically in recent years. Attention has focused primarily on hazards
facing pregnant women workers, although issues concerning male reproductive risk
are beginning to be appreciated. The spectrum of potential reproductive hazards
includes: physical hazards, such as temperature extremes and ionizing radiation;
ergonomic and psychological stress; biological agents; and chemical agents, includ-
ing irritant gases, asphyxiant gases, and other toxins such as mutagens and terato-
gens. Assessment of the effects of these classes of agents on reproductive outcome is
essential to the development of administrative policy options that minimize the risk of
adverse reproductive outcome in workers while protecting the employment opportu-
nities of the affected worker. The chemical hazards in this work setting are reviewed
in the accompanying article by McDiarmid et al. [1991].
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The fire service poses a unique work environment wherein all classes of repro-
ductive hazards may be found. The health impact of these hazards on fire fighters,
however, is not clear. As the number of female fire fighters increases, and as knowl-
edge of both male and female reproductive toxins expands, attention must be directed
to reconciling the scientific evidence for and interpreting the presence of reproductive
toxins in the fire fighting environment with fair and equitable employment policies.

The magnitude of reproductive dysfunction is significant, spanning infertility,
fetal loss, and malformations. The proportion of infertile couples in the United States
is estimated to range from 8% to 13% [Mosher, 1988; Pratt et al., 1984]. The demand
for physician consultation regarding infertility rose by 30% between 1968 and 1980
[Arab and Cates, 1983]. Infertility is typically defined as the inability to conceive
after one or more years of intercourse without contraception. The conception rate per
menstrual cycle of normal couples of reproductive age having unprotected intercourse
approaches 50%. However, the viable pregnancy rate, i.e., pregnancy resulting in the
birth of a viable child, is about 25% [Soules, 1985]. Estimates of total pregnancy
loss, including very early pre- and post-implantation embryonic losses, arc as high as
75% of all conceptions [Arab and Cates, 1983; Kline and Stein, 1985]. Major fetal
malformations occur in about 3% of liveborn babies, and other impairments such as
low birth weight occur in many more |Kalter and Warkany, 1983].

Studies of infertility have not specifically examined the fire fighting profession,
although several have asscssed the effects of agents to which fire fighters are sub-
jected. Spontaneous abortion rates, a complex area of research, have not been ex-
amined in this group. A recent Canadian investigation, however, has suggested that
the risk of certain birth defects is higher in children whose fathers are fire fighters than
in children whose fathers are policemen [Olshan et al., 1990].

Until recently, the study of occupational reproductive hazards has focused pri-
marily on female reproductive health. This focus has probably been stimulated by the
entrance of women into traditional male sectors of the workforce. There is good
evidence, however, that workplace hazards to male reproductive health have been
previously overlooked. For the few reproductive toxins that have been well studied,
evidence demonstrates effects mediated through both males and females [Paul and
Himmelstein, 1988]. In fact, one author has suggested that males may be more
sensitive to exposure to reproductive toxins [Meistrich, 1986]. It is now clear that
effects in both males and females need to be considered when studying an agent’s
potential as a reproductive hazard.

This paper summarizes the potential effects on reproductive health of non-
chemical hazards in the fire fighting environment (Table I). It is recognized that the
frequency and intensity of exposure to these agents by fire fighters varies widely and
that non-chemical exposures have not been characterized quantitatively for fire fight-
ing to the same extent as many chemical exposures. However, for the sake of com-
pleteness, a wide range of exposures is addressed. When information is available,
both male and female effects are considered, but for most agents the need for further
research is strikingly apparent.

HEAT

Exposure to heat is an obvious hazard of fire fighting. Even when ambient
temperatures are not extreme, wearing turnout gear and other protective clothing
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TABLE 1. Summary of Potential Reproductive Effects of Non-Chemical Exposures*

-Animals Human
Agent Male Female Male Female Comments
Hyperthermia Decreased Fetal malforma- Decreased Birth defects, with ma- Sperm decreases
sperm tions [Edwards, sperm ternal fever [Plect et can resolve
[Henderson 1986] [Henderson al., 1981; Clarren et with time
etal., et al., 1986] al., 1979]
1986)

Abnormal Hearing loss in children Some fire fight-
sperm [Pro- of exposed mothers ing tasks may
cope, 1965] (?) {Lalande et al., elevate preg-

