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NAME - Acetaldehyde
RN - 75-07-0

IRSN - 284

DATE - 920122
UPDT -+ NO DATA
STAT - Oral RfD Assessment (RDO) no data
= Inhalation RfC Assessment (RDI) on-line 10/01/91
~ Carcinogenicity Assessment (CAR) on-line 01/01/91"
STAT - Drinking Water Health Advisories (DWHA) no data
- U.S. EPA Regulatory Actions (EXSR) on-line 01/01/92
IRH - 06/01/89 CARDR Secondary contact changed
IRH - 07/01/89 RDI Inhalation RfD now under review
IRH - 03/01/90 CRAREV Citations clarified (1lst paragraph)
IRH - 03/01/90 REFS Bibliography on-line
IRH - 01/01/91 CAR Text edited
IRH - 01/01/91 CARI Inhalation slope factor removed
IRH - 10/01/91 RDI Inhalation RfC summary on-line
IRH =~ 10/01/91 IREF Inhalation RfC references added
IRH - 01/01/92 EXSR Regulatory Action section on~line
RLEN - 39396

SY = ACETALDEHYD

S8Y. - Acetaldehyde

sY ~ ACETIC ALDEHYDE

SY - ACETYLALDEHYDE

SY = ALDEHYDE ACETIQUE

SY ~ ALDEIDE ACETICA

SY -~ ETHANAL B
SY = ETHYL ALDEHYDE g
SY - NCI-~C56326

SY .- OCTOWY ALDEHYD

SY - RCRA WASTE NUMBER U001

sY - UN 1089

MF ~ NO DATA

USE - NO DATA
COFO -~ NO DATA
ODOR - NO DATA

BP - NO DATA
MP ~ NO DATA
MW - NO DATA

DEN - NO DATA
VAP - NO DATA
VAPD - NO DATA
EVAP - NO DATA
SOLW - NO DATA ‘
FLPT - NO DATA
FLMT - NO DATA
AVOI - NO DATA
DCMP - NO DATA

RDO -~ NO DATA

RDI -

o INHALATION RFD SUMMARY :

Critical Effect Exposures* UF MF RfC
Degeneration of NOAEL: 273 mg/cu.m (150 ppm) 1000 1 9E-3
olfactory epithelium NOAEL(ADJ): 48.75 mg/cu.m mg/cu.m

NOAEL (HEC) : 8.7 mg/cu.m
Short-term Rat
Inhalation Studies LORAEL: 728 mg/cu.m (400 ppm)
LOAEL(ADJ): 130 mg/cu.m
Appleman et al., 1986; LOREL(HEC): 16.9 mg/cu..n



(" 1982

*Conversgion Factors: MW = 44.5.

Appleman et al., 1986: Assuming 25C and 760 mmHg, NOAEL(mg/cu.m) = 150 ppm

x 44.5/24.45 = 273. NOAEL(ADJ) = 273 mg/cu.m x 6 hours/day x 5 days/7 days =
48.75 mg/cu.m. The NOAEL(HEC) was calculated for a gas:respiratory effect in
the ExtraThoracic region. MvVa = 0.23 cu.m/day, MVh = 20 cu.m/day, Sa(ET) =
11.6 sqg. cm, Sh(ET) = 177 sq. cm. RGDR(ET) = (MVa/Sa) / (MVh/Sh) = 0.18.
NOREL (HEC) = NOAEL(ADJ) x RGDR = 8.7 mg/cu.m.

Appleman et al., 1982: Assuming 25C and 760 mmHg, LOREL(mg/cu.m) = 400 ppm x
44.5/24.45 = 130. LOAEL(ADJ) = 728 mg/cu. m x 6 hours/day x 5 days/7days =
130 mg/cu.m. The LOAEL(HEC) was calculated for a gas:respiratory effect in
the ExtraThoracic region. Mva = 0.17 cu.m/day, MVh = 20 cu.m/day, Sa(ET) =
11.6 sq. cm., Sh(ET) = 177 sq.cm. RGDR(ET) = (MVa/Sa) / (MVh/Sh) = 0.13.
LOAEL(HEC) = LOAEL(ADJ) x RGDR = 16.9 mg/cu.m.

o INHALATION RFD STUDIES :

Appleman, L.M., R.A. Woutersen, V.J. Feron, R.N. Hooftman and W.R.F. Notten.
1986. Effect of variable versus fixed exposure levels on the toxicity of
acetaldehyde in rats. J. Appl. Toxicol. 6(5): 331-336.

Appleman, L.M., R.A. Woutersen, and V.J. Feron. 1982. Inhalation toxicity of
acetaldehyde in rats. I. Acute and subacute studies. Toxicology. 23:
293-297.

Two short-term studies conducted by the same research group are the
principal studies used. While these studies are short-term in duration,
together they establish a concentration-response for lesions after only 4

B weeks of exposure. These same types of lesions appear at longer exposure

( times and higher exposure levels in chronic studies (Wouterson et al., 1986;
Wouterson and Feron, 1987; Kruysse et al., 1975). Under other cimcumstances,
studies of short duration may not be considered appropriate, but for this
chemical the observed effects are consistent with pathology seen in long-term
studies. The 150--ppm exposure level was therefore established as the NOAEL
from the Appleman et al. (1986) study and the LOAEL from the Appleman et al.
(1982) study. -

Appleman et al. (1986) conducted two inhalation studies on male Wistar
rats (10/group) exposing them 6 hours/day, 5 days/week for 4 weeks to 0, 150,
and 500 ppm (0, 273 and 910 mg/cu.m, respectively). Duration-adjusted
concentrations are 0, 48.75, and 162.5 mg/cu.m, respectively. One group was
exposed without interruption, a second group was interrupted for 1.5 hours
between the first and second 3-hour period, and a third group was interrupted
as described with a superimposed peak exposure profile of 4 peaks at 6-fold
the basic concentration per 3-hour period. The purpose was to test
intermittent and peak exposure effects. Urine samples were collected from all
rats and lung lavage performed on 4-5 per group at the end of the experiment.
Cell density, viability, number of phagocytosing cells, and phagocytic index
were determined on the lavage fluid. Microscopic examination was performed on
the nasal cavity, larynx, trachea with bifurcation and pulmonary lobes of all
rats of all groups. ;

Continuous and interrupted exposure to 500 ppm did not induce any visible
effect on general condition or behavior, but peak exposures at this level
caused irritation. No behavioral differences were noted in the other groups.
Mean body weights of the group erposed to 500 ppm with interruption and with
peak exposures were statistically significantly lower than those of the
controls. Body weights were similar to controls in the other exposure groups.
Mean cell density and cell viability were significantly decreased in the group
exposed to 500 ppm with or without peak exposures. The mean percentage of

: phagocytosing cells and the phagocytic index were significantly lower than
! controls in all groups exposed to 500 ppm, especially the group exposed to



superimposed peaks. Histopathological changes attributable to exposure were
found only in the nasal cavity. Degeneration of the olfactory epithelium was
observed in rats exposed to 500 ppm. Interruption of the exposure or
interruption combined with peak exposure did not visibly influence this
adverse effect. No compound-related effects were observed in rats
interruptedly or uninterruptedly exposed to 150 ppm during the 4-week exposure
period; therefore, the NOAEL is 150 ppm. The NOAEL(HEC) based on effects on
the olfactory epithelium in the extrathoracic region is 8.7 mg/cu.m.

Appelman et al. (1982) exposed Wistar rats (10/sex/group) for 6 hours/day,
5 days/week for 4 weeks to O, 400, 1000, 2200, or 5000 ppm acetaldehyde (O,
728, 1820, 4004 and 9100 mg/cu.m, respectively). Duration-adjusted
concentrations are 0, 130, 325, 715 and 1625 mg/cu.m, respectively. The
general condition and behavior of the rats were checked daily. Blood picture
(Hb, Hct, RBC, total and differential WBC, and plasma protein) and chemistry
were examined at the end of the treatment period. Activities of plasma
glutamic-oxalacetic transaminase, glutamic-pyruvic transaminase, and alkaline
phosphatase were also determined. Urine was analyzed for density, volume, pH,
protein, glucose, occult blood, ketones, and appearance. The kidneys, lungs,
liver, and spleen were weighed. Microscopic examination was performed on the
lungs, trachea, larynx, and nasal cavity (3 transverse sections) of all
animals and on the kidneys, liver, and spleen of all control and high-
concentration groups.

During the first 30 minutes of each exposure at the 5000-ppm level, rats
exhibited severe dyspnea that gradually became less severe during the '
subsequent exposure period. Two animals died at this level (1 female, 1 male)
and one male died at the 2200-ppm level, but the cause of death could not be
determined due to autolysis or cannibalism. Growth was retarded in males at
the three highest exposure concentrations and in females at the 5000-ppm
level. The percentage of lymphocytes in the blood was lower and the percentage
of neutrophilic leukocytes higher in males and females of the 5000-ppm group
than in controls. There were a few statistically significant differences in
several blood chemistry parameters between the exposure groups and the control
group but none of them were concentration-related. Statistically significant
changes in organ-to-body weight ratios included decreased liver weights in
both sexes and increased lung weights in males at the 5000-ppm level. Males
in the 5000-ppm level produced less urine, but it was of higher density.
Compound-related histopathological changes were observed only in the
respiratory system.® The nasal cavity was most severely affected and exhibited
a concentration-response relationship. At the 400-ppm level, compound-related
changes included: slight to severe degeneration of the nasal olfactory
epithelium, withcut hyper- and metaplasia, and disarrangement of epithelial
cells. At the 1000- and 2200-ppm levels, more severe degenerative changes
occurred, with hyperplastic and metaplastic changes in the olfactory and
respiratory epithelium of the nasal cavity. Degeneration with
hyperplasia/metaplasia also occurred in the laryngeal and tracheal epithelium
at these levels. At 5000 ppm changes included severe degenerative
hyperplastic and metaplastic changes of the nasal, laryngeal, and tracheal
epithelium. Based on the degenerative changes observed in the olfactory
epithelium, the 400-ppm level is designated as a LOAEL. The LOAEL(HEC), based
on the ventilation rates for female rats, is 16.9 mg/cu.m. No NOAEL was
identified.

Woutersen et al.(1986) exposed Wistar rats (105/sex/group) for 6
hours/day, 5 days/week for up to 28 months to O, 750, 1500 and 3000/1000 ppm
(0, 1365, 2730, 5460/1820 mg/cu.m, respectively). The highest concentration
was gradually decreased because of severe growth retardation, occasional loss
of body weight, and early mortality in this group. The duration-adjusted
concentrations are 0, 244, 488, and 975/325 mg/cu.m, respectively. The
general condition and behavior of the rats were checked daily. Samples of a
wide range (otherwise not specified) of tissues, including the nasal cavity,
trachea with main bronchi, and lungs were examined by light microscopy. The
rats in the high-exposure concentration showed excessive salivation, labored




regpiration, and mouth breathing. The respiratory distress was still observed
when the concentration was reduced to 1000 ppm, although fewer were dyspneic.
Only a few rats died during the first 6 months of the study but thereafter a
sharp increase in the numbers of deaths occurred in the high-concentration
group. All top concentration rats had died by 25 months. When the study was
terminated, only a few animals remained alive in the mid-concentration group.
The cause of early death or moribund condition was nearly always partial or
complete occlusion of the nose by excessive amounts of keratin and
inflammatory exudate. Several showed acute bronchopneumonia occasionally
accompanied by tracheitis. Growth retardation occurred in males of each test
group and in females of the two highest concentrations. The only exposure-
related histopathology occurred in the respiratory system and showed a
concentration-response relationship. The most severe abnormalities were found
in the nasal cavity. Basal cell hyperplasia of the olfactory epithelium was
seen in the low- and mid-concentration rats. The decrease in these changes in
the olfactory epithelium was attributed to the incidence of adenocarcinomas at
the higher levels. The respiratory epithelium of the nasal cavity was
involved (hyperplasia and squamous metaplasia with keratinization) at the mid
and high concentrations. Hyperplasia and squamous metaplasia, occasiocnally
accompanied by keratinization, occurred in the larynx of rats exposed at the
mid and high concentrations. The tracheal epithelium was not visibly affected
at any exposure level. Adenocarcinomas occurred at all exposure
concentrations and squamous cell carcinoma at the mid and high concentrations
only. It thus appeared that the nasal tumors could be distinguished into two
major types: adenocarcinomas from olfactory epithelium, and squamous cell
carcinoma from the respiratory epithelium. The lowest exposure concentration,
750 ppm, is clearly a LOAREL based on the above changes in the olfactory
epithelium. The LOAEL(HEC) is 56 mg/cu.m. No NOAREL was identified.

