Appendix D.3 Chronic RELs and toxicity summaries using the previous version of the Hot
Spots Risk Assessment guidelines (OEHHA 1999)
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Table of Chronic RELSs determined using the previous Hot Spots Risk Assessment

Guidelines (OEHHA 1999)

Substance Listed in Chronic Oral REL Hazard Index Human
(CAS #) CAPCOA | Inhalation (mg/kg Target Organs Data
(1993) REL Body
(ug/m®) Weight)
Acrylonitrile ™ 5 Respiratory
(107-13-1) system
Ammonia 200 Respiratory
(7664-41-7) system
Benzene 60 Hematopoietic
(71-43-2) system;
development;
nervous system
Beryllium M 0.007 0.002 Respiratory %}
(7440-41-7) system;
and beryllium immune system
compounds
Butadiene 20 Reproductive
(106-99-0) system
Cadmium M 0.02 0.0005 | Kidney; %}
(7440-43-9) & respiratory
cadmium system
compounds
Carbon tetrachloride M 40 Alimentary
(56-23-5) system;
development;
nervous system
Carbon disulfide 800 Nervous %}
(75-15-0) system;
reproductive
system
Chlorinated dioxins 0.00004 |[1x10°® Alimentary
(1746-01-6) & system (liver);
dibenzofurans reproductive
(5120-73-19) system;
development;
endocrine
system;
respiratory
system;
hematopoietic
system
Chlorine 0.2 Respiratory
(7782-50-5) system
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Table of Chronic RELSs determined using the previous Hot Spots Risk Assessment

Guidelines (OEHHA 1999)

Substance Listed in Chronic Oral REL Hazard Index Human
(CAS #) CAPCOA | Inhalation (mg/kg Target Organs Data
(1993) REL Body
(ug/m®) | Weight)

Chlorine dioxide 0.6 Respiratory

(10049-04-4) system

Chlorobenzene M 1000 Alimentary

(108-90-7) system; kidney;
reproductive
system

Chloroform M 300 Alimentary

(67-66-3) system; kidney;
development

Chloropicrin 0.4 Respiratory

(76-06-2) system

Chromium 0.2 0.02 Respiratory

hexavalent: soluble system

except chromic

trioxide

Chromic trioxide M 0.002 Respiratory %}

(as chromic acid system

mist)

Cresol mixtures 600 Nervous system

(1319-77-3)

Dichlorobenzene 800 Nervous

(1,4-) system;

(106-46-7) respiratory
system;
alimentary
system; kidney

Dichloroethylene M 70 Alimentary

(1,1) (75-35-4) system

Diesel Exhaust* 5 Respiratory
system

Diethanolamine 3 Cardiovascular

(111-42-2) system; nervous
system

Dimethylformamide 80 Alimentary %}

(N,N-) system ;

(68-12-2) respiratory
system
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Table of Chronic RELSs determined using the previous Hot Spots Risk Assessment

Guidelines (OEHHA 1999)

Substance Listed in Chronic Oral REL Hazard Index Human
(CAS #) CAPCOA | Inhalation (mg/kg Target Organs Data
(1993) REL Body
(ug/m®) | Weight)
Dioxane (1,4-) 3,000 Alimentary
(123-91-1) system; kidney;
cardiovascular
system
Epichlorohydrin | 3 Respiratory
(106-89-8) system; eyes
Epoxybutane (1,2-) 20 Respiratory
(106-88-7) system;
cardiovascular
system
Ethylbenzene 2,000 Development;
(100-41-4) alimentary
system (liver);
Kidney;
endocrine
system
Ethyl chloride 30,000 Development;
(75-00-3) alimentary
system
Ethylene dibromide 0.8 Reproductive %}
(106-93-4) system
Ethylene dichloride 400 Alimentary
(107-06-2) system (liver)
Ethylene glycol 400 Respiratory %}
(107-21-1) system; kidney;
development
Ethylene glycol 70 Reproductive
monoethyl ether system;
(110-80-5) hematopoietic
system
Ethylene glycol 300 Development
monoethyl ether
acetate
(111-15-9)
Ethylene glycol 60 Reproductive
monomethyl ether system
(109-86-4)
Ethylene glycol 90 Reproductive
monomethyl ether system
acetate (110-49-6)
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Table of Chronic RELSs determined using the previous Hot Spots Risk Assessment

Guidelines (OEHHA 1999)

Substance Listed in Chronic Oral REL Hazard Index Human
(CAS #) CAPCOA | Inhalation (mg/kg Target Organs Data
(1993) REL Body
(ug/m®) | Weight)
Ethylene oxide M 30 Nervous system
(75-21-8)
Fluoride including 13F 0.04 Bone and teeth; %}
Hydrogen Fluoride 14 HF respiratory
system
Glutaraldehyde M 0.08 Respiratory
(111-30-8) system
Hexane (n-) 7000 Nervous system
(110-54-3)
Hydrazine M 0.2 Alimentary
(302-01-2) system;
endocrine
system
Hydrogen chloride 9 Respiratory
(7647-01-0) system
Hydrogen cyanide 9 Nervous %}
(74-90-8) system;
endocrine
system;
cardiovascular
system
Hydrogen sulfide 10 Respiratory
(7783-06-4) system
Isophorone 2000 Development;
(78-59-1) liver
Isopropanol 7,000 Kidney;
(67-63-0) development
Maleic anhydride M 0.7 Respiratory
(108-31-6) system
Methanol 4,000 Development
(67-56-1)
Methyl bromide 5 Respiratory
(74-83-9) system; nervous
system;
development
Methyl chloroform 1,000 Nervous system
(71-55-6)
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Table of Chronic RELSs determined using the previous Hot Spots Risk Assessment

Guidelines (OEHHA 1999)

Substance Listed in Chronic Oral REL Hazard Index Human
(CAS #) CAPCOA | Inhalation (mg/kg Target Organs Data
(1993) REL Body
(ug/m®) | Weight)

Methyl isocyanate 1 Respiratory

(624-83-9) system;
reproductive
system

Methy! t-butyl ether 8,000 Kidney; eyes;

(1634-04-4) alimentary
system (liver)

Methylene chloride 400 Cardiovascular

(75-09-2) system; nervous
system

Methylene dianiline M 20 Eyes;

(4,4'-) (101-77-9) alimentary
system
(hepatotoxicity)

Methylene Diphenyl 0.7 Respiratory

Isocyanate system

(101-68-8)

Naphthalene 9 Respiratory

(91-20-3) system

Nickel & 0.05 0.05 Respiratory

compounds system;

(except nickel oxide) hematopoietic
system

Nickel oxide 0.1 ? Respiratory

(1313-99-1) system;
hematopoietic
system

Phenol 200 Alimentary

(108-95-2) system;
cardiovascular
system; kidney;
nervous system

Phosphine M 0.8 Respiratory

(7803-51-2) system;
alimentary
system; nervous
system; kidney;
hematopoietic
system
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Table of Chronic RELSs determined using the previous Hot Spots Risk Assessment

Guidelines (OEHHA 1999)

Substance Listed in Chronic Oral REL Hazard Index Human
(CAS #) CAPCOA | Inhalation (mg/kg Target Organs Data
(1993) REL Body
(ug/m®) | Weight)
Phosphoric acid 7 Respiratory
(7664-38-2) system
Phthalic anhydride M 20 Respiratory %}
(85-44-9) system
Propylene 3,000 Respiratory
(115-07-1) system
Propylene glycol 7,000 Alimentary
monomethyl ether system (liver)
(107-98-2)
Propylene oxide 30 Respiratory
(75-56-9) system
Selenium and 20 0.005 Alimentary %}
selenium compounds system;
(other than hydrogen cardiovascular
selenide) system; nervous
system
Silica (crystalline, 3 Respiratory
respirable) system
Styrene ] 900 Nervous system
(100-42-5)
Sulfuric acid 1 Respiratory
(7664-93-9) system
Tetrachloroethylene* M 35 Kidney;
(perchloroethylene) alimentary
(127-18-4) system (liver)
Toluene M 300 Nervous
(108-88-3) system;
respiratory
system;
development
Toluene M 0.07 Respiratory %}
diisocyanates (2,4- system
& 2,6-)
Trichloroethylene %] 600 Nervous 4]
(79-01-6) system; eyes
Triethylamine 200 Eyes
(121-44-8)
Vinyl acetate 200 Respiratory
(108-05-4) system
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Table of Chronic RELSs determined using the previous Hot Spots Risk Assessment
Guidelines (OEHHA 1999)

Substance Listed in Chronic Oral REL Hazard Index Human
(CAS #) CAPCOA | Inhalation (mg/kg Target Organs Data
(1993) REL Body
(ug/m®) | Weight)

Xylenes M 700 Nervous %}
(m-, o-, p-) system;

respiratory

system

*These peer-reviewed values were developed under the Toxic Air Contaminant (TAC) Program

mandated by AB1807.
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CHRONIC TOXICITY SUMMARY

ACRYLONITRILE

(Acrylonitrile monomer, cyanoethylene, propenenitrile, 2-propenenitrile, VCN, vinyl cyanide.)

CAS Number: 107-13-1

. Chronic Toxicity Summary

Inhalation reference exposure level 5 pg/m? (2 ppb)

Critical effect(s) Degeneration and inflammation of nasal
epithelium in rats
Hazard index target(s) Respiratory system

1. Chemical Property Summary (HSDB, 1994)

Description Clear, colorless to pale yellow liquid
(technical grades)

Molecular formula CsHsN

Molecular weight 53.1 g/mol

Density 0.81 g/cm® @ 25°C

Boiling point 77.3°C

Melting point -82°C

Vapor pressure 100 torr @ 23°C

Solubility Soluble in isopropanol, ethanol, ether,
acetone, and benzene

Conversion factor 1 ppm =2.17 mg/m* @ 25 °C

I11.  Major Uses or Sources

Acrylonitrile is produced commercially by propylene ammoxidation, in which propylene,
ammonia, and air are reacted by catalyst in a fluidized bed. Acrylonitrile is used primarily as a
co-monomer in the production of acrylic and modacrylic fibers. Uses include the production of
plastics, surface coatings, nitrile elastomers, barrier resins, and adhesives. It is also a chemical
intermediate in the synthesis of various antioxidants, pharmaceuticals, dyes, and surface-active
agents. Formerly, acrylonitrile was used as a fumigant for food commodities, flour milling, and
bakery food processing equipment (HSDB, 1994). The annual statewide industrial emissions
from facilities reporting under the Air Toxics Hot Spots Act in California based on the most
recent inventory were estimated to be 3948 pounds of acrylonitrile (CARB, 2000). US EPA
(1993) reported a mean ambient air concentration of acrylonitrile at four urban locations in the
U.S.of 0.66 pg/m”.
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IV.  Effects of Human Exposure

Many occupational epidemiology studies have investigated retrospectively the morbidity and
mortality of acrylonitrile exposed workers. An increased incidence of lung cancer was
associated with acrylonitrile exposure. No significant excess mortality has been observed for
any noncarcinogenic endpoint. One early cross-sectional study (Wilson et al., 1948) observed
multiple deleterious effects in synthetic rubber manufacturing workers acutely exposed (20 to 45
minutes) to various concentrations of acrylonitrile (16 to 100 ppm, 34.7 to 217 mg/m®). Mucous
membrane irritation, headaches, feelings of apprehension, and nervous irritability were observed
in the majority of workers. Other less common symptoms observed included low-grade anemia,
leukocytosis, and mild jaundice. These effects were reported to subside with cessation of
exposure. Human volunteers exposed for a single 8 hour period to acrylonitrile vapors exhibited
no deleterious CNS effects at concentrations ranging from 5.4 to 10.9 mg/m? (2.4 to 5.0 ppm)
(Jakubowski et al., 1987).

A cross-sectional study (Sakurai et al., 1978) found no statistically significant increases in
adverse health effects in chronically exposed workers (minimum 5 years) employed at 6 acrylic
fiber factories (n = 102 exposed, n = 62 matched controls). Mean acrylonitrile levels ranged
from 0.1 to 4.2 ppm (0.2 to 9.1 mg/m®) as determined by personal sampling. Although not
statistically significant, slight increases in reddening of the conjunctiva and pharynx were seen in
workers from the plant with the highest mean levels (4.2 ppm arithmetic mean). However, this
study has limitations, including small sample size and examiner bias, since the medical examiner
was not blind to exposure status. The time-weighted average exposure of the group
occupationally exposed to 4.2 ppm (9.1 mg/m°) acrylonitrile can be calculated as: TWA = 9.1
mg/m? x (10/20) m®/day x 5 days/7 days = 3 mg/m>. This level is comparable to the LOAEL
(HEC) of 2 mg/m?® derived by the U.S. EPA from the animal study of Quast et al. (1980).

Czeizel et al. (1999) studied congenital abnormalities in 46,326 infants born between 1980 and
1996 to mothers living within a 25 km radius of an acrylonitrile factory in Nyergesujfalu,
Hungary. Ascertainment of cases with congenital abnormalities was based on the Hungarian
Congenital Abnormality Registry plus review of pediatric, pathology and cytogenetic records.
Particular attention was paid to indicators of germinal mutations (sentinel anomalies, Down’s
syndrome, and unidentified multiple congenital abnormalities) and to indicators of teratogens
(specific pattern of multiple congenital abnormalities). Three congenital abnormalities: pectus
excavatum in Tata, 1990-1992 (OR = 78.5, 95%CI = 8.4-729.6), undescended testis in
Nyergesujfalu between 1980 and 1983 (8.6, 1.4-54.3) and in Esztergom, 1981-1982 (4. 2, 1.3-
13.5) and clubfoot in Tata, 1980-1981 (5.5, 1.5-20.3) showed significant time-space clusters in
the study area. The risk of undescended testis decreased with increasing distance from the
factory. An unusual increase for the combination of oral cleft and cardiac septal defects was
seen in multimalformed babies in Tatabanya in 1990. Unfortunately there were no data on levels
of acrylonitrile or any other exposure.

