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Human data are preferred; however, human equivalent
levels can be derived based on animal exposure. The
formula for derivation of an oral MRL is

NOAEL(LOAEL)
(UF x MF)

where MRL is the minimal risk level (mg/kg/day),
NOAEL is the no-observed-adverse-effect level (mg/
kg/day), LOAEL is the lowest-observed-adverse-effect
level (mg/kg/day), UF is the uncertainty factor (unit-
less), and MF is the modifying factor (unitless).

UFs are used to account for uncertainties associated
with extrapolation from a LOAEL to a NOAEL and
from animal to human data, and with adjustments for
intraspecies variability. MFs may be applied to reflect
additional scientific judgement on the database. The
above concept is also used for the reference dose
(RfD) derivation by U.S. Environmental Protection
Agency (EPA) (Barnes and Dourson, 1988). MRLs pro-
vide health professionals with a concept of exposure
levels at which adverse health effects are not expected
in human populations living in the vicinity of hazardous
waste sites or chemical emissions.

The purpose of this review was to inform the public
about MRLs based on reproductive and endocrine ef-
fects and about the guidance provided for the sections
of toxicological profiles describing these health effects
and their categorization in the ATSDR’s Guidance for
Developing Toxicological Profiles (ATSDR, 2003a,b).
So far, the guidance has served as an internal document
and has not been released to the public. However, parts
of the guidance related to neurological, developmental,
and respiratory effects and respective MRLs based on
these effects were previously published (Chou and Wil-
liams-Johnson, 1998; Pohl et al., 1998; Wilbur, 1998).

MRL =

2. Materials and methods

The MRLs were based on vast databases compiled in
the toxicological profiles for acrylonitrile (ATSDR,
1990), atrazine (ATSDR, 2003a,b), cyanide (ATSDR,
1997), RDX [1,3,5,-triaza-1,3,5-trinitrocyclohexane]
(ATSDR, 1995a,b,¢), di(2-ethylhexyl)phthalate
(ATSDR, 2002a,b,c,d), diethyl phthalate (ATSDR,
1995a,b,c), hexachlorobenzene (ATSDR, 2002a,b,c,d),
methoxychlor (ATSDR, 2002a,b,c,d), dibromochloro-
propane (ATSDR, 1992a,b), 1,3-dinitrobenzene and
1,3,5-trinitrobenzene (ATSDR, 1995a,b,c), chlorophe-
nols (ATSDR, 1999), 2.4- and 2,6-dinitrotoluene
(ATSDR, 1998a,b), iodine (ATSDR, 2001a,b), penta-
chlorophenol (ATSDR, 2001a,b), and polybrominated
biphenyls (PBBs) and polybrominated diphenyl ethers
(PBDEs) (ATSDR, 2002a,b,c,d). Toxicological profiles
(final and draft documents) can be found on ATSDR’s
website (www.atsdr.cdc.gov). The MRLs were derived

according to the current ATSDR methodology (Chou
et al., 1998; Pohl and Abadin, 1995). A list of all current
MRLs (updated on May 11, 2004) is available on
ATSDR’s website (www.atsdr.cdc.gov).

3. Results
3.1. Reproductive effects and related MRLs

Reproductive toxicity is defined as a dysfunction in-
duced by a chemical, physical, and or other agent that
affects the process of gametogenesis from its earliest
stage to implantation of the conceptus in the endome-
trium. Reproductive studies were conducted for numer-
ous chemicals. The studies differ not only in their
quality, but also in the sensitivity of parameters mea-
sured. These include pathological and histopathological
changes in organ and cellular structures together with
pathophysiological changes in male and female repro-
ductive systems, and reproductive outcomes for both
sexes. Examples of reproductive effect end points are
listed and classified as less serious or serious according
to the ATSDR guidance document (ATSDR, 2003a,b)
in Table 1. It is recognized that for some effects, there
is a continuum in the severity and the whole clinical

Table 1
Reproductive effect end points

Effect Less serious Serious

Abnormal sperm® (morphology, +
count, motility)

Abortion

Atrophy

Decreased fertility® +

Decreased litters

Decreased spermatogenesis®

Degeneration of epididymides®

Disrupted spermatogenesis

Females: no reproduction

Maternal toxicity

Increased estrus

Irreversible histological change in testes

Ovarian dysfunction

Ovary weight change +

Postimplantation loss

50% reduction in number of offspring

Sterility

Testicular atrophy

Testicular degeneration +

Granuloma epididymides® +

Tubular degeneration

Tubule edema +

Vaginal bleeding +

++
i o A

4+t ++

* Variability exists among normal/less serious/serious; e.g., a normal
human semen specimen has a volume of 3-4 mL, a sperm count of
30 x 10%, and 80% morphologically normal and motile spermatozoa.