Woutersen and Feron (1987) conducted an inhalation study in which Wistar
rats (30 rats/sex/group) were exposed to 0, 750, 1500, or 3000/1500 ppm
acetaldehyde (0, 1365, 2730, 5460,/2730 mg/cu.m, respectively) for 6 hours/day,
§ days/week for 52 weeks with a 26~ or 52~week recovery period. The highest
concentration was gradually decreased because of severe growth retardation,
occasional loss of body weight, and early mortality. Duration-adjusted
concentrations are 0, 244, 488, and 975/488 mg/cu.m, respectively. The
general condition and behavior of the rats were checked daily. Histopathology
was performed as described for Wouterson et al. (1986).

At the end of the 52-week exposure period, most of the animals in the
high-concentration group exhibited labored respiration and mouth breathing.
The respiratory distress diminished during the recovery period but did not
disappear completely. Adenocarcinoma and squamous cell carcinoma occurred at
the mid and high concentrations. Degeneration of the olfactory epithelium was
similar in rats terminated after 26 weeks of recovery and rats killed
immediately after exposure termination. Histopathological changes found in
the respiratory epithelium were comparable with, but less severe.than, those
observed immediately after exposure termination. After 52 weeks of recovery,
the degeneration of the olfactory epithelium was still visible to a slight
degree in animals from all exposure groups. Animals in the high-concentration
group did not show restoration of the olfactory epithelium. At the low
concentration, normal olfactory epithelium was present in some animals but
replacement of olfactory epithelium by respiratory epithelium was frequently
seen. Histopathological changes in the respiratory epithelium of the two
females of the high-concentration group examined were essentially comparable
with those found in rats terminated after 26 weeks of recovery. These data
suggest that there is incomplete recovery of olfactory and respiratory
epithelium changes induced at all exposure concentrations for periods as long
as 52 weeks after exposure termination.

Kruysse et al. (1975) conducted a 90-day inhalation study in hamsters
(10/sex/concentration). The hamsters were exposed to acetaldehyde vapor at
concentrations of 0, 390, 1340, or 4560 ppm {0, 127, 435.5 or 1482 mg/cu.m,
adjusted for duration, respectively), for 6 hours/day, 5 days/week for 90



days. Histopathological changes attributable to exposure were observed only
in the regpiratory tract. At 4560 ppm, body weights were significantly
reduced and the relative weights of heart, kidney, brain, testicle, and lung
were significantly increased. Histopathological changes of the nasal cavity,
larynx, trachea, and bronchi included necrosis, inflammatory changes, and
hyperplasia and metaplasia of the epithelium. Mild effects observed at 1340
ppm consisted of statistically significant increased kidney weight in males, :
and small areas of stratified epithelium in the trachea in both sexes (30% of i
the animals). At 390 ppm, with the exception of a tiny focus of metaplastic :
epithelium in the trachea of 1 out of the 20 animals examined, no adverse
effects were observed. The 390-ppm concentration was identified by the
authors as a NOREL. The study by Appelman et al. (1982) identified a similar
level (400 ppm) as a LOAEL [LOAEL(HEC) = 16.9 mg/cu.m] for Wistar rats, but
surface area values in hamsters are not available so that a comparison on HEC
values could not be made to determine the relative sensitivities of the
species to acetaldehyde. The LOAEL for the extrarespiratory effects (effect
on kidney weight) is 1340 ppm and the NOAEL also at 390 ppm. The NOAREL(HEC)
for extrarespiratory effects is 127 mg/cu.m.

o INHALATION RFD UNCERTAINTY :

UF = 1000. An uncertainty factor of 10 was applied to account for sensitive
human populations. A factor of 10 was applied for both uncertainty in the
interspecies extrapolation using dosimetric adjustments and to account for the
incompleteness of the data base. A factor of 10 was applied to account for
subchronic to chronic extrapolation.

© INHALATION RFD MODIFYING :

MF = 1.
FACTOR

© INHALATION RFD COMMENTS :

Saldiva et al. (1985) exposed male Wistar rats (12/group) to O or 243 ppm
(442 mg/cu.m) of acetaldehyde 8 hours/day, 5 days/week for 5 weeks. Duration-
adjusted values are 0 and 105 mg/cu.m., respectively. The animals were
evaluated for pulmonary mechanics before and after the exposure period, and
gross and paraffin-embedded sample observations were made after exposure,
especially of the respiratory system. Increases in RF, FRC, RV, and TLC were
significantly different from control values. Damage to distal airways was
suggested since functional tests for damage to elasticity or for severe
obstruction were not demonstrated. Histopathological investigation showed an
intense inflammatory reaction with olfactory epithelium hyperplasia and
polymorphonuclear and mononuclear infiltration of the submucosa. Cannulation
precluded evaluation of tracheal effects and no differences between the
control and exposed animals were observed for the lower respiratory tract.
Although this study presents the pathology data in only a descriptive fashion,
it identifies a LOAEL for nasal effects of 105 mg/cu.m (HEC = 13.7 mg/cu.m)
that is consistent with the principal studies. The LOAEL{HEC) for thoracic
effects on pulmonary function is 220.5 mg/cu.m.

Feron (1979) exposed Syrian golden hamsters (35 males/group) by inhalation
to 1500 ppm acetaldehyde 7 hours/day, 5 days/week for 52 weeks. The duration-
adjusted concentration is 487.5 mg/cu.m. Exposure to acetaldehyde vapor
resulted in epithelial hyperplasia and metaplasia, accompanied by inflammation
in the nasal cavity and trachea. No evidence of carcinogenicity was observed.

In an inhalation study Feron et al. (1982) exposed Syrian golden hamsters
to 2500 ppm (948 mg/cu.m adjusted for duration) for the first 9 weeks, 2250
ppm, (853 mg/cu.m adjusted for duration) for weeks 10-20, 2000 ppm (758
mg/cu.m adjusted for duration) for weeks 21-29, 1800 ppm (682.5 mg/cu.m
adjusted for duration) for weeks 30-44, and 1650 ppm (626 mg/cu.m adjusted for
duration) for weeks 42-52, for 7 hours/day, 5 days/week for a total of 52



weeks. Compound-related changes included rhinitis, hyperplasia, and
metaplasia of the nasal, laryngeal, and tracheal epithelium, and nasal and
laryngeal carcinomas. No LOAEL was identified.

No inhalation studies for reproductive or developmental effects have been
performed. No oral or inhalation developmental studies, nor any reproductive
studies, exist.

Zorzano and Herrera (1989) studied the pattern of acetaldehyde appearance
in maternal and fetal blood, maternal and fetal liver and placenta after oral
ethanol administration or intravenous acetaldehyde administration (10 mg/kg)
to pregnant Wistar rats. The study demonstrated that acetaldehyde was able to
cross the placental barrier at high concentrations (fetal blood concentrations
were only detectable when maternal blood concentrations were greater than 80
uM). The fetal oxidation capacity in liver and placenta was shown to be lower
than that of the maternal liver. A threshold above which the removal capacity
of acetaldehyde metabolism by the fetoplacental unit would be surpassed was
estimated to be 80 uM (maternal blood concentration) in the 21-day pregnant
rat and possibly lower at early pregnancy when aldehyde dehydrogenase is
absent from fetal liver.

Retention of acetaldehyde in humans under "physiologic conditions" of
breathing rate and tidal volume has been shown to be approximately 60% between
100 and 200 mg/cu.m for a few minutes (Egle, 1970), and retention was shown to
decrease slightly at higher concentrations. Breathing rate and volume and
exposure concentration were shown to influence retention. Retention has not
been determined at lower concentrations comparable with the HEC estimates
derived here, however. Retention of acetaldehyde from cigarette smoke was
shown to be 99% (Dalhamn et al., 1968). Acetaldehyde has been shown to be
absorbed via inhalation at high concentrations (9000-10,000) for 1 hour
(Watanabe et al., 1986). Binding and metabolism in blood and rat nasal mucosa
have been demonstrated (Hagihara et al., 1981; Casanova-Schmitz et al., 1984).
Casanova-Schmitz et al. (1984) observed that rats exposed to 700 ppm for 2
hours demonstrated only 0.7 mM in circulating blood 5 minutes after exposure
termination, suggesting that binding in the respiratory tract and rapid-
metabolism significantly reduces systemic circulation at steady state.

o INHALATION RFD CONFIDENCE : Study: Medium Data Base: Low RfC: Low the
principal studies is medium since appropriate
histopathology was performed on an adequate
number of animals and a NOAEL and LOAEL were
identified, but the duration was short and
only one species was tested. Confidence in
the data base is low due to the lack of
chronic data establishing NOAELs and due to
the lack of reproductive and developmental
toxicity data. Low confidence in the RfC
results.

o INHALATION RFD SOURCE :

Source Document -- This assessment is not presented in any existing U.S. EPA
document.

other EPA documentation -- U.S. EPA, 1991
DOCUMENT

O REVIEW DATES
o VERIFICATION DATE
o EPA CONTACTS :

05/18/89, 04/25/91
04/25/91

Annie M. Jarabek / ORD —- (919)541-4847 / FTS 629-4847
Gary L. Foureman / ORD =-- (919)541-1183 / FTS 629-1183
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CAREV~
o CLASSIFICATION
© BASIS FOR CLASSIFICATION

B2; probable human carcinogen

Based on increased incidence of nasal tumors
in male and female rats and laryngeal tumors
in male and female hamsters after inhalation
exposure.

©0 HUMAN CARCINOGENICITY DATA :

Inadequate. The only epidemiological study involving acetaldehyde
exposure showed an increased crude incidence rate of total cancer in
acetaldehyde production workers as compared with the general population
(Bittersohl, 1974). Because the incidence rate was not age adjusted, and
because this study has several other major methodological limitations
(including concurrent exposure to other chemicals and cigarette exposure,
short duration, small number of subjects, and lack of information on subject
selection, age and sex distribution) it is considered inadequate to evaluate
the carcinogenicity of acetaldehyde.

© ANIMAL CARCINOGENICITY DATA :

Sufficient. Feron (1979) exposed groups of 35 male Syrian Golden hamsters
to 0 or 1500 ppm acetaldehyde by inhalation 7 hours/day, 5 days/week, for 52
weeks. These animals were also exposed weekly by intratracheal instillation
to increasing doses of benzo(a)pyrene (BaP) in 0.2 mL of 0.9% NaCl, or to NacCl
alone. Animals were killed and autopsied after exposure and 26 weeks of
recovery in air. No neoplastic effects due to acetaldehyde alone were found.
The highest BaP dose (1 mg/week for 52 weeks) combined with acetaldehyde
exposure produced twice the incidence of squamous cell carcinomas compared
with the same dose of BaP alone. In the second part of this study, no
respiratory tract tumors were found in groups of 25 male hamsters which were
intratracheally instilled once a week with 0.2 mL of 2% or 4% acetaldehyde in
0.9% NaCl for 52 weeks.

Feron et al. (1982) studied male and female hamsters exposed by inhalation
to acetaldehyde alone or in combination with intratracheally administered BaP
or diethylnitrosamine. The animals were exposed for 7 hours/day, 5 days/week,
for 52 weeks to a time weighted average concentration of 2028 ppm. They were
killed and autopsied after a 29-week recovery period; that is, at week 81. A
slight increase in nasal tumors and a significantly increased incidence of
laryngeal tumors was observed in both male and female hamsters exposed to
acetaldehyde alone. This study supported the observation of Feron (1979) that
acetaldehyde treatment enhanced tumorigenicity (production of tracheobronchial
carcinomas) of BaP.