V. Effects of Animal Exposure
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Quast et al. (1980) exposed Sprague-Dawley rats (100/sex/ concentration) 6 hours/day, 5
days/week for 2 years to concentrations of 0, 20, or 80 ppm acrylonitrile vapors (0, 43, or 174
mg/m®). A statistically significant increase in mortality was observed in the first year among 80
ppm exposed rats (male and female). Additionally, the 80 ppm exposed group had a significant
decrease in mean body weight. Two tissues, the nasal respiratory epithelium and the brain,
exhibited treatment-related adverse effects due to acrylonitrile exposure. Proliferative changes in
the brain glial cells (i.e., tumors and early proliferation suggestive of tumors) were significantly
increased in the 20 ppm (8/100) and 80 ppm (20/100) females versus female controls (0/100),
and in the 80 ppm males (22/99) versus male controls (0/100). Noncarcinogenic,
extrarespiratory effects were observed in the nasal turbinate epithelium at both exposure
concentrations, 20 and 80 ppm (see table below). Thus the LOAEL was 20 ppm. No treatment-
related effects in the olfactory epithelium, trachea, or lower respiratory epithelium were observed
at either concentration.

Effects of acrylonitrile reported by Quast et al. (1980)

Effect Sex 0 ppm 20 ppm | 80 ppm
Respiratory epithelium hyperplasia in the nasal turbinates Male 0/11 4/12 10/10*
Hyperplasia of the mucous secreting cells Male 0/11 7/12* 8/10*
Focal inflammation in the nasal turbinates Female | 2/11 6/10 7/10*
Flattening of the respiratory epithelium of the nasal turbinates | Female | 1/11 7/10* 8/10*
Lung: pneumonia, consolidation, atelectasis, or edema Male 14/100 | 27/100* | 30/100*
Lung: pneumonia, consolidation, atelectasis, or edema Female | 7/100 2/100 7/100

* statistically significant difference from controls (p<.05)

Maltoni and associates exposed Sprague-Dawley rats (30/sex/concentration) to 0, 5, 10, 20, or 40
ppm acrylonitrile vapor for 5 days/week over 52 weeks, and at 60 ppm for 4 to 7 days, 5
days/week for 104 weeks (Maltoni et al., 1977; Maltoni et al., 1988). Histopathologic
examinations were performed, including on lungs, brain, kidney, and liver. No noncarcinogenic
effects were reported.

Gagnaire et al. (1998) studied motor and sensory conduction velocities (MCV and SCV,
respectively) and amplitudes of the sensory and motor action potentials (ASAP and AMAP) of
the tail nerve in male Sprague-Dawley rats during chronic treatment with acrylonitrile. (Four
other unsaturated aliphatic nitriles were also given orally to other rats.) Rats were given doses of
12.5, 25, and 50 mg/kg of acrylonitrile once a day, 5 days per week for 12 weeks. Rats were also
exposed by inhalation to 25, 50, and 100 ppm of acrylonitrile vapors for 6 h/day, 5 days per
week, for 24 weeks and neurophysiological examinations were carried out. After oral
acrylonitrile, animals developed behavioral sensitization characterized by salivation, locomotor
hyperactivity, and moderately intense stereotypies. Rats dosed with 50 mg/kg developed
hindlimb weakness associated with decreases in sensory conduction velocity (SCV) and in the
amplitude of the sensory action potential (ASAP). Rats exposed to acrylonitrile by inhalation
exhibited time- and concentration-dependent decreases in motor conduction velocity (MCV),
SCV, and ASAP, which were partially reversible after 8 weeks of recovery. The authors
concluded that the nervous system of the rat appears to be a target following either oral or
inhalation exposures of acrylonitrile. The NOAEL by inhalation for 24 weeks was 25 ppm.
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Changes in electrophysiological parameters after 24 wks of exposure (Gagnaire et al., 1998)
Acrylonitrile MCV (m/sec) SCV (m/sec) AMAP (mvolts) | ASAP (uvolts)
0 ppm 42.9 +0.9% 53.3+1.0 178+ 1.2 186 + 8

25 ppm 41.6+0.8 50.5+0.8* 16.1+0.8 164 + 11

50 ppm 38.1+0.9*%* 49.1 £ 0.5*** 157+1.0 159 + 5*

100 ppm 38.5+1.2** 48.4 £ 1.0*** 17.4+0.9 133 + 11***

# Mean + SEM; * p<0.05; ** p<0.01; ***p<0.001

In a developmental study, Murray et al. (1978) exposed rats to acrylonitrile vapors at 0, 40 ppm
(87 mg/m?), or 80 ppm (174 mg/m?®) for 6 hours/day during gestational days 6 to 15. In the 80
ppm exposed group, significant increases in fetal malformations were observed including short
tail, missing vertebrae, short trunk, omphalocoele, and hemivertebra (Murray et al., 1978). No
differences in implantations, live fetuses, or resorptions were seen in the exposed (40 and 80
ppm) versus the control group. Maternal toxicity was observed as decreased body weight at both
exposure levels. After adjustment to continuous exposure, this study identified a developmental
NOAEL of 10 ppm and a LOAEL of 20 ppm (with maternal toxicity).

Saillenfait et al. (1993) studied the developmental toxicity of eight aliphatic mononitriles in
Sprague-Dawley rats after inhalation exposure for 6 hr/day during days 6 to 20 of gestation. The
range of exposure levels for acrylonitrile was 12, 25, 50, and 100 ppm; group sizes were 20-23
females. Embryolethality was observed after exposure to 25 ppm (54 mg/m®) acrylonitrile in the
presence of overt signs of maternal toxicity. Fetal weights were significantly lower at 25 ppm.
Thus 12 ppm (26 mg/m®) is a NOAEL for developmental toxicity using this study design.
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VI.

December 2001

Derivation of Chronic Reference Exposure Level

Study
Study population
Exposure method

Critical effects

LOAEL

NOAEL

BMCgs

Exposure continuity

Average experimental exposure
Human equivalent concentration

Exposure duration
LOAEL uncertainty factor
Subchronic uncertainty factor
Interspecies uncertainty factor
Intraspecies uncertainty factor
Cumulative uncertainty factor
Inhalation reference exposure
level

Quast et al., 1980

Sprague-Dawley rats (100/sex/concentration)

Discontinuous whole-body inhalation
exposures (0, 20, or 80 ppm)

Degeneration and inflammation of nasal
respiratory epithelium; hyperplasia of
mucous secreting cells

20 ppm

Not observed

1.5 ppm

6 hours/day, 5 days/week

0.27 ppm for BMCys (1.5 x 6/24 x 5/7)

0.067 ppm (gas with extrathoracic respiratory
effects; RGDR = 0.25 based on MV =
0.33 m*/day, SA(ET) = 11.6 cm?)

2 years

Not needed in the BMC approach

1

3

10

30

0.002 ppm (2 ppb; 0.005 mg/m?; 5 ug/m?)

Sprague-Dawley rats (100/sex/concentration) were exposed 6 hours/day, 5 days/week for 2 years
to 0, 20, or 80 ppm acrylonitrile (0, 43, and 174 mg/m?, respectively). Significant degenerative
and inflammatory changes were observed in the respiratory epithelium of the nasal turbinates at
both exposure concentrations (20 and 80 ppm). This treatment-related irritation of the nasal
mucosa appeared in the 20 ppm exposed male rats as either epithelial hyperplasia of the nasal
turbinates, or as hyperplasia of the mucous secreting cells. In the 20 ppm exposed females it
appeared as either focal inflammation in the nasal turbinates or flattening of the respiratory
epithelium of the nasal turbinates. In 80 ppm exposed rats the effects were more severe,
including suppurative rhinitis, hyperplasia, focal erosions, and squamous metaplasia of the
respiratory epithelium. No treatment-related effects in the olfactory epithelium, trachea, or lower
respiratory system were observed at either concentration. This study identified a LOAEL for
pathological alterations in the respiratory epithelium of the extrathoracic region of the respiratory
tract of 20 ppm (43 mg/m®). The U.S. EPA (1994) based its RfC of 2 ng/m? on the same study
but included a Modifying Factor (MF) of 10 for database deficiencies. The criteria for use of
modifying factors are not well specified by U.S. EPA. Such modifying factors were not used by
OEHHA.

OEHHA used a benchmark dose approach to determine the chronic REL for acrylonitrile. The
cumulative gamma distribution model in the U.S. EPA's BMDS sotware was individually fit to
the data on respiratory epithelium hyperplasia in the nasal turbinates in males, hyperplasia of the
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mucous secreting cells in males, focal inflammation in the nasal turbinates in females, and
flattening of the respiratory epithelium of the nasal turbinates in females. The resulting BMCgs
values (1.27, 1.33, 2.18, 1.35) were averaged to yield a value of 1.5 ppm. The RGDR adjustment
and appropriate uncertainty factors were applied as indicated in the above table and resulted in a

chronic REL of 5 pg/m®.

For comparison, Gagnaire et al. (1998) found a NOAEL for nervous system effects at 24 weeks
of 25 ppm, which is equivalent to a continuous exposure of 4.5 ppm. Use of the default RGDR
of 1 for systemic effects, a subchronic UF of 3, an interspecies UF of 3, and an intraspecies UF
of 10 results in an estimated REL of 45 ppb (100 pg/m®). We were unable to derive a BMC from
the neurotoxicity data due partly to the tendency of the animals in the 100 ppm group to yield
values for two of the four endpoints measured closer to the controls than those in the 50 ppm

group.

As another comparison, Saillenfait et al. (1983) found a 12 ppm (26 mg/m®) NOAEL for fetal
weight reduction (6 h/d exposure). This is equivalent to a continuous exposure of 3 ppm (on
days 6 to 20 of gestation). Use of the default RGDR of 1 for systemic effects, an interspecies UF
of 3, and an intraspecies UF of 10 results in an estimated REL of 100 ppb (200 ug/m?).

Finally, after adjustment to continuous exposure, Murray et al. (1978) identified a developmental
NOAEL, adjusted to continuous exposure, of 10 ppm and a LOAEL of 20 ppm (with maternal
toxicity at both levels). Use of the default RGDR of 1 for systemic effects, an interspecies UF of
3, and an intraspecies UF of 10 results in an estimated REL of 30 ppb (70 pg/m?).

VIl. Data Strengths and Limitations for Development of the REL

Significant strengths in the chronic REL for acrylonitrile include (1) the availability of chronic
inhalation exposure data from a well-conducted study with histopathological analysis and (2) the
demonstration of a dose-response relationship. Major uncertainties are (1) the lack of adequate
human exposure data, (2) the lack of a NOAEL in the 2 year study, (3) lack of inhalation
bioassay in a second species, and (4) lack of reproductive data for inhalation exposures when an
oral study showed adverse reproductive effects

When assessing the health effects of acrylonitrile, its carcinogenicity must also be assessed.

VIll. Potential for Differential Impacts on Children's Health

The chronic REL is considerably lower than the comparison estimate based on developmental
effects. Although neurotoxicity, an endpoint which is often associated with increased sensitivity
of younger animals or humans, was evaluated as one of the alternative endpoints, the comparison
reference level for this end point in adults was more than an order of magnitude higher that the
REL based on histological changes in the upper respiratory tract. It is therefore considered that
the REL is likely to be adequately protective of infants and children.
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CHRONIC TOXICITY SUMMARY

AMMONIA

(Anhydrous ammonia; aqueous ammonia)
CAS Registry Number: 7664-41-7

l. Chronic Toxicity Summary

Inhalation reference exposure level 200 pg/m? (300 ppb)

Critical effect(s) Pulmonary function tests or subjective
symptomatology in workers

Hazard index target(s) Respiratory system

. Physical and Chemical Properties (From HSDB, 1994; 1999)

Description Colorless gas

Molecular formula NH;

Molecular weight 17.03 g/mol

Density 0.7710 g/L @ 0°C

Boiling point -33.35°C

Vapor pressure 7510 torr @ 25°C

Solubility Soluble in water, alcohol, and ether
Conversion factor 1 ppm = 0.71 mg/m®

I11.  Major Uses or Sources

This strongly alkaline chemical is widely used in industry as a feed stock for nitrogen-based
chemicals such as fertilizers, plastics and explosives (ATSDR, 1990). Ammonia is also used as a
refrigerant. The general public is exposed by off-gasing from cleaning solutions containing
aqueous ammonia. Household ammonia solutions contain 5-10% ammonia in water while
industrial strength can be up to 28%. The annual statewide industrial emissions from facilities
reporting under the Air Toxics Hot Spots Act in California based on the most recent inventory
were estimated to be 21,832,909 pounds of ammonia (CARB, 1999).

IV.  Effects of Human Exposures

Comparisons were made between 52 workers and 31 control subjects in a soda ash plant for
pulmonary function and eye, skin and respiratory symptomatology (Holness et al., 1989). The
pulmonary function tests included FVC (forced vital capacity — the total amount of air the
subject can expel during a forced expiration), FEV; (forced expiratory volume in one second),
FEFso (forced expiratory flow rate at 50% of the FVVC) and FEFs (forced expiratory flow rate at
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75% of the FVC). Age, height, and pack-years smoked were treated as covariates for the
comparisons. The workers were exposed on average for 12.2 years to mean (time-weighted
average) ammonia concentrations of 9.2 ppm (6.4 mg/m®) + 1.4 ppm, while controls were
exposed to 0.3 ppm (0.21 mg/m®) + 0.1 ppm. No differences in any endpoints (respiratory or
cutaneous symptoms, sense of smell, baseline lung function, or change in lung function over a
work shift at the beginning and end of a workweek) were reported between the exposed and
control groups.

