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1 INTRODUCTION

This report summarizes human health and ecological toxicity information for three organic
acids - benzenesulfonic acid (BSA), p-chlorobenzenesulfonic acid (pCBSA), and phthalic acid -
and where possible, recommends toxicity values for use in assessing risks from environmental
exposures. BSA, pCBSA, and phthalic acid have been identified as site related chemicals (SRCs)
for the former Montrose and Stauffer facilities within the Black Mountain Industrial (BMI)
Complex, in Henderson, Nevada, but no toxicological criteria have been developed for these
chemicals by the U.S. Environmental Protection Agency (USEPA) or the Nevada Department of
Environmental Protection (NDEP). This paper summarizes the available toxicity data, assesses
its adequacy to support hazard criteria development, develops toxicological criteria that can be
used in risk assessment, and calculates drinking water based concentration criteria that can be
used in a screening-level evaluation of overall groundwater quality.

The remainder of this paper is organized into five principal sections. First we describe the
methods used to conduct the evaluation, next we present toxicity profiles for each of the three
organic acids, and finally, we present an overall summary of the findings.
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2 METHODS

Our approach included identification and critical review of relevant literature and development
of toxicity criteria and drinking water criteria using USEPA methodology.

2.1 LITERATURE SEARCH AND CRITICAL REVIEW

An extensive literature search was conducted using various online databases including the
National Library of Medicine (NLM) and National Institutes of Health (NIH) PubMed, the
Registry of Toxic Effects of Chemical Substances (RTECS), USEPA’s Ecotoxicology (ECOTOX)
database, and the U.S. Library of Medicine Toxicology Data Network (TOXNET).
Web-accessible library files from USEPA, the Agency for Toxic Substances and Disease Registry
(ATSDR), and other state health agencies were also researched. Primary data sources were
obtained and reviewed when feasible.

Because few toxicological data are available for the three organic acids, we supplemented our
efforts to include searches for data on toxicological surrogates that are structurally similar and
expected to behave similarly to the organic acid. Toxicological surrogates were identified for
BSA and phthalic acid based on these considerations. The basis for these selections will be
discussed in subsequent sections.

2.1.1 Human Health Toxicity Data Considered

We searched for human health effects data derived from epidemiological studies and from
toxicity tests conducted in laboratory animals. We did not find sufficient epidemiological data
to support criteria development, and therefore largely relied on animal studies as the basis for
development of toxicity criteria for the three organic acids. Occupational exposure standards
were however considered and presented, as available.

In reviewing the animal data, we considered the full range of available toxicity data. We
evaluated key studies to assess overall quality and considered the strength and breadth of the
overall database when determining the confidence in the database and toxicity criteria derived
from it. For studies completed in animals, the most robust data set includes results from a
battery of tests including acute and chronic studies and tests for specific endpoints including
reproductive and developmental endpoints. Study design should incorporate known
information regarding the absorption, distribution, metabolism, and excretion of a chemical, as
well as any information that is known regarding the mechanism of toxicity. Studies also should
include several doses relevant to toxicity to aid in complete characterization of the
dose-response curve.

Integral Consulting Inc. 2-1
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2.1.2 Ecological Toxicity Data Considered

We searched for ecological toxicity data for both aquatic and terrestrial species. If no studies for
terrestrial wildlife were available, studies conducted in laboratory animals (e.g., rats, mice, etc.)
were reviewed. In these cases, oral exposure studies were considered most applicable for
evaluating toxicity to ecological receptors. Studies on growth, reproduction, and survival were
summarized if available, as these endpoints are most relevant to assessing ecological risks.
Acute and chronic data were compiled and reviewed.

2.2 TOXICITY CRITERIA DEVELOPMENT

All literature and data were critically reviewed to assess data adequacy and relevancy for
developing toxicological criteria. USEPA guidance was used to frame the toxicity data
assessment and criteria development (e.g., USEPA 1989, 1991, 1993, 1994a, 2002, 2005a, 2005b).

2.2.1 Human Health Toxicity Criteria

Human health toxicity criteria are numerical values established to evaluate potential
carcinogenic and noncarcinogenic health effects for humans. There was no quantitative
information from which to develop carcinogenic toxicity criteria for any of the organic acids;
therefore, only toxicity criteria for noncancer health effects are presented in this report.

The toxicity criteria for noncancer health effects are termed reference doses (RfDs) or reference
concentrations (RfCs). The potential for noncancer health effects is evaluated by comparing an
estimated daily dose for an exposure scenario with an oral RfD, or by comparing an estimated
exposure concentration in air with an inhalation RfC. By definition, RfC and RfD toxicity
values represent average daily exposure levels at which no adverse effects are expected to occur
during chronic or subchronic exposures (USEPA 1989). RfDs and RfCs reflect the underlying
assumption that systemic toxicity occurs as a result of processes that have a threshold (i.e., that
a safe level of exposure exists and that toxic effects will not be observed until this level has been
exceeded).

RfDs or RfCs are generally derived by identifying the no-observed-adverse-effects level
(NOAEL) or lowest-observed-adverse-effects level (LOAEL) from an appropriate animal or
epidemiological study. This dose or concentration is then divided by uncertainty factors to
calculate an RfD or RfC. Uncertainty factors are applied to account for limitations of the
underlying data and are intended to ensure that the toxicity value calculated based on the data
will be unlikely to result in adverse health effects in exposed human populations. For example,
an uncertainty factor of 10 may be used to account for interspecies differences or to address the
potential that human subpopulations such as children or the elderly may have increased
sensitivity to a chemical's adverse effects.

Integral Consulting Inc. 2-2
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In the case that quantitative data were available, we developed a chronic RfD and RfC for each
organic acid. We then calculated the chemical concentration in drinking water that would
result in a daily dose equivalent to the RfD (i.e.,, The chronic oral RfD was used to estimate a
drinking water criterion for each organic acid using standard default exposure factors and the
following equation (USEPA 1991):

c- THI x BW x AT
EF xEDx IR X(Rfjlz)oj
Where:
C = Chemical concentration in drinking water (mg/L)

THI = Target hazard index, 1.0

BW = Body weight of adult, 70 kg

AT = Averaging time, 10,950 days (365 days/year for 30 years)
EF = Exposure frequency, 350 days/year

ED = Exposure duration, 30 years

IR = Ingestion rate, 2 L/day

RfDo = Oral reference dose, mg/kg-day

2.2.2 Ecological Toxicity Criteria

We summarized ecological toxicity data as reported in the literature. Median lethal and
effective concentrations (LC50 and EC50, respectively) and median lethal dosages (LD50) were
compiled. Longer-term toxicity values such as LOAELs and NOAELSs were also summarized.
No ecological toxicity criteria were developed here because of the receptor-specific nature of
ecological toxicity reference values. However, the reported toxicity values can be used to
support development of receptor-specific toxicity reference values, as needed in site-specific
risk assessments.