The carcinogenicity of acetaldehyde was studied in 420 male and 420 female
albino SPF Wistar rats (Woutersen and Appelman, 1984; Woutersen et al., 1985).
After an acclimatization period of 3 weeks, these animals were randomly
assigned to four groups of 105 males and 105 females each. The animals were
then exposed by inhalation to atmospheres containing 0, 750, 1500, or 3000 ppm
acetaldehyde for 6 hours/day, 5 days/week, for 27 months. The concentration
in the highest dose group was gradually reduced from 3000 to 1000 ppm because
of severe growth retardation, occasional loss of body weight and early
mortality in this group. Interim sacrifices were carried out at 13, 26, and
52 weeks. One tumor was observed in the 52 week sacrifice group and none at
earlier times. Exposure to acetaldehyde increased the incidence of tumors in
an exposure-related manner in both male and female rats. In addition, there
were exposure-related increases in the incidences of multiple respiratory
tract tumors. Adenocarcinomas were increased significantly in both male and
female rats at all exposure levels, whereas squamous cell carcinomas were
increased significantly in male rats at middle and high doses and in female
rats only at the high dose. The squamous cell carcinoma incidences showed a
clear dose-response relationship. The incidence of adenocarcinoma was highest
in the mid-exposure group (1500 ppm) in both male and female rats, but this
was probably due to the high mortality and competing squamous cell carcinomas



at the highest exposure level. In the low-exposure group, the adenocarcinoma
incidence was higher in males than in females.

In a concurrent study, 30 animals of each sex were exposed to the same

‘concentrations of acetaldehyde for 52 weeks followed by a recovery period of

26 weeks (10 animals) or 52 weeks (20 animals). Significant increases in
nasal tumors were observed in male and female rats, including adenocarcinomas
and squamous cell carcinomas, in both recovery groups. These findings
indicate that after 52 weeks of exposure to acetaldehyde, proliferative
epithelial lesions of the nose may develop into tumors even without continued
exposure.

© SUPPORTING DATA :

Acetaldehyde has been shown by several laboratories to induce sister
chromatid exchange (SCE) in cultured mammalian cells (Obe and Ristow, 1977;
Obe and Beer, 1979; deRaat et al., 1983; Bohlke et al., 1983; Ristow and Obe,
1978; Jansson, 1982; Norrpa et al., 1985). A recent study provided evidence
that SCE-inducing lesions may be persistent for several cell generations (He
and Lambert, 1985). The in vitro SCE response did not require metabolic
activation. The induction of SCE by acetaldehyde has also been detected in
bone marrow cells of mice and hamsters in vivo (Obe et al., 1979; Korte and
Obe, 1981). Acetaldehyde caused chromosomal aberrations in mammalian cell
culture (Bird et al., 1981; Bohlke et al., 1983) and plants (Rieger and
Michaelis, 1960), but not in Drosophila (Woodruff et al., 1985). Chromosome
gaps and breaks were found in rat embryos after a single intraamniotic
injection on day 13 of gestation (Barilyak and Kozachuk, 1983). Acetaldehyde
produced sex-linked recessive lethal gene mutations after injection in
Drosophila (Woodruff et al., 1985), but has been negative in testing in
Salmonella (Commoner, 1976, Laumbach et al., 1976; Pool and Wiesler, 1981.,
Marnett et al., 1985, Mortelmans et al., 1986). Acetaldehyde has been shown
to produce crosslinks between protein and DNA in the nasal respiratory mucosa
(Lam et al., 1986).

Acetaldehyde is similar in stucture to formaldehyde (classified Bl) which
also produces nasal tumors in animals exposed by inhalation.

CARO - NO DATA

CARI -

© CLASSIFICATION

0 BASIS FOR CLASSIFICATION

B2; probable human carcinogen

Based on increased incidence of nasal tumors

in male and female rats and laryngeal tumors

in male and female hamsters after inhalation

exposure. )

2,2E-6 per (ug/cu.m)

Linearized multistage-variable exposure input
form .

" e

o INHALATION UNIT RISK
o DOSE EXTRAPOLATION METHOD

o RISK/AIR CONCENTRATIONS :

Air cConcentrations at Specified Risk Levels:

Risk Level Concentration
E~4 (1 in 10,000) 5E+1 ug/cu.m
E-5 (1 in 100,000) S5E+0 ug/cu.m

E~6 (1 in 1,000,000) 5E=1 ug/cu.m

o INHALATION DOSE-RESPONSE DATA :

Tumor Type -- nasal squamous cell carcinoma or adenocarcinoma
Test Animals -- rat/SPF Wistar, male



Route -- inhalation
Reference -- Woutersen and Appelman, 1984

R

~——— Doge ===~ S Tumor
Lifetime Average Expofuire Incidance
Admin- Human.
istered . Equivalent
(ppm) (ppm)
0 0 1/94 \
750 130 20/95
1500 255 49/95
1540 279 47/92

O ADDITIONAL COMMENTS :

Actual measured exposures on two occasions for the low and medium dose
groups were 727/735 and 1438/1412 ppm, respectively. The highest dose
administered is given as TWA. Low-dose extrapolation was performed using two
forms of the linearized multistage model, the quantal model (Crump et al.,
1977) and a form which allows analysis for a variable dose pattern, adjusts
for intercurrent mortality, and is capable of estimating risk at any time from
any dosing pattern (Crump and Howe, 1984). The latter model is referred to as
the variable exposure form. Comparison of the results from the two models
showed very little difference in the unit risk estimates. The variable
exposure form was selected for the final unit risk estimate because it allows
the combination of the lifetime study and the recovery study for risk
estimation. The above estimates are from male rats; the unit risk calculated
from data on female rats at 18 months was 1.6E~6 per (mg/cu.m). No difference
was found in tumor incidence between animals exposed for a full lifetime and
those exposed for 12 months and allowed to recover. At the end of 24 months,
however, the tumor incidences in the recovery group were less than those in
the lifetime exposure group.

The unit risk should not be used if the air concentration exceeds S5E+3
ug/cu.m, since above this concentration the unit risk may not be appropriate.

o DISCUSSION 'OF CONFIDENCE :

An adequate number of animals was observed in a lifetime study. Increases
in nasal tumors were observed in both male and female rats, and similar unit
risks were obtained using these data.

CARDR~ :
© CARCINOGENICITY SOURCE :

U.S. EPA. 1987. Health Assessment Document for Acetaldehyde. Prepared by
the Office of Health and Environmental Assessment, Research Triangle Park, NC
for the Office of Air Quality Planning and Standards. EPA/600/8-86/015A.
External Review Draft.
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o EPA CONTACTS

Steven P. Bayard / ORD -- (202)260-5722 / FTS 260-5722

Dharm V. Singh / ORD -- (202)260-5958./ FTS 260-5958

HAONE- NO DATA

HATEN-

NO

DATA

HALTC-

NO

DATA

HALTA-

NO

DATA

HALIF-

NO

DATA

OLEP -

NO

DATA

ALAB -

NO

DATA

TREAT-

NO

DATA

HADR -

NO

DATA

ACUTE-
BCF -

NO
NO

DATA
DATA

CAR -

NO

DATA

WQCHU-

NO

DATA

WQCAQ-

NO

DATA

MCLG -

NO

DATA

MCL -~

NO

DATA

SMCL -~

NO

DATA

FISTD-

NO

DATA

FIREV-

NO

DATA

CERC -

Value (status) -- 1000 pounds (Final, 1989)

Considers technological or economic feasibility? -- NO

Discussion --
reactivity as

1000 pounds.

Reference -- - 54 FR 33418 (08/14/89)

EPA Contact —-- RCRA/Superfund Hotline
(800)424-9346 / (202)260-3000 / FTS 260-3000

The final RQ for acetaldehyde is based on ignitability and
adjusted after consideration of the natural BHP processes.

The available data indicate that the closed cup flash point is -38 degrees F
and the boiling point is 70 degrees F. This chemical may also polymerize.

After adjustment one level upward due to the BHP process, the final RQ is

SARA ~ NO DATA
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No data available
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Oral RfD Assessment (RDO) no data

Inhalation RfC Assessment (RDI) on-line 05/01/91
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Drinking Water Health Advisories (DWHA) no data

U.S. EPA Regulatory Actions (EXSR) on-line 01/01/92
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31303

Ammonia

AM-FOL

AMMONIA GAS

Ammonia Solution, Strong

Bmmoniac [French)

Ammoniaca [Italian])

Ammoniak [German]

Amoniaco [Spanish}

Amoniak [Polish)

ANHYDROUS AMMONIA

Aromatic Ammonia, Vaporole

Caswell No. 041

EPA Pesticide Chemical Code 005302

HSDB 162

Nitro-sil

R 717

SPIRIT OF HARTSHORN

UN 1005

UN 2073

UN 2672

H3N

Twenty-five percent of the ammonia produced is used as a direct
application fertilizer; intermediate uses of ammonia include 10% used
for urea fertilizer; 19% for ammonium nitrate fertilizer; 18% for all
other fertxlxzers, 4% for ammonium nitrate-based commercial explosives;
7% for major fiber and plastlc intermediates, and 14% for alil other
applications (SRI). Rmmonia is also used as a bactericide
(USEPA/Pesticide Index, 1985).

Colorless gas, liquid (Weast, 1979); sharp, cloying, repellant odor
(Booth, 1982)

Colorless gas, liquid (Weast, 1979); sharp, cloying, repellant odor
(Booth, 1982)

~28.03F, -33.35C (Merck, 1976)

-107.9F, -77.7C (Merck, 1976)

17.03

Liquid 0.6818 at -33.35C (Merck, 1983; p. 74)

400 at -45.4C (Weast, 1983)

0.6 (Weiss, 1980; p. 73)

Not Found

31 g/100 g at 25C (Merck, 1983)

Not Found

Flammable Limits: LEL -- 16% (NFPA, 1978) UEL ~- 25% {NFPA, 1978)
Avoid mixing ammonia with other chemicals and water (Bretherick, 1979).
Ammonia is incompatible with many materials including silver and gold
salts, halogens, alkali metals, nitrogen trichloride, potassium
chlorate, chromyl chloride, oxygen halides, acid vapors, azides,
ethylene oxide (Bretherick, 1979), picric acid (Environment Canada,
1981), and many other chemicals (NFPA, 1978).

Not Found
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RDO - NO DATA

RDI -

o INHALATION RFD SUMMARY :

Critical Effect Exposures* Ur MF RfC
Lack of evidence of NOAEL: 6.4 mg/cu.m (9.2 ppm) 30 1 1E-1
decreased pulmonary NOREL(ADJ): 2.3 mg/cu.m mg/cu.m

function or changes

NOAEL(HEC): 2.3 mg/cu.m

in subjective
syptomatology LOREL: None
Occupational Study

Holness et al., 1989 B i

Increased severity or: NOAEL: None
rhinitis and pneumonia
with respiratory
lesions

LOAEL: 17.4 mg/cu.m (25 ppm)
LOAEL(ADJ): 17.4 mg/cu.m
LOAEL(HEC): 1.9 mg/cu.m

Rat Subchronic

Inhalation Study

Broderson et al., 1976

*Conversion Factors: MW = 17.03

Holness et al., 1989: Agsuming 25C and 760 mm Hg, NOREL (mg/cu.m) = 9.2 ppm
x 17.03/24.45 = 6.4 mg/cu.m. The NOAEL is based on an 8-hour TWA
occupational exposure. MVho = 10 cu.m/day, MVh = 20 cu.m/day. NOREL(ADJ)

= 6.4 mg/cu.m x (MVho/MVh) x 5 days/7 days = 2.3 mg/cu.m.