Groups of human volunteers were exposed to 25, 50, or 100 ppm (0, 17.8, 35.5, or 71 mg/m®)
ammonia 5 days/week for 2, 4, or 6 hours/day, respectively, for 6 weeks (Ferguson et al., 1977).
Another group of 2 volunteers was exposed to 50 ppm ammonia for 6 hours/day for 6 weeks.

Group Exposure | Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

A ppm NH3 | 25 50 100 25 50 100
hours 2 4 6 2 4 6

B ppm NH3z | 50 50 50 50 50 50
hours 6 6 6 6 6 6

C ppm NH; | 100 50 25 25 50 100
hours 6 4 2 6 4 2

Pulmonary function tests (respiration rate, F\VC and FEV,) were measured in addition to
subjective complaints of irritation of the eyes and respiratory tract. The difficulty experienced in
performing simple cognitive tasks was also measured, as was pulse rate. There were reports of
transient irritation of the nose and throat at 50 or 100 ppm. Acclimation to eye, nose, and throat
irritation was seen after two to three weeks (in addition to the short-term subjective adaption).
No significant differences between subjects or controls on common biological indicators, in
physical exams, or in performance of normal job duties were found. After acclimation,
continuous exposure to 100 ppm, with occasional excursions to 200 ppm, was easily tolerated
and had no observed effect on general health.

V. Effects of Animal Exposures

Rats were continuously exposed to ammonia at 0, 25, 50, 150, or 250 ppm (0, 18, 36, 107, or
179 mg/m?®) ammonia for 7 days prior to intratracheal inoculation with Mycoplasma pulmonis,
and from 28 to 42 days following M. pulmonis exposure (Broderson et al., 1976). All exposures
to ammonia resulted in significantly increased severity of rhinitis, otitis media, tracheitis, and
pneumonia characteristic of M. pulmonis infection, therefore 25 ppm was a LOAEL in this
subchronic study. Exposure to 250 ppm ammonia alone resulted in nasal lesions (epithelial
thickening and hyperplasia) which were not like those seen in M. pulmonis-infected rats.

The growth of bacteria in the lungs and nasal passages, and the concentration of serum
immunoglobulin were significantly increased in rats exposed to 100 ppm (71 mg/m®) ammonia
over that seen in control rats (Schoeb et al., 1982).
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Guinea pigs (10/group) and mice (20/group) were continuously exposed to 20 ppm (14.2 mg/m?®)
ammonia for up to 6 weeks (Anderson et al., 1964). Separate groups of 6 guinea pigs and 21
chickens were exposed to 50 ppm and 20 ppm ammonia for up to 6 and 12 weeks, respectively.
All species displayed pulmonary edema, congestion, and hemorrhage after 6 weeks exposure,
whereas no effects were seen after only 2 weeks. Guinea pigs exposed to 50 ppm ammonia for 6
weeks exhibited enlarged and congested spleens, congested livers and lungs, and pulmonary
edema. Chickens exposed to 200 ppm for 17-21 days showed liver congestion and slight
clouding of the cornea. Anderson and associates also showed that a 72-hour exposure to 20 ppm
ammonia significantly increased the infection rate of chickens exposed to Newcastle disease
virus, while the same effect was observed in chickens exposed to 50 ppm for just 48 hours.

Coon et al. (1970) exposed groups of rats (as well as guinea pigs, rabbits, dogs, and monkeys)
continuously to ammonia concentrations ranging from 40 to 470 mg/m°. There were no signs of
toxicity in 15 rats exposed continuously to 40 mg/m® for 114 days or in 48 rats exposed
continuously to 127 mg/m?® for 90 days. Among 49 rats exposed continuously to 262 mg/m? for
90 days, 25% had mild nasal discharge. At 455 mg/m?® 50 of 51 rats died. Thus 127 mg/m® (179
ppm) is a subchronic NOAEL for upper respiratory effects in rats. Coon et al. (1970) also found
no lung effects in 15 guinea pigs exposed continuously to 40 mg/m* (28 ppm) ammonia for 114
days.

V1.  Derivation of Chronic Reference Exposure Level

Study Holness et al., 1989 (supported by Broderson et
al., 1976)

Study population 52 workers; 31 controls

Exposure method Occupational inhalation

Critical effects Pulmonary function, eye, skin, and respiratory
symptoms of irritation

LOAEL 25 ppm (Broderson et al., 1976) (rats)

NOAEL 9.2 ppm (Holness et al., 1989)

Exposure continuity 8 hours/day (10 m®day occupational inhalation
rate), 5 days/week

Exposure duration 12.2 years

Average occupational exposure 3 ppm for NOAEL group (9.2 x 10/20 x 5/7)

Human equivalent concentration 3 ppm for NOAEL group

LOAEL uncertainty factor 1

Subchronic uncertainty factor 1

Interspecies uncertainty factor 1

Intraspecies uncertainty factor 10

Cumulative uncertainty factor 10

Inhalation reference exposure level 0.3 ppm (300 ppb; 0.2 mg/m*; 200 pg/m®)
The Holness et al. (1989) study was selected because it was a chronic human study and was

published in a respected, peer-reviewed journal. It is also the only chronic study available. The
USEPA (1995) based its RfC of 100 ug/m?® on the same study but included a Modifying Factor
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(MF) of 3 for database deficiencies. The criteria for use of modifying factors are not well
specified by U.S. EPA. Such modifying factors were not used by OEHHA.

For comparison with the proposed REL of 200 ng/m?® based on human data, we estimated RELs
from 2 animal studies. (1) Anderson et al. (1964) exposed guinea pigs continuously to 50 ppm
(35 mg/m*) ammonia for 6 weeks and observed pulmonary edema. Use of an RGDR of 0.86 and
a cumulative uncertainty factor of 3000 (10 for use of a LOAEL, 10 for subchronic, 3 for
interspecies, and 10 for intraspecies) resulted in a REL of 10 pg/m®. Staff note that the nearly
maximal total uncertainty factor of 3000 was used in this estimation. (2) Coon et al. (1970)
exposed rats continuously to 127 mg/m® ammonia for 90 days and saw no signs of toxicity. Use
of an RGDR(ET) of 0.16 for nasal effects (observed in rats exposed to higher levels of ammonia
in Broderson et al. (1976)) and a cumulative uncertainty factor of 100 (3 for subchronic, 3 for
interspecies, and 10 for intraspecies) resulted in a REL of 200 ug/m®.

VIl. Data Strengths and Limitations for Development of the REL

Significant strengths in the ammonia REL include (1) the availability of long-term human
inhalation exposure data (Holness et al., 1989), (2) the demonstration of consistent effects in
experimentally exposed human volunteers following short-term exposures (Ferguson et al.,
1977), and (3) reasonable consistency with animal data (Coon et al., 1970).

Major areas of uncertainty are (1) the lack of a NOAEL and LOAEL in a single study, (2) a lack
of animal data with chronic exposure and histopathological analyses, and (3) difficulties in
estimated human occupational exposures. The overall database for this common chemical is
limited.
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CHRONIC TOXICITY SUMMARY

BENZENE

(Benzol; Benzole; Cyclohexatriene)
CAS Registry Number: 71-43-2

. Chronic Toxicity Summary

Inhalation reference exposure level 60 pg/m® (20 ppb)

Critical effect(s) Lowered red and white blood cell counts in
occupationally exposed humans

Hazard index target(s) Hematopoietic system; development; nervous
system

1. Physical and Chemical Properties (HSDB, 1994; 1999)

Description Colorless liquid

Molecular formula CeHs

Molecular weight 78.1 g/mol

Density 0.879 g/cm® @ 25° C

Boiling point 80.1°C

Vapor pressure 100 torr @ 26.1°C

Solubility Soluble in ethanol, chloroform, ether, carbon

disulfide, acetone, oils, and glacial acetic
acid; slightly soluble in water
Conversion factor 1 ppm = 3.2 mg/m®* @ 25° C

I11.  Major Uses or Sources

Benzene has been widely used as a multipurpose organic solvent. This use is now discouraged
due to its high toxicity, including carcinogenicity. Present uses include use as a raw material in
the synthesis of styrene, phenol, cyclohexane, aniline, and alkyl benzenes in the manufacture of
various plastics, resins, and detergents. Syntheses of many pesticides and pharmaceuticals also
involve benzene as a chemical intermediate (HSDB, 1994). The tire industry and shoe factories
use benzene extensively in their manufacturing processes. Annual demand in the U.S. was
estimated to be 6 million tons in 1990 (HSDB, 1994). Benzene exposure also occurs as a result
of gasoline and diesel fuel use and combustion (Holmberg and Lundberg, 1985). In 1996, the
latest year tabulated, the statewide mean outdoor monitored concentration of benzene was
approximately 0.7 ppb (CARB, 1999a). Annual statewide industrial emissions from facilities
reporting under the Air Toxics Hot Spots Act in California based on the most recent inventory
were estimated to be 750,364 pounds of benzene (CARB, 1999b). (This does not include the
large amount of benzene emitted by mobile sources.)
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IV.  Effects of Human Exposure

The primary toxicological effects of chronic benzene exposure are on the hematopoeitic system.
Neurological and reproductive/developmental toxic effects are also of concern at slightly higher
concentrations. Impairment of immune function and/or various anemias may result from the
hematotoxicity. The hematologic lesions in the bone marrow can lead to peripheral
lymphocytopenia and/or pancytopenia following chronic exposure. Severe benzene exposures
can also lead to life-threatening aplastic anemia. These lesions may lead to the development of
leukemia years after apparent recovery from the hematologic damage (DeGowin, 1963).

Kipen et al. (1988) performed a retrospective longitudinal study on a cohort of 459 rubber
workers, examining the correlation of average benzene exposure with total white blood cell
counts taken from the workers. These researchers found a significant (p < 0.016) negative
correlation between average benzene concentrations in the workplace and white blood cell
counts in workers from the years 1940-1948. A reanalysis of these data by Cody et al. (1993)
showed significant decreases in RBC and WBC counts among a group of 161 workers during the
1946-1949 period compared with their pre-exposure blood cell counts. The decline in blood
counts was measured over the course of 12 months following start of exposure. During the
course of employment, workers who had low monthly blood cell counts were transferred to other
areas with lower benzene exposures, thus potentially creating a bias towards non-significance or
removing sensitive subjects from the study population. Since there was a reported 75% rate of
job change within the first year of employment, this bias could be highly significant. In addition,
there was some indication of blood transfusions used to treat some “anemic” workers, which
would cause serious problems in interpreting the RBC data, since RBCs have a long lifespan in
the bloodstream. The exposure analysis in this study was performed by Crump and Allen
(1984). The range of monthly median exposures was 30-54 ppm throughout the 12-month
segment examined. Despite the above-mentioned potential biases, workers exposed above the
median concentrations displayed significantly decreased WBC and RBC counts compared with
workers exposed to the lower concentrations using a repeated measures analysis of variance.

Tsai et al. (1983) examined the mortality from all cancers and leukemia, in addition to
hematologic parameters in male workers exposed to benzene for 1-21 years in a refinery from
1952-1978. The cohort of 454 included maintenance workers and utility men and laborers
assigned to benzene units on a “regular basis”. Exposures to benzene were determined using
personal monitors; the median air concentration was 0.53 ppm in the work areas of greatest
exposure to benzene. The average length of employment in the cohort was 7.4 years. The
analysis of overall mortality in this population revealed no significant excesses. Mortality from
all causes and from diseases of the circulatory system was significantly below expected values
based on comparable groups of U.S. males. The authors concluded the presence of a healthy
worker effect. An internal comparison group of 823 people, including 10% of the workers who
were employed in the same plant in operations not related to benzene, showed relative risks for
0.90 and 1.31 for all causes and cancer at all sites, respectively (p < 0.28 and 0.23). A subset of
303 workers was followed for medical surveillance. Up to four hematological tests per year
were conducted on these workers. Total and differential white blood cell counts, hemoglobin,
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hematocrit, red blood cells, platelets and clotting times were found to be within normal (between
5% and 95% percentile) limits in this group.

Collins et al. (1997) used routine data from Monsanto’s medical/industrial hygiene system to
study 387 workers with daily 8-hour time-weighted exposures (TWA) averaging 0.55 ppm
benzene (range = 0.01 — 87.69 ppm; based on 4213 personal monitoring samples, less than 5% of
which exceeded 2 ppm). Controls were 553 unexposed workers. There was no increase in the
prevalence of lymphopenia, an early, sensitive indicator of benzene toxicity, among exposed
workers (odds ratio = 0.6; 95% confidence interval = 0.2 to 1.8), taking into account smoking,
age, and sex. There also was no increase in risk among workers exposed 5 or more years (odds
ratio = 0.6; 95% confidence interval = 0.2 to 1.9). There were no differences between exposed
and unexposed workers for other measures of hematotoxicity, including mean corpuscular
volume and counts of total white blood cells, red blood cells, hemoglobin, and platelets.

Rothman et al. (1996) compared hematologic outcomes in a cross-sectional study of 44 male and
female workers heavily exposed to benzene (median = 31 ppm as an 8-hr TWA) and 44 age and
gender-matched unexposed controls from China. Hematologic parameters (total WBC, absolute
lymphocyte count, platelets, red blood cells, and hematocrit) were decreased among exposed
workers compared to controls; an exception was the red blood cell mean corpuscular volume
(MCV), which was higher among exposed subjects. In a subgroup of 11 workers with a median
8 hr TWA of 7.6 ppm (range = 1-20 ppm) and not exposed to more than 31 ppm on any of 5
sampling days, only the absolute lymphocyte count was significantly different between exposed
workers and controls (p = 0.03). Among exposed subjects, a dose response relationship with
various measures of current benzene exposure (i.e., personal air monitoring, benzene metabolites
in urine) was present only for the total WBC count, the absolute lymphocyte count, and the
MCV. Their results support the use of the absolute lymphocyte count as the most sensitive
indicator of benzene-induced hematotoxicity.