Integral Consulting Inc. 2-3
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3 TOXICITY DATA REVIEW: BSA

BSA is a colorless crystalline solid that is stable in air and soluble in water, alcohol, and other
solvents (Lewis 1997). Basic information on chemical identity is presented in Figure 3-1.

CAS No.: 98-11-3
Formula: CgHgO3S
Molecular Weight: 158.17

Synonyms: benzenemonosulfonic acid;
e o benzenesulphonic acid; phenolsulfonic acid;
phenylsulfonic acid (ChemFinder 2007)

Figure 3-1. Chemical Identification: BSA.

Because few toxicity data were located for BSA, we also researched and summarized
toxicological data for p-toluenesulfonic acid (pTSA), which is a well accepted toxicological
surrogate for BSA (Denison 2004; Hernandez 2004; NOTOX 2004, 2007). Basic information on
chemical identity for pTSA is presented in Figure 3-2.

CAS No.: 104-15-4
Fa— 0 Formula: C;HgOsS
aH Molecular Weight: 172.20

Synonyms: 4-methylbenzenesulfonic acid;
methylbenzenesulfonic acid; toluene-4-sulfonic acid;
toluenesulfonic acid; tosic acid (ChemFinder 2007)

Figure 3-2. Chemical Identification: pTSA.

Compared to BSA, pTSA contains an extra methyl group para- to the sulfonic acid group. The
extra methyl group exerts a weakly activating effect on the benzene ring, making it slightly
more prone to electrophilic aromatic substitution. It also imparts an extra electron donating
effect and resonance effect on the substance, both of which influence the acidity of the sulfonic
group. These two effects work in opposing directions, and therefore, the overall acidity of the
sulfonic group in pTSA is not expected to change significantly compared to that of BSA
(NOTOX 2004, 2007).

An evaluation and assessment report on BSA, submitted under the USEPA’s High Production
Volume (HPV) Chemical Challenge Program, adopted pTSA as a toxicological surrogate
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(NOTOX 2004). In comments responding to the HPV test plan, USEPA and Environmental
Defense agreed with the selection of pTSA as an analog for health and ecological effects
endpoints (Denison 2004; Hernandez 2004).

Greim et al. (1994) compiled and compared toxicological endpoints for sulfonic acids. The
evaluation concluded that sulfonic acids behave in a toxicologically similar manner, and further
supports the use of pTSA as a toxicological surrogate for BSA.

Data for BSA and pTSA are summarized here and were considered in the development of
toxicological criteria.

3.1 HUMAN AND ANIMAL TOXICITY STUDIES
Toxicity data for BSA and its toxicological surrogate pTSA are summarized in Table 3-1.

Overall, the toxicity data for BSA and pTSA are sparse. No studies evaluating the toxicity of
BSA or pTSA in humans were identified.

3.1.1 Carcinogenicity

The available data were not adequate to fully assess the carcinogenicity of BSA or pTSA. The
results of short-term in vitro tests do, however, provide evidence that BSA and pTSA are not
genotoxic carcinogens. The ability for short-term bioassays, including in vitro tests for bacterial
mutagenecity and chromosomal breakage in cultured mammalian cells, to detect genotoxic
carcinogens is well established (Waters et al. 1993). Two such tests were available for BSA and
pTSA; Salmonella Ames assays for BSA and pTSA, and an assay for chromosomal aberrations
with pTSA, all yielded negative results. No data to assess carcinogenicity via nongenotoxic
mechanisms were located.

3.1.2 Noncarcinogenic Toxicity

The available data for evaluating noncarcinogenic adverse effects of BSA and pTSA are also
limited. BSA and pTSA are both strong acids that are expected to show local effects in the
gastrointestinal tract (NOTOX 2004, 2007). Acute oral toxicity tests in rats reported LD50s of
1,100 and 1,410 mg/kg body weight (bw) for BSA and pTSA, respectively.

No repeated dose toxicity studies were available for BSA, but a subchronic repeated dose study
was available for pTSA. In this study, Wistar rats were orally dosed with pTSA at 0, 4, 20, 100,
and 500 mg/kg bw for 28 days. Though we could not obtain the original study for review, the
secondary summary of this study (NOTOX 2007) reported that no signs of morbidity or
mortality were present at the highest dose tested. A NOAEL of >500 mg/kg-day was
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established for this study. The reliability of this study was not assessed by the authors in the
secondary reference (NOTOX 2007).

No chronic toxicity studies for either BSA or pTSA were located in the available literature.
Additionally, none of the available studies evaluate reproductive or developmental endpoints.

3.1.3 Toxicity Criteria

There is no quantitative information from which to develop a carcinogenic toxicity criterion or a
noncancer RfC for BSA. One study on pTSA can be used to develop an oral RfD.

Using the available toxicity data, we recommend a chronic RfD for BSA of 0.5 mg/kg-day. The
RfD is derived from the subchronic NOAEL for pTSA of 500 mg/kg-day. An uncertainty factor
of 1,000 was applied to the NOAEL to obtain the chronic oral RfD (10 for interspecies
extrapolation, 10 to protect sensitive subgroups of human population, and 10 to extrapolate
from a subchronic study to the chronic exposure period of interest).

Using the equation and standard USEPA assumptions described earlier, the RfD of 0.5 mg/kg-
day equates to a drinking water criterion for BSA of 18 mg/L.

3.1.4 Discussion

Overall, the confidence in the RfD and corresponding drinking water criterion is low, given the
limited amount of data available for BSA and its surrogate. There are several important sources
of uncertainty that limit our confidence in the values.

First, the reliance on data from a toxicological surrogate imparts some uncertainty on the
derived RfD. Given what is known about the reactivity of the compounds and the similarities
in chemical properties and acute toxicity, pTSA is believed to be an appropriate toxicological
surrogate for BSA toxicity. The use of a surrogate, however, imparts some uncertainty on the
evaluation.