Broderson et al., 1976: Assuming 25C and 760 mm Hg, the LOAEL (mg/cu.m) = 25
ppm x 17.03/24.45 = 17.4 mg/cu.m. The LOAEL(HEC) was calculated for

a gas:respiratory effect in the ExtraThoracic region. Mva = 0.14 cu.m/day,
MVh = 20 cu.m/day, Sa(ET) = 11.6 sq. cm., Sh(ET) = 177 sq. cm. RGDR(ET) =
(Mva/Sa) / (MVh/Sh) = 0.1068. NOREL(HEC) = 17.4 x RGDR = 1.9 mg/cu.m.

o INHALATION RFD STUDIES :

Holness, D.%L., J.T. Purdham and J.R. Nethercott. 1989. Acute and chronic
respiratory effects of occupational exposure to ammonia. Am. Ind. Hyg. Assoc.
J. b50: 646-650.

Broderson, J.R., J.R. Lindsey and J.E. Crawford. 15$76. The role of
environmental ammonia in respiratory mycoplasmosis of rats. Am. J. Pathol.
85: 115-~130.

Holness et al. (1989) investigated production workers exposed to ammonia
in a soda ash facility. All of the available 64 production workers were
invited to participate and 82% agreed to be evaluated. The control group
consisted of 31 other plant workers from stores and office areas of the plant
without previous exposure to ammonia. The mean age of the workers was 38.9
years and duration of exposure was 12.2 years. Weight was the only
statistically significant difference in demographics found after comparing
height, weight, years worked, % smokers and pack-years smoked. The mean TWA
ammonia exposures based on personal sampling over one work shift (average
sample collection 8.4 hours) of the exposed and control groups were 9.2 ppm
(6.4 mg/cu.m) and 0.3 ppm (0.21 mg/cu.m), respectively.

A questionnaire was administered to obtain information on exposure and



work histories and to determine eye, skin and respiratory symptomatology
(based on the American Thoracic Society [ATS] questionnaire [Ferris, 1978}).
Spirometry (FVC, FEV~-1, FEF50 and FEF75) was performed according to ATS
criteria at the beginning and end of each work shift on the first workday of
the week (day 1) and the last workday of the week (day 2). Differences in
reported symptoms and lung function between groups were evaluated using the
actual values and with age, height and pack-years smoked as covariates in
linear regregssion analysis. Baseline lung function results were expressed as
percent of predicted values calculated from Crapo et al. (1981) for FVC and
FEV-1 and from Lapp and Hyatt (1967) for FEF50 and FEF75. .

No statistical difference in the prevalence of the reporting symptoms was
evident between the exposed and control groups, although workers reported that
exposure at the plant had aggravated specific symptoms including coughing,
wheezing, nasal complaints, eye irritation, throat discomfort and skin
problems. The percentage of exposed workers reporting hay fever or familial
history of hay fever was significantly less than controls, suggesting possible
self-selection of atopic individuals out of this work force. The atopic
status of the worker and control groups was not determined by skin prick tests
to common aeroallergens. Furthermore, the workers complained that their
gsymptomatology was exacerbated even though there was no statistical difference
between groups. Since the study was cross-sectional in design with a small
population, it is possible that selection bias may have occurred.

Baseline lung functions (based on the best spirometry values obtained
during the four testing sessions) were similar in the exposed and control
groups. No changes in lung function were demonstrated over either work shift
(days 1 or 2) or over the workweek in the exposed group compared with
controls. No relationship was demonstrated between chronic ammonia exposure
and baseline lung function changes either in terms of the level or dusation of
exposure, probably due to lack of adequate exposure data for categorizing
exposures and thus precluding development of a meaningful index accounting for
both level and length of exposure. !

Based on the lack of subjective symptomatology and changes in spirometry,
this study establishes a free-standing TWA NOAEL of 9.2 ppm (6.4 mg/cu.m).
Adjustment for the TWA occupational scenario results in a NOAEL(HEC) of 2.3
mg/cu.m.

Broderson et al. (1976) exposed groups of F344 rats (6/sex/dose)
continuously to 25, 50, 150 or 250 ppm ammonia (HEC = 1.9, 3.7, 11.2 or 18.6
mg/cu.m, respectively) for 7 days prior to inoculation with Mycoplasma
pulmonis and from 28-42 days following M. pulmonis exposure. Each treatment
group had a corresponding control group exposed only to background ammonia and
inoculated with M. pulmonis in order to produce murine respiratory
mycoplasmosis (MRM). The following parameters were used to assess toxicity:
clinical observations and histopathological examination of nasal passages,
middle ear, trachea, lungs, liver and kidneys. All levels of ammonia, whether
produced naturally or derived from a purified source, significantly increased
the severity of rhinitis, otitis media, tracheitis and pneumonia g
characteristic of M. pulmonis. Furthermore, there was a significant
concentration response between observed respiratory lesions and increusing
environmental ammonia concentration for gross and microscopic lesions. All
lesions observed were characteristic of MRM. Gross bronchiectasis and/or
pulmonary abscesses and the extent of gross atelectasis and consolidation was
consistently more prevalent in exposed animals at all concentrations than in
their corresponding controls. The severity of the microscopic lesions in the
nasal passages, middle ears, tracheas and lungs was significantly greater in
all exposed groups compared with controls. 1Increasing ammonia concentration
was not associated with an increasing frequency of M. pulmonis isolations.
Additionally, rats not exposed to M. pulmonis and exposed to ammonia at 250
ppm developed nasal lesions (epithelial thickening and epithelial hyperplasia)
unlike those observed in inoculated rats. Based upon these data in M.
pulmonis exposed rats, a LOAEL(HEC) of 1.9 mg/cu.m was identified.
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’ éri A group of 295 pathogen free F344 rats was inoculated with M. pulmonis and
exposed to either trace or 100 ppm ammonia (HEC=7.4 mg/cu.m) (Schoeb et al.,
1982}. Growth of M. pulmonis was greater in exposed rats than in controls.
Similarly, serum immunoglobulin antibody responses to the inoculum were
greater in the exposed population. It was further demonstrated that the nasal -
passages absorbed virtually ali the ammonia at concentrations <500 ppm, x
indicating that the increased numbers of M. pulmonis in the lungs and the pe
consequent exacerbation of lung lesions in MRM are secondary to events in the i
nasal passages rather than a direct effect of ammonia in the lung itself. .
These results are consistent with those of Broderson et al. (1976) detailed
above.

The use of Holness et al. (1989) as the principal study can only be
supported in the context of the data array. It is not surprising that no
effects were seéen on screening spirometry since the exposure levels were low.
Comparing the 9.2 TWA of Holness et al. (1989) with other data on the
respiratory effects of ammonia, a trend is observed that at lower
concentrations the extrathoracic region of the respiratory system is affected
due to the chemical’'s solubility and reactivity; while at higher
concentrations, the lower part of the respiratory system is involved in both
experimental animals (Dahlman, 1956; Gamble and Clough, 1976) and humans o
(Flury et al., 1983). Thus, no effects were observed in the lower respiratory
system as reflected by pulmonary function. Pulmonary function may not be a
particularly sensitive test because exposure to this type of agent at low
concentrations is not expected to result in significant exposure of the lower
respiratory region. No objective investigation of the workers’ nasal
epithelium was performed and the complaint of exacerbated upper respiratory
symptoms suggests sensory irritation and supports the extrathoracic region as
the critical region for an effect. The possibility of selection bias against
atopic predispositions in the population is suggested by the significantly

(”‘ lower prevalence of hay fever in the exposed versus control cohort. Thus,
there is a concentration-response in the extrathoracic region in experimental
animals beginning at a LOAEL at essentially the same HEC as the NOAEL in
Holness et al. (1989) and the NOAREL may be based on a less sensitive endpoint.
Also the apparent discrepancy of a lower LOAEL(HEC) from Broderson et al.
(1976) and the identified NOAEL(HEC) of the Holness et al. (1989) study may be
the result of differences in air flow patterns since rats are obligate nose-
breathers and humans breathe oronasally. The use of the NOAEL from Holness et
al. (1989) can be supported as marginal in this context due to the
symptomatology complaints and because human data engenders less uncertainty
than extrapolation from the experimental animal data.

o INHALATION RFD UNCERTAINTY :

UF = 30. An uncertainty factor of 10 is used to allow for the protection of
sensitive individuals. A factor of 3 was used to account for several data
base deficiencies including the lack of chronic data, the proximity of the
LOAEL to the NOAEL and the lack of reproductive and developmental toxicology
studies. This factor is not larger than 3, however, since studies in rats
(Schaerdel et al., 1983) have shown no increases in blood ammonia levels at
exposures 32 ppm and only minimal increases at 300-1000 ppm, suggesting that
no significant distribution is likely to occur at the HEC level calculated.

o INHALATION RFD MODIFYING :

MF = 1.
FACTOR

o INHALATION RFD COMMENTS :

Groups of four healthy human volunteers were exposed weekly (5 days/week)
( to 25 (2 hours/day), 50 (4 hours/day) or 100 (6 hours/day) ppm ammonia (1.0,
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4.1 or 12.1 mg/cu.m) for 6 weeks; or to 50 ppm (6.2 mg/cu.m) 6 hours/day for 6
weeks. Subjective and objective indications of eye and respiratory tract
irritation, pulse rate, respiration rate, FVC, FEV and difficulty in
performing simple cognitive tasks were used to assess toxicity. No
abnormalities of the chest, heart, vital organs, neurological response,
apparent motor function, or significant weight changes were observed during
weekly medical examinations. Transient irritation of the nose and throat was
observed at 50 ppm (duration-adjusted to 4.1 mg/cu.m) or greater (Ferguson et
al., 1977).

Flury et al. (1983) reported on a 5-year follow-up case study of a 50-
year-old male patient who sustained a high-concentration exposure to ammonia
fumes when a refrigerator coolant tank exploded. The patient had no prior
history of smoking, pulmonary disease, wheezing or atopy and no family history
of atopy or asthma before the industrial accident. The patient was
hospitalized with acute respiratory failure. Laryngoscopy demonstrated
membranous formation involving the entire tracheal wall. Chest examination
revealed bilateral rhonchi, and chest x~rays on admission revealed bilateral
perihilar infiltrates. Subsequent serial pulmonary function testing e
(spirometry and diffusion capacity) was performed and although the initial
peripheral airway abnormality resolved over the 5-year period, a persistent
expiratory obstruction and recurrent bronchospasm, suggestive of hyperreactive
airways, was demonstrated. It is proposed that reepithelialization and
probable reinnervation of the bronchial mucosa following the initial
inflammation resulted in drastically altered irritant receptors.

Eight human volunteers were exposed to 50, 80, 110 and 140 ppm ammonia
(35, 56, 76 and 97 mg/cu.m, respectively) for 2 hours, with a l-week interval
between exposures. The subjects tolerated a concentration of 76 mg/cu.m,
although they rated the throat irritation as a nuisance. An ammonia
concentration of 97 mg/cu.m was intolerable, and all of the subjects left the
exposure chamber prematurely (Verberk, 1977).

Human volunteers were exposed to 21 or 35 mg/cu.m ammonia for 10 minutes.
At 35 mg/cu.m, the irritation was not found to be "discomforting or painful”
and was rated "moderate" by 4/6 volunteers, "faint" by 1/6 and "none" by 1/6;
at 21 mg/cu.m, irritation was rated "faint" by 2/5 and "none" by 3/5 (MacEwen
et al., 1970).

Six volunteers were exposed to 500 ppm ammonia (348 mg/cu.m) for 30
minutes. Nasal and throat irritation was reported. An increase in minute
volume ranging from 50-250% over control values was observed (Silverman et
al., 1949).

Kane et al. (1979) determined an RD50 value (exposure concentration to
evoke a 50% decrease in respiratory rate) for sensory irritation in Swiss-
Webster mice for ammonia of 303 ppm (95% C.I. 159-~644) by plotting the percent
decrease in respiratory rate versus the logarithm of the exposure
concentration. A minimal irritation level for humans was predicted at
0.01RD50 (3 ppm).