An examination of 32 patients, who were chronically exposed to benzene vapors ranging from
150 to 650 ppm for 4 months to 15 years, showed that pancytopenia occurred in 28 cases. Bone
marrow punctures revealed variable hematopoeitic lesions, ranging from acellularity to
hypercellularity (Aksoy et al., 1972).

Central nervous system disorders have been reported in individuals with pancytopenia following
chronic occupational benzene exposure to unknown concentrations for an average length of time
of 6 years (Baslo and Aksoy, 1982).

Runion and Scott (1985) estimated a composite geometric mean benzene concentration in
various workplaces containing benzene to be 0.1 ppm (0.32 mg/m?) (geometric standard

deviation = 7.2 ppm, 23.3 mg/m®). This estimate was based on samples collected by industrial
hygienists between the years 1978 and 1983.

V. Effects of Animal Exposure
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A number of animal studies have demonstrated that benzene exposure can induce bone marrow
damage, changes in circulating blood cells, developmental and reproductive effects, alterations
of the immune response, and cancer. With respect to chronic toxicity, hematological changes
appear to be the most sensitive indicator.

Wolf et al. (1956) studied the effects of repeated exposure to benzene in rabbits (80 ppm, 175
total exposures), rats (88 ppm, 136 total exposures) and guinea pigs (88 ppm, 193 total
exposures). The observed effects included leukopenia, increased spleen weight, and histological
changes to the bone marrow. Hematologic effects, including leukopenia, were observed in rats
exposed to mean concentrations of 44 ppm (143 mg/m?®) or greater for 5-8 weeks (Deichmann et
al., 1963). Exposure to 31 ppm (100 mg/m®) benzene or less did not result in leukopenia after 3-
4 months of exposure. Snyder et al. (1978) exposed Sprague-Dawley rats and AKR/J mice to
300 ppm benzene, 6 hours/day, 5 days/week for life. Lymphocytopenia, anemia and decreased
survival time were observed in both species. Cronkite et al. (1982) exposed male mice to 400
ppm benzene, 6 hours/day, 5 days/week for 9.5 weeks and observed depressed bone marrow
cellularity, decreased stem cell count, and altered morphology in spleen colony-forming cells.

Mice have been shown to be more sensitive than rats or rabbits to the hematologic and leukemic
effects of benzene (Sabourin et al., 1989; IARC, 1982). Sabourin et al. (1988) showed that
metabolism of benzene to the toxic hydroquinone, muconic acid, and hydroquinone glucuronide
was much more prevalent in the mouse than in rats, whereas the detoxification pathways were
approximately equivalent between the two species.

A study on the chronic hematological effects of benzene exposure in C57 BI/6 male mice (5-6
per group) showed that peripheral lymphocytes, red blood cells and colony-forming units (CFUSs)
in the bone marrow and spleen were significantly decreased in number after treatment with 10
ppm (32.4 mg/m®) benzene for 6 hours/day, 5 days/week for 178 days (Baarson et al., 1984).

Inhalation of 0, 10, 31, 100, or 301 ppm (0, 32.4, 100.4, 324, or 975 mg/m®) benzene for 6
hours/day for 6 days resulted in a dose-dependent reduction in peripheral lymphocytes, and a
reduced proliferative response of B- and T-lymphocytes to mitogenic agents in mice (Rozen et
al., 1984). In this study, total peripheral lymphocyte numbers and B-lymphocyte proliferation to
lipopolysaccharide were significantly reduced at a concentration of 10 ppm (32.4 mg/m®). The
proliferation of T-lymphocytes was significantly reduced at a concentration of 31 ppm

(100.4 mg/m®).

Male and female mice (9-10 per group) exposed to 100 ppm (324 mg/m®) benzene or greater for
6 hours/day, 5 days/week for 2 weeks showed decreased bone marrow cellularity and a reduction
of pluripotent stem cells in the bone marrow (Cronkite et al., 1985). The decrease in marrow
cellularity continued for up to 25 weeks following a 16-week exposure to 300 ppm (972 mg/m°)
benzene. Peripheral blood lymphocytes were dose-dependently decreased with benzene
exposures of greater than 25 ppm (81 mg/m?) for 16 weeks, but recovered to normal levels
following a 16-week recovery period.

Ward et al. (1985) exposed 50 Sprague-Dawley rats and 150 CD-1 mice of both sexes to 0, 1, 10,
30, or 300 ppm benzene, 6 hours/day, 5 days/week for 13 weeks. Serial sacrifices were
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conducted at 7, 14, 28, 56, and 91 days. No hematological changes were found for mice and rats
at 1, 10, or 30 ppm in this study. Significant increases in mean cell volume and mean cell
hemoglobin values and decreases in hematocrit, hemoglobin, lymphocyte percentages, and
decreases in red cell, leukocyte and platelet counts were observed in male and female mice at
300 ppm. The changes were first observed after 14 days of exposure. Histological changes in
mice included myeloid hypoplasia of the bone marrow, lymphoid depletion in the mesenteric
lymph node, increased extramedullary hematopoiesis in the spleen, and periarteriolar lymphoid
sheath depletion. Effects were less severe in the rats.

Aoyama (1986) showed that a 14-day exposure of mice to 50 ppm (162 mg/m®) benzene resulted
in a significantly reduced blood leukocyte count.

The NTP (1986) conducted a bioassay in F344 rats and B6C3F1 mice of benzene by corn oil
gavage. Doses were 0, 25, 50, and 100 mg/kg-day for females and 0, 50, 100, and 200 mg/kg-
day for males. Dose-related lymphocytopenia and leukocytopenia were observed in both species
in all dosed groups but not controls. Mice exhibited lymphoid depletion of the thymus and
spleen and hyperplasia of the bone marrow.

Cronkite et al. (1989) exposed CBA/Ca mice to 10, 25, 100, 300, 400 and 3000 ppm benzene 6
hours/day, 5 days/week for up to 16 weeks. No effects were observed at the 10 ppm level.
Lymphopenia was observed in the 25 ppm exposure group. Higher concentrations of benzene
produced dose-dependent decreases in blood lymphocytes, bone marrow cellularity, spleen
colony-forming units, and an increased percentage of CFU-S in S-phase synthesis.

Farris et al. (1997) exposed B6C3F; mice to 1, 5, 10, 100, and 200 ppm benzene for 6 hr/day, 5
days/week, for 1, 2, 4, or 8 weeks. In addition some animals were allowed to recover from the
exposure. There were no significant effects on hematopoietic parameters from exposure to 10
ppm benzene or less. Exposure to higher levels reduced the number of total bone marrow cells,
progenitor cells, differentiating hematopoietic cells, and most blood parameters. The replication
of primitive progenitor cells was increased. The authors suggested that this last effect, in
concert with the genotoxicity of benzene, could account for the carcinogenicity of benzene at
high concentrations.

Reproductive and developmental effects have been reported following benzene exposure. Coate
et al. (1984) exposed groups of 40 female rats to 0, 1, 10, 40, and 100 ppm (0, 3.24, 32.4, 129.6,
or 324 mg/m®) benzene for 6 hours/day during days 6-15 of gestation. In this study, teratologic
evaluations and fetotoxic measurements were done on the fetuses. A significant decrease was
noted in the body weights of fetuses from dams exposed to 100 ppm (324 mg/m®). No effects
were observed at a concentration of 40 ppm (129.6 mg/m®).

Keller and Snyder (1986) reported that exposure of pregnant mice to concentrations as low as
5 ppm (16 mg/m®) benzene on days 6-15 of gestation (6 hr/day) resulted in bone-marrow
hematopoietic changes in the offspring that persisted into adulthood. However, the
hematopoietic effects (e.g. bimodal changes in erythroid colony-forming cells) in the above
study were of uncertain biological significance. In a similar later study, Keller and Snyder
(1988) found that exposure of mice in utero to 20 ppm (64 mg/m?®) benzene on days 6-15 of
gestation resulted in neonatal suppression of erythropoietic precursor cells and persistent,
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enhanced granulopoiesis. This effect was considered significant bone-marrow toxicity by the
authors. No hematotoxicity was seen in this study at 10 ppm (32 mg/m°).

An exposure of 500 ppm (1,600 mg/m?) benzene through days 6-15 gestation was teratogenic in
rats while 50 ppm (160 mg/m?) resulted in reduced fetal weights on day 20 of gestation. No fetal
effects were noted at an exposure of 10 ppm (Kuna and Kapp, 1981). An earlier study by
Murray et al. (1979) showed that inhalation of 500 ppm benzene for 7 hours/day on days 6-15
and days 6-18 of gestation in mice and rabbits, respectively, induced minor skeletal variations in
the absence of maternal toxicity. Red and white blood cell counts in the adults of either species
were measured by Murray et al. (1979) but were not significantly different from control animals.
However, fetal mouse hematological effects were not measured.

Tatrai et al. (1980) demonstrated decreased fetal body weights and elevated liver weights in rats
exposed throughout gestation to 150 mg/m® (47 ppm).

VI.  Derivation of Chronic Reference Exposure Level (REL)
Study Tsai et al. (1983)
Study population 303 Male refinery workers
Exposure method Occupational exposures for 1-21 years
Critical effects Hematological effects
LOAEL Not observed
NOAEL 0.53 ppm
Exposure continuity 8 hr/day (10 m® per 20 m® day), 5 days/week
Exposure duration 7.4 years average (for the full cohort of 454);

32% of the workers were exposed for more
than 10 years

Average occupational exposure 0.19 ppm
Human equivalent concentration 0.19 ppm
LOAEL uncertainty factor 1
Subchronic uncertainty factor 1
Interspecies uncertainty factor 1
Intraspecies uncertainty factor 10
Cumulative uncertainty factor 10

Inhalation reference exposure level 0.02 ppm (20 ppb; 0.06 mg/m®; 60 ug/m®)

Staff identified Tsai et al. (1983) as the most appropriate study for a chronic REL derivation.
The authors examined hematologic parameters in 303 male workers exposed to benzene for 1-21
years in a refinery from 1952-1978. Follow-up success was 99.3% in the entire cohort of 359. A
total of approximately 1400 samples for hematological tests and 900 for blood chemistry tests
were taken between 1959 and 1979. Exposures to benzene were determined using personal
monitors. Data consisting of 1394 personal samples indicated that 84% of all benzene samples
were less than 1 ppm; the median air concentration of benzene was 0.53 ppm in the work areas
of greatest exposure to benzene (“benzene related areas”, for example, production of benzene
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and cyclohexane and also of cumene). The average length of employment in the cohort was 7.4
years. Mortality from all causes and from diseases of the circulatory system was significantly
below expected values based on comparable groups of U.S. males. The authors concluded the
presence of a healthy worker effect. An analysis using an internal comparison group of 823
people, including 10% of the workers who were employed in the same plant in operations not
related to benzene, showed relative risks for 0.90 and 1.31 for all causes and cancer at all sites,
respectively (p < 0.28 and 0.23). Total and differential white blood cell counts, hemoglobin,
hematocrit, red blood cells, platelets and clotting times were found to be within normal (between
5% and 95% percentile) limits in this group. Although the exposure duration averaged only 7.4
years, the study was considered to be chronic since 32% of the workers had been exposed for
more than 10 years.

VIIl. Data Strengths and Limitations for Development of the REL

Both the animal and human databases for benzene are excellent. Although the study by Tsai et
al. (1983) is a free-standing NOAEL, the endpoint examined is a known sensitive measure of
benzene toxicity in humans. In addition, the LOAEL for the same endpoint in workers reported
by Cody et al. (1993) help form a dose-response relationship and also yield an REL which is
consistent with that derived from Tsai et al. (1983). The study by Cody et al. (1993), since it
failed to identify a NOAEL and was only for a period of 1 year, contained a greater degree of
uncertainty in extrapolation to a chronic community Reference Exposure Level. The recent
results of Collins et al. (1997) that included a NOAEL of 0.55 ppm and of Rothman et al. (1996)
that included a LOAEL of 7.6 ppm are consistent with those of Tsai et al. Therefore the study
by Tsai et al. (1983) was used as the basis for the chronic REL for benzene.

In the Cody et al. (1993) study, significant hematological effects, including reduced RBC and
WBC counts, were observed in 161 male rubber workers exposed to median peak concentrations
(i.e., only the peak concentrations for any given exposure time were reported) of 30-54 ppm or
more for a 12-month period during 1948. The 30 ppm value was considered a 1-year LOAEL
for hematological effects. In this rubber plant, workers who had blood dyscrasias were excluded
from working in the high benzene units. Furthermore, individual workers having more than a
25% decrease in WBC counts from their pre-employment background count were removed from
the high benzene units and placed in other units with lower benzene concentrations. Sensitive
individuals therefore could have been excluded from the analysis. The 30 ppm value is the low
end of the range of median values (30-54 ppm) reported by Crump and used in the Kipen et al.
(1988) and Cody et al. (1993) studies. An equivalent continuous exposure of 10.7 ppm can be
calculated by assuming that workers inhaled 10 m® of their total 20 m® of air per day during their
work-shift, and by adjusting for a normal 5 day work week. Application of uncertainty factors
for subchronic exposures, estimation of a NOAEL, and for protection of sensitive subpopulations
(10 for each) results in an REL of 0.01 ppm (10 ppb; 30 ng/m®). This is comparable to the REL
based on Tsai et al. (1983).