Second, as mentioned previously, the available studies for BSA and pTSA do not provide a
comprehensive data set from which to evaluate toxicity. Primary references were not available,
and therefore the details and quality of the studies could not be verified. Only one subchronic
toxicity study is available, and therefore, effects that would be anticipated to occur following
chronic exposure required extrapolation to account for the different exposure period. Also, the
NOAEL used as the basis for the RfD is unbounded, given no effect was observed at the highest
dose administered. Therefore, the true threshold could be much higher, and the toxicity
criterion derived from the unbounded NOAEL conservative.

In addition, a full suite of noncancer endpoints was not examined. Given the high polarity and
water solubility of BSA and pTSA, the substances are expected to be rapidly excreted and
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minimally absorbed into systemic circulation (NOTOX 2004, 2007). Some toxicity evaluations
(NOTOX 2004, 2007) based decisions not to conduct further toxicity studies on these properties.
The lack of direct data for these timeframes and endpoints remain as sources of uncertainty in
the evaluation, however.

Considering all of these factors the confidence in the recommended RfD is rated as low. The
value, however, is believed to provide a conservative estimate of toxicity.

3.2 ECOLOGICAL TOXICITY

Table 3-2 summarizes the available ecological toxicity data for BSA and pTSA. Overall, few
data are available to characterize potential ecological toxicity.

Available results for aquatic organisms that are relevant for assessing ecological toxicity include
EC50 and LC50 values for invertebrates and fish, respectively. No toxicity studies of BSA or
pTSA in terrestrial wildlife species were identified. Measures of acute toxicity in laboratory rats
dosed with BSA or pTSA via oral administration are available. Only a single longer-term (28
day repeated dose) study was identified. This NOTOX Safety and Environmental Research BV
(NOTOX) (2007) study summarized above evaluated the toxicity of pTSA in rats, and
established a NOAEL of >500 mg/kg-day.

Overall, based on the available data, BSA is expected to be relatively nontoxic to ecological
receptors.

Integral Consulting Inc. 3-4
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4 TOXICITY DATA REVIEW: PCBSA

PCBSA is a gray crystalline solid that is soluble in water (ChemicalLand21.com 2000). Basic
information on chemical identity is presented in Figure 4-1.

CAS No.: 98-66-8
) H Formula: CgHsCIO3S
Cl—{ ‘,.—H—DH Molecular Weight: 192.62

Synonyms: 4-chlorobenzenesulfonic acid
(ChemFinder 2007)

Figure 4-1. Chemical Identification: pCBSA.

No toxicological surrogates were identified for pCBSA. The Michigan Department of
Environmental Quality (MDEQ) reviewed the structural analog 4-chlorobenzenfulfonate
(chlorfenson) in their toxicological assessment of pCBSA (MDEQ 2006). MDEQ concluded that
the analog is less water soluble and significantly more toxic than pCBSA. This structural analog
was therefore not considered in our review here.

41 HUMAN AND ANIMAL TOXICITY STUDIES
Toxicity data for pCBSA are summarized in Table 4-1.

Overall, the toxicity data for pCBSA are sparse. No studies evaluating the toxicity of pCBSA in
humans were identified.

4.1.1 Carcinogenicity

The available data were not adequate to fully assess the carcinogenicity of pCBSA. The results
of short-term in vitro tests however, provide evidence that pCBSA is not a genotoxic carcinogen.
The ability for short-term bioassays, including in vitro tests for bacterial mutagenecity and
chromosomal breakage in cultured mammalian cells, to detect genotoxic carcinogens is well
established (Waters et al. 1993). Negative results for three such tests for genotoxicity conducted
in bacteria, mice, and rats, provide evidence that pCBSA is not a genotoxic carcinogen. No data
to assess carcinogenicity via nongenotoxic mechanisms were located.
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4.1.2 Noncarcinogenic Toxicity
The available data for evaluating noncarcinogenic effects of pCBSA is limited.

No acute toxicity data were identified for pCBSA. In a subchronic duration study, rats were
dosed at 0, 10, 50, 1,000, and 2,000 mg/kg via oral gavage for 28 days (MDEQ 2006). Decreased
bw, salivation, gasping, and irregular breathing were found in males in the 1,000 and 2,000
mg/kg dose groups. Because it was not apparent that the observed effects were related to
treatment, the study established a NOAEL for male rats of 1,000 mg/kg-day. No effects were
found in female rats in the highest dose group, and a NOAEL of 2,000 mg/kg-day was reported
for female rats (MDEQ 2006). We could not obtain the primary reference so the test methods
and interpretation could not be critically reviewed.

A teratogenicity screen conducted in rats administered “high” doses of pCBSA on days 7 and 16
of pregnancy, found no dose-related effects for the number of live births or offspring newborn
weight (MDEQ 2006). No information on the doses administered, or method of dosing were
provided. Therefore, the utility of this study in assessing dose-response is severely limited.

4.1.3 Toxicity Criteria

There is no quantitative information from which to develop a carcinogenic toxicity criterion or a
noncancer RfC for BSA. The repeat dosing study in rats reported by MDEQ (2006), and
described above, can be used to derive an RfD. This study also was used by MDEQ and the
California Environmental Protection Agency (Cal/EPA) to develop a toxicity criterion to
support development of drinking water standards for pCBSA.

Using the available toxicity data, we recommend a chronic RfD for pCBSA of 1 mg/kg-day.

This RfD is derived from the NOAEL for male rats of 1,000 mg/kg-day. An uncertainty factor of
1,000 is applied to the NOAEL to obtain the RfD (10 for interspecies variability, 10 to protect
sensitive subgroups of human population, and 10 for extrapolation from a subchronic study to a
chronic exposure). This RfD is the same as that identified by MDEQ and Cal/EPA.

Using the equation and standard USEPA assumptions described earlier, the RfD of 1 mg/kg-day
equates to a drinking water criterion for pCBSA of 37 mg/L.

4.1.4 Discussion

There is substantial uncertainty associated with the RfD and corresponding drinking water
criterion recommended here. The available studies do not provide comprehensive information
from which to evaluate toxicity. Only a single 28 day repeated dose study yielded results from
which an RfD could be derived. The primary reference for this study was not available, so the
study methods and interpretation could not be critically reviewed. The study duration was
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subchronic, and therefore, effects that would be anticipated to occur following chronic exposure
required extrapolation to account for the different exposure period. Due to its high water
solubility, pCBSA is likely to be rapidly excreted in urine and is unlikely to accumulate in the
body (MDEQ 2006); however, the lack of a chronic study remains a source of uncertainty in the
assessment.