Dahlman (1956) microscopically monitored the ciliary movement in the
tracheas of rats exposed to ammonia via mouth-piece continuously for 8 minutes
to concentrations of 90, 45, 20 and 10 ppm (3 rats/dose); and 6.5 and 3 ppm (2
rats/dose). Ciliary activity ceased in a concentration-dependent rate upon
exposure to ammonia. Time to ciliary stasis was 5, 10, 20 and 150 seconds at
concentrations of 90, 45, 20 and 6.5 ppm, respectively. Time to ciliary
stasis was 7-8 minutes at the 3 ppm concentration.

Gamble and Clough (1976) whole-body exposed female Porton rats to ammonia
concentrations of 200 (+/- 50) ppm for 4, 8 or 12 days or 435 (+/- 135) ppm
for 7 days. Duration of exposure was not otherwise specified. The total
number of animals was 16, but the apportionment into exposure groups was not
provided. Hyperplasia of the tracheal epithelium was shown to be




concentration- and time-dependent. At 4 days Af exposure to 200 ppm, the
epithelium had changed to transitional-stratified and by 8 days there was
gross change: disappearance of cilia and stratification increasing to folds
forming on the luminal surface. A mucilaginoug exudate was also evident with
a slight increase in submucosal cellularity. KAt 12 days at the 200 ppm
concentration, the epithelialization had incredsed in thickness. Rats exposed
for 7 days to 435 ppm showed acute inflammatory reactiona with infiltration of
neutrophils, large mononucleated cells, monocytes and immature fibroblasts in
the trachea. Evidence of necrotic changes at the luminal surface included
pyknotic nuclei and karyorrhectic cells.

Groups of 10 guinea pigs and 20 Swiss albino mice were exposed
continuously to an ammonia-air concentration of 20 ppm (13.9 mg/cu.m) for up
to 6 weeks. A separate group of six guinea pigs was similarly exposed to an
ammonia concentration of 50 ppm (35 mg/cu.m) for 6 weeks, and a group of 21
Leghorn chickens was exposed to a 20 ppm concentration for up to 12 weeks.
Controls (number not specified) were maintained under identical conditions,

‘except for the ammonia. Smaller groups of chickens were exposed continually

to either 200 ppm for up to 3 weeks or 1000 ppm for up to 2 weeks. The
effects of ammonia were found to be both time- and concentration-dependent.
While no effects were observed in guinea pigs, mice, or chickens sacrificed
after 1, 2, 3 or 4 weeks of exposure at 20 ppm, darkening/reddening, edema,
congestion, and hemorrhage were seen in.the lungs of all three species at
sacrifice after 6 weeks of exposure at that concentration. 1In guinea pigs
exposed to 50 ppm ammonia for 6 weeks, grossly enlarged and congested spleens,
congested livers and lungs, and pulmonary edema were seen. In chickens
exposed to 200 ppm for 17-21 days, liver congestion and slight clouding of the
cornea were observed in addition to those effects observed in the chickens
exposed to 20 ppm ammonia for 6 weeks. At 1000 ppm, the same effects, in
addition to congestion of the spleen, were seen in chickens after just 2 weeks

' of exposure, and corneal opacities developed within just 8 days of exposure.

In a second series of experiments, it was found that a 72-hour exposure to 20
ppm ammonia significantly increased the infection rate of chickens
subsequently exposed to an aerosol of Newcastle disease virus, while the same
effect was observed in just 48 hours in chickens exposed to 50 ppm. Changes
in gross and micropathology did not accompany the change in disease rate
(Anderson et al., 1964).

Guinea pigs were exposed to 0 or 170 ppm (118 mg/cu.m) 6 hours/day, 5
days/week for up to 18 weeks. No adverse effects were observed in animals
exposed to ammonia for 6-12 weeks (HEC=21 mg/cu.m). Mild changes in the
spleen, kidney suprarenal glands and livers were observed (HEC=19 mg/cu.m) in
guinea pigs exposed for 18 weeks. No effects on the lungs were observed. The
upper respiratory tract was not examined (Weatherby, 1952).

Swiss-Webster mice (16-24/group) were exposed to 0 or 305 ppm ammonia (212
mg/cu.m) 6 hours/day for 5 days. Nasal lesions were observed at 212 mg/cu.m
which when dose duration adjusted for the RGDR, equals a LOAEL(HEC) of 4.5
mg/cu.m (Buckley et al., 1984).

continuous exposure of rats to ammonia at 0, 40, 127, 262, 455 or 470
mg/cu.m for a minimum of 90 days (114 days for the 40 mg/cu.m group) was
conducted in male and female Sprague-Dawley and Long-Evans rats. A LOAEL of
262 mg/cu.m (HEC=28 mg/cu.m) was determined based upon nasal discharge in 25%
of the rats, and nonspecific circulatory and degenerative changes in the lungs
and kidneys that were difficult to relate specifically to ammonia inhalation.
A frank-effect-level of 455 mg/cu.m (HEC=48.7 mg/cu.m) was observed due to
high mortality in the rats (90-98%). Nasal passages were not histologically
examined (Coon et al., 1970).

Duroc pigs were exposed to ammonia concentrations of 10, 50, 100 and 150
ppm. Exposure to ammonia significantly decreased both food intake and body
weight gain. Higher concentrations caused nasal, lacrimal and mouth
secretions, which became less severe over time. No treatment-related gross or




microscopic changes were observed in the bronchi, lungs or turbinates at
necropsy (Stombaugh et al., 1969).

Various animal species were exposed to 0, 155 and 770 mg/cu.m for 8
hours/day, 5 days/week for 30 exposures (rats, guinea pigs, rabbits, dogs and
monkeys). The LOAEL for lung inflammation is 770 mg/cu.m for rats (HEC=82.4
mg/cu.m) and guinea pigs. Ocular and nasal irritation was observed at 770
mg/cu.m in rabbits and dogs. The upper respiratory tract was not examined
(Coon et al., 1970).

Atmospheric ammonia is present in relatively low concentrations in both
urban and nonurban environments. Typical levels of ammonia are on the order
of 5 and 20 ug/cu.m for nonurban and urban sites, respectively (WHO, 1986).
The total intake of ammonia by inhalation is approximately 0.1-0.5 mg/day.
Ammonia also may be excreted through expired air. Estimates of ammonia
expired by humans during mouth breathing have been reported to be between 90
and 1509 ug/cu.m (Hunt and Williams, 1977) and 29-518 ug/cu.m (Larson et al.,
1977). These measured values are considerably higher than the expected values
from the equilibration concentrations of plasma and lung parenchyma ammonia
levels (28~49 ug/cu.m). The higher-than-expected levels of ammonia in air
expired by humans and other experimental animals suggests that ammonia may be
synthesized by oral microflora. Furthermore, reaction products may be formed
from the expired ammonia and other ambient chemicals thereby altering the
toxicity and reactivity of this endogenous ammonia source. Barrow and
Steinhagen (1980) measured the average expired air ammonia concentration in
nose breathing rats (mean=54 ug/cu.m) and found the concentration to be in
reasonable agreement with the values measured by Larson et al. (1977) in
humans. However, comparison of tracheal cannulated animals to humans is not
possible because in the Larson et al. (1977) study only one subject was
sampled (29 ug/cu.m). Also, due to the inadequate sample size and inherent
variability of breath ammonia values, some caution must be expressed in
accepting the validity of the human values. Furthermore, because the oral
cavity can be a "sink" or source of ammcnia, comparisons to mouth breathing
humans should not be made.

o INHALATION RFD CONFIDENCE : Study: Medium Data Base: Medium RfC: Medium
Confidence in the principal study is medium.
Although a relatively small sample size
(males only) was studied and a free standing
NOAEL was determined, mild extrathoracic
effects were observed in rats near the same
HEC as reported in the Holness study.
Additional human subchronic and acute studies
support the NOAREL. Confidence in the data
base is medium to high. Although
developmental, reproductive or chronic
toxicity following ammonia exposure has not
been adequately tested, pharmacokinetic data
suggests systemic distribution at the HEC
level is unlikely. Reflecting medium
confidence in the principal studies and
medium to high confidence in the data base,
confidence in the RfD is medium.

o INHALATION RFD SOURCE :

Source Document —- This assessment is not presented in any existing U.S. EPA
document. V

other EPA Documentation -- U.S. EPA, 1987; U.S. EPA, 1989

DOCUMENT

o REVIEW DATES : 10/13/88, 09/19/89, 05/16/90, 09/13/90,
02/20/91 ’

© VERIFICATION DATE : 02/20/91
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o EPA CONTACTS :
Kenneth A. Poirier / ORD -- (513)569-7531 / FTS €84-7531

Annie M. Jarabek / ORD —- (919)541-4847 / FTS 629-4847

CAREV- NO DATA
CARO - NO DATA
CARI -~ NO DATA
CARDR- NO DATA

HAONE- NO DATA

HATEN- NO DATA

HALTC- NO DATA

HALTA- NO DATA*

HALIF- NO DATA

OLEP - NO DATA

ALAB -~ NO DATA

TREAT- NO DATA

HADR - NO DATA

' ACUTE-
o ACUTE TOXICITY :

Ammonia vapors cause irritation of eyes and respiratory tract

(Gosselin, 1976). Liquid ammonia will burn skin and eyes (CHRIS, 1978).
Ammonia is poisonous and may be fatal if inhaled. Contact with ammonia may
cause burns to skin and eyes. Contact with liquid ammonia may cause frostbite
(DOT, 1984; Guide 15).

0 SIGNS AND SYMPTOMS :

Ammonia vapors cause irritation of the eye

and respiratory tract. High concentrations of ammonia cause conjunctivitis,
laryngitis and pulmonary edema, possibly accompanied by a feeling of
suffocation. Contact with the skin causes burns and blistering. Extensive
absorption of ammonia may result in convulsions followed by coma (Gosselin,
1976). Ammonia has a greater tendency than other alkalies to penetrate and
damage the eye, and to cause cataracts (Grant, 1974).

BCF - NO DATA

CAA -~ NO DATA

WQCHU~-

No data available

WQCAQ~""""
Freshwater:

Acute -- (total NH3) Criteria are pH and temperature dependent
Chronic -- (total NH3) Criteria are pH and temperature dependent



Marine:

Acute -- None
Chronic -- None
Considers technological or economic feasibility? -- NO
Discussion -- The freshwater criteria for NH3 are pH and temperature

dependent. Methodology for calculating these values can be found in the
reference to the Federal Register.

Reference —- 54 FR 19227 (05/04/89)

EPA Contact —- Criteria and Standards Division / OWRS
(202)260-1315 / FTS 260-1315

MCLG

NO DATA

MCL NO DATA

SMCL - NO DATA

FISTD- NO DATA

FIREV- NO DATA

CERC -

Value (status) -- 100 pounds (Final, 1989)

Considers technological or economic feasibility? -- NO

Discussion -~ The final RQ for ammonia is based on aquatic toxicity as

established under CWA Section (40 CFR 117.3). The available data indicate
that the aquatic 96~Hour Median Threshold Limit is between 0.1 and 1 ppm,
which corresponds to an RQ of 10 pounds. Consideration of the BHP process
adjusts the RQ upwards to a 100 pound RQ.

