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ATSDR MINIMAL RISK LEVEL AND WORKSHEETS 

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) [42 U.S.C. 

9601 et seq.], as amended by the Superfund Amendments and Reauthorization Act (SARA) [Pub. L. 

99–499], requires that the Agency for Toxic Substances and Disease Registry (ATSDR) develop jointly 

with the U.S. Environmental Protection Agency (EPA), in order of priority, a list of hazardous substances 

most commonly found at facilities on the CERCLA National Priorities List (NPL); prepare toxicological 

profiles for each substance included on the priority list of hazardous substances; and assure the initiation 

of a research program to fill identified data needs associated with the substances. 

The toxicological profiles include an examination, summary, and interpretation of available toxicological 

information and epidemiologic evaluations of a hazardous substance.  During the development of 

toxicological profiles, Minimal Risk Levels (MRLs) are derived when reliable and sufficient data exist to 

identify the target organ(s) of effect or the most sensitive health effect(s) for a specific duration for a 

given route of exposure. An MRL is an estimate of the daily human exposure to a hazardous substance 

that is likely to be without appreciable risk of adverse noncancer health effects over a specified duration 

of exposure. MRLs are based on noncancer health effects only and are not based on a consideration of 

cancer effects. These substance-specific estimates, which are intended to serve as screening levels, are 

used by ATSDR health assessors to identify contaminants and potential health effects that may be of 

concern at hazardous waste sites. It is important to note that MRLs are not intended to define clean-up or 

action levels. 

MRLs are derived for hazardous substances using the no-observed-adverse-effect level/uncertainty factor 

approach. They are below levels that might cause adverse health effects in the people most sensitive to 

such chemical-induced effects.  MRLs are derived for acute (1–14 days), intermediate (15–364 days), and 

chronic (365 days and longer) durations and for the oral and inhalation routes of exposure.  Currently, 

MRLs for the dermal route of exposure are not derived because ATSDR has not yet identified a method 

suitable for this route of exposure. MRLs are generally based on the most sensitive chemical-induced end 

point considered to be of relevance to humans.  Serious health effects (such as irreparable damage to the 

liver or kidneys, or birth defects) are not used as a basis for establishing MRLs.  Exposure to a level 

above the MRL does not mean that adverse health effects will occur. 
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MRLs are intended only to serve as a screening tool to help public health professionals decide where to 

look more closely.  They may also be viewed as a mechanism to identify those hazardous waste sites that 

are not expected to cause adverse health effects. Most MRLs contain a degree of uncertainty because of 

the lack of precise toxicological information on the people who might be most sensitive (e.g., infants, 

elderly, nutritionally or immunologically compromised) to the effects of hazardous substances.  ATSDR 

uses a conservative (i.e., protective) approach to address this uncertainty consistent with the public health 

principle of prevention. Although human data are preferred, MRLs often must be based on animal studies 

because relevant human studies are lacking.  In the absence of evidence to the contrary, ATSDR assumes 

that humans are more sensitive to the effects of hazardous substance than animals and that certain persons 

may be particularly sensitive.  Thus, the resulting MRL may be as much as a hundredfold below levels 

that have been shown to be nontoxic in laboratory animals. 

Proposed MRLs undergo a rigorous review process: Health Effects/MRL Workgroup reviews within the 

Division of Toxicology, expert panel peer reviews, and agencywide MRL Workgroup reviews, with 

participation from other federal agencies and comments from the public.  They are subject to change as 

new information becomes available concomitant with updating the toxicological profiles.  Thus, MRLs in 

the most recent toxicological profiles supersede previously published levels.  For additional information 

regarding MRLs, please contact the Division of Toxicology, Agency for Toxic Substances and Disease 

Registry, 1600 Clifton Road, Mailstop E-29, Atlanta, Georgia 30333. 
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MINIMAL RISK LEVEL (MRL) WORKSHEET 

Chemical Name: PCBs 
CAS Number: 11097-69-1 
Date: September 2000 
Profile Status: Final 
Route: [ ] Inhalation  [X] Oral 
Duration: [ ] Acute  [ X] Intermediate  [ ] Chronic 
Key to Figure: 87k 
Species: Monkey 