It is unclear whether the effects measured in male rats at 1,000 and 2,000 mg/kg-day in the
subchronic study were caused by pCBSA or were related to some other factor. It is possible
that the NOAEL from this study could be much higher than that used here to derive the RfD.
Therefore, the established toxicity criterion may be conservative.

Considering all of these factors, the confidence in this RfD is rated as low. The value, however,
is believed to provide a conservative estimate of toxicity.

4.2 ECOLOGICAL TOXICITY

Table 4-2 summarizes the available ecological toxicity data for pCBSA. Overall, few data are
available to characterize potential ecological toxicity.

Acute toxicity data (LC50s) are available for Daphnia magna, though not for other aquatic
species. No toxicity studies of pCBSA in terrestrial wildlife species were found. A limited
number of studies in laboratory rats are available, and only a single repeated dose study with
complete description of the doses tested was identified. The study established a NOAEL of
1000 mg/kg-day. However, the toxicological endpoints in this study have little relevance to
assessing ecological toxicity. NOAELSs for ecologically relevant endpoints are likely much
higher.

Overall, based on the available data, pCBSA is expected to be relatively nontoxic to ecological
receptors.
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5 TOXICITY DATA REVIEW: PHTHALIC ACID

Phthalic acid is a colorless crystalline solid that is soluble in alcohol and sparingly soluble in
water (Lewis 1997). Basic information on chemical identity is presented in Figure 5-1.

CAS No.: 88-99-3

“ Formula: CgHgO,4
P N . Molecular Weight: 166.13
“ { i Synonyms: 1,2-benzenedicarboxylic acid;
N - o-benzenedicarboxylic acid; o-dicarboxybenzene;
' H o-phthalic acid; benzene-1,2-dicarboxylic acid;

sunftal 20 (ChemFinder 2007)

Figure 5-1. Chemical Identification: Phthalic Acid.

Because few toxicity data were located for phthalic acid, we also researched and summarized
toxicological data for phthalic anhydride, which we have selected as a toxicological surrogate
for phthalic acid. Phthalic anhydride is the anhydrous form of phthalic acid, and is readily
hydrolyzed to the acid form when in contact with water. Therefore, it is assumed that the
absorbed form of phthalic anhydride would be phthalic acid. This assumption is supported by
the findings of Pfuffli (1986). Pfuffli (1986) reported that inhalation exposure to phthalic
anhydride resulted in associated concentrations of phthalic acid in human urine.

Data for phthalic anhydride are presented only for those pathways, endpoints, and study
durations for which there are no or minimal data on phthalic acid. Basic information on
chemical identity for phthalic anhydride is presented in Figure 5-2.

CAS No.: 85-44-9

[}
;r Formula; CgH4O;
o I.'I
R Molecular Weight: 148.12
H l 9 Synonyms: 1,2-benzenedicarboxylic acid anhydride;
T “==_1r.r'r 1,2-benzenedicarboxylic anhydride; 1,3-dihydro-1,3-

”-,j.l dioxoisobenzofuran; 1,3-dioxophthalan; 1,3-
‘5 isobenzofurandione; 1,3-phthalandione; phthalic acid
anhydride (ChemFinder 2007)

Figure 5-2. Chemical Identification: Phthalate Anhydride.
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5.1 HUMAN AND ANIMAL TOXICITY STUDIES

Toxicity data for phthalic acid and its toxicological surrogate phthalic anhydride are
summarized in Table 5-1.

5.1.1 Human Studies

Phthalic acid is a metabolite of various phthalic acid esters (PAEs) in humans and other
mammals. The toxicokinetics of phthalic acid are only understood insofar as they are a
metabolite of various PAEs. In the case of dietary exposure to di-(2-ethylhexyl) phthalate
(DEHP), phthalic acid is formed as a secondary metabolite associated with hydrolysis of the
mono-ester derivative (mono-ethylhexylphthalate) (ATSDR 2002). Phthalic acid is also a
metabolite of diethyl phthalate and di-n-butyl phthalate (ATSDR 1995, 2001). Current evidence
does not indicate further metabolism of phthalic acid in the mammalian system. Phthalic acid
has been detected in human blood and urine, and is used as a biomarker of exposure to PAEs
from both dietary sources and internal exposure from medical equipment (e.g., in dialysis
patients).

In general, human occupational studies have included exposure to PAEs, as well as to both
phthalic acid and phthalic anhydride, thus making it difficult to identify effects specific to
phthalic acid. Inhalation exposures of workers to phthalic anhydride have been associated with
conjunctivitis, rhinitis, rhinoconjuctivitis, asthma, and chronic bronchitis (OEHHA 2000). All of
these potential adverse effects occur at the point of entry to the body and may not represent
systemic effects associated with absorbed doses.

5.1.2 Carcinogenicity

No carcinogenicity studies have been published for phthalic acid. However, the National
Cancer Institute (NCI) conducted two chronic dietary studies, in mice and rats, to evaluate
phthalic anhydride for potential carcinogenicity. The NCI study concluded no evidence for
carcinogenicity in mice or rats (NCI 1979).

5.1.3 Noncarcinogenic Toxicity

There are limited animal data available for phthalic acid. Table 5-1 provides a summary of
available animal data that may be relevant to human health. Where little or no toxicity data
were available for phthalic acid, toxicity data are provided for the identified surrogate, phthalic
anhydride. Because acute data are available for phthalic acid, several acute studies available for
phthalic anhydride are not included in Table 5-1. Acute toxicity data summarized in the RTECS
database for phthalic anhydride have substantially lower LD50 values for oral exposure
(ranging from 800 to 1,530 mg/kg for various mammals) than the LD50 of 2,530 mg/kg for oral
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exposure to phthalic acid in the mouse (RTECS 2007a,b). The limited acute toxicity data suggest
that phthalic anhydride is likely to be more acutely toxic to mammals than phthalic acid.

While PAEs have been found to be teratogenic and to have other reproductive effects in
rodents, there are limited toxicological data for their metabolite, phthalic acid. Existing
evidence suggests that the major active metabolites of PAEs are mono-esters, such as
monobutyl phthalate (MBuP’) and monobenzyl phthalate (MBeP). These active metabolites
have been shown to act as teratogens (ATSDR 1995). Phthalic acid, on the other hand, has not
been shown to be teratogenic in rodents at the relatively high dose of 1,763 mg/kg-day (Ema et
al. 1997).