1986} nant women'’s
body temper-
atures to lev-
els dangerous
to the fetus

Physical — Few effects noted Trauma: testic- Amenorrhea

activity on fetus {Lot- ular damage, [Armstrong, 1986;
gering et al., hormonal Warren, 1983] strenu-
1985] change, im- ous job: prematurity

potence and low birth weight
[Steeno and [Naeye and Peters,
Pangkahila, 1982; Mamelle et al.,
1984] 1984; Saurel-Cubi-

zoles et al., 1987,

Saurel-Cubizoles and

Kaminski, 1987]

Heavy lifting or standing
on job: miscarriages
(?) [Taskinen et al.,
1986; McDonald et
al., 1988]

At 20+ weeks pregnant:
problem with balance
and agility [AMA
Council Sci Affairs,
1984b]

Noise — Increased litter — Increased rates of birth Animal studies
resorption and defects and low birth at = 100 db
fetal mortality, weight (7) [Edmonds (very loud);
decreased fetal et al., 1979; Jones human studies
weight |Kimmel and Tauscher, 1978; near airports
et al., 1976, Knipschild et al., only
Nawrot ct al., 1981; Schell, 1981]

1980]

Fetal malforma- Evidence weak
tions (?) [Kim- for noise as a
mel et al., reproductive
1976; Cook et hazard
al., 1982]

Psychological ~ Decreased — Decreased tes- Amenorrhea [Fries et

stress testoster- tosterone al., 1974]

one level levels [Mc-
[McGrady, Grady,
1984] 1984]

Negative be- Negative behavioral ef-
havioral ef- fects [U.S. Congress,
fects {U.S. OTA, 1985)

Congress,
OTA, 1985]

lonizing radi- Decreased Infertility |Baker, Decreased Infertility [Baker, 1971} Prenatal expo-

ation sperm, 1971] sperm, infer- sure can

infertility tility [Meis- cause child-
[Meistrich, trich, 1986] hood cancer
19861 [Harvey et
al., 1985]
Sperm abnor- Fetal malforma- Birth defects [Miller, Postnatal expo-
malities tions [Russell, 1956; Yamazaki et sure can
[Young et 1950] al., 1954] cause cancer
al., 1982] [Warren and

Mays, 1983]

*,? indicates that strength of study design or results do not justify definite conclusions.
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under conditions of physical exertion can contribute to a rise in core body temperature
[White and Hodus, 1987; Duncan et al., 1979].

Heat is a non-chemical agent that affects both males and females. Its toxicity in
males derives from impairment of spermatogenesis. The location of the testes within
the scrotum provides the thermoregulation and reduced temperature nccessary for
spermatogenesis. High ambient air temperatures may inhibit thermal loss through the
scrotum, leading to a rise in testicular temperature [Procope, 1965]. Infertile men
without varicocele have been noted to have significantly higher intrascrotal temper-
atures than men without fertility problems, although the reasons for this temperature
difference are not fully understood [Zorgniotti and Sealfon, 1988; Mieusset et al.,
1987b].

Both animal and human studies have confirmed the sensitivity of sperm pro-
duction to extrinsic heat [Henderson et al., 1986]. Studies of male animals in elevated
environmental temperatures have indicated that levels of reproductive hormones can
be altered significantly, a factor that may be related to observed decreases in sperm
production [Bedrak et al., 1980]. Sperm production in humans is known to decrease
when testicular temperature is raised by experimental techniques; under the same
conditions, the number of abnormal sperm also tends to increase [Micusset et al.,
1987a; Procope, 1965). Normal sperm production eventually resumes after return to
baseline temperature, but the timing depends on the duration and extent of hyper-
thermia experienced. Similar transient effects have been noted in men who have
suffered a febrile illness [Lazarus and Zorgniotti, 1975].

Although one epidemiological case-control study has suggested that occupa-
tions in which men are exposed to heat are associated with male infertility [Rachootin
and Olsen, 1982], the fire fighting profession was not specifically included. Cur-
rently, there is disagreement regarding the potential for hot working conditions to
cause adverse effects on male fertility [AMA Council on Scientific Affairs, 1984a;
Levine, 1984]. There is, however, general agreement that further research on this
question is warranted.