Ward et al. (1996) determined a relationship between occupational exposures to benzene and
decreased red and white cell counts. A modeled dose-response relationship indicated a
possibility for hematologic effects at concentrations below 5 ppm. However, no specific
measures of the actual effects at concentrations below 2 ppm were taken, and the Tsai et al.
(1983) data were not considered in their analysis. The purpose of this study was to characterize
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the trend for effects at low concentrations of benzene. A NOAEL or LOAEL was not identified
in the study. The selection of a NOAEL of 0.53 ppm is therefore not inconsistent with the results
of the Ward et al. (1996) study.

The human data presented by Tsai and associates were selected over animal studies because the
collective human data were considered adequate in terms of sample size, exposure duration, and
health effects evaluation.

For comparison with the REL of 20 ppb based on human data, we estimated a REL based on the
chronic inhalation study in mice by Baarson et al. (1984), which showed that bone-marrow
progenitor cells were markedly suppressed after intermittent exposures (6 hr/day, 5 days/week)
to 10 ppm benzene for 6 months. An extrapolation of this value to an equivalent continuous
exposure resulted in a concentration of 1.8 ppm. Application of an RGDR of 1 for a systemic
effect and uncertainty factors of 3 and 10 for inter- and intraspecies variability, and 10 for
estimation of a NOAEL from the LOAEL would result in an REL of 6 ppb (20 pg/m3). The
Farris et al. (1997) 8 week study indicated a LOAEL of 100 ppm and a NOAEL of 10 ppm for
hematological effects. Application of an RGDR of 1 and UFs of 10 for subchronic, 3 for
interspecies and 10 for intraspecies extrapolation (total UF = 300) also resulted in an estimated
REL of 6 ppb, in reasonable agreement with the proposed REL of 20 ppb. One could also
crudely approximate an inhalation REL from the oral NTP bioassay where a dose of 25 mg/kg-
day was associated with hematological effects. The concentration approximately equivalent to a
25 mg/kg dose for a 70 kg human breathing 20 cubic meters per day is 27 ppm. Assuming this is
a LOAEL and applying an RGDR of 1 for systemic effects, a 3 fold UF for extrapolation to
humans, a 10-fold UF for LOAEL to NOAEL extrapolation and a 10-fold UF for intraspecies
extrapolation yields a REL of 90 ppb. There are a number of uncertainties to this approach, yet
it comes within a factor of 5 of the proposed REL based on human studies.
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CHRONIC TOXICITY SUMMARY

CAS Registry Number: 7440-41-7

(beryllium oxide; beryllia; beryllium monoxide)

CAS Registry Number: 1304-56-9

December 2001

BERYLLIUM AND BERYLLIUM COMPOUNDS

(beryllium-9; glucinium; glucinum; beryllium metallic)

(beryllium hydroxide; beryllium hydrate; beryllium dihydroxide)
CAS Registry Number: 13327-32-7

(beryllium sulfate; sulfuric acid; beryllium salt)

CAS Registry Number: 13510-49-1

Chronic Toxicity Summary

Inhalation reference exposure level

Critical effect(s)

Hazard index target(s)
Oral reference exposure level

Critical efect

Hazard index target(s)

0.007 pg Be/m®
Beryllium sensitization and chronic beryllium
disease in occupationally exposed humans
Respiratory system; immune system

0.002 mg/kg-day
Small intestinal lesions in dogs
Gastrointestinal tract/liver

Physical and Chemical Properties Summary (ATSDR, 1993)

Metallic Beryllium Beryllium Beryllium sulfate
beryllium oxide hydroxide
Description Solid gray, | White light, | White Colorless tetragonal
hexagonal amorphous | amorphous crystals
structure powder powder or
crystalline
Molecular formula | Be BeO Be(OH), BeSO,
Molecular weight 9.012 g/mol | 25.01 g/mol | 43.03 g/mol | 105.07 g/mol
Solubility Insoluble in water | Soluble

Conversion factor

Not applicable
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I11.  Major Uses and Sources

Beryllium is a metallic element mined as bertrandite and beryl mineral ores. As the lightest
structural metal, beryllium is used in the space, aircraft, and nuclear industries in a variety of
components including aircraft disc brakes, x-ray transmission windows, vehicle optics, nuclear
reactor neutron reflectors, fuel containers, precision instruments, rocket propellants, navigational
systems, heat shields, and mirrors. In addition to the four species listed, there are many other
beryllium-containing compounds, including other salts, ores, and alloys (see, e.g., CRC, 1994).
The annual statewide industrial emissions from facilities reporting under the Air Toxics Hot
Spots Act in California based on the most recent inventory were estimated to be 2279 pounds of
beryllium (CARB, 2000).

Beryllium alloys, especially the hardest alloy beryllium copper, are used in electrical equipment,
precision instruments, springs, valves, non-sparking tools, and in molds for injection-molded
plastics for automotive, industrial, and consumer applications. Beryllium oxide is used in high-
technology ceramics, electronic heat sinks, electrical insulators, crucibles, thermocouple tubing,
and laser structural components. Other beryllium compounds, including the chloride, nitrate,
fluoride, and sulfate, are utilized as chemical reagents or generated from the refining of
beryllium-containing ores.

Beryllium is naturally emitted into the atmosphere by windblown dusts and volcanic particles.
However, the major emission source is the combustion of coal and fuel oil, which releases
beryllium-containing particulates and ash. Other beryllium-releasing industrial processes include
ore processing, metal fabrication, beryllium oxide production, and municipal waste incineration
(ATSDR, 1993). Beryllium also occurs in tobacco smoke (0-0.0005 ug/cigarette) (Smith et al.,
1997).

IV.  Effects of Human Exposure

The respiratory tract is the major target organ system in humans following the inhalation of
beryllium. The common symptoms of chronic beryllium disease (CBD) include shortness of
breath upon exertion, weight loss, cough, fatigue, chest pain, anorexia, and overall weakness.
Most studies reporting adverse respiratory effects in humans involve occupational exposure to
beryllium. Exposure to soluble beryllium compounds is associated with acute beryllium
pneumonitis (Eisenbud et al., 1948). Exposure to either soluble or insoluble beryllium
compounds may result in obstructive and restrictive diseases of the lung, called chronic
beryllium disease (berylliosis) (Cotes et al., 1983; Johnson, 1983; Infante et al., 1980; Kriebel et
al., 1988a; Metzner and Lieben, 1961). The total number of beryllium-related disease cases has
declined since the adoption of industrial standards (Eisenbud and Lisson, 1983; ATSDR, 1993).

Historically, beryllium pneumonitis has been associated with occupational concentrations over
0.1 mg Be/m?, primarily as beryllium sulfate or beryllium fluoride (Eisenbud et al., 1948). The
atmospheric concentrations related to chronic beryllium disease have been more difficult to

define, in part due to the lack of individual exposure estimates, especially in the studies derived
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from the berylliosis case registries (Infante et al., 1980; Lieben and Metzner, 1959). However,
Infante and associates (1980) reported significantly increased mortality due to non-neoplastic
respiratory disease in beryllium-exposed workers, and noted one case of chronic berylliosis in a
worker following seven years exposure to < 2 pg Be/m>. In a 30-year follow-up study of 146
beryllium-exposed workers, Cotes et al. (1983) identified seven cases of chronic beryllium
related disease. All the cases were exposed to beryllium oxide or hydroxide, but in a wide range
of retrospectively estimated doses (over 3000 samples from 1952 to 1960). The estimated
average daily exposure did not exceed 2 pg/m?® for the ten site/process classifications, but 318
samples did exceed 2 pg Be/m® (and 20 samples were greater than 25 pug Be/m®). No
atmospheric samples were available after 1963, even though the exposure occurred through
1973. The LOAEL for occupationally induced berylliosis observed in this study was estimated
from uncertain exposure data to be less than 2 pug Be/m?®.

One cross-sectional study (Kriebel et al., 1988a; Kriebel et al., 1988b) estimated beryllium
exposure levels for 309 workers originally surveyed in 1977, with a median duration of exposure
of 17 years (range 2 to 39 years). Historic plant levels were estimated to be as high as 100 ug
Be/m®, and, even as late as 1975, some job classifications exceeded 10 pg Be/m®. The workers’
median cumulative exposure was 65 pg Be/m>-year (range 0.1 to 4400 pg Be/m®-years); the
median lifetime exposure estimate was 4.3 pg/m® (range 0.01 to 150 pg/m®). Spirometric
measurement of pulmonary function, chest x-rays, and arterial blood gas measurements were
collected. Decrements in lung function, as defined by forced vital capacity (FVC) and forced
expiratory volume in one second (FEV1), were associated with cumulative exposure up to 20
years prior to the health survey, even in workers with no radiographic abnormalities. Differences
in alveolar-arterial oxygen gradient were associated with cumulative exposure in the 10 years
prior to the study. These endpoints give a LOAEL of 39 pg/m®-years (geometric mean
cumulative exposure) for decrements in pulmonary function and changes in arterial blood gases.

Non-occupational beryllium-related chronic disease has been reported in individuals residing in
the vicinity of beryllium manufacturing industries (Eisenbud et al., 1949; Metzner and Lieben,
1961). An early cross-sectional study (Eisenbud et al., 1949) described 11 cases of non-
occupational berylliosis after x-ray and clinical examination of approximately 10,000 residents
near a beryllium fabrication facility in Lorain, Ohio. Ten of the cases resided within 3/4 mile of
the plant (up to 7 years duration), and five cases resided within 1/4 mile. The authors estimated a
1% disease incidence within 1/4 mile (500 individuals). Atmospheric sampling in 1947
identified an average level of 0.2 pg Be/m® at 1/4 mile decreasing to 0 ug Be/m* at 10 miles, but
samples varied up to 100 fold over the 10 week sampling period. Utilizing current and historical
exposure estimates based on discharge, process, inventory, and building design changes, this
study estimated a chronic LOAEL in the range of 0.01 to 0.1 ug Be/m?® for continuous exposure
to beryllium compounds, based on the development of chronic berylliosis.

Metzner and Lieben (1961) also reported 26 cases of chronic berylliosis in a population of
approximately 100,000, living within 7 miles of a refining and alloy fabrication plant (duration 6
to 19 years). Neighborhood exposure assessment conducted over 14 months during 1958 and
1959 identified a mean level of 0.0155 pg Be/m®, with 10% of the samples registering over 0.03
ug Be/m®. Limited measurements conducted earlier at the site were higher (1.0 to 1.8 ug Be/m®
in 1953 and 0.91 to 1.4 ug Be/m*® in 1954).
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Chronic beryllium disease appears to involve a cell-mediated immune response, especially
granulomatous reactions found in the lungs of sensitive individuals. Humans exposed to
beryllium compounds have demonstrated increased T-cell activity (in vitro) and histological
abnormalities of the lymph nodes (Cullen et al., 1987; Johnson, 1983). Johnson (1983)
described granuloma of lymph nodes and chronic interstitial pneumonitis in a small number of
beryllium metal handling machinists (LOAEL = 4.6 ug Be/m®). A second study identified
granulomatous lung lesions, scarred lung tissue, and breathing difficulties in workers from a
precious metal refining facility exposed to a mixture of beryllium and other metals (Cullen et al.,
1987). Also, altered proliferative responses of lymphocytes obtained by bronchoalveolar lavage
indicated increased T-cell activity in vitro. Cullen et al. (1987) reported a mean exposure level
of 1.2 pg Be/m® (range = 0.22 — 43 pg/m®). USEPA (1998) and ATSDR (2000) considered
0.52 pg Be/m® to be the LOAEL for CBD from this study since this was the average
concentration in the furnace area where 4 of the 5 CBD cases worked.

Sensitization to beryllium, as measured by the beryllium lymphocyte proliferation test (BeLPT),
can occur in the absence of chronic beryllium disease (Kreiss et al., 1989). The authors hoped
that the identification of sensitized individuals without disease might prevent clinical disease,
presumably by removing the individuals from exposure to beryllium. Some beryllium-sensitized
individuals progress to having clinical disease (Newman et al., 1992). Data obtained from a
four-year survey conducted at beryllium-copper alloy manufacturing factories in Japan (Yoshida
et al., 1997) indicated that the T cells of workers continuously exposed to more than 0.01 ug
Be/m® were activated and that the cell-mediated immune (CMI) response was promoted. The
BeLPT in workers exposed to less than 0.01 pg Be/m® was unaffected.

Genetic influences on development of CBD have been identified. CBD is associated with the
allelic substitution of glutamic acid for lysine at position 69 in the HLA-DPB1 protein (Richieldi
etal., 1993). Up to 97% of CBD patients may have the Glu69 marker, but only 30-45% of
beryllium-exposed, unaffected individuals carry the same marker. Because CBD occurs in only
1-6% of exposed workers, Glu69 is not likely to be the only genetic factor influencing the
development of CBD. Changes in other sequences of the HLA-DPB1 gene and in the copy
number of Glu69 are also involved (Wang et al., 1999).