Reference -~ 54 FR 33418 (08/14/89)

EPA Contact —--— RCRA Superfund Hotline
(800) 424-9346 / (703) 920~9810 / FTS 260~3000

SARA - NO DATA

RCRA - NO DATA

TSCA -

No data available

OREF - None

IREF - Anderson, D.P., C.W. Beard and R.P. Hanson. 1964. The adverse effects
of ammonia on chickens including resistance to infection with Newcastle

disease virus. Avian Dis. 8: 369-379.
IREF - Barrow, C.S. and W.H. Steinhagen. 1980. NH3 concentrations in the
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4 - IRIS
NAME - Arsenic, inorganic

RN - 7440-38-2
IRSN - 272 ’
DATE - 930303 I

f

UPDT ~ 03/03/93, 3 fields .
STAT - Oral RfD Assessment (RDO) on-line 02/01/93
STAT - Inhalation RfC Assessment (RDI) no data
STAT - Carcinogenicity Assessment (CAR) on-line 08/01/92
STAT - Drinking Water Health Advisories (DWHA) no data
STAT - U.S. EPA Regulatory Actions (EXSR) on-line 01/01/92
IRH - 06/30/88 CARO Revised last paragraph
IRH - 06/30/88 CARRI Inhalation slope factor changed
IRH - 06/30/88 CARI Paragraph 2 added
IRH - 09/07/88 CRRO Major text changes
IRH - 12/01/88 CAREV Mabuchi et al. citation year corrected
IRH - 12/01/88 CAREV Pershagen et al. citation year corrected
IRH ~- 09/01/89 CARI Citations added to anacondor smelter
IRH - 09/01/89 REFS Bibliography on-line
IRH - 06/01/90 CAREV 2nd & 3rd paragraph - Text revised
IRH - 06/01/90 CAREV Text corrected
IRH - 06/01/90 CARI Inhalation slope factor removed (format change)
IRH -~ 06/01/90 RCRA EPA contact changed
IRH - 06/01/90 CREF References added
IRH =~ 12/01/90 CRRO Changed slope factor to "unit risk", 2nd para, 1lst sen
IRH - 02/01/91 CARI Text edited
IRH - 09/01/91 RDO Oral RfD summary now on-line
IRH -~ 09/01/91 RDO Oral RfD bibliography added
IRH - 10/01/91 RDO Conversion factor text clarified
IRH - 10/01/91 MCLG MCLG noted as pending change
IRH - 01/01/92 EXSR Regulatory actions updated
hl IRH - 08/01/92 CAR Note added to indicate text in oral quant. estimate
gﬁy IRH - 10/01/92 CREF Missing reference added to bibliography
IRH - 02/01/93 RDO Citations added to second paragraph
IRH - 02/01/93 OREF References added to bibliography
IRH - 03/01/93 OREF Corrections to references
RLEN - 38096

sY - Arsenic

sy - Arsenic, inorganic
sY - gray-arsenic

MF - NO DATA

USE -~ NO DATA
COFO — NO DATA
ODOR - NO DATA

BP - NO DATA
MP - NO DATA
MW = NO DATA

DEN -~ NO DATA
VAP - NO DATA
VAPD - NO DATA

RDO -

o ORAL RFD SUMMARY :

Critical Effect Experimental Doses* Ur MF RED
Hyperpigmentation, NOAEL: 0.009 mg/L 3 1 3E-4

(;» keratosis and converted to 0,0008 mg/kg-day
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¢

possible vascular mg/kg-day
complications
LOAEL: 0.17 mg/L converted
Human chronic to 0.014 mg/kg-day
oral exposure

Tseng, 1977;
Tseng et al., 1968

*Conversion Factors: NOAEL was based on an arithmetic mean of 0.009 mg/L in a
range of arsenic concentration of 0.001 to 0.017 mg/L. This NOAEL also
included estimation of arsenic from food. Since experimental data were
missing, arsenic concentrations in sweet potatoes and rice were estimated as
0.002 mg/day. Other assumptions included consumption of 4.5 L water/day and
55 kg bw (Abernathy et al., 1989). NOAEL = [(0.009 mg/L x 4.5 L/day) + 0.002
mg/day] / 55 kg = 0.0008 mg/kg~day. The LOREL dose was estimated using the
same assumptions as the NOAEL starting with an arithmetic mean waterx
concentration from Tseng (1977) of 0.17 mg/L. LOAEL = [(0.17 mg/L. x 4.5
L/day) + 0.002 mg/day] / 55 kg = 0.014 mg/kg-day.

O ORAL RFD STUDIES :

Tseng, W.P. 1977. Effects and dose~response relationships of skin cancer and
blackfoot disease with arsenic. Environ. Health Perspect. 19: 109-119.

Tseng, W.P., H.M. Chu, S.W. How, J.M. Fong, C.S. Lin and S. Yeh. 1968.
Prevalence of skin cancer in an endemic area of chronic arsenicism in Taiwan.
J. Natl. Cancer Inst. 40: 453-463.

The data reported in Tseng (1977) show an increased incidence of blackfoot
disease that increases with age and dose. Blackfoot disease is a significant
adverse effect. The prevalences (males-and females combined) at the low dose
are 4.6 per 1000 for the 20-39 year group, 10.5 per 1000 for the 40-59 year
group, and 20.3 per 1000 for the >60 year group. Moreover, the prevalence of
blackfoot disease in each age group increases with increasing dose. However,
a recent report indicates that it may not be strictly due to arsenic exposure
(Lu, 1990). The data in Tseng et al. (1968) also show increased incidences of
hyperpigmentation and keratosis with age. The overall prevalences of
hyperpigmentation and keratosis in the exposed groups are 184 and 71 per 1000,
respectively. The text states that the incidence increases with dose, but
data for the individual doses are not. shown. These data show that the skin
lesions are the more sensitive endpoint. The low dose in the Tseng (1977)
study is considered a LOAEL. .

The control group described in Tseng et al. (1968; Table 3) shows no evidence
of skin lesions and presumably blackfoot disease, although this latter poxnt
is not explicitly stated. This group is considered a NOAEL.

The arithmetic mean of the arsenic concentration in the wells used by the
individuals in the NOAEL group is 9 ug/L (range: 1-17 ug/L) (Abernathy et al.,
1989). The arithmetic mean of the arsenic concentration in the wells used by
the individuals in the LOAEL group is 170 ug/L (Tseng, 1977; Figure 4). Using
estimates provided by Abernathy et al. (1989), the NOAEL and LOAEL dosges for
both food and water are as follows: LOREL - [170 ug/L x 4.5 L/day + 2 ug/day
(contribution of food)] x (1/55 kg) = 14 ug/kg/day; NOAEL -~ [9 ug/L x 4.5
L/day + 2 ug/day (contribution of food)] x (1/55 kg) = 0.8 ug/kg/day.

Although the control group contained 2552 individuals, only 957 (approximately
38%) were older than 20, and only 431 (approximately 17%) were older than 40.
The incidence of skin lesions increases sharply in individuals above 20; the
incidence of blackfoot disease increases sharply in individuals above 40
(Tseng, 1968; Figures 5, 6 and 7). This study is less powerful than it
appears at first glance. However, it is certainly the most powerful study
available on arsenic exposure to people.



Q?; This study shows an increase in skin lesions, 22% (64/296) at the high dose
va. 2.2% (7/318) at the low dose. The average arsenic concentration in the
wells at the high dose is 410 ug/L and at the low dose is 5 ug/L (Cebrian et
al., 1983; Figure 2 and Table 1) or 7 ug/L (cited in the abstract). The
average water consumption is 3.5 L/day for males and 2.5 L/day for females.
There were about an equal number of males and females in the study. For the
dose estimates given below we therefore assume an average of 3 L/day. No data
are given on the arsenic exposure from food or the body weight of the
participants (we therefore assume 55 kg). The paper states that exposure
times are directly related to chronological age in 75% of the cases.
Approximately 35% of the participants in the study are more than 20 years old
(Figure 1).

Exposure estimates (water only) are: high dose - 410 ug/L x 3 L/day x (1/55
kg) = 22 ug/kg/day; low dose - 5-7 ug/L x 3 L/day x (1/55 kg) = 0.3-0.4
ug/kg/day.

The high-dose group shows a clear increase in skin lesions and is therefore
designated a LOAEL. There is some question whether the low dose is a NOAEL or
a LOAEL since there is no way of knowing what the incidence of skin lesions
would be in a group where the exposure to arsenic is zero. The 2.2% incidence
of skin lesions in the low-dose group is higher than that reported in the
Tseng et al. (1968) control group, but the dose is lower (0.4 vs. 0.8

ug/kg/day) .

The Southwick et al. (1983) study shows a marginally increased incidence of a
variety of skin lesions (palmar and plantar keratosis, diffuse palmar or
plantar hyperkeratosis, diffuse pigmentation, and arterial insufficiency) in
the individuals exposed to arsenic. The incidences are 2.9% (3/105) in the
control group and 6.3% (9/144) in the exposed group. There is a slight, but

(T” not statistically significant increase in the percent of exposed individuals

; that have abnormal nerve conduction (8/67 vs. 13/83, or 12% va. 16% (Southwick

et al., 1983; Table 8). The investigators excluded all individuals older than
47 from the nerve conduction portion of the study. These are the individuals
most likely to have the longest exposure to arsenic.

Although neither the increased incidence of skin lesions nor the increase in
abnormal nerve conduction is statistically significant, these effects may be
biologically significant because the same abnormalities occur at higher doses
in other studies. The number of subjects in this study was insufficient to
establish statistical significance.

Table 3 (Southwick et al., 1983) shows the annual arsenic exposure from
drinking water. No data are given on arsenic exposure from food or the body
weight (assume 70 kg). Exposure times are not clearly defined, but are >5
years, and dose groups are ranges of exposure.

Exposure estimates (water only) are: dosed group - 152.4 mg/year x 1 year/365
days x (1/70) kg = 6 ug/kg/day; control group - 24.2 mg/year x year/365 days x
(1/70) kg = 0.9 ug/kg/day.

Again because there are no data for a group not exposed to arsenic, there is
some question if the control group is a NOAEL or a LOREL. The incidence of
skin lesions in this group is about the same as in the low~dose group from the
Cebrian et al. (1983) study; the incidence of abnormal nerve conduction in the
control group is higher than that from the low~dose group in the Hindmarsh et
al. (1977) study described below. The control dose is comparable to the dose
to the control group in the Tseng et al. (1968} and Hindmarsh et al. (1977)
studies. The dosed group may or may not be a LOAEL, since it is does not
report statisically significant effects when compared to the control.

This study shows an increased incidence of abnormal clinical findings and
abnormal electromyographic findings with increasing dose of arsenic (Hindmarsh
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et al., 1977; Tables III and VI). However, the sample size is extremely
small. Percentages of abnormal clinical signs possibly attributed to As were
10, 16, and 40% at the low, mid and high doses, respectively. Abnormal EMG
were 0, 17 and 53% in the same three groups.

The exact doses are not given in the Hindmarsh et al. (1977) paper; however,
some well data are reported in Table V. The arithmetic mean of the arsenic
concentration in the high-dose and mid-dose wells is 680 and 70 ug/L,
respectively. Figure 1 (Hindmarsh et al., 1977) shows that the average
arsenic concentration of the low-dose wells is about 25 ug/L. No data are
given on arsenic exposure from food. We assume daily water consumption of 2
liters and body weight of 70 kg. Exposure times are not clearly stated.

Exposure estimates (water only) are: low - 25 ug/L x 2 L/day x (1/70) kg =
0.7 ug/kg/day; mid - 70 ug/L x 2 L/day x (1/70) kg = 2 ug/kg/day; high - 680
ug/L x 2 L/day x (1/70) kg = 19 ug/kg/day.

The low dose is a no-effect level for abnormal EMG findings. However, because
there is no information on the background incidence of abnormal clinical
findings in a population with zero exposure to arsenic, there is no way of
knowing if the low dose is a no-effect level or another marginal effect level
for abnormal clinical findings. The low dose is comparable to the dose

received by the control group in the Tseng (1977) and Southwick et al. (1983)

studies.

The responses at the mid dose do not show a statistically significant increase
but are part of a statistically significant trend and are biologically
significant. This dose is an equivocal NOAREL/LOAEL. The high dose is a clear
LOAEL for both responses.

As discussed previously there is no way of knowing whether the low doses in
the Cebrian et al. (1983), Southwick et al. (1983) and Hindmarsh et al. (1977)
studies are NOAELs for skin lesions and/or abnormal nerve conduction.

However, because the next higher dose in the Southwick and Hindmarsh studies
only shows marginal effects at doses 3-7 times higher, the Agency feels
comfortable in assigning the low doses in these studies as NOAELs.