In some animal studies, teratogenesis has been associated with exposure to hot
environments. One review presents evidence that temperature elevations of 1.5-
2.5°C are teratogenic in several animal species and cautions that the study of hyper-
thermia as a potential human teratogen has been neglected [Edwards, 1986]. Con-
genital anomalies of the central nervous system have occurred in children born to
women who had been febrile during pregnancy [Pleet et al., 1981; Clarren et al.,
1979], but it is unknown whether these effects have been due to fever or to the
infectious agents responsible for the illness. The use of saunas and hot tubs by
pregnant women provides additional evidence of the effect of hyperthermia, and at
least one study has suggested an association with neural defects [Miller et al., 1978].
Sauna use, in contrast to fire fighting, allows women to leave voluntarily when
temperature elevations become uncomfortable [Harvey et al., 1981]. Based on the
available evidence, a limit of 38.9°C has been considered to be the minimum core
temperature likely to pose a teratogenic hazard to the human embryo or fetus [AMA
Council on Scientific Affairs, 1984a].

Some investigators have concluded that hot working environments encountered
by women workers in general [AMA Council on Scientific Affairs, 1984a], and more
specifically by women fire fighters [Evanoff and Rosenstock, 1986], probably do not
increase the risk of adverse pregnancy outcomes. Recent studies suggest, however,
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that routine fire fighting duties can pose a risk of hyperthermia. A comparison of the
physiologic effects of different types of turnout clothing (typical fire fighting outfits)
was conducted in the Southwestern United States [Veghte, 1987]. Five fire fighters
completed a set of relevant fire fighting tasks in hot ambient temperatures of 38.1-
41.2°C. Although the highest average core temperature on completion of testing was
38.5°C, a maximum temperature of 39°C was recorded for one participant and two
others reached maximums of 38.8°C. In a structural fire, a fire fighter might spend up
to 30 min in temperatures ranging from 60°C to 300°C [Veghte, 1987].

Most thermal regulation research has been directed at protective clothing re-
quired for response to hazardous materials incidents. This specialized duty can be
associated with significant increases in body temperature. The core temperatures of
experienced male fire fighters rose to a mean of 38.3°C while performing typical tasks
for an average of only 37 min while wearing impermeable protective suits and
self-contained breathing apparatus (SCBA) in cool (2°C), non-fire conditions [Smo-
lander et al., 1985]. In another study, nine moderately fit men performed treadmill
exercise classified as low work intensity in a neutral environment (22.8°C, 55%
relative humidity) while wearing various types of protective clothing and respirators
[White et al., 1987]. Subjects wearing impermeable clothing and SCBA exhibited an
average increase in core temperature to 38.5°C, the highest of all the test groups.
Under these conditions, testing had to be terminated for three of the men because their
core temperatures rose above the established safety criterion of 39°C. Subjects wear-
ing turnout gear and SCBA in this same neutral environment exhibited an average
increase in core temperature to 37.9°C, with one case exceeding the 39°C limit.

Whereas the above experiments were performed on moderately fit fire fighters,
the effects of working in protective clothing and/or hot environments are not well
understood for unconditioned individuals or for pregnant women, who are known to
have decreased heat tolerance. If one accepts 38.9°C as the core temperature thresh-
old for human teratogenesis, the experimental evidence cited above suggests that
routine fire fighting tasks could pose a risk to the developing fetus.

PHYSICAL ACTIVITY

In addition to effects on sperm production due to the contribution of exercise
levels to hyperthermia, male fire fighters can experience job-related injuries that
result in pelvic or intrascrotal trauma. Depending on severity, injuries can result in
impaired fertility from testicular damage, hormonal disruption, or impotence [Steeno
and Pangkahila, 1984]. With the exception of these effects, study of the reproductive
effects of physical activity has concentrated on females and pregnancy outcome.

Women who engage in rigorous exercise sometimes develop amenorrhea due to
hypothalamic-pituitary axis effects [Armstrong, 1986]. This effect has been reported
in ballet dancers, long-distance swimmers, runners, and other athletes. This condition
generally reverses when the intensity of training is reduced and is not thought to have
permanent consequences [Cumming and Rebar, 1983]. Although it is unlikely that
normal fire fighting duties alone would account for activity levels sufficient to cause
amenorrhea, women fire fighters who engage in intensive physical conditioning pro-
grams to achieve high levels of fitness may experience transient amenorrhea.