The Rocky Flats Environmental Technology Site in Colorado is part of the U.S. Department of
Energy nuclear weapons complex. Operations using Be began in 1953, Be production operations
began in 1957, and the first case of CBD was diagnosed in a machinist in 1984. Exposures could
have occurred during foundry operations, casting, shearing, rolling, cutting, welding, machining,
sanding, polishing, assembly, and chemical analysis operations. Since 1991, 29 cases of CBD
and 76-78 cases of beryllium sensitization have been identified (Stange et al., 1996). Several
cases appear to have had only minimal Be exposure, since the employees were in administrative
functions, not primary beryllium operations. Personal air monitoring devices used over a period
of 4 years showed a breathing zone level of 1.04 ug Be/m®. ATSDR (2000) considered 1.04 pg
Be/m° to be the LOAEL for this study. A recent case-control study of workers at Rocky Flats
(Viet et al., 2000) suggested that exposures of workers to lower Be levels might lower the future
incidence of CBD, but not necessarily the incidence of sensitivity to Be.
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Kreiss et al. (1996) investigated the prevalence of beryllium sensitization in relation to work
process and beryllium exposure measurements in a beryllia ceramics plant that had operated
since 1980. In 1992 they interviewed 136 employees (97.8% of the workforce), ascertained
beryllium sensitization with the beryllium lymphocyte proliferation blood test (BeLPT), and
reviewed industrial hygiene measurements. Eight employees were beryllium-sensitized (5.9%);
six of the eight had granulomatous disease based on transbronchial lung biopsy. Machinists had
a Be sensitization rate of 14.3% compared to 1.2% among other employees. Machining
operations (drilling, dicing, centerless grinding, and/or surface grinding) had significantly higher
general area and breathing zone measurements than other work processes during the time in
which most beryllium-sensitized cases had started machining. Daily weighted average estimates
of exposure for matching processes also exceeded estimates for other work processes in that time
period (median daily weighted average = 0.9 png/m®). Daily weighted averages for the machining
process accounted for the majority of exceedances of the 2.0 png/m® OSHA Permissible Exposure
Limit (PEL); 8.1% of machining daily weighted averages were above the PEL. The LOAEL
from this study was 0.55 pg/m?®, the median exposure of the sensitized workers.

The facility was again surveyed in 1998 after some attempts were made to lower exposure to
beryllium (Henneberger et al., 2001). The investigators separated the workers into 77 long-term
workers hired before the 1992 screening and 74 short-term workers hired after 1992. Among 20
short-term workers exposed to the lowest mean Be level (0.05 to 0.19 pg/m®), two showed Be
sensitivity by the BeLPT test. Thus a fraction of workers appears to be exquisitely sensitive to
beryllium.

Based on a review of this and other occupational studies Wambach and Tuggle (2000) have
suggested that the workplace standard of 2 pg/m® be lowered to 0.1 ug/m*. Some workers might
still be sensitized to beryllium at this level (Yoshida et al., 1997).

V. Effects of Animal Exposure

Three chronic studies, two in rats (Vorwald and Reeves, 1959; Reeves et al., 1967) and one in
guinea pigs (Reeves et al., 1970), observed adverse inflammatory and proliferative respiratory
changes following inhalation exposure to beryllium compounds. Vorwald and Reeves (1959)
observed inflamed lungs and fibrosis in rats exposed to 0.006 mg Be/m® (as BeO) for an
unspecified duration. A later study exposed Sprague-Dawley CD rats for 72 weeks (7 hr/d, 5
d/wk) to 34.25 pg Be/m® from BeSO, (Reeves et al., 1967). Gross and histological changes
observed in exposed versus unexposed rats included increased lung weight, inflamed lungs,
emphysema, arteriolar wall thickening, granulomas, fibrosis, and proliferative responses within
the alveoli (LOAEL = 34.25 pg Be/m®). Guinea pigs were exposed to 0, 3.7, 15.4, or 29.3 g
Be/m? (from the sulfate) for 6 hours/day, 5 days/week for up to 1 year (Reeves et al., 1970).
Respiratory alterations observed in the beryllium-exposed groups included increased
tracheobronchial lymph node and lung wet weights, interstitial pneumonitis, and granulomatous
lesions. These adverse respiratory effects were observed in all the beryllium dosed groups and
indicated a chronic inhalation LOAEL of 3.7 ug Be/m”.

Appendix D3 39 Beryllium and Beryllium Compounds



Determination of Noncancer Chronic Reference Exposure Levels December 2001

Wagner et al. (1969) exposed monkeys, rats, and hamsters to 0.21 and 0.62 mg Be/m? as fumes
from bertrandite or beryl ore, respectively, for 6 hours/day, 5 days/week for up to 17 months.
Exposed animals displayed severe effects, including (1) bronchial lymphocytic infiltrates,
abscesses, consolidated lobes, and granulomatous lesions after exposure to 0.21 mg Be/m?® from
bertrandite ore, and (2) inflamed lungs, fibrosis, and granuloma after exposure to 0.62 mg Be/m®
from beryl ore. Lung inflammation was observed in the exposed monkeys, and a few
granulomatous lung lesions were observed in the hamsters after similar exposure conditions (up
to 23 months).

Immunological effects have been observed in a few subchronic studies (Schepers, 1964;
Schepers et al., 1957; Stiefel et al., 1980). Schepers (1964) exposed monkeys (Macacus
mullata) to three soluble forms of beryllium (BeF,, BeSO,4, BeHPQO,) daily for 6 hours/day over
7 to 30 days. Increased lung weight, inflammation, emphysema, and fibrosis of the lung were
observed after 17 days at 0.198 mg Be/m* (as BeSO,). Histological examination found pleuritis,
congestion, emphysema, consolidation, and edema of the lung. Immunological effects were seen
as hyperplasia of the lymph nodes typical of immune activation after 7 to 18 days exposure to
either 0.198 or 0.184 mg Be/m?® as the sulfate or fluoride. A subchronic inhalation study reported
immunological effects as increased, beryllium-specific stimulation of T-lymphocytes in vitro
from Wistar rats and guinea pigs exposed daily (6 hours/day) over 10 weeks (LOAEL = 0.5
mg/m?®) (Stiefel et al., 1980). However, a subchronic inhalation study in Wistar and Sherman
rats (Schepers et al., 1957) observed multiple lung alterations including granulomas (LOAEL =
35 pg Be/m?) but did not find any accompanying immunological effects after 30 days
discontinuous exposure (5-6 d/wk, 4-8 hr/d) to beryllium fumes from BeSQO,.
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V1.  Derivation of Chronic Reference Exposure Levels

Derivation of Inhalation Reference Exposure Level

Key study
Study population

Exposure method

Critical effects

LOAEL

NOAEL

Exposure continuity

Average experimental exposure
Human equivalent concentration
Exposure duration

LOAEL uncertainty factor

Subchronic uncertainty factor
Interspecies uncertainty factor
Intraspecies uncertainty factor

Cumulative uncertainty factor
Inhalation chronic REL

Supportive study
Study population

Exposure method
Critical effects
LOAEL

NOAEL
Exposure continuity
Average exposure

Human equivalent
concentration

Exposure duration

LOAEL uncertainty factor
Subchronic uncertainty factor
Interspecies uncertainty factor
Intraspecies uncertainty factor
Cumulative uncertainty factor
Inhalation chronic REL
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Kreiss et al., 1996

8 beryllium-sensitized workers among 136 employees
in a beryllia ceramics plant

Workplace

Beryllium sensitization (chronic beryllium disease)

0.55 pg/m® (median exposure of sensitized workers)

Not observed

Workplace

0.2 pg/m? for LOAEL group (0.55 x 10/20 x 5/7)

0.2 pg/m®

6.1 years (5 mo — 10 yr)

10 (low incidence but serious, irreversible chronic
disease)

Wk e

(sensitized may not be only sensitive subpopulation)
(see below)

30

0.007 pg/m®

Eisenbud et al. (1949)

Approximately 10,000 individuals within 2 miles of a
beryllium manufacturing plant

Environmental exposure

Pulmonary berylliosis in 11 residents

0.03 pg/m® (geometric mean of range of measured
exposures associated with berylliosis of 0.01 to

0.1 pg/m°)

Not observed

Continuous

Estimated to be approximately 0.3 pg/m® (historical
exposures estimated to be 10-fold higher than
measured values) for LOAEL group

0.3 pg/m? for LOAEL group

Up to 7 years
10

3

1

3

100

0.003 pg/m®
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U.S. EPA (1998) developed an RfC of 0.02 pg/m?® based on beryllium sensitization and
progression to chronic beryllium disease (CBD) identified by Kreiss et al. (1996). The Kreiss et
al. (1996) occupational exposure study identified a LOAEL for beryllium sensitization in
workers of 0.55 pg/m® (median of average exposure concentrations of the 8 Be sensitized
workers). The Eisenbud et al. (1949) study, which U.S. EPA used as a co-principal study and
which in U.S. EPA’s opinion used relatively insensitive screening methods, suggested a NOAEL
of 0.01-0.1 pg/m® in community residents living near a beryllium plant. U.S. EPA used the
LOAEL from the Kreiss et al. (1996) study for the operational derivation of the RfC, because the
screening method used in the Eisenbud et al. (1949) study was considered to be less sensitive
than the method used in the Kreiss et al. (1996) study. The LOAEL was time adjusted to 0.2
ng/m®, then a total UF of 10 was used to obtain the RfC of 0.02 pg/m®. The UF of 10 was
comprised of a UF of 3 to account for the sensitive nature of the subclinical endpoint (beryllium
sensitization) and a database UF of 3 to account for the poor quality of exposure monitoring in
the Kreiss et al. and Eisenbud et al. studies. Poor exposure monitoring was also a problem in
other epidemiology studies that assessed the incidence of beryllium sensitization. The U.S. EPA
did not explicitly apply a LOAEL to NOAEL uncertainty factor. Thus implicitly the factor is 1.

OEHHA prefers to use the methodology for assignment of UFs, which is described in OEHHA
(2000) and used in our derivation of the REL for beryllium, including use of a LOAEL to
NOAEL Uncertainty Factor of 10. Since chronic beryllium disease (CBD) is serious, chronic,
disabling, usually irreversible, and often fatal (Newman et al., 1997), it is difficult to justify use
of a LOAEL to NOAEL factor of only 3. OEHHA has not used database deficiency UFs since
the criteria for use of such factors are not well specified by U.S. EPA. The people who get CBD
are likely that part of the population who are by nature more sensitive to beryllium, for example
those with the human leukocyte antigen (HLA) class Il marker HLA-DP Glu69 (Richeldi et al.,
1993; Saltini et al., 1998). Although it is likely that the effects are seen in a "sensitive
subpopulation,” OEHHA applied an intraspecies uncertainty factor (UFy). OEHHA used an
intermediate UFy of 3, since 1) there may be other population factors involved in being sensitive,
such as immature lungs, and 2) all the diseased were initially healthy adult workers.

For comparison the LOAEL from guinea pigs of 3.7 ug Be/m® (Reeves et al., 1970) is equivalent
to a continuous exposure of 0.66 pg/m°. Division by UFs of 10 for intraspecies, 10 for
interspecies (since HEC adjustments are not available yet for guinea pigs), and 10 for use of a
LOAEL results in a REL of 0.0007 pg/m®

VIl. Data Strengths and Limitations for Development of the REL
The major strength of the inhalation chronic REL for beryllium is the use of human data from
persons occupationally exposed. The major uncertainties are the lack of a NOAEL observation

in the key study, the lack of long-term exposure data, the difficulty of estimating exposures, and
the lack of chronic exposure data.
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VIIIl. Potential for Differential Impacts on Children’s Health

No evidence to support a differential effect of beryllium on infants or children was found in the
literature. However, children have developed beryllium disease from metal brought home on the
parents' work clothes and by living near a facility using beryllium. Unfortunately the number of
children and their ages were not published (Eisenbud et al., 1948).

Derivation of Chronic Oral Reference Exposure Level
In addition to being inhaled, airborne beryllium can settle onto crops and soil and enter the body

by ingestion. Thus an oral chronic reference exposure level for beryllium is also required for
conducting Air Toxics Hot Spots risk assessments.

Study Morgareidge et al., 1976

Study population Male and female dogs (5/sex/group)

Exposure method Diet containing 0, 1, 5, 50 or 500 ppm Be as
beryllium sulfate tetrahydrate

Critical effects Small intestinal lesions

LOAEL 500 ppm

NOAEL 50 ppm (1.2 mg/kg bw-day)

Exposure continuity Continuous

Exposure duration Up to 3 years, 4 months

Average experimental exposure 1.2 mg/kg bw-day (males, 1.1; females, 1.3)

BMDgs 0.244 mg/kg-day

LOAEL uncertainty factor Not needed in BMD approach

Subchronic uncertainty factor 1

Interspecies uncertainty factor 10

Intraspecies factor 10

Cumulative uncertainty factor 100

Oral reference exposure level 0.002 mg/kg-day

Morgareidge et al. (1976) conducted a long-term feeding study in which beagle dogs (aged 8 to
12 mo) were fed diets (for 1 h per day) containing 0, 5, 50, or 500 ppm Be for 172 weeks. The
500 ppm group was terminated at 33 weeks because of overt signs of toxicity, and an additional
group was added to the study and fed a diet containing 1 ppm Be (for 143 weeks). The 1, 5, 50,
and 500 ppm concentrations corresponded to doses of 0.023, 0.12, 1.1, and 12.2 mg/kg-day for
males and 0.029, 0.15, 1.3, and 17.4 mg/kg-day for females. All animals in the 500 ppm group
showed fairly extensive erosive (ulcerative) and inflammatory lesions in the gastrointestinal
tract. These occurred predominantly in the small intestine and to a lesser extent in the stomach
and large intestine, and were considered treatment related. All animals with stomach or large
intestinal lesions also had lesions in the small intestine, except for one animal (whose stomach
lesions were very localized and not very severe). Lesions in the small intestine (4/5 males and
5/5 females) were considered to be treatment-related and included desquamation of the
epithelium, edema, fibrin thrombi, acute inflammation, subacute/chronic inflammation, necrosis
and thinning/atrophy of the epithelium, and ulceration. High-dose animals also showed
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moderate to marked erythroid hypoplasia of the bone marrow, which the authors also considered
treatment related. (Bile stasis and vasculitis in the liver, acute inflammation in the lymph nodes,
and kidney occurring in these animals was attributed to a likely systemic bacterial invasion
through the damaged intestinal mucosa.) In the 50 ppm group, one female dog, which died after
70 weeks of treatment, showed gastrointestinal lesions, which were less severe, but occurred in
the same locations and appeared to be the same types of lesions as those in dogs administered
500 ppm. The observation that beryllium is poorly absorbed by the gastrointestinal tract (Owen,
1990; ATSDR, 2000) probably explains why lesions were not seen outside the gastrointestinal
tract. In addition the predominance of lesions in the small intestine may have been partly due to
precipitation of beryllium phosphate there due to the slightly alkaline pH (Reeves, 1965). Thus
500 ppm was a LOAEL and 50 ppm was a NOAEL (statistically) for gastrointestinal lesions.