The Tseng (1977) and Tseng et al. (1968) studies are therefore considered
superior for the purposes of developing an RfD and show a NOAEL for a
sensitive endpoint. Even discounting the people <20 years of age, the control
group consisted of 957 people that had a lengthy exposure to arsenic with no
evidence of skin lesionms.

The following is a summary of the defined doses in mg/kg-day from the
principal and supporting studies:

1) Tseng (1977): NOREL = 8E-4; LOAEL = 1l.4E-2
2) Cebrian et al. (1983): NOAEL = 4E-4; LOAEL = 2.2E-2

3) Southwick et al. (1983): NOAEL = 9E-4; LOAEL = none (equivocal effects at
6E-3)

4) Hindmarsh et al., 1977: NOAEL = 7E-4; LOREL = 1.9E-2 (equivocal effects at
2E-3)
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o ORAL RFD UNCERTAINTY :

UF -- The UF of 3 is to account for both the lack of data to preclude
reproductive toxicity as a critical effect and to account for some uncertainty
in whether the NOAEL of the critical study accounts for all sensitive
individuals.

o ORAL RFD MODIFYING FACTOR :




MF -- None

.0 ORAL RFD COMMENTS :

Ferm and Carpenter (1968) produced malformations in 15-day hamster fetuses via
intravenous injections of sodium arsenate into pregnant dams on day 8 of
gestation at dose levels of 15, 17.5, or 20 mg/kg bw. Exencephaly,
encephaloceles, skeletal defects and genitourinary systems defects were
produced. These and other terata were produced in mice and rats all at levels
around 20 mg/kg bw. Minimal effects or no effects on fetal development have
been observed in studies on chronic oral exposure of pregnant rats or mice to
relatively low levels of arsenic via drinking water (Schroeder and Mitchner,
1971). Nadeenko et al. (1978) reported that intubation of rats with arsenic
solution at a dose level of 25 ug/kg/day for a period of 7 months, including
pregnancy, produced no significant embryotoxic effects and only infrequent
slight expansion of ventricles of the cerebium, renal pelves and urinary
bladder. Hood et al. (1977) reported that very high single oral doses of
arsenate solutions (120 mg/kg) to pregnant mice were necessary to cause
prenatal fetal toxicity, while multiple doses of 60 mg/kg on 3 days had little
effect.

Extensive human pharmacokinetic, metabolic, enzymic and long-term information
is known about arsenic and its metabolism. Valentine et al. (1987)
established that human blood arsenic levels did not increase until daily water
ingestion of arsenic exceeded approximately 250 ug/day (approximately 120 ug
of arsenic/L. Methylated species of arsenic are successively 1 order of
magnitude less toxic and less teratogenic (Marcus and Rispin, 1988). Some
evidence suggests that inorganic arsenic is an essential nutrient in goats,
chicks, minipigs and rats (NRC, 1989). No comparable data are available for
humans.

©0 ORAL RFD CONFIDENCE :

Study -- Medium
Data Base -- Medium
RfD -- Medium

Confidence in the chosen study is considered medium. An extremely large
number of people were included in the assessment (>40,000) but the doses were
not well-characterized and other contaminants were present. The supporting
human toxicity data base is extensive but somewhat flawed. Problems exist
with all of the epidemiological studies. For example, the Tseng studies do
not look at potential exposure from food or other source. A similar criticism
can be made of the Cebrian et al. (1983) study. The U.S. studies are too
small in number to resolve several issues. However, the data base does
support the choice of NOAEL. It garners medium confidence. Medium confidence
in the RfD follows.

O ORAL RFD SOURCE DOCUMENT :

Source Document -- This assessment is not presented in any existing U.S. EPA
document.

This analysis has been reviewed by EPA’s Risk Assessment Council on 11/15/90.
This assessment was discussed by the Risk Assessment Council of EPA on
11/15/90 and verified through a series of meetings during the 1st, 2nd and 3rd
quarters of FY91.

Other EPA Documentation -- U.S. EPA, 1984, 1988

o REVIEW DATES

03/24/88, 05/25/88, 03/21/89, 09/19/89,
08/22/90, 09/20/90
o VERIFICATION DATE : 11/15/90




o EPA CONTACTS :
Charles Abernathy / OST -- (202)260-5374

Michael Dourson / OHEAR —-- (513)569-7533

RDI -~ NO DATA

CAREV-
o0 CLASSIFICATION ¢ A; human carcinogen
© BASIS FOR CLASSIFICATION : based on observation of increased lung cancer

mortality in populations exposed primarily
through inhalation and on increased skin
cancer incidence in several populations
consuming drinking water with high arsenic
concentrations.

o HUMAN CARCINOGENICITY DATA :

Studies of smelter worker populations (Tacoma, WA; Magma, UT; Anaconda,
MT; Ronnskar, Sweden; Saganoseki-Machii, Japan) have all found an
association between occupational arsenic exposure and lung cancer mortality
(Enterline and Marsh, 1982; Lee-Feldstein, 1983; Axelson et al., 1978;
Tokudome and Kuratsune, 1976; Rencher et al., 1977). Both proportionate
mortality and cohort studies of pesticide manufacturing workers have shown
an excess of lung cancer deaths among exposed persons (Ott et al., 1974;
Mabuchi et al., 1979). One study of a population residing near a pesticide
manufacturing plant revealed that these residents were also at an excess
risk of lung cancer (Matanoski et al., 1981). Case reports of arsenical
pesticide applicators have also demonstrated an association between arsenic
exposure and lung cancer (Roth, 1958).

A cross-sectional study of 40,000 Taiwanese exposed ‘co arsenic in
drinking water found significant excess skin cancer prevalence by comparison
to 7500 residents of Taiwan and Matsu who consumed relatively arsenic-free
water (Tseng et al., 1968). This study design limited its usefulness in risk
estimation. Arsenic-induced skin cancer has also been attributed to water
supplies in Chile, Argentina and Mexico (Borgono and Greiber, 1972;

Bergoglio, 1964; Cebrian et al., 1983). No excess skin cancer incidence has
been observed in U.S. residents consuming relatively high levels of arsenic

in drinking water (Morton et al., 1976; Southwick et al., 1981). The results
of these U.S. studies, however, are not necessarily inconsistent with the
existing findings from the foreign populations. The statistical powers of the
U.S. studies are considered to be inadequate because of the small sample size.

A follow-up study (Tseng, 1977) of the population living in the same area
of Taiwan, where arsenic contamination of the water supply was endemic, found
significantly elevated standard mortality ratios for cancer of the bladder,
lung, liver, kidney, skin and colon. This study of bladder, liver and lung
cancer cases in the endemic area found a significant association with arsenic
exposure that was dose-related. The association of arsenic ingestion and
cancer of various internal organs has also been cited in a number of case
reports (Chen et al., 1985, 1986). Persons treated with arsenic-containing
medicinals have also been shown to be at a risk of skin cancer (Sommers and
McManus, 1953).

o ANIMAL CARCINOGENICITY DATA :

None. There has not been consistent demonstration of arsenic
carcinogenicity in test animals for various chemical forms administered by
different routes to several species (IARC, 1980). There are some data to
indicate that arsenic may produce animal tumors if retention time in the lung




can be increased (Pershagen et al., 1982, 1984).

O SUPPORTING DATA : ‘i“*

Sodium arsenate has been shown to transform Syrian hamster embryo cells
(Dipaolo and casto, 1979) and to produce sister-chromatid-exchange in DON
cells, CHO cells and human peripheral lymphocytes exposed in vitro (Wan et
al., 1982; Ohno et al., 1982; Larramendy et al., 1981; Andersen, 1983;
Crossen, 1983). While arsenic compounds have not been shown to mutate
bacterial strains, it produces preferential kxlling of repair deficient
strains (Rossman, 1981).

CARO -
o CLASSIFICATION
© BASIS FOR CLASSIFICATION

A; human carcinogen

based on observation of increased lung cancer
mortality in populations exposed primarily
through inhalation and on increased skin
cancer incidence in several populations
consuming drinking water with high arsenic
concentrations.

o ORAL SLOPE FACTOR none
o ADDITIONAL COMMENTS :

The Risk Assessment Forum has completed a reassessment of the
carcinogenicity risk associated with ingestion of inorganic arsenic. This
report, which has been extensively peer-reviewed by outside reviewers
(including SAB review) concluded that the most appropriate basis for an oral
quantitative estimate was the study by Tseng et al. (1977), which reported

increased prevalence of skin ncers in humans as a_consequence of .arsenic - ———
_exposure in drinking water.</§§§Ea7ﬁf¥ﬁii_ifﬁa§-a unit risk of 5E-5/ug/L was ;

A recent memorandum by the Administrator of the EPA recommended that the
above unit risk be adopted. The memorandum further counsels that "in reaching
risk management decisions in a specific situation, risk managers must
recognize and consider the qualities and uncertainties of risk estimates. The
uncertainties associated with ingested inorganic arsenic are such that
estimates could be modified downwards as much as an order of magnitude,
relative to risk estimates associated with most other carcinogens. In such
instances, the management document must clearly articulate this fact and state
the factors that influenced such a decision."

CARI -
o CLASSIFICATION
o BASIS FOR CLASSIFICATION

A; human carcinogen

based on observation of increased lung cancer
mortality in populations exposed primarily
through inhalation and on increased skin
cancer incidence in several populations
consuming drinking water with high arsenic
concentrations.

4,3E-3/ug/cu.m .

absolute~risk linear model

© INHALATION UNIT RISK
© DOSE EXTRAPOLATION METHOD
o RISK/AIR CONCENTRATIONS :

Air Concentrations at Specified Risk Levels:

Risk Level Concentration




¢

E-4 (1 in 10,000) 2E-2 ug/cu.m
E-5 (1 in 100,000) 2E-3 ug/cu.m
E-6 (1 in 1,000,000) 2E-4 ug/cu.m

o INHALATION DOSC~RESPONSE DATA :

Tumor Type =-- lung cancer

Test Animals -- human, male

Route -- inhalation, occupational exposure

Reference -- Brown and Chu, 1983a,b,c; Lee-Feldstein, 1983; Higgins, 1982;
Enterline and Marzh, 1982

v {/Pmbient Unit Risk Estimates

Exposure .. Unit Geometric Mean Final Estimates
Source - Study Risk Unit Risk Unit Risk

\
Anaconda ~Brown ‘and Chu, 1.25 E-3

smelter 1983a,b,c

L.Ga~Feldstein, 1983 2.80 E-3 2.56 E-3

Higgins, 1982; 4,90 E-3 4.29 E-3
coflggineg et al., 1982;

" Welch et al., 1982

ASARCO Enterline and 6.
7.

E-3 7.19 E-3
smelter Marsh, 1982 E-3

o ADDITIONARL COMMENTS :

A geometric mean was obtained for data sets obtained within distinct
exposed populations (U.S. EPA, 1984). The final estimate is the geometric
mean of those two values. It was assumed that the increase in age-specific
mortality rate of lung cancer was a function only of cumulative exposures.

The unit risk should not be used if the air concentration exceeds 2

‘ug/cu.m, since above this concentration the unit risk may not be appropriate.

© DISCUSSION OF CONFIDENCE :

Overall a large study population was observed. Exposure assessments
included air measurements for the Anaconda smelter and both air measurements
and urinary arsenic for the ASARCO smelter. Observed lung cancer incidence
was significantly increased over expected values. The range of the
estimates derived from data from two different exposure areas was within a
factor of 6.

CARDR-
© CARCINOGENICITY SOURCE :

U.S. EPA. 1984. Health Assessment Document for Inorganic Arsenic.
Environmental Criteria and Assessment Office, Research Triangle Park, NC.
EPA 600/8-83-021F.