An extensive review of the effects of exercise on pregnant animals (primarily
sheep) has concluded that physiological changes in the fetus during maternal exercise
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are slight, suggesting that acute exercise does not represent a major fetal stress
[Lotgering et al., 1985]. The reviewer noted, however, that in humans, significant
differences in uterine contractility and the upright position may affect fetal responses
differently. Little is known with regard to the effects of long-term exercise training on
pregnancy in animals or humans [Lotgering et al., 1985].

A limited number of epidemiological studies of pregnancy outcome for working
mothers have addressed physical job demands. Spontaneous abortions were found to
be associated with continuous heavy lifting in one study [Taskinen et al., 1986] and
with lifting and standing in another [McDonald et al., 1988]. Rates of pre-term
delivery and low birth weight have been associated with arduous working conditions
such as standing, carrying heavy loads, and performing tiring jobs [Naeye and Peters,
1982: Mamelle et al., 1984; Saurel-Cubizolles et al., 1985; Saurel-Cubizolles and
Kaminski, 1987]. When assessing these studies, it is important to consider whether
socioeconomic factors associated with arduous work were adequately controlled.
Another study indicated that moderate physical activity may protect against preterm
delivery [Berkowitz et al., 1983]. Well designed epidemiological studies are needed
to resolve this issue.

Safety is a concern during the second and third trimesters of pregnancy as
weight, center of gravity, and musculoskeletal changes make it more difficult to
perform some activities. The American Medical Association has published guidelines
for various job tasks during pregnancy [AMA Council on Scientific Affairs, 1984b).
According to these guidelines, limitations are justified fairly early in a pregnancy for
fire fighting tasks such as climbing ladders and poles, repetitive heavy lifting, and
repetitive stooping (at 20 weeks of gestation) and for prolonged standing (at 24
weeks).

NOISE

Sources of noise in a fire fighter’s work environment include sirens, air horns,
vehicles, and auxiliary power equipment. Noise surveys, performed by the National
Institute for Occupational Safety and Health (NIOSH) in several U.S. fire depart-
ments during investigations of hearing loss in fire fighters, have revealed time-
weighted average (TWA) noise exposures in the 60—-85 dBA range [NIOSH, 1982,
1990]. Although this is below the current Occupational Safety and Health Adminis-
tration (OSHA) standard of 90 dBA for an § hr TWA exposure, established to pre-
vent hearing loss, noise levels emitted during simulated response calls average in the
mid-90 dBA range for most riding positions on pumpers and ladder trucks, and range
up to 118 dBA [NIOSH, 1985]. Findings of hearing loss in fire fighters also strongly
suggest that noise exposure is a hazard in this occupation [NIOSH, 1988].

There is no evidence to suggest the existence of any male reproductive effects
resulting from noise exposure [OTA, 1985]. Most studies have concentrated on
potential adverse effects of noise on pregnancy outcome. Several laboratory investi-
gations have been carried out on pregnant rodents, exposed in most cases to very loud
levels (usually >100 dB) of continuous or intermittent noise. Findings have sup-
ported an exposure effect manifested most often by increased litter resorption, in-
creased fetal mortality, and decreased fetal weight [Kimmel et al., 1976; Nawrot et
al., 1980]. Fetal malformations have been demonstrated less consistently [ Kimmel et
al., 1976; Cook et al., 1982]. It is unknown whether these observations are due to a
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direct effect on the developing embryo or fetus or if they are caused by the maternal
physiologic response to the stress of noise exposure. The appropriateness of these
species as models for the prediction of human reproductive response to noise is
similarly unknown [Meyer et al., 1989].

Relevant epidemiologic studies on the reproductive effects of noise have dealt
predominantly with the association between pregnancy outcome and noise levels near
major airports [Ando and Hattori, 1977; Edmonds et al., 1979; Jones and Tauscher,
1978; Knipschild et al., 1981; Schell, 1981]. Although these studies have provided
some suggestion that high levels of community noise may be associated with in-
creased rates of birth defects and low birth weight, they must be interpreted with
caution. Results have been inconsistent and are subject to criticism for methodologic
problems [Meyer et al., 1989].