The most sensitive endpoint for PAE toxicity appears to be male reproductive toxicity (ATSDR
2002). For this reason, several PAE metabolites have been investigated for male reproductive
effects. In the majority of cases, investigations have focused on the mono-esters and other
intermediate metabolites. One male reproductive study of phthalic acid was identified and
reviewed. The dominant lethality and spermhead abnormality study in rats found that phthalic
acid has the potential to be a gene mutagen; however, the route of administration was
intraperitoneal injection and the exposure duration was acute (1 day or 5 days) (Jha et al. 1998).
Due to the nature of the study (both route of administration and exposure duration), the results
cannot be used to estimate toxicity criteria that are relevant for environmental exposures. Other
mutagenicity assays conducted for phthalic acid have not found it to be a potential gene
mutagen (Phillips et al. 1982, NTP 2007, Agarwal et al. 1985).

Acute toxicity data are available for phthalic acid; however, these data are not relevant to
subchronic or chronic exposures of interest here. No subchronic or chronic exposure studies of
phthalic acid were located. One subchronic study of phthalic acid in rats was identified in the
RTECS database; however, we were unable to obtain the primary study for evaluation. Critical
effects identified in the RTECS database were changes in blood serum composition. Such
effects may or may not be associated with clinical toxicity.

There are several chronic toxicity studies for the identified surrogate, phthalic anhydride. Two
chronic dietary studies, in mice and rats, were conducted by the NCI to evaluate phthalic
anhydride for potential carcinogenicity. These studies provide the most relevant toxicological
data for human exposure under environmental conditions and were used by USEPA to develop
an oral RfD (USEPA 2007a).

Phthalic anhydride was also implicated as a potential male reproductive toxin in rats at an
inhalation dose of 0.2 mg/m? in a small study conducted in 1970 (Protsenko 1970). In their
chronic toxicity summary for phthalic anhydride, the Cal/EPA Office of Environmental Health
Hazard Assessment (OEHHA) concluded that this result had not been verified or further
explored in more recent toxicological or epidemiological studies. The small sample size of six
per group further weakened their confidence in the result (OEHHA 2000). Neither USEPA nor
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OEHHA used this inhalation study in the development of toxicity criteria. It is worth noting
that rodents appear to be much more sensitive to male reproductive toxicity endpoints than
other test animals, including nonhuman primates, when exposed to the parent compounds
(PAEs) (ATSDR 2002).

5.1.4 Toxicity Criteria

Based upon the negative results of the NCI carcinogenicity study for phthalic anhydride,
phthalic acid is not suspected of being a carcinogen; therefore, only toxicity criteria for
noncancer health effects are presented in this report.

Oral Reference Dose

No established toxicity criteria were found for phthalic acid. USEPA has established an oral
reference dose of 2 mg/kg-day for phthalic anhydride based upon the 1979 carcinogenicity
study by NCI. The RfD is based upon the LOAEL of 1,562 mg/kg-day. An uncertainty factor of
1,000 was applied to the LOAEL to obtain the RfD (10 for interspecies extrapolation, 10 to
protect sensitive subgroups of human population, and 10 to extrapolate from a LOAEL). The
critical effects in this study were lung and kidney histopathology (USEPA 2007a). USEPA rates
their confidence in the RfD for phthalic anhydride as medium since the NCI study was a well-
designed long-term feeding study in two species, but there is a lack of reproductive toxicity
data. Phthalic anhydride is considered an appropriate surrogate for absorbed doses of phthalic
acid; therefore, we recommend an RfD of 2 mg/kg-day for phthalic acid.

Using the equation and standard USEPA assumptions described earlier, the RfD of 2 mg/kg-day
equates to a drinking water criterion for phthalic acid of 73 mg/L.

Inhalation Reference Dose

USEPA has not established inhalation toxicity criteria for either phthalic acid or phthalic
anhydride (USEPA 2007a). Cal/EPA OEHHA has developed a noncancer chronic reference
exposure level (REL) for phthalic anhydride of 20 ug/m?. This value is based upon a LOAEL of
2.3 mg/m? for respiratory effects observed in study of 23 occupationally-exposed workers
(Nielsen et al. 1988, 1991). An uncertainty factor of 100 was applied to the LOAEL (10 for
extrapolation from a LOAEL to a NOAEL, and 10 for intraspecies variation) to obtain the REL
of 0.02 mg/m? (20 pg/m3) (OEHHA 2000). The REL is analogous to an inhalation RfC.

The REL was developed from an occupational exposure study. Uncertainties in the LOAEL
determined by the study included estimating actual individual exposure and variability in
exposure concentration, the potential low exposures of the group considered as controls,
potential confounding by exposure to other chemicals, and the lack of observation of a NOAEL.
OEHHA identified the lack of reproductive and developmental toxicity studies as an additional
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source of uncertainty (OEHHA 2000). It is recommended that the REL of 20 ug/m? for phthalic
anhydride be used as an inhalation RfC for phthalic acid.

5.2 DISCUSSION

The limited available toxicological evidence suggests that phthalic acid does not share the
toxicity of its parent compounds, the PAEs. Based upon expected rapid hydrolysis of phthalic
anhydride to phthalic acid in the body combined with the greater reactivity and acute toxicity
of phthalic anhydride compared with phthalic acid, phthalic anhydride is considered an
appropriate toxicological surrogate for phthalic acid for the ingestion pathway. This
assumption is supported by the finding that the LOAEL for phthalic acid from a dietary
reproductive study in which rats were exposed for 10 days is similar to the LOAEL for phthalic
anhydride from a dietary study in which mice were exposed for 2 years. The LOAEL for
phthalic acid for reproductive effects in the rat was 1,763 mg/kg-day, and the chronic LOAEL
for phthalic anhydride for histopathological signs of toxicity in the mouse was 1,562 mg/kg-day.
The similarity of these results provides further indication that the toxicity of absorbed doses of
phthalic acid and phthalic anhydride are likely to be similar in nature and magnitude.

For the inhalation pathway, the use of phthalic anhydride as a toxicological surrogate involves
greater uncertainty, since observed toxic effects of phthalic anhydride on the human respiratory
system may reflect the different reactivity of phthalic anhydride at the point of entry to the
body and not systemic effects associated with an absorbed dose. Thus, the toxic effects
exhibited by inhaled phthalic anhydride may not be exhibited by inhaled phthalic acid.

The potential for male reproductive toxicity at high doses is a source of uncertainty for both
phthalic anhydride and phthalic acid, although indications from related chemicals (PAEs) are
that these effects may be specific to rodents. Despite the uncertainties associated with limited
toxicological data, use of the oral RfD and inhalation REL as toxicity criteria for phthalic acid to
estimate human health risk are likely to overestimate potential risk. The oral RfD of 2 mg/kg-
day and the REL of 20 pg/m? are conservative values that include multiple uncertainty factors
designed to provide protection even to sensitive subgroups of the human population.