The 1984 Health Assessment Document for Inorganic Arsenic received
Agency and external review including a review by SAB.
DOCUMENT

o REVIEW DATES : 01/13/88



© VERIFICATION DATE : 01/13/88
o EPA CONTACTS :

Herman J. Gibb / OHEA -- (202)260-5898

Chao W. Chen / OHEA -- (202)260-5898

HAONE- NO DATA

HATEN- NO DATA

HALTC- NO DATA

HALTA~ NO DATA

HALIF~ NO DATA

OLEP - NO DATA

ALAB - NO DATA

TREAT-~ NO DATA

HADR -~ NO DATA

ACUTE- NO DATA
BCF - NO DATA

CAA - NO DATA

WQCHU-

Water and Fish Consumption -- 2,2E-3 ug/L

Fish Consumption Only -- 1.75E-2 ug/L

Considers technological or economic feasibility? -- NO

Discussion -- For the maximum protection from the potential carcinogenic

properties of this chemical, the ambient water concentration should be zero.
However, zero may not be attainable at this time, so the recommended criteria
represents a E-6 estimated incremental increase of cancer risk over a
lifetime.

Reference ~- 45 FR 79318 (11/28/80)

EPA Contact -- Criteria and Standards Division / OWRS
(202)260-1315 / FTS 260-1315

WQCAQ-
Freshwater:
Acute -- 3.6E+2 ug/L (Arsenic III)
Chronic -~ 1.9E+2 ug/L (Arsenic III)
Marine:
Acute -~ 6.9E+1 ug/L (Arsenic III)
Chronic -~ 3.6E+1 ug/L (Arsenic III)

Considers technological or economic feasibility? -- NO
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Discussion —- The criteria given are for Arsenic III. Much less data are
available on the effects of Arsenic V to aquatic organisms, but the toxicity
seems to be less. A complete discussion may be found in the referenced
notice.

Reference -- 50 FR 30784 (07/29/85)

EPA Contact -- Criteria and Standards Division / OWRS
(202)260-1315 / FTS 260-1315

MCLG -
Value (status) -- 0.05 mg/L (Proposed, 1985)
Considers technological or economic feasibility? -- NO

Discussion -~ An MCLG of 0.05 mg/L for arsenic is proposed based on the
current MCL of 0.05 mg/L. Even though arsenic is potentially carcinogenic in
humans by inhalation and ingestion, its potential essential nutrient value was
considered in determination of an MCLG. The basis for this evaluation is
nutritional requirements by NAS (NAS, 1983, Vol. 5, Drinking Water and

Health, National Academy of Sciences Press, Washington, DC.)

Reference -- 50 FR 46936 (11/13/85)

EPA Contact -- Health and Ecological Criteria Division / OST / »
(202) 260-7571 / FTS 260-7571; or Safe Drinking Water Hotline / (800) 426-4791

MCL -
Value (status) -- 0.05 mg/L (Interim, 1980)
Considers technological or economic feasibility? -- YES

Discussion -~ BAs an interim measure the U.S. EPA is using the value
previously derived by the Public Health Service.

Monitoring requirements ~- Ground water systems every three years; surface
water systems annually. !

Analytical methodology -- Atomic absorption/furnace technique (EPA 206.2;
SM 304); atomic absorption/gaseous hydride (EPA 206.3; SM 303E; ASTM
D-2972-78B)

Best available technology -- No data available.

Reference -~ 45 FR 57332 (08/27/80); 50 FR 46936 (11/13/85)

EPA Contact -— Drinking Water Standards Division / OGWDW /
(202) 260-7575 / FTS 260-7575; or Safe Drinking Water Hotline / (800) 426-4791

IV.B.3. SECONDARY MAXIMUM CONTAMINANT LEVEL (SMCL) for Drinking Water

No data available
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IV.B.4. REQUIRED MONITORING OF "UNREGULATED" CONTAMINANTS

No data available

SMCL - NO DATA

FISTD-
Status -- Issued (1988)

ﬁeference -- Arsenic, Chromium and Chromated Arsenical Compounds Pesticide
Registration Standard. June, 1988. [NTIS# PB89-102842)

EPA Contact -- Registration Branch / OPP
(703)557~7760 / FTS 557-7760

FIREV-
Action -- Final regulatory decision - PD4 (1988)
Considers technological or economic feasibility? -- NO

Summary of regulatory action -- Cancellation of specified non-wood uses.
Registrant of lead arsenate voluntarily canceled 09/87. Registrant of calcium
arsenate voluntarily canceled 02/14/89, Use of sodium arsenate as ant bait
canceled on 07/26/89. Criterion of concern: oncogenicity, mutagenicity and
teratogenicity. Previous actions: 1) Voluntary cancellation of sodium
arsenite (1978). Voluntary cancellation of two products. Criterion of
concern: oncogenicity, mutagenicity and teratogenicity; 2) PD4 (1984).
Requires label changes for wood use including a restricted use classification.
Criterion of concern: oncogenicity, mutagenicity and teratogenicity; 3)
Voluntary cancellation of copper arsenate (1977). Criterion of concern:
oncogenicity. )

Reference -~ 53 FR 24787 (06/30/88); 43 FR 48267 (10/18/78); 42 FR 18422
(04/07/77); 49 FR 28666 (07/13/84) [NTIS# PBS84~241538); 49 FR 43772 |
(10/31/84); 50 FR 4269 (01/30/85)

EPA Contact -- Special Review Branch / OPP
(703)557-7400 / FTS 557-7400

CERC -
Value (status) =~ 1 pound (Final, 1989)
Considers technological or economic feasibility? -- NO

Discussion -~ The l-pound RQ for arsenic is based on its potential
carcinogenicity. Available data indicate a hazard ranking of high based on a
potency factor of 142.31/mg/kg/day and a weight-of-evidence group A, which
corresponds to an RQ of 1 pound. Evidence found in "Water-Related
Environmental Fate of 129 Priority Pollutants" (EPA 440/4-79-029a) also
indicates that this material, or a constituent of this material, is
biocaccumulated to toxic levels in the tissue of aquatic and marine organisms,
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and has the potential to concentrate in the food chain. Reporting of releases
of massive forms of this hazardous substance is not required if the diameter
of the pieces released exceeds 100 micrometers (0.004 inches).

Reference -- 54 FR 33418 (08/14/89)

EPA Contact -- RCRA/Superfund Hotline
(800)424-9346 / (202)260-3000 / FTS 260-3000

SARA - NO DATA

RCRA ~
Status -~ Listed
Reference -~ 52 FR 25942 (07/09/87)

EPA Contact ~- RCRA/Superfund Hotline :
(800)424~9346 / (202)260~3000 / FTS 260~-3000

TSCA -

No data available

OREF ~ Abernathy, C.0., W. Marcus, C. Chen, H. Gibb and P. White. 1989, Office
of Drinking Water, Ofice of Research and Development, U.S. EPA.
Memorandum to P. Cook, Office of Drinking Water, U.S. EPA and P.
Preuss, Office of Regulatory Support and Scientific Management, U.S.
EPA. Report on Arsenic (As) Work Group Meetings. February 23.

OREF - Cebrian, M.E., A. Albores, M. Aguilar and E. Blakely. 1983. Chronic
arsenic poisoning in the north of Mexico. Human Toxicol. 2: 121~133.

OREF - Ferm, V.H. and S.J. Carpenter. 1968. Malformations induced by sodium
arsenate. J. Reprod. Fert. 17: 199-201.

OREF - Hindmarsh, J.T., O.R. McLetchie, L.P.M. Heffernan et al. 1977.
Electromyographic abnormalities in chronic environmental arsenicalism.
J. Analyt. Toxicol. 1: 270-276.

OREF - Hood, R.D., G.T. Thacker and B.L. Patterson. 1977. Effects in the mouse
and rat of prenatal exposure to arsenic. Environ. Health Perspect. 19:
219-222.

OREF - Lu, F.J. 1990. Blackfoot disease: Arsenic or humic acid? The Lancet.
336: 11i5-116. N

OREF - Marcus, W.L. and A.S. Rispin. 1988. Threshold carcinogenicity using
arsenic as an example. In: Advances in Modern Environmental Toxicology,
Vol. XV. Risk Assesasment and Risk Management of Industrial and
Evironmental Chemicals, C.R. Cothern, M.A. Mehlman and W.L. Marcus, Ed.
Princeton Scientific Publishing Company, Princeton, NJ. p. 133-158.

OREF - Nadeenko, V.G., V. Lenchenko, S.B. Genkina and T.A. Arkhipenko. 1978.
The influence of tungsten, molibdenum, copper and arsenic on the
intrauterine development of the fetus. TR~79-0353. Farmakologiya i
Toksikologiya. 41: 620-623.

OREF - NRC (National Research Council). 1989. Recommended Dietary Allowances,
10th ed. Report of the Food and Nutrition Board, National Academy of
Sciences, Washington, National Academy Press, Washington, DC. 285 p.

OREF - Schroeder, H.A. and M. Mitchner. 1971. Toxic effects of trace elements
on the reproduction of mice and rats. Arch. Environ. Health. 23(2):
102-106.
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STAT - Oral RfD Assessment (RDO) no data

_ STAT - Inhalation RfC Assessment (RDI) no data

STAT - Carcinogenicity Assessment (CAR) on~line 07/01/93
STAT - Drinking Water Health Advisories (DWHA) no data
STAT - U.S. EPA Regulatory Actions (EXSR) on-line 01/01/92
IRH - 09/26/88 CAR Carcinogen summary on-line

IRH - 05/01/89 CAR Carcinogen summary noted as pending change
IRH - 12/01/89 REFS Bibliography on-line

IRH =~ 03/01/91 CAREV Text revised

IRH - 07/01/91 CARI Last paragraph units changed from ug/cu.m to fibers/ml
IRH - 01/01/92 EXSR Regulatory Action section on-line

IRH - 07/01/93 CARDR EPA Documentation clarified

IRH - 07/01/93 CREF References alphabetized correctly
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NAME - Asbestos

RN - 1332-21-4

Sy - Asbestos

sY - calidria-asbestos

CAREV-

o CLASSIFICATION N ¢ A; human carcinogen

{ ASIS FOR CLASSIFICATION : Observation of increased mortality and

: incidence of lung cancer, mesotheliomas and

gastrointestinal cancer in occupationally
exposed workers are consistent across
investigators and study populations. Animal
studies by inhalation in two strains of rats
showed similar findings for lung cancer and




mesotheliomas. Animal evidence for
carcinogenicity via ingestion is limited
(male rats fed intermediate-range chrysotile
fibers; i.e., >10 um length, developed benign

- polyps), and epidemiologic data in this

( regard are inadequate.

O HUMAN CARCINOGENICITY DATA :

Sufficient. Numerous epidemiologic studies have reported an increased
incidence of deaths due to cancer, primarily lung cancer and mesotheliomas
associated with exposure to inhaled asbestos. Among 170 asbestos insulation
workers in North Ireland followed for up to 26 years, an increased incidence
of death was seen due to all cancers (SMR=390), cancers of the lower
respiratory tract and pleura (SMR=1760) (Elmes and Simpson, 1971) and
mesothelioma (7 cases). Exposure was not quantified.

Selikoff (1976) reported 59 cases of lung cancer and 31 cases of
mesothelioma among 1249 asbestos insulation workers followed prospectively
for 11 years. Exposure was not quantified. A retrospective cohort mortality
study (Selikoff et al., 1979) of 17,800 U.S. and Canadian asbestos insulation
workers for a 10-year period using best available information (autopsy,
surgical,. clinical) reported an increased incidence of cancer at all sites
(319.7 expected vs. 995 observed, SMR=311) and cancer of the lung (105.6

expected: vs. 486 observed, SMR=460). A modest increase in deaths from
gastrointestinal cancer was reported along with 175 deaths from mesothelioma
(none expected). Years of exposure ranged from less than 10 to greater than

or equal to 45. Levels of exposure were not quantified. In other
epidemiologic studies, the increase for lung and pleural cancers has ranged
from a low of 1.9 times the expected rate, in asbestos factory workers in
England (Peto et al., 1977), to a high of 28 times the expected rate, in

‘ale asbestos texti