The association between occupational noise exposure and reproductive outcome
has not been thoroughly investigated, although one group [Lalande et al., 1986] has
reported an increased risk of high-frequency hearing loss (>10 dB at 4,000 Hz) in
children whose mothers were exposed during their pregnancy to 8 hr TWA of 85-95
dBA. Another study found an increased risk of hormonal disturbances and infertility
in women who reported exposure to noise on the job [Rachootin and Olsen, 1982].
Studies to date have concentrated on industrial job exposures and have not consis-
tently addressed possible socioeconomic influences. However, if their results are
confirmed, they could be relevant to the pregnant fire fighter whose field noise
exposures are comparable to those demonstrated by NIOSH in the above investiga-
tions.

PSYCHOLOGICAL STRESS

Fire fighters may experience stress related to the characteristics or demands of
the job, including the unpredictable and emergency nature of the work, erratic work
schedules, and prevalent hazards. Various indicators of psychological distress have
been documented for fire fighters involved in major disasters [McFarlane, 1988} and
potentially toxic exposures [Markowitz et al., 1987]. Psychological stress has been
examined in a limited number of studies for its potential reproductive effects on both
males and females.

Psychological stress has been demonstrated to cause depressed testosterone
levels in both humans and rodents, but the relationship of this effect to infertility is
not clear [McGrady, 1984]. In women, hormonal responses to stress can bring about
amenorrhea, thereby affecting fertility at least temporarily [Fries et al., 1974]. A well
recognized effect of psychological stress, whether from the job or other sources, is
interference with sexual relationships through behavioral changes. Significant de-
grees of stress can bring about impotence in men or vaginismus in women [OTA,
1985]. More commonly, stress is likely to bring about a general decrease in interest
in sexual activity.

The literature regarding work-related psychological stress and pregnancy out-
come is sparse. Shift work, one factor that could contribute to the level of job stress
of a fire fighter, was found in one study of Swedish laboratory workers to be asso-
ciated with increased rates of miscarriage [Axelsson et al., 1984]. Further study of
this possible relationship is warranted.
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RADIATION

Sources of ionizing radiation may be encountered during response to calls at
medical care facilities, laboratories, certain industries, or some environmental spills.
Although radiation is very uncommon in the fire fighting environment, it is discussed
here because of its well recognized and potentially serious reproductive effects.
Although radiation has been shown to cause heritable genetic mutations in insects and
some mammals, mutagenesis in humans has been difficult to characterize, primarily
due to study size limitations [Ritenour, 1986]. Chromosomal abnormalities have been
induced, however, by in vitro exposure of human white blood cells to low-dose
gamma radiation [Uchida, 1979].

High doses of ionizing radiation impair testicular function. Effects on the par-
ticularly sensitive spermatogonia result in decreased sperm production in humans and
experimental animals [Meistrich, 1986], an outcome that is often transient depending
on the dose of radiation received. At very high doses, such as those used for treatment
of certain types of cancer, complete sterility may result [Lushbaugh and Casarett,
1976]. Abnormalities in sperm morphology have also been demonstrated in animals
exposed to X-rays | Young et al., 1982].

In female animal studies, radiation has been shown to be capable of affecting all
tissues of the reproductive tract. Because a female’s full complement of oocytes is
established before birth, these cells are susceptible to cumulative damage throughout
their existence from the prenatal period until ovulation. Qocyte sensitivity to radiation
differs among animal species, but there is evidence that humans may be among the
most radio-resistant [Baker, 1971]. High doses of radiation, however, can cause
sterility in women and can induce menopause [OTA, 1985].

Animal experiments have demonstrated that exposure to radiation can produce
major malformations in the fetus [Russell, 1950; Lione, 1987]. Depending on the
timing of the exposure, irradiation of pregnant mice and rats has resulted in growth
retardation and abnormal development of the eyes, skeleton, and kidneys [Russell,
1950]. Human teratogenesis due to radiation has been studied primarily in children
born to women who received substantial doses of radiation while pregnant, including
pregnant survivors of the atomic bombs. Findings among these populations include
microcephaly, mental retardation, and growth retardation [Yamazaki et al., 1954;
Miller, 1956; Miller et al., 1972]. Although somewhat controversial, recent investi-
gations have provided evidence that the risk of childhood cancers, such as leukemia,
is higher in children who were exposed prenatally to relatively low doses of diag-
nostic X-rays [Harvey et al., 1985].