® The effect can be less serious or serious depending upon the degree.

¢ This condition can be considered serious because it can lead to
progressive fibrosis.
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(p <0.10) observed in rats at higher doses. Another
study with chlorophenols indicated an increased trend
in percentage of preimplantation loss in rats. Although
no data on reproductive effects of chlorophenols in hu-
mans are available, this end point is considered relevant
for consideration in human risk assessment. The statisti-
cal increase in losses linked to the exposure similarly
could be reflected in humans by a further increase in
losses above the already high background levels.
Although many chemicals are considered endocrine
disruptors and/or reproductive toxicants, other end
points in their database were more sensitive and appro-
priate for MRL derivations. A chronic oral MRL for
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) can illus-
trate deliberations to select a proper end point (ATSDR,
1998a,b). TCDD exposure in rats and mice enhanced
surgically induced endometriosis. Significant increases
in the diameter of the endometriotic site and an acceler-
ation of growth were observed in rats (Cummings et al.,
1996) and mice (Cummings et al., 1996; Johnson et al.,
1997), respectively. However, Foster et al. (1997) noted
that preexposure to TCDD resulted in endometriosis
development due to immune suppression rather than
an estrogen-responsive disease. Rier et al. (1993) found
a dose-related increase in the incidence and severity of
endometriosis in monkeys chronically exposed to
TCDPD in a diet. However, monkeys appear to be more
susceptible to endometriosis, based on a 30% back-
ground incidence of endometriosis in monkeys (Rier et
al., 1993) compared with a 10% background incidence
in humans (Wheeler, 1992). Thus, if the derivation of
a chronic oral MRL were based on endometriosis would
necessitate using an uncertainty factor of less than 1 (or,
at most, 1) to account for the higher sensitivity of mon-
keys to endometriosis as compared to humans. This
would result in a computed MRL essentially the same
as the chronic oral MRL of 1 pg/kg/day based on devel-
opmental toxicity (Schantz et al., 1992) as described in
the toxicological profile (ATSDR, 1998a,b). Moreover,
(1) the clinical history for these rhesus monkeys during
the period between the Schantz et al. (1992) study and
the Rier et al. (1993) examination conducted 10 years la-
ter is unknown (not reported); (2) Boyd et al. (1995) did
not find an association between exposure to chlorinated
dibenzo-p-dioxins (CDDs), chlorinated dibenzofurans
(CDFs), or polychlorinated biphenyls (PCBs) and endo-
metriosis in a clinical study in women; (3) the U.S. Envi-
ronmental Protection Agency (EPA) (1997) concluded
that “the evidence for supporting the hypothesis that
CDDs and PCBs are causally related to human endome-
triosis via an endocrine-disruption mechanism is very
weak.” Therefore, even though information indicates
that endometriosis also may be a sensitive toxicological
end point for TCDD exposure, the neurobehavioral
developmental end point (altered social behavior) re-
ported in the Schantz et al. (1992) study was determined

to be the most appropriate end point for deriving an
MRL for chronic oral exposure to TCDD.