Minimal Risk Level: 0.03 [X] µg/kg/day   [ ] ppm 

Reference: Rice 1997, 1998, 1999b; Rice and Hayward 1997, 1999a 

Experimental design:  A series of studies were conducted that investigated effects of postnatal exposure to 
a PCB congener mixture, representing 80% of the congeners present in breast milk in Canadian women, 
on learning in monkeys.  Groups of five and eight male monkeys were orally administered doses of 0 or 
0.0075 mg/kg/day, respectively, from birth to 20 weeks of age.  The daily dose was divided into thirds 
and administered prior to the first three daily feedings via syringe to the back of the mouth.  The dose 
level represents the approximate daily intake of a nursing human infant whose mother’s milk contained 
50 ppb PCBs (the Health Canada guideline for maximum concentration in breast milk).  At the end of the 
dosing period (i.e., at 20 weeks of age), the levels of PCBs in fat and blood in the treated monkeys were 
1.7–3.5 ppm and 1.84–2.84 ppb, respectively.  Corresponding values in the control monkeys were 
0.05–0.20 ppm and 0.30–0.37 ppb.  Beginning at 3 years of age, the monkeys were tested on a series of 
nonspatial discrimination reversal problems followed by a spatial delayed alternation task.  Additional 
testing was done at 4.5 and 5 years of age. 

Effects noted in study and corresponding doses: Treated monkeys showed decreased median response 
latencies and variable increases in mean response latencies across three tasks of nonspatial discrimination 
reversal. There was no difference in overall accuracy of the tests or correlation between performance and 
tissue levels of PCBs. Treated monkeys also displayed retarded acquisition of a delayed alternation task 
and increased errors at short delay task responses.  These findings were interpreted as a 
learning/performance decrement rather than an effect on memory per se.  In a separate portion of this 
study (Rice 1997), treated monkeys displayed shorter mean interresponse times when compared with 
controls. The increase in pause time for fixed-interval performance emerged more slowly across 
48 sessions in treated monkeys.  For fixed-ratio performance tasks, the control monkeys decreased their 
mean pause time across 10 sessions, whereas the treated monkeys did not.  Rice (1997) interpreted these 
results as suggesting learning deficit, perseveration, and/or inability to inhibit inappropriate responding as 
a result of postnatal PCB exposure. Testing of these monkeys at 4.5–5 years of age showed that treated 
animals performed in a less efficient manner than controls under a differential reinforcement of low rate 
(DRL) schedule of reinforcement (Rice 1998).  There were no differences between groups on the 
accuracy of performance on a series of spatial discrimination reversal tasks, although some treated 
monkeys made more errors than others on certain parts of the experiment.  Further tests conducted at 
about 5 years of age did not find treatment-related effects on a series of concurrent RI-RI (random 
interval) schedules of reinforcement (Rice and Hayward 1999a).  This schedule was designed to study 
behavior in transition (learning) as well as at steady state.  However, there was a difference between 
treated and control monkeys on performance on a progressive ratio (PR) schedule.  Rice and Hayward 
(1999a) stated that this finding may be indicative of retarded acquisition of the steady-state PR 
performance in treated monkeys. 

http:0.30�0.37
http:0.05�0.20
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Dose and end point used for MRL derivation: The tested dose level, 0.0075 mg/kg/day, is a less serious 
LOAEL for neurobehavioral toxicity.  This LOAEL is a particularly appropriate basis for MRL derivation 
due to the human relevance of the tested PCB mixture (a congener mixture analogous to that in human 
breast milk), dose level (approximate daily intake of a nursing human infant whose mother’s milk 
contained 50 ppb PCBs), and resulting PCB tissue and blood levels (near background concentrations 
found in the general human population).  Support for the LOAEL is provided by the occurrence of 
minimal immunological alterations in the same monkeys at 0.0075 mg/kg/day (Arnold et al. 1999), as 
well as clinical signs of toxicity (ocular and dermal changes) and decreased antibody responses in 
offspring of monkeys that were exposed to a similar dose level of Aroclor 1254 (0.005 mg/kg/day) for 
approximately 46 weeks during gestation and nursing (Arnold et al. 1995); these studies are summarized 
below in the other pertinent information section. 