The well documented human reproductive effects of ionizing radiation justify
protection of any potentially exposed worker and pregnant workers in particular. It
must be stressed, however, that exposure opportunities in fire fighting are very
uncommon, thus constituting only an infrequent and relatively unusual hazard for the
fire fighter.

Although there is considerabe controversy regarding the reproductive effects of
sources of non-ionizing radiation, such as communication equipment and video dis-
play terminals, there is no conclusive support to date for their direct effect in humans.
In that fire fighter exposure to these sources is not greater than that of the general
population, it is unlikely that non-ionizing radiation is a significant reproductive
hazard for fire fighters.



Reproductive Hazards of Fire Fighting 1 441
BIOLOGICAL AGENTS

Although not predominantly a hazard of fire fighting, exposure to biological
agents frequently arises out of fire fighters’ emergency medical response duties and
thus deserves mention in this review. Much attention has been directed recently to
emergency response personnel and their potential exposure to blood-borne infectious
agents, primarily to the hepatitis B virus (HBV) and human immunodeficiency virus
(HIV). The United States Fire Administration (USFA) of the Federal Emergency
Management Agency (FEMA) has issued recommendations regarding notification of
health care workers and emergency response personnel on a ‘‘need to know’” basis
after exposure to a patient with a blood-borne disease [USFA/FEMA, 1988). Fire
service health and safety personnel have also been actively involved with the devel-
opment of policy regarding no-cost availability of the hepatitis B vaccine for emer-
gency response personnel.

Emergency medical personnel are at increased risk for HBV infection [Kunches
et al., 1983; Valenzuela et al., 1985; Pepe et al., 1986], thereby increasing their risk
of transmission of the virus to offspring and/or sexual partners. In a study of infants
born to HBV-infected mothers, 10—50% of the children became infected perinatally
with the virus [Chan et al., 1985]. Administration of hepatitis B immune globulin to
the newborn is thought to decrease the risk of postnatal infection [Centers for Disease
Control, 1990].

The potential for HIV transmission in the emergency medical setting is consid-
erably less than for hepatitis B, and no cases of HIV have been conclusively deter-
mined as having been acquired during the performance of emergency medical service
or public-safety job duties [CDC, 1989]. The likelihood of emergency response
personnel developing AIDS from a work-related exposure is therefore believed to be
remote, especially with the use of universal precautions. If a pregnant woman is
infected, however, HIV is capable of crossing the placenta to infect the child
[LaPointe et al., 1985]. Contact of the newborn during birth with infected maternal
blood and secretions may also transmit the virus to the child [Cowan et al., 1984].
The risk of HIV transmission from an infected mother to her infant is estimated at
30-50% [CDC, 1987].

CONCLUSIONS

Several non-chemical agents in the fire service environment are known or
suspected reproductive hazards. There has been only limited scientific assessment of
the reproductive effects of the most frequently encountered agents, including heat,
noise, physical activity, and psychological stress. Of the non-chemical reproductive
hazards, ionizing radiation is the most thoroughly studied and understood, but fire
fighter exposure is rare. Similarly, there is strong evidence that some viral agents
pose a significant risk to the unborn fetus, but exposure opportunities for pregnant fire
fighters are limited and are minimized through procedural and hepatitis B vaccination
policies.

Current research findings for the agents reviewed above suggest that hyperther-
mia may pose a significant reproductive hazard for male fire fighters and fire fighters
who are pregnant. Although this issue needs further exploration, it has implications
for all fire fighting tasks that require physical exertion in protective clothing. Train-
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ing, especially in hot weather conditions, has the potential for raising core body
temperatures and, therefore, should be addressed along with active fire suppression
when designing hyperthermia prevention strategies for pregnant fire fighters. There is
also sufficient evidence to warrant further study of the relationship of occupational
hyperthermia and male infertility.

The reproductive risks to male or female fire fighters of physical activity (except
perhaps during late pregnancy) or psychological stress are less clear. The relationship
of research findings on sustained noise exposure during pregnancy and subsequent
hearing loss in children to the intermittent noise-exposure scenario encountered in fire
fighting also needs to be claritied.

Further study of the reproductive risk of non-chemical agents is limited by the
inadequate characterization of fire fighter exposures to many of these agents. Quan-
titative exposure data would markedly enhance the quality of risk assessment deter-
minations and would facilitate better understanding of the hazards to the reproductive
health of both male and female fire fighters.
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