Given the substantial number of well designed studies evaluating a variety of toxicity endpoints
for phthalic anhydride, and the adequacy of this surrogate for phthalic acid, the confidence in
the RfD is rated as medium. The confidence in the RfC is rated as low due to the large number
of uncertainties surrounding the occupational study from which the value is derived. The
values, however, are believed to provide conservative estimates of toxicity.
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5.3 ECOLOGICAL TOXICITY

Table 5-2 summarizes the available ecological toxicity data for phthalic acid and phthalic
anhydride.

Several LC50s and no-observed-effect concentrations (NOECs) are available for aquatic species.
No toxicity studies of phthalic acid or phthalic anhydride in terrestrial wildlife species were
found. An LD50 for rats, as well the LOAELs and NOAELSs described above for reproductive
endpoints in rodents, are regarded as the most appropriate from which to evaluate potential
toxicity in terrestrial wildlife.

Overall, based on the available data, phthalic acid is expected to be relatively nontoxic to
ecological receptors.
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6 SUMMARY OF FINDINGS

This report summarized human health and ecological toxicity information for BSA, pCBSA, and
phthalic acid, which have been identified as SRCs for the former Montrose and Stauffer facilities
within the BMI Complex in Henderson, Nevada. Human health toxicological criteria and
drinking water concentration criteria were developed for each of these compounds using the
available data for the SRC or its established surrogate. Ecological toxicity data were
summarized and can be used to support the development of receptor-specific toxicity reference
values as needed in any subsequent risk assessments. Overall, these organic acids are expected
to be relatively nontoxic to ecological receptors.

The human health toxicity criteria and corresponding drinking water concentration criteria are
summarized in below.

Site Related RfC Oral RfD Drinking Water
Chemical (ug/m3) (mg/kg-day) Criterion
(mg/L)
BSA - 0.5 18
pCBSA - 1 37
Phthalic acid 20 2 73

Overall, few data were available to support the development of these values and as a result
there is uncertainty associated with the RfDs and corresponding drinking water criteria
recommended here. However, modifying factors were applied to the relevant toxicity criteria
identified in our literature search and critical review to account for this uncertainty. Therefore,
the calculated toxicity criteria and drinking water concentration are believed to represent
conservative estimates of protective exposure level concentrations.
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Table 3-1. Human Health Toxicity Data for Benzenesulfonic Acid and p-Toluenesulfonic Acid, by Test Category.

Chemical of Interest

Test Organism

Endpoint

a

Test Effects

Measure

Result

Study Detail

Primary Reference

Secondary Reference

Genotoxicity
BSA

pTSA (surrogate)

PTSA (surrogate)

Acute Toxicity

Bacteria
(Salmonella
typhimurium)

Bacteria
(Salmonella
typhimurium )

V79 Chinese
Hamster cells

BSA Rat

BSA Cat

pPTSA (surrogate) Rat
Repeated Dose Toxicity

PTSA (surrogate) Rat

Genotoxicity

Genotoxicity

Genotoxicity

Mortality

Mortality

Mortality

Morbidity and
Mortality

in vitro mutation

in vitro mutation

Chromosomal
aberration

Mortality over 14 days

ND

Mortality over 28 days

Bodyweight,
Hematology, Clinical
biochemistry,
Pathology,
Histopathology,
Mortality

Positive/Negative

Positive/Negative

Positive/Negative

LD50

LDLo

LD50

NOAEL

Negative

Negative

Negative

1,100 mg/kg

10,000 mg/kg

1,410 mg/kg

>500 mg/kg-day

Ames test. Cell type: Salmonella
typhimurium TA97, TA98, TA100, and
TA1535. Tested with and without
metabolic activation. Dosing: 0-10,000
mg/plate. OECD Guideline 471.

Ames test. Cell type: Salmonella
typhimurium TA98, TA100, TA1535,
TA1537, and TA1538. Tested with and
without metabolic activation. Dosing: 0-
5,000 mg/plate.

Tested with and without metabolic
activation. Dosing:  0-1,902 mg/mL.
Endpoint criteria: classified as positive if
test substances induce significantly
increased aberration rate compared to
controls. OECD Guideline 471.

Test population: Cartworth-Wistar rats; 5
males/dose. Dosing: oral by unspecified
method, a logarithmic series of single
doses differing by a factor of 2.

Administration to the skin.

Test population: Wistar rats; 5/sex/dose.
Dosing: oral gavage; females at 1250,
1600, and 2000 mg/kg; males dosed at
2000 mg/kg. Endpoint: Clinical signs also
measured. OECD Guideline 401.

Test population: Wistar rats; male/female
(unspecified number of animals). Dosing:
oral daily, 28 days, by unspecified method;
0, 4, 20, 100, 500 mg/kg bw/d OECD
Guide-line 407.

Zeiger et al. 1988

Hoechst 1988a

Hoechst 1988b

Smythe et al. 1962

Graham and Kuizenga 1945

Hoechst 1988¢c

Hoechst 1990

NOTOX 2004, 2007

NOTOX 2004, 2007
Product Investigations Inc. 1992

NOTOX 2004, 2007
Product Investigations Inc. 1992

NOTOX 2004, 2007

RTECS 2007c

NOTOX 2004, 2007
Product Investigations Inc. 1992
Greim et al. 1994

NOTOX 2004, 2007
Product Investigations Inc. 1992
Greim et al. 1994

Notes: BSA
LD50
LDLo
ND
NOAEL =
pTSA =

= benzenesulfonic acid

median lethal dose

lowest published lethal dose

not defined
no-observed-adverse-effects level
p-toluenesulfonic acid

? Effects listed are those evaluated in the study. In cases that specific endpoints tested for were not described, test effects are listed as ND. For mortality, if the duration over which mortality was evaluated was not described, the test effect is additioanlly listed as ND.



Table 3-2. Ecological Toxicity Data for Benzenesulfonic Acid and p-Toluenesulfonic Acid.