[ ] NOAEL  [X] LOAEL 

Uncertainty Factors used in MRL derivation: 

[X]  10 for use of a LOAEL 
[X]   3 for extrapolation from animals to humans 
[X]  10 for human variability 

Was a conversion factor used from ppm in food or water to a mg/body weight dose? 

No 

If an inhalation study in animals, list conversion factors used in determining human equivalent dose: 

NA 

Was a conversion used from intermittent to continuous exposure? 

No 

Other additional studies or pertinent information that lend support to this MRL: 

The monkeys that were evaluated for neurodevelopmental toxicity by Rice and coworkers were also 
tested for other kinds of effects earlier in life (Arnold et al. 1999). Following exposure to 
0.0075 mg/kg/day of the simulated human milk congener mixture during the first 20 weeks of life, the 
monkeys were periodically examined for the following endpoints for at least the following 46 weeks: 
bone development (at birth); general health status; formula intake; food and water consumption; body 
weight; tooth eruption; somatic measurements; and hematology, serum biochemistry, and immunology 
indices. Immunological assessment of the infants was started at 22 weeks of age and included IgM and 
IgG antibody production following immunization with SRBC, lymphoproliferative activity of peripheral 
leucocytes in response to mitogens (PHA, ConA, and PWM), numbers of peripheral leucocytes and their 
subsets, and NK cell activity.  Few statistically significant changes were observed in any of the monitored 
parameters.  Anti-SRBC titers were reduced in the treated monkeys but not significantly different from 
controls. Absolute mean numbers of B lymphocytes were significantly lower in treated monkeys (no 
change in mean percent), but the effect was transient because it was not observed when re-evaluated in 
the monkeys at 1 year of age.  The investigators concluded that, overall, the effects on the infant immune 
system were mild and of unclear biological significance due to large inter-animal variability related to 
small numbers of animals. 
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In another study (Arnold et al. 1995), oral exposure of adult female monkeys for approximately 
44 months (total exposure; pre-conception, gestation, and lactation) to a similarly low dose 
(0.005 mg/kg/day) of an Aroclor PCB mixture resulted in immunological and dermal/ocular effects in 
their offspring. Groups of 16 female Rhesus monkeys self-ingested capsules containing Aroclor 1254 in 
a glycerol/corn oil mixture (1:1) in doses of 0, 0.005, 0.02, 0.04, or 0.08 mg/kg/day.  After 25 months of 
exposure, approximately 90% of the animals had attained an apparent pharmacokinetic steady state with 
respect to adipose concentrations of PCBs. After 37 months of exposure, the females were mated with 
untreated males, and dosing was continued throughout breeding and gestation and into the first part of the 
lactation period. Maternal treatment was discontinued when the infants were 7 weeks old (to preclude 
ingestion of the mother’s dosing capsule) and resumed after the infants were weaned at age 22 weeks. 
Mothers were dosed with PCBs for 37 months prior to mating, and infants born to these mothers were 
exposed for a duration of approximately 46 weeks (average 24 weeks gestation plus 22 weeks nursing). 
Study end points included numbers of impregnations, live infants, postpartum deaths, abortions, 
suspected resorptions, stillbirths, and gestation length.  On the day of parturition all infants were x-rayed 
to ascertain osseus development.  Body weight, clinical health, hematology, and serum biochemistry were 
periodically evaluated in the infants and maternal animals during the lactation period, and subsequently in 
the dams until the infants were 78 weeks old and in the infants until they were 122 weeks old.  The 
offspring were also evaluated for changes in tooth eruption and anthropometric measurements throughout 
the study, and immunological changes when they were 20 and 60 weeks old.  Four immunological tests 
were performed: IgM and IgG antibodies to SRBC; lymphocyte proliferation response to PHA, ConA, 
and PWM mitogens; mixed lymphocyte culture assay (one-way); and natural killer cell activity.  Most of 
the control and all treated offspring were autopsied at 122 weeks of age. 