USEPA used the same study to derive its RfD of 0.002 mg/kg-day. The U.S. EPA stated its
confidence in the RfD as: study - medium; database — low to medium, and RfD - low to medium.
USEPA used a BD1 approach and included a database UF of 3. OEHHA used a BDys approach
(specifically a Weibull model in the USEPA's BMDS software) and did not include a database
UF since the criteria for use of modifying factors such as this are not well specified by U.S. EPA.
However, the final value for the oral chronic REL was the same as the USEPA's RfD.

This RfD and the oral REL are limited to soluble beryllium salts. Data on the teratogenicity or
reproductive effects of beryllium are limited. Beryllium has been reported to produce terata and
increased mortality in chick embryos.

When assessing the health effects of beryllium, its carcinogenicity must also be assessed.
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CHRONIC TOXICITY SUMMARY

1,3-BUTADIENE

(butadiene; buta-1,3-diene; biethylene; bivinyl; divinyl; vinylethylene)
CAS Registry Number: 106-99-0

l. Chronic Toxicity Summary

Inhalation reference exposure level 20 pg/m? (8 ppb)
Critical effect(s) Increased incidence of ovarian atrophy in mice
Hazard index target(s) Female reproductive system

1. Physical and Chemical Properties Summary (HSDB, 2000; CRC, 1995)

Description Colorless gas

Molecular formula C4Hs

Molecular weight 54.09 g/mol

Boiling point —4.4°C

Melting point -108.9°C

Vapor pressure 910 torr at 20°C

Solubility Very slightly soluble in water (735 mg/L);

soluble in ethanol, ether, acetone, benzene and
organic solvents
Conversion factor 1 ppm = 2.21 mg/m? at 25°C

I11.  Major Uses and Sources

1,3-Butadiene is a major commodity product of the petrochemical industry, usually produced as
a by-product of ethylene. The majority of 1,3-butadiene is used in the production of styrene-
butadiene rubber copolymers (SBR). Other applications include use as a polymer component for
polybutadiene, hexamethylene diamine, styrene-butadiene latex, acrylonitrile-butadiene-styrene
(ABS) resins, chloroprene and nitrile rubbers. A variety of industrial syntheses use 1,3-
butadiene resins (AB as a chemical intermediate, such as in the production of adiponitrile (a
nylon precursor), captan and captofol fungicides, ethylidene norbornene and sulfolane, boron
alkyls, and hexachlorobutadiene. Additionally, 1,3-butadiene is found in automobile exhaust,
gasoline vapor, fossil fuel incineration products, and cigarette smoke (HSDB, 2000). In 1996,
the latest year tabulated, the statewide mean outdoor monitored concentration of 1,3-butadiene
was approximately 0.2 ppb (CARB, 1999). The South Coast Air Quality Management District
(SCAQMD, 2000) detected ambient levels of 1,3-butadiene ranging from 0.1 to 0.8 ppb at 10
stationary monitors placed throughout the South Coast Air Basin. The annual statewide
industrial emissions from facilities reporting under the Air Toxics Hot Spots Act in California
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based on the most recent inventory were estimated to be 20,846 pounds of 1,3-butadiene (CARB,
2000).
IV.  Effects of Human Exposure

An early occupational study reported complaints of irritation of eyes, nasal passages, throat, and
lungs in rubber manufacturing workers following acute exposure to unknown levels of 1,3-
butadiene (Wilson, 1944). Additional symptoms reported included coughing, fatigue, and
drowsiness; however, all symptoms ceased on removal from the exposure.

Studies on the chronic effects of 1,3-butadiene have been centered in the styrene-butadiene
rubber manufacturing industry, which uses large quantities of 1,3-butadiene, and in the 1,3-
butadiene monomer industry. One retrospective epidemiological study reported an increase in
overall mortality, emphysema, and cardiovascular diseases (chronic rheumatic and
arteriosclerotic heart disease) among rubber workers (McMichael et al., 1976). Two other
occupational studies (Divine and Hartman, 1996; Matanoski et al., 1990) indicated that the
standardized mortality ratio for deaths from arteriosclerotic heart disease was elevated (~1.4-1.8)
among black workers in the 1,3-butadiene rubber industry. Other occupational studies have
described the potential for adverse hematological effects due to butadiene exposure (Checkoway
and Williams, 1982; McMichael et al., 1975). A survey of workers at a styrene-butadiene rubber
plant revealed slightly lower levels (but within normal range) of red blood cells, hemoglobin,
platelets, and neutrophils in exposed (mean = 20 ppm) versus unexposed workers (Checkoway
and Williams, 1982). And 1,3-butadiene has been implicated in hematopoietic malignancies
among styrene-butadiene rubber workers at levels lower than 20 ppm (McMichael et al., 1975).
Since the workers in these studies were exposed to mixtures of chemicals, the specific
contribution of butadiene to the adverse respiratory and hematopoietic effects remains unclear.

V. Effects of Animal Exposure

The few available chronic animal inhalation studies have focused on the potential
carcinogenicity of 1,3-butadiene. The National Toxicology Program (NTP) has sponsored two
chronic inhalation studies in B6C3F; mice (NTP, 1984; Melnick et al., 1990; NTP, 1993), while
Hazelton Laboratories Europe (HLE) Ltd. conducted a chronic inhalation study in Sprague-
Dawley rats (HLE, 1981; Owen et al., 1987; Owen and Glaister, 1990).

The two B6C3F; mice inhalation studies sponsored by NTP (Huff et al., 1985; Melnick et al.,
1990; NTP, 1984; NTP, 1993), although focused on carcinogenicity, identified other adverse
chronic effects. The earlier NTP (1984) study in mice administered 0, 625 or 1250 ppm 1,3-
butadiene for 6 hours/day, 5 days/week for up to 61 weeks. Nonneoplastic changes observed
were elevated testicular and ovarian atrophy at both doses (625 and 1250 ppm); liver necrosis in
male mice at both doses and in female mice at 1250 ppm; and nonneoplastic lesions in the nasal
cavity at 1250 ppm. At the highest dose, adverse changes in the nasal cavity included chronic
inflammation, fibrosis, cartilaginous metaplasia, osseous metaplasia, and atrophy of the sensory
epithelium. No nasal or respiratory lesions were seen in the controls. This study identified a
chronic LOAEL of 625 ppm for gonadal atrophy in both sexes.
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The later NTP study (Melnick et al., 1990; NTP, 1993) used lower exposure concentrations of
1,3-butadiene (0, 6.25, 20, 62.5, 200 or 625 ppm) administered 6 hours/day, 5 days/week for up
to 2 years. Two-year survival was significantly decreased in mice exposed to 20 ppm and
greater, primarily due to chemical-related malignant neoplasms. Increased incidences of non-
neoplastic lesions in exposed mice included bone marrow atrophy, gonadal atrophy (testicular,
ovarian and uterine), angiectasis, alveolar epithelial hyperplasia, forestomach epithelial
hyperplasia, and cardiac endothelial hyperplasia. Gonadal atrophy was observed at 200 ppm and
625 ppm for males and at 6.25 ppm and higher for females. Bone marrow toxicity (regenerative
anemia) was seen at 62.5 ppm and higher. This study identified a chronic LOAEL of 6.25 ppm
for reproductive toxicity, and a NOAEL of 200 ppm and a LOAEL of 625 for non-neoplastic
hematotoxic effects.

Table 1. Reproductive system atrophy and 2 year survival (NTP, 1993)

Butadiene | Female | Atrophy of Atrophy of | Male Atrophy of
(ppm) survival | ovary uterus survival | testicle
0 37/50 4/49 1/50 35/50 1/50
6.25 33/50 19/49 0/49 39/50 3/50
20 24/50 32/48 1/50 24/50 4/50
62.5 11/50 42/50 1/49 22/50 2/48
200 0/50 43/50 8/50 4/50 6/49
625 0/80 69/79 41/78 0/70 53/72

The U.S. EPA (1985) reviewed data from a 2-year chronic inhalation toxicity study sponsored by
the International Institute of Synthetic Rubber Producers (IISRP) at Hazelton Laboratories
Europe, Ltd (1981) on Sprague-Dawley rats exposed to 0, 1000 or 8000 ppm 1,3-butadiene.
Results from the study were also reported later by Owen et al. (1987; 1990). Minor clinical
effects, including excessive eye and nose secretions plus slight ataxia, were observed between 2
and 5 months in rats exposed to 8000 ppm 1,3-butadiene. Alterations in organ weight were also
observed in this high exposure group. A dose-related increase in liver weights was observed at
both the 52-week interim kill and at study termination. Absolute and relative kidney weight was
also significantly increased and associated with nephrosis. No reproductive organ atrophy was
reported in this rat study; however, tumors were found in reproductive tissues (Owen et al.,
1987).

Penn and Snyder (1996a,b) exposed cockerels (young male chickens) to 0 or 20 ppm 1,3-
butadiene 6 hr/day, 5 days/week for 16 weeks to study arteriosclerotic plague development. The
cockerel is a sensitive animal model for studying the effects of environmental arteriosclerotic
plaque-promoting agents. Plaque frequency and location were not affected. However, plaque
sizes were significantly larger in 1,3-butadiene-treated cockerels than in controls.

The U.S. EPA (1985) described another secondary report, that of Miller (1978), which reviewed
a group of Russian studies of subchronic 1,3-butadiene exposure in rats. One study (reported by
Ripp in 1967) continuously exposed rats to relatively lower concentrations of 0.45, 1.4 or 13.5
ppm. At 13.5 ppm, blood cholinesterase was elevated, blood pressure was lowered, and motor
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activity was decreased. Histopathological changes reported at 0.45 ppm were congestion in the
spleen and hyperemia and leukocyte infiltration of cardiac tissue. Alterations in lung tissue
noted at 1.4 and 13.5 ppm included atelectasis, interstitial pneumonia, and emphysema. No other
studies used such low exposure levels or measured such endpoints. Unfortunately, the specific
research methods and results for this study are unavailable for direct review and comparison.

A series of reproductive and developmental toxicity studies undertaken by U.S. EPA was
summarized by Morrissey et al. (1990). In developmental toxicity studies, pregnant female rats
and mice were exposed to 0, 40, 200, or 1000 ppm 1,3-butadiene for 6 hrs/day on days 6-15 of
gestation. In rats, maternal body weight gain and extra-gestational body weight gain was
reduced at the highest exposure. However, no evidence of developmental toxicity was observed.
In mice, maternal body weight gain and extra-gestational body weight gain were reduced at 200
and 1000 ppm. Gravid uterine weight was reduced at 1000 ppm. Fetal and placental weights
were reduced in an exposure-dependent manner with reduced male fetal body weight reaching
statistical significance at 40 ppm and above. In the sperm head morphology assay and the
dominant lethality study, groups of male mice were exposed to 200, 1000, and 5000 ppm 1,3-
butadiene for 5 consecutive days. Concentration-related small increases in the percentages of
abnormal sperm heads were observed, but were statistically significant only at the two highest
exposures. Dominant lethal effects were observed only in the first two weeks following
exposure. At week 1, the percentage of dead implants/total implants was increased only at 1000
ppm, and the percentage of females with > 2 dead implants was increased at 200 and 1000 ppm.
The number of dead implants/pregnancy was increased beginning at 1000 ppm at week 1, and
200 and 1000 ppm at week 2. While not strongly concentration dependent, the dominant
lethality results are consistent with an adverse effect of 1,3-butadiene on more mature cells
(spermatozoa and spermatids).

An acute and subchronic (10 week) study identified male-mediated F; effects in mice exposed to
12.5 or 1250 ppm 1,3-butadiene for 6 hours/day, 5 days/week (Anderson et al., 1996). An
additional group of mice were also exposed to 6250 ppm 1,3-butadiene in the acute study.
Meaningful toxic effects were not observed in the acute study and no reproductive parameters
were affected in either study. In the 10-week study, 1250 ppm (2762.4 mg/m°) resulted in a
statistically significant reduction in the number of implantations, an induction of dominant lethal
mutations, an increased incidence of early and late deaths, and an increase in abnormalities. The
lower level of 12.5 ppm (27.63 mg/m®) resulted in an increase of late deaths and fetal
abnormalities.

A follow-up of the Anderson et al. (1996) dominant lethality study exposed male mice to 12.5 or
125 ppm 1,3-butadiene under the same subchronic exposure conditions (Brinkworth et al., 1998).
A statistically significant increase in early deaths was observed at 125 ppm. The incidences of
late deaths, dead fetuses, and abnormalities were elevated at 125 ppm but were not statistically
significant. Testicular DNA damage, as detected by the Comet assay, was observed at 125 ppm.

Further dominant lethality studies in rodents by the same research group exposed male mice to
12.5, 65, and 130 ppm 1,3-butadiene 6 hr/day, 5 days/week for four weeks (Anderson et al.,
1998). Groups of male rats were also exposed to 65, 400, and 1250 ppm 1,3-butadiene 6 hr/day,
5 days/week for 10 weeks. In mice, a statistically significant increase in early deaths was
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observed at 65 and 130 ppm but was not dose-related. Male-mediated effects in rats were not
observed at any exposure level.