Chemical of Interest Receptor (pathway) Organism Common Name Endpoint Measure Result Primary Reference Secondary Reference
BSA Bird (Oral) ND ND Mortality LD50 75 mg/kg Schafer 1972 RTECS 2007c
pTSA (surrogate) Bird (Oral) Coturnix coturnix Quail Mortality LD50 >316 mg/kg Schafer et al. 1982 -

BSA Invertebrate ND ND Morbidity EC50 (48h) @ 963,000 mg/L Hoechst 1981 NOTOX 2004
BSA Fish ND ND Mortality LC50 (96h) 1,120,000 mg/L Hoechst 1981 NOTOX 2004
BSA Cat (Dermal) ND ND Mortality LDLo 10,000 mg/kg Graham and Kuizenga 1945 RTECS 2007c
BSA Rodent (Oral) ND Rat Mortality LD50 1,100 mg/kg Smythe et al. 1962 NOTOX 2004
pTSA (surrogate) Rodent (Oral) ND Rat Mortality LD50 1,410 mg/kg Hoechst 1988a NOTOX 2004
pTSA (surrogate) Rodent (Oral) ND Rat Morbidity, Morality NOAEL >500 mg/kg-day Hoechst 1990 NOTOX 2007

Notes: BSA

EC50
LC50
LD50
LDLo
ND
NOAEL
pTSA

benzenesulfonic acid

median effective concentration
median lethal concentration
median lethal dose

lowest published lethal dose

not defined
no-observed-adverse-effects level
p-toluenesulfonic acid

not applicable

# Calculated value as presented in NOTOX 2004.



Table 4-1. Human Health Toxicity Data for p-Chlorobenzenesulfonic Acid, by Test Category.

Test Organism Endpoint Test Effects ® Measure Result Study Detail Primary Reference Secondary Reference
Genotoxicity
Bacteria (Salmonella Genotoxicity in vitro mutation Positive/Negative Negative Ames test. Dosing: 50-1,000 mcg/ml. Tested with Pharmakon Research MDEQ 2006
typhimurium) and without metabolic activation. International, 1985a
L5178 Y Mouse lymphoma Genotoxicity Mutation frequency -- No increase Dosing: 50-1,000 mcg/mL. Tested with and without Pharmakon Research MDEQ 2006
cells metabolic activation. Endpoint: Mutations at the International, 1985b
thymidine kinase location.
Rat Genotoxicity Chromosomal -- No increase Test population: male rats. Dosing: oral gavage, Pharmakon Research MDEQ 2006
aberrations in bone 2,000 mg/kg. Sacrifice: 6, 12, and 24 hours post International, 1985¢c
marrow, incidence treatment.
Repeated Dose Toxicity
Rat Morbidity, Mortality, ND NOAEL Female: 2,000 mg/kg-day; Test population: 10 rats/sex/dose group. Dosing: American Biogenics Inc. MDEQ 2006
Growth Male: 1,000mg/kg-day daily, 28 days via oral gavage; 0, 10, 50, 1,000, 1985
and 2,000 mg/kg-bw.
Rat Reproductive, Number of live births; -- No dose related effects Test population: pregnant female rats. Dosing: Chernoff and Rosen 1985 MDEQ 2006

Developmental newborn weight

high doses of pCBSA on days 7 and 16 of
pregnancy (method unspecified).

Notes: ND = not defined
NOAEL
pCBSA

no-observed-adverse-effects level

p-chlorobenzenesulfonic acid
not applicable

2 Effects listed are those evaluated in the study. In cases that specific endpoints tested for were not described

, test effects are listed as ND. For mortality, if the duration over which mortality was evaluated was not described, the test effect is additioanlly listed as ND.



Table 4-2. Ecological Toxicity Data for p-Chlorobenzenesulfonic Acid.

Receptor (pathway) Organism Common Name Endpoint Measure Result Primary Reference Secondary Reference
Invertebrate Daphnia magna Water flea Mortality LC50 (24h) 8,600 mg/L Dowden and Bennett 1965 -
Invertebrate Daphnia magna Water flea Mortality LC50 (48h) 7,659 mg/L Dowden and Bennett 1965 -
Invertebrate Daphnia magna Water flea Mortality LC50 (72h) 3,964 mg/L Dowden and Bennett 1965 -
Invertebrate Daphnia magna Water flea Mortality LC50 (96h) 2,150 mg/L Dowden and Bennett 1965 -
Rodent (Oral) ND Rat Morbidity, Mortality, NOAEL Female: 2,000 mg/kg-day; American Biogenics Corp. MDEQ 2006
Growth Male: 1,000 mg/kg-day 1985
Rodent (Oral) ND Rat Reproductive, -- No dose related effects Chernoff and Rosen 1985 MDEQ 2006
Developmental
Notes: LC50 = median lethal concentration
ND = not defined

NOAEL = no-observed-adverse-effects level
-- = not applicable



Table 5-1. Human Health Toxicity Data for Phthalic Acid and Phthalic Anhydride, by Test Category.