PCB-related effects were induced in the adult monkeys and their offspring (Arnold et al. 1995). 
Conception rate was significantly reduced at 0.02 mg/kg/day and higher doses.  Because this effect 
occurred in the adult animals that were mated after 37 months of exposure, 0.02 mg/kg/day is a serious 
LOAEL for reproductive toxicity for chronic-duration exposure.  Exposure during gestation and lactation 
resulted in both fetal toxicity and postnatal effects in the offspring.  Fetal mortality was increased at 
0.02 mg/kg/day and higher doses.  Incidence rates for fetal mortality (combined abortions, suspected 
resorptions, and stillbirths) were 2/11, 5/10, 3/4, 2/6, and 4/5 in impregnated monkeys in the 0, 0.005, 
0.02, 0.04, and 0.08 mg/kg/day groups, respectively, and displayed a significant increasing dose-related 
trend (p=0.040). Statistical comparison of the treated and control groups showed that the fetal mortality 
incidence rates were increased at 0.02 mg/kg/day (p=0.077) and significantly increased at 0.08 mg/kg/day 
(p=0.036). The precision of this statistical comparison is limited by the small numbers of animals, which 
obscures the high response rate in the 0.02 mg/kg/day group (i.e., that there were 3 fetal deaths in 
4 impregnated animals, and that the combined incidence of fetal and neonatal deaths was 4/4).  Evaluation 
of the offspring, limited by the small numbers of surviving animals, showed mild clinical manifestations 
of PCB exposure and some immunological test differences at 0.005 and 0.04 mg/kg/day (no infants 
survived beyond postpartum week 2 in the other dose groups).  The major clinical signs in the surviving 
exposed offspring were inflammation and/or enlargement of the tarsal (Meibomian) gland, nail lesions, 
and gum recession.  For example, in the control, 0.005, and 0.04 mg/kg/day dose groups, incidences of 
tarsal gland inflammation and/or enlargement were 1/9, 4/4, and 3/3; incidences of nail bed prominence 
were 0/9, 3/4, and 3/3; incidences of elevated nails were 0/9, 2/4, and 2/3; incidences of nails folding on 
themselves were 0/9, 1/4, and 3/3; and incidences of gum recession were 0/9, 1/4, and 2/3. 
Immunological alterations in the exposed offspring mainly included suppressed antibody responses to 
SRBC. IgM antibody levels to SRBCs were significantly reduced in comparison to controls at 0.005 and 
0.04 mg/kg/day at week 22 (p=0.056 and 0.023, respectively) and week 23 (p=0.043 and 0.029, 
respectively), and at 0.005 mg/kg/day at weeks 61, 62, and 63 (p=0.028, 0.043, and 0.056, respectively). 
IgM titers were also suppressed at 0.04 mg/kg/day during weeks 61, 62, and 63, but statistical 
significance was precluded by the small number of infants (n=2) in this group.  Other immunological 
changes included significantly reduced mitogen (ConA)-induced lymphocyte proliferation compared to 
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controls at 0.04 mg/kg/day at weeks 28 and 60 (p=0.036 and 0.053, respectively).  Although evaluation of 
the offspring data is complicated by the small number of animals, it is highly relevant that the clinical and 
immunological effects in the infants are similar to those observed in their chronically exposed dams at the 
same dose levels as low as 0.005 mg/kg/day (Arnold et al. 1993a, 1993b; Tryphonas et al. 1989, 1991a, 
1991b). The effects on the dams are detailed in the in the worksheet for the chronic oral MRL. 

Evidence that the 0.0075 mg/kg/day less serious LOAEL is an appropriate dose level for intermediate-
duration MRL derivation is provided by the observation that the next highest tested dose level in monkeys 
(or any other species) is 0.02 mg/kg/day (Arnold et al. 1995), which is a serious LOAEL for fetal 
mortality as indicated above. 