Table 2 also lists some of the MRLs that have been
supplanted by new MRLs bascd on more recent evalua-
tions of the updated database (i.e., new data being pub-
lished on the profiled chemicals). For example, ATSDR
has withdrawn the previous MRL of 0.02 mg/kg/day for
acute-duration exposure derived in the 1994 Toxicolog-
ical Profile for Methoxychlor. This MRL was based on
precocious opening (early puberty) observed in rats ex-
posed to 25 mg/kg/day (Gray et al., 1989). This study
did not test doses as low as the current intermediate-du-
ration MRL study (Chapin et al., 1997), which demon-
strated the same effect from 5 mg/kg/day administered
from gestation day 14 to postnatal day 42. Another
example is the MRL for 2,3,7,8-tetrachlorodibenzo-p-di-
oxin. In 1989, the LOAEL of 0.001 pg/kg/day was con-
sidered for derivation of the intermediate-duration oral
MRL of 1 pg/kg/day. At this exposure level, dilated pel-
vises and changes in gestational index were observed in
rats (Murray et al., 1979). A UF of 10 was used for
extrapolation from animals to humans, a factor of 10
for human variability, and a factor of 10 for the use of
a LOAEL. The intermediate-duration exposure MRL
was adopted for chronic exposure. No UF was used to
extrapolate across durations. In 1998, the chronic
MRL of 1pg/kg/day was based on a LOAEL of
0.12 ng/kg/day in monkeys administered in a diet for a
total exposure of 16.2 + 0.4 months (Schantz et al.,
1992). An uncertainty factor of 3 was used for extrapo-
lation from animals to humans, a factor of 10 for human
variability, and a factor of 3 for the use of a LOAEL. In
summary, although based on a lower LOAEL, the final
value is the same because of the decreased uncertainty.
The uncertainty was decreased because of the greater
knowledge about dioxins based on 10 years of intensive
research featured in a vast litcraturc databasc. From
that resulted a greater confidence in the new value (De
Rosa et al., 1999; Pohl et al., 2002).

Health-based guidance values are derived by other
agencies around the world. We have compared the
MRLs with the reference concentrations (RfCs) and ref-
erence doses (RfDs) derived by U.S. EPA. The RfCs
and RfDs values were found posted on the Integrated
Risk Information System site at www.epa.gov/iris. In
July 2004, a total of 69 RfCs and 358 RfDs was listed
on the IRIS web site. Of all the RfCs listed, five were
based on reproductive effects. Four of the chemicals
were not evaluated by ATSDR. Only one chemical,
1,2,-dibromo-3-chloropropane was evaluated by both
agencies. The RfC of 0.0002 mg/m* (ppm) is identical
to the ATSDR’s derived MRL for intermediate-dura-
tion inhalation exposure. Of all the RfDs listed, 18 were
based on reproductive effects. Eleven chemicals were not
evaluated by ATSDR. Of the remaining seven chemicals
with RfDs based on reproductive effects, only two

Y

H.R. Pohl et al. | Regulatory Toxicology and Pharmacology 42 (2005) 209-217 215

corresponding chemicals have MRLs based on repro-
ductive effects. Both agencies have the same value of
0.005 mg/kg/day for methoxychlor. The RfD for RDX
is 0.003 mg/kg/day, the intermediate-duration oral
MRL is 0.03 mg/kg/day. However, considering that
the RfD value is for chronic exposure and this MRL
is for intermediate-duration exposure, the value would
be virtually the same after extrapolation across dura-
tion. MRLs for the remaining chemicals are based on
different end points but also are derived for durations
other than chronic (ATSDR, 1996). A valid comparison
cannot be made.

In conclusion, because of interspecies variability and
multifactorial control mechanisms, it is often difficult to
predict reproductive toxicity in humans based on animal
studies. For example, fertility studies, especially in ro-
dents, are relatively insensitive indicators of chemical
toxicity. Normal male rodents produce numbers of
sperm that greatly exceed the minimum requirements
for fertility studies, while in humans, the sperm counts
in many individuals approach the threshold for infertil-
ity (Kimmel et al., 1992). In contrast, fertility in rodents
remains unchanged, even after a 90% reduction in sperm
count (Meistrich, 1982; Robaire et al., 1984). Interspe-
cies differences between fertility of female rodents and
humans in regard to sensitivity to chemicals reflected
as implantation losses were discussed above. Although
this relative insensitivity of laboratory animals may have
contributed to overall databases for individual chemi-
cals, other end points proved to be more sensitive indi-
cators of toxicity. This, in turn, accounts for fewer
ATSDR’s MRLs and EPA’s RfCs and RfDs based on
reproductive effects. Nevertheless, careful evaluation of
the whole database for each chemical, enabled ATSDR
to derive several MRLs on the basis of reproductive and
endocrine effects. The MRLs were based on solid scien-
tific information and current methodology for risk
assessment of noncancer end points. They are subject
to change if new information becomes available
(ATSDR, 1996, 2003a,b; EPA, 1998).
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