Chemical of Interest Test Organism Endpoint Test Effects * Measure Result Study Detail Primary Reference Secondary Reference
Reproductive Toxicity
Phthalic acid Rat Reproduction  Corpora  lutea  per litter; live fetusesl/litter; NOAEL 1,763 mg/kg-day Teratogenicity study. Test population: pregnant Wistar rats;11 Ema et.al. 1997 -
postimplantation loss; sex ratios of live fetuses; external, females/dose. Dosing: dietary, ad libitum at 0, 1.25, 2.5, or
internal and skeletal malformations in fetuses; fetal 5.0% (mean daily intake of 0, 1,021, 1,763, and 2,981 mg/kg-
weight; degree of ossification. bw) on day 7 through 16 of pregnancy.
Phthalic acid Rat Reproduction  Decreased fetal weight in males, lesser degree of LOAEL 2,981 mg/kg-day Teratogenicity study. Test population: pregnant Wistar rats;11 Ema et.al. 1997 -
ossification. females/dose. Dosing: dietary, ad libitum at 0, 1.25, 2.5, or
5.0% (mean daily intake of 0, 1,021, 1,763, and 2,981 mg/kg-
bw) on day 7 through 16 of pregnancy.
Phthalic acid Rat Growth Maternal food consumption, maternal weight gain. NOAEL 1,021 mg/kg-day Maternal toxicity evaluation in teratogenicity study. Test Ema et.al. 1997 -
population: pregnant Wistar rats;11 females/dose. Dosing:
dietary, ad libitum at 0, 1.25, 2.5, or 5.0% (mean daily intake of
0, 1,021, 1,763, and 2,981 mg/kg-bw) on day 7 through 16 of
pregnancy.
Phthalic acid Rat Growth Maternal food consumption, maternal weight gain. LOAEL 1,763 mg/kg-day Maternal toxicity evaluation in teratogenicity study. Test Ema et.al. 1997 -
population: pregnant Wistar rats;11 females/dose. Dosing:
dietary, ad libitum at 0, 1.25, 2.5, or 5.0% (mean daily intake of
0, 1,021, 1,763, and 2,981 mg/kg-bw) on day 7 through 16 of
pregnancy.
Phthalic acid Mouse Reproduction ~ Percent pregnant females, live implants/female, dead LOAEL 40 mg/kg-day Dominant lethality assay. Test population: male Swiss albino Jhaetal. 1998 -
implants/female mice, 10-12 weeks old, 20/group. Dosing: 1 intraperitoneal
injection of 40 mg/kg-bw or 80 mg/kg-bw per day for 5 days.
Each male bred to 2 different females for each period 1-7, 8-14,
15-21, and 22-28 days post treatment.
Phthalic acid Mouse Reproduction  Number of abnormal sperm NOAEL 50 mg/kg Spermhead abnormality assay. Test population: male Swiss Jhaetal. 1998 -
albino mice, 5/group. Dosing: 1 intraperitoneal injection of 50,
100, 150, 200, and 300 mg/kg-bw.
Phthalic anhydride Rat Reproduction ~ Sperm motility NOAEL 0.02 mg/m3 Male reproduction study. Test population: rats, 6/group. Protsenko 1970 OEHHA 2000
(surrogate)
Phthalic anhydride Rat Reproduction ~ Sperm motility LOAEL 0.2 mg/m3 Male reproduction study. Test population: rats, 6/group. Protsenko 1970 OEHHA 2000
(surrogate)
Genotoxicity
Phthalic acid Bacteria Genotoxicity in vitro mutation Positive/Negative Negative Ames test. Tested with and without metabolic activation. Agarwal et al. 1985 -
(Salmonella
typhimurium)
Phthalic acid Bacteria Genotoxicity  in vitro mutation Positive/Negative Negative Ames test. Dosing: 33 - 10,000 mcg/ml. Tested with and NTP 2007 -
(Salmonella without metabolic activation. Test year - 1987.
typhimurium)
Phthalic acid Chinese hamster Genotoxicity  in vitro clastogenic activity Positive/Negative Negative Test for clastogenic activity in cultured Chinese hamster ovary Phillips et al. 1982 -
ovary cells cells.
Acute Toxicity
Phthalic acid Mouse Mortality Behavioral somnolence and ataxia. Gastrointestinal LD50 2,530 mg/kg Dosing: oral 1992. J. American College RTECS 2007a®
hypermotility, diarrhea. of Toxicol. 1(Part B): 711
Repeated Dose Toxicity
Phthalic acid Rat Morbidity Changes in blood serum composition (TP, Bilirubin, TDLo 102 mg/kg/26W intermittent  Dosing: oral 1967. Gigiena | Sanitariya. RTECS 2007a "
cholesterol). 32(8): 12
Phthalic anhydride Mouse Carcinogenicity Lung and kidney histopathology LOAEL 1,562 mg/kg-day Test population: B6C3F1 male and female mice, 50/sex/group. NCI 1979 USEPA 2007a
(surrogate) Dosing: average dietary concentrations of 16,346 and 32,692
ppm for males and 12,019 and 24,038 ppm for females for 104
weeks.
Phthalic anhydride Rat Carcinogenicity Survival, body weight, gross and microscopic signs of NOAEL 748 mg/kg-day Test population: F344 male and female rats, 50/sex/group. NCI 1979 USEPA 2007a
(surrogate) clinical toxicity. Dosing: Dietary concentrations of 7,500 or 15,000 ppm for 105
weeks. Concentrations approximately equal to 374 and 748
mg/kg-day.
Notes: LDS0 = median lethal dose
LOAEL = lowest-observed-adverse-effects level

NOAEL = no-observed-adverse-effects level
TDLo = lowest published toxic dose

- = not applicable

? Effects listed are those evaluated in the study. In cases that specific endpoints tested for were not described, test effects are listed as ND. For mortality, if the duration over which mortality was evaluated was not described, the test effect is additioanlly listed as ND.
® The primary reference as provided in RTECS could not be located and verified, therefore, the primary reference is not listed i the main text



Table 5-2. Ecological Toxicity Data for Phthalic Acid.

Receptor (pathway) Organism Common Name Endpoint Measure Result Primary Reference Secondary Reference
Amphibian Bufo bufo japonicus Toad Mortality LC50 (24h) 40 mg/L Nishiuchi 1980 USEPA 2007b
Amphibian ND Japanese frog ND NOEC (24h) 40 mg/L? USEPA 1988 USEPA 1994b
Fish Oryzias latipes Medaka Mortality LC50 (24h) 1,000 mg/L Tsuji et al. 1986 USEPA 2007b
Fish Oryzias latipes Medaka Mortality LC50 (48h) 1,000 mg/L Tsuji et al. 1986 USEPA 2007b
Fish Pimephales promelas Fathead minnow ND NOEC (acute) 56 mg/L® USEPA 1988 USEPA 1994b
Fish Salmo gairdneri Rainbow trout ND NOEC (24h) 5 mg/L? USEPA 1988 USEPA 1994b
Fish Lepomis macrochirus Bluegill sunfish ND NOEC (24h) 5 mg/L? USEPA 1988 USEPA 1994b
Invertebrate Chironomus plumosus Midge Mortality LC50 (48h) 72 mg/L Streufert 1977 USEPA 2007b
Invertebrate ND Daphnid ND NOEC (48h) 640 mg/L USEPA 1988 USEPA 1994b
Rodent (Oral) ND Rat Mortality LD50 8,000 mg/kg-day Merck 1976 NTP 2006
Rodent (Oral) ND Rat Reproductive NOAEL 1,763 mg/kg-day Ema et.al. 1997 -
Rodent (Oral) ND Rat Reproductive LOAEL 2,981 mg/kg-day Ema et.al. 1997 -
Rodent (Oral) ND Rat Reproductive NOAEL 1,021 mg/kg-day Ema et.al. 1997 -
Rodent (Oral) ND Rat Reproductive LOAEL 1,763 mg/kg-day Ema et.al. 1997 -
Notes: LC50 = median lethal concentration

LD50 = median lethal dose

LOAEL = lowest-observed-adverse-effects level

ND = not defined

NOEC = no-observed-effect concentration; no information

= no-observed-adverse-effects level

NOAEL

a

not applicable

No information on tested dose range; unknown whether NOECs were highest doses tested.
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