Agency Contact (Chemical Manager):  Obaid Faroon 
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MINIMAL RISK LEVEL (MRL) WORKSHEET 

Chemical Name: PCBs 
CAS Number: 11097-69-1 
Date: September 2000 
Profile Status: Final 
Route: [ ] Inhalation  [X] Oral 
Duration: [ ] Acute  [ ] Intermediate  [X] Chronic 
Key to Figure: 148k 
Species: Monkey 

Minimal Risk Level: 0.02 [X] µg/kg/day   [ ] ppm 

Reference: Tryphonas et al. 1989, 1991a 

Experimental design: (human study details or strain, number of animals per exposure/control groups, sex, 
dose administration details): 

Groups of 16 female Rhesus monkeys self-ingested capsules containing Aroclor 1254 in a glycerol/corn 
oil mixture (1:1) in doses of 0, 0.005, 0.02, 0.04, or 0.08 mg/kg/day.  The monkeys were challenged with 
injected sheep red blood cells (SRBC) at 23 months of exposure and received a secondary challenge with 
SRBC at 55 months.  The animals had achieved an apparent pharmacokinetic steady state at 23 months 
based on PCB concentrations in blood and fat. End points examined at 23 months (Tryphonas et al. 
1989) included: antibody titers (IgG and IgM) to SRBC, lymphocyte transformation in response to two 
mitogens (PHA and ConA), quantitation of T- and B-lymphocytes, total serum immunoglobulin levels 
(IgG, IgM, and IgA), serum proteins, and serum hydrocortisone level.  End points examined at 55 months 
(Tryphonas et al. 1991a, 1991b) included: body weights, IgM and IgG titers in response to secondary 
immunization with SRBC, lymphocyte proliferation in response to three mitogens (PHA, ConA, and 
PWM), mix lymphocyte culture assay, phagocytic activity of peripheral blood monocytes following 
stimulation with phorbol myristate acetate (PMA) or Zymosan, interleukin 1 production in response to 
E. coli, lymphocyte subpopulation analysis, antibody response to pneumococcus antigens, serum 
hydrocortisone level, serum complement activity, natural killer cell activity, levels of serum thymosins, 
interferon production by Con A-stimulated leukocytes, and tumor necrosis factor production.  As 
indicated below in the other pertinent information section, clinical health findings (Arnold et al. 1993a) 
and reproduction and offspring findings (Arnold et al. 1995) were also reported for the monkeys that were 
tested for immunotoxicity. 

Effects noted in study and corresponding doses: 

IgM (all doses except 0.02 mg/kg/day) and IgG (all doses) antibody levels to SRBC were significantly 
reduced compared to controls after 23 months, although no clear dose-response relationships were 
observed (Tryphonas et al. 1989).  Secondary challenge with SRBC after 55 months showed decreasing 
dose-related trends in the IgM and IgG anamnestic responses, although only IgM was significantly lower 
than controls at all dose levels (Tryphonas et al. 1991a).  Other immunologic changes included alterations 
in lymphocyte T-cell subsets characterized by a significantly decreased ratio of T-inducer/helper (CD4) 
cells to T-cytotoxic/suppressor (CD8) cells, due to reduced CD4 and increased CD8 cells, at 
0.08 mg/kg/day (not tested at lower doses) after 23 months.  No effects on total lymphocytes or B-cells 
were found, indicating that T-cells were preferentially affected by the PCBs, although there were no 
exposure-related changes in T-cell subsets after 55 months suggesting that adaptation had occurred. 
Statistically significant dose-related trends, but no significant differences between exposed and control 
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groups, were observed after 55 months for decreasing lymphocyte proliferation in response to mitogens 
(PHA and ConA, but not PWM), increasing NK cell activity, increasing levels of serum thymosin 
alpha-1, decreasing phagocytic activity of peripheral blood monocytes following activation with PMA, 
and increasing total serum complement activity. 

Dose and end point used for MRL derivation: The lowest dose level tested, 0.005 mg/kg/day, is a 
LOAEL for decreased antibody response.  Interpretation of the adversity of this effect is complicated by a 
lack of data on immunocompetence and the essentially inconclusive findings in the other tested end 
points; however, support for the 0.005 mg/kg/day LOAEL is provided by mild clinical manifestations of 
toxicity at the same dose.  As indicated below in the other pertinent information section, eyelid and 
toe/finger nail changes were observed in some monkeys at doses as low as 0.005 mg/kg/day (Arnold et al. 
1993a). 