Pacchierotti et al. (1998) investigated 1,3-butadiene-induced toxic effects on spermatogenic cell
stages and first-cleavage embryos. Exposure of male mice to 130, 500, and 1300 ppm 1,3-
butadiene 6 hr/day for 5 days did not result in an increase of unfertilized oocytes after pairing
with untreated females. However, statistically significant increases of cytogenetic aberrations in
first-cleavage embryos were observed in the first mating week in mice exposed to 500 and 1300
ppm, and in the second mating week in mice treated with 1300 ppm. Treatment-related effects
on differentiating spematogonia were shown by a concentration-dependent decrease of round
spermatids occurring 21 days after exposure, and confirmed 7 days later by a similar decrease of
elongated spermatids. Testis weight was significantly reduced at all doses tested, 21 days after
the end of exposure. A dose-dependent increase of variant sperm with single-stranded DNA
content was observed 28 days after exposure, and attained statistical significance at 1300 ppm.

V1.  Derivation of Chronic Reference Exposure Level (REL)

Study NTP (1993)

Study population B6C3F; mice (70/sex/group)

Exposure method Discontinuous inhalation (0, 6.25, 20, 62.5, 200,
625 ppm) over 2 years

Critical effects Increased incidence of ovarian atrophy

LOAEL 6.25 ppm

NOAEL Not observed

BMCys 1.40 ppm

Exposure continuity 6 hr/d, 5 d/wk

Exposure duration 103 weeks

Average experimental exposure 0.25 ppm for BMCos
(1.40 ppm x 6/24 hr/day x 5/7 days/week)

Human equivalent concentration 0.25 ppm (gas with systemic effects, based on

RGDR = 1.0 using default assumption that
lambda (a) = lambda (h))

LOAEL uncertainty factor Not needed in the BMC approach
Subchronic uncertainty factor 1

Interspecies uncertainty factor 3

Intraspecies uncertainty factor 10

Cumulative uncertainty factor 30

Inhalation reference exposure level 8 ppb (0.008 ppm; 0.02 mg/m®; 20 pug/m°)

The chronic REL for butadiene is based on an increased incidence of ovarian atrophy in mice.
Characteristically, affected females had no evidence of oocytes, follicles, or corpora lutea.
Significant reproductive toxicity was observed in both sexes of mice at the interim 9-month,
interim 15-month, and 2-year study termination as gonadal atrophy (NTP, 1993). Testicular
atrophy was induced in male B6C3F1 mice at 625 ppm or above in this principal study and in a
previous study (NTP, 1984). In female mice exposed for 9-months, ovarian atrophy was
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observed at 200 and 625 ppm (442 or 1381 mg/m®, respectively). After 15 months, ovarian
atrophy was observed at exposure levels of 20 ppm (44.2 mg/m®) and above. In mice exposed
for up to 2 years (103 weeks), the incidence of ovarian atrophy increased at all exposure
concentrations relative to controls, which establishes a chronic LOAEL of 6.25 ppm (13.81
mg/m?®) for reproductive toxicity.

Presentation of the ovarian atrophy data in quantal form (see Table 1) allows the use of the
benchmark concentration (BMC) approach to determine the REL. A log-normal probit analysis
(U.S. EPA, National Center for Environmental Assessment, benchmark dose software, version
1.20) using only the control group and the log-dose of the three lowest butadiene exposure
groups provided the lowest chi-square value (i.e., the best line fit to the data points). The
proportion of mice developing ovarian atrophy in the two highest exposure groups did not
increase appreciably with increasing exposure concentration, and therefore, deviated from the
log-normal probit plot. The significantly shortened survival rate in these two groups may be one
reason for this deviation. Another possible cause is that a relatively resistant subgroup of mice
(to ovarian atrophy) is revealed at the two highest doses following 2-year exposure to 1,3-
butadiene. Thus, it may be biologically plausible to remove these resistant subgroups when
using a BMC approach. The maximum likelihood estimate (MLE) for a 5% response was 1.53
ppm. The resulting 95% lower confidence limit at the MLE provided a BMCgys of 1.40 ppm. A
BMCys is considered to be similar to a NOAEL in estimating a concentration associated with a
low level of risk.

The mouse ovary is more sensitive to butadiene’s epoxide metabolites than the rat ovary. Doerr
et al. (1996) administered butadiene monoepoxide (BMO) or butadiene diepoxide (BDE)
intraperitoneally to female B6C3F1 mice and Sprague-Dawley rats for 30 days and found that
BMO and BDE exhibited a greater ovotoxic potential in the mice compared to the rats. Dahl et
al. (1991) reported that, for equivalent inhalation exposures, the concentrations of total butadiene
metabolites in blood were 5-50 times lower in the monkeys than in the mice and 4-14 times
lower than in the rats. People may be more like the monkey than the mouse or the rat in their
formation of epoxides from butadiene. In vitro metabolism studies with human liver tissue
present conflicting results regarding whether humans would be more like rats or mice in forming
epoxide metabolites (Bond et al., 1996; Duescher and Elfarra, 1994). The considerable degree of
interindividual variability in human samples was a reason given for the inconsistencies. Several
pharmacokinetic models (Sweeney et al., 1997; reviewed by Himmelstein et al., 1997) have been
developed to adjust for species differences in pharmacokinetics. However, an interspecies
pharmacodynamic adjustment for this ovarian atrophy endpoint with butadiene is still needed.
Therefore OEHHA staff use an interspecies uncertainty factor of 3 to account for
pharmacodynamic differences between mice and women.

Christian (1996) has postulated that it may be inappropriate to develop health-protective values
for 1,3-butadiene based on 2-year ovarian atrophy in mice because the mice are beyond their
normal reproductive age. It was suggested that the 15-month evaluation of ovarian atrophy
conducted by the NTP (1993) would be a better indicator of reproductive risk. However,
OEHHA staff believes that butadiene-induced ovarian atrophy represents a toxic manifestation in
an organ system. The fact that it occurs in a reproductive organ is immaterial for the
development of a chronic REL. Nonetheless, a comparison REL based on the 15-month interim
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evaluation for ovarian atrophy can be estimated. Quantal data at the 15-month interim
evaluation shows that no mice developed ovarian atrophy (0/10) in the control group or at the
lowest exposure. Ovarian atrophy was observed in 1/10, 9/10, 7/10, and 2/2 mice at the 20, 62.5,
200, and 625 ppm exposure groups, respectively. A log-normal probit analysis (U.S. EPA,
National Center for Environmental Assessment, benchmark dose software draft, beta version
1.1b) based on the 15-month ovarian atrophy data provided an MLE of 8.12 ppm and a BMCys
of 3.08 ppm. Following adjustment for exposure continuity (6/24 hr/day, 5/7 days/wk) to 0.55
ppm and dividing by a total UF of 30 (3 for interspecies variability and 10 for intraspecies
variability), a REL of 20 ppb (40 pg/m®) was attained.

Another comparison to the proposed REL can be made using the dominant lethality study of
Anderson et al. (1998). Early fetal deaths were observed at 65 and 125 ppm, but not 12.5 ppm.
An earlier dominant lethality study (Anderson et al., 1996) indicated that early deaths may occur
at 12.5 ppm but the toxicological effect could not be repeated at this concentration in subsequent
studies. The average exposure duration at the NOAEL is 3.125 ppm (12.5 ppm x 6 hr/24 hr).
Use of an RGDR of 1 and a cumulative uncertainty factor of 30 (3 for interspecies and 10 for
intraspecies) resulted in a REL of 0.1 ppm (0.2 mg/m®). Since the endpoint is a function of
exposure during sperm maturation, no subchronic UF was used. The U.S. EPA had observed
developmental toxicity in fetal rats (reduced male fetal body weight ) at 40 ppm (Morrissey et
al., 1990). However, unlike the Anderson et al. (1998) study, a NOAEL was not determined.

Recent studies have implicated 1,3-butadiene in accelerating arteriosclerotic plaque development
in cockerels (Penn and Snyder, 1996a,b), although no animal studies in mammals have
implicated 1,3-butadiene in this disease. The worker study by McMichael et al. (1976) observed
a slight increase in mortality from arteriosclerosis among all rubber workers. But more recent
mortality studies in the rubber industry found no association or found an actual mortality
decrement from arteriosclerosis and other circulatory diseases when compared to a reference
population, suggesting a “healthy worker’ effect (Divine and Hartman, 1996; Matanoski et al.,
1990; Sathiakumar et al., 1998).

When mortality among rubber workers was adjusted for race, two studies found that black rubber
workers had a small, although statistically significant, increased mortality from arteriosclerosis
compared to the black male U.S. population (Divine and Hartman, 1996; Matanoski et al., 1990).
But a larger study of black workers in the rubber industry found no association between
circulatory diseases, which includes arteriosclerosis, and mortality (Sathiakumar et al., 1998).
Weaknesses in these worker analyses include relatively small cohort sizes, the bias of having
racial information on all deaths and not on all living workers, the lack of racial data on some
workers (up to 15% of cohort), and the lack of complete or specific work histories of the
subjects. Also, black men of certain age groups are known to have an increased standardized
mortality ratio for arteriosclerotic (ischemic) heart disease compared to white men (CDC, 2000).
Limited data, conflicting worker mortality results, and lack of underlying mechanisms of action
prevent the use of these findings in 1,3-butadiene REL development. However, there clearly is a
need for further animal and epidemiological studies to determine if there is a true association
between 1,3-butadiene exposure and arteriosclerotic diseases.
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VIIl. Data Strengths and Limitations for Development of the REL

The major strength of the 1,3-butadiene REL is the observation of a dose-response effect in a
well-conducted lifetime inhalation exposure study. The major weaknesses are the lack of
adequate human health effects and metabolism data and the lack of a NOAEL observation in the
key study.
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CHRONIC TOXICITY SUMMARY

CADMIUM AND CADMIUM COMPOUNDS

CAS Registry Number: 7440-43-9

. Chronic Toxicity Summary

Inhalation reference exposure level 0.02 pg/m? (respirable)

Critical effect(s) Kidney effects (proteinuria) and respiratory
effects (reduction in forced vital capacity and
reduction in peak expiratory flow rate) in
occupationally exposed humans

Hazard index target(s) Kidney; respiratory system

1. Physical and Chemical Properties (ATSDR, 1993)

Description Blue-white solid
Molecular formula Cd

Molecular weight 112.41 g/mol
Density 8.642 g/cm® @ 20°C
Boiling point 765°C (CRC, 1994)
Melting point 320.9°C

Vapor pressure 1 torr @ 394°C
Conversion factor Not applicable

I11.  Major Uses or Sources

The production of nickel-cadmium batteries is currently the primary use of cadmium (ATSDR,
1993). Cadmium, a by-product of zinc- and sulfide-ore processing, is also used for metal plating
and in pigments and plastics. The annual statewide industrial emissions from facilities reporting
under the Air Toxics Hot Spots Act in California based on the most recent inventory were
estimated to be 3672 pounds of cadmium (CARB, 2000).

IV.  Effects of Human Exposure

Pulmonary and renal function were examined in three worker groups: women with less than 20
years of exposure [group E1]; men with less than 20 years of exposure [group E2], and men with
more than 20 years of exposure [group E3] (Lauwerys et al., 1974). Exposed groups were
matched to control groups in terms of age, body size, cigarettes smoked per day, duration of
smoking, and duration of employment. Although urine cadmium concentrations were
significantly elevated, the subjects in E1 did not exhibit pulmonary function changes or
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proteinuria indicative of renal impairment. The workers in E1 had been exposed for a mean of
4.08 years to 31 pg/m?® total cadmium (1.4 pg/m® respirable cadmium). The 27 workers in E2
had been exposed for a mean of 8.6 years to 134 pg/m® total cadmium (88 pg/m® respirable
cadmium). The blood and urinary cadmium levels of these workers were also significantly
elevated compared to matched controls. Glomerular proteinuria was observed in 15% of the
workers in E2 and in 68% of workers in E3. The 22 workers of E3 had been exposed for a mean
of 27.8 years to 66 ug/m? total cadmium (21 ug/m? respirable cadmium). Significantly increased
levels of cadmium were observed in the blood and urine, and workers in E3 also exhibited
significant decreases in some measures of pulmonary function (forced vital capacity, forced
expiratory volume in one second, and peak expiratory flow rate). This study identifies the
kidney as the key target organ of chronic cadmium exposure. For respirable cadmium, this study
indicates a LOAEL of 21 pg/m?® for workers exposed for 28 years and a NOAEL of 1.4 ug/m®
for workers exposed for 4 years.

A study of 82 cadmium exposed workers reports the time-weighted cumulative exposure index
(TWE) and cadmium body burden determined in vivo (Ellis et al., 1985). Evidence of renal
dysfunction (usually elevated urinary ,-microglobulin) was consistently observed when the
worker’s liver cadmium burden exceeded 40 ppm and the time-weighted cumulative exposure
index exceeded 400-500 pg years/m®.

A detailed investigation of renal function in 75 male cadmium-exposed workers identified
significant increases in urinary excretion of several low- and high molecular weight proteins,
including B.-microglobulin, and significant decreases in renal reabsorption of calcium, urate, and
phosphate compared to controls (Mason et al., 1988). Exposures, which ranged from 36 to

600 pg/m?, were determined from background or personal exposure measurements made
between 1964 and 1983, or were estimated. A time-weighted cumulative exposure index (TWE)
was determined for each subject. A two phase linear regression model was applied to the data to
identify inflection points for each biochemical parameter. The biochemical indicators most
highly correlated to exposure were urinary retinol binding protein and urinary ,-microglobulin.
Of these, the most sensitive parameter, urinary (3,-microglobulin, demonstrated an inflection
point at 1108 pg years/m® with a 95% lower confidence limit of 509 ug years/m®. The endpoint
selected is indicative of defects in tubular reabsorption of