[ ] NOAEL  [X] LOAEL 

Uncertainty Factors used in MRL derivation: 

[X]  10 for use of a LOAEL 
[X]   3 for extrapolation from animals to humans 
[X]  10 for human variability 

Was a conversion factor used from ppm in food or water to a mg/body weight dose? 

No 

If an inhalation study in animals, list conversion factors used in determining human equivalent dose: 

NA 

Was a conversion used from intermittent to continuous exposure? 

No 

Other additional studies or pertinent information that lend support to this MRL: 

No other studies investigated immunological effects of chronic exposure to PCBs.  Intermediate-duration 
studies, however, have conclusively shown that oral exposure to commercial PCB mixtures can induce 
morphological and functional alterations in the immune system of rats, mice, guinea pigs, and monkeys. 
Effects in the non-primate species occurred at relatively high doses (generally $4 mg/kg/day) and 
included decreased thymus and spleen weights in rats, mice, and guinea pigs exposed to Aroclors 1260, 
1254, or 1248 (Allen and Abrahamson 1973; Bonnyns and Bastomsky 1976; Smialowicz et al. 1989; 
Street and Sharma 1975; Vos and Van Driel-Grootenhuis 1972); reduced antibody responses to tetanus 
toxoid in guinea pigs exposed to Clopen A-60, keyhole limpet hemocyanin in rats exposed to 
Aroclor 1254, and SRBC in mice exposed to Aroclor 1242 (Exon et al. 1985; Loose et al. 1977, 1978a, 
1978b, 1979; Vos and Van Driel-Grootenhuis 1972); increased susceptibility to infection by Moloney 
leukemia virus in mice exposed to Aroclor 1254 or 1242, herpes simplex virus in mice exposed to 
Kanechlor 500, and bacterial endotoxin and malarial parasite in mice exposed to Aroclor 1242 (Imanishi 
et al. 1980; Koller 1977; Loose et al. 1979); reduced skin reactivity to tuberculin in guinea pigs exposed 
to Clopen A-60 (Vos and Van Driel-Grootenhuis 1972); and reduced NK cell activity in rats exposed to 
Aroclor 1254 (Smialowicz et al. 1989; Talcott et al. 1985). 
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Intermediate-duration oral studies of Aroclors in monkeys confirm the observations of PCB 
immunotoxicity in rats, mice, and guinea pigs, indicate that non-human primates are more sensitive than 
the other species, and support the findings of the chronic immunotoxicity study in monkeys (Tryphonas et 
al. 1989, 1991a, 1991b) used as the basis of the chronic oral MRL. Results of intermediate-duration 
studies in monkeys included decreased antibody responses to SRBC, increased susceptibility to bacterial 
infections, and/or histopathological changes in the thymus, spleen, and lymph nodes in adult monkeys 
and their offspring at 0.1–0.2 mg/kg/day doses of Aroclor 1254 and 1248 (Abrahamson and Allen 1973; 
Allen and Barsotti 1976; Allen et al. 1980; Barsotti et al. 1976; Thomas and Hinsdill 1978; Truelove et al. 
1982; Tryphonas et al. 1986a).  Additionally, results of studies in infant monkeys are consistent with the 
data in adults showing immunosuppressive effects of Aroclor 1254 at doses as low as 0.005 mg/kg/day. 
Evaluation of in utero and lactationally exposed offspring from the monkeys in the Tryphonas et al. 
(1989, 1991a, 1991b) studies indicated exposure-related reductions in IgM antibody levels to SRBC and 
mitogen-induced lymphocyte transformation that paralleled the findings in the maternal animals (Arnold 
et al. 1995). 

Support for the chronic LOAEL of 0.005 mg/kg/day is provided by clinical observations on the same 
monkeys that were immunologically evaluated by Tryphonas et al. (1989, 1991a, 1991b).  Examinations 
of the monkeys exposed to 0.005–0.08 mg/kg/day Aroclor 1254 during the first 37 months of the study 
showed characteristic dose-related ocular and dermal effects, including eye exudate, inflammation and/or 
prominence of the tarsal (Meibomian) glands, and various finger and toe nail changes (Arnold et al. 
1993a). Statistical analyses found significant increasing dose-related trends in incidence rates, total 
frequency of observed occurrences and/or onset times for these effects, with some treated and control 
group comparisons showing significant differences at doses as low as 0.005 mg/kg/day.  Effects that were 
significantly increased in the 0.005 mg/kg/day group included increased total frequencies of inflamed 
and/or prominent tarsal glands, toenail separations, and elevated toenails.  Additionally, monkeys from 
this study that were mated after 37 months of exposure and continued to be exposed to $0.005 mg/kg/day 
Aroclor 1254 through gestation and lactation had offspring with clear clinical signs of PCB intoxication, 
manifested as inflammation and/or enlargement of the tarsal glands, nail lesions, and gum recession 
(Arnold et al. 1995). Further, the next highest dose level in this study (0.02 mg/kg/day) is a chronic 
serious LOAEL for reproductive toxicity (reduced conception rate) (Arnold et al. 1995).  Conception rate, 
adjusted for the total number of matings, was significantly lower than controls at 0.02, 0.04, and 
0.08 mg/kg/day (p=0.009, 0.039, and 0.005, respectively), but not at 0.005 mg/kg/day (p=0.085).  Similar 
results were noted after adjustment for the number of matings with positive sires.  There was a significant 
(p=0.017) decrease in conception rate with increasing dose with both types of mating adjustments. 
Percentages of impregnations (number impregnated/number available) in the 0, 0.005, 0.02, 0.04, and 
0.08 mg/kg/day groups were 69, 63, 27, 43, and 33%, respectively.  The $0.02 mg/kg/day doses in this 
study are also serious effect levels for developmental toxicity (fetal mortality), as discussed in the 
worksheet for the intermediate-duration oral MRL.  

Agency Contact (Chemical Manager):  Obaid Faroon 

http:0.005�0.08
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USER'S GUIDE 

Chapter 1 

Public Health Statement 

This chapter of the profile is a health effects summary written in non-technical language.  Its intended 
audience is the general public especially people living in the vicinity of a hazardous waste site or 
chemical release.  If the Public Health Statement were removed from the rest of the document, it would 
still communicate to the lay public essential information about the chemical. 

The major headings in the Public Health Statement are useful to find specific topics of concern.  The 
topics are written in a question and answer format.  The answer to each question includes a sentence that 
will direct the reader to chapters in the profile that will provide more information on the given topic. 

Chapter 2 

Relevance to Public Health 

The Relevance to Public Health section provides a health effects summary based on evaluations of 
existing toxicologic, epidemiologic, and toxicokinetic information.  This summary is designed to present 
interpretive, weight-of-evidence discussions for human health endpoints by addressing the following 
questions. 

1.	 What effects are known to occur in humans? 

2.	 What effects observed in animals are likely to be of concern to humans? 

3.	 What exposure conditions are likely to be of concern to humans, especially around hazardous 
waste sites? 

The section covers endpoints in the same order they appear within the Discussion of Health Effects by 
Route of Exposure section, by route (inhalation, oral, dermal) and within route by effect.  Human data are 
presented first, then animal data.  Both are organized by duration (acute, intermediate, chronic).  In vitro 
data and data from parenteral routes (intramuscular, intravenous, subcutaneous, etc.) are also considered 
in this section. If data are located in the scientific literature, a table of genotoxicity information is 
included. 

The carcinogenic potential of the profiled substance is qualitatively evaluated, when appropriate, using 
existing toxicokinetic, genotoxic, and carcinogenic data.  ATSDR does not currently assess cancer 
potency or perform cancer risk assessments.  Minimal risk levels (MRLs) for noncancer end points (if 
derived) and the end points from which they were derived are indicated and discussed. 

Limitations to existing scientific literature that prevent a satisfactory evaluation of the relevance to public 
health are identified in the Data Needs section. 


































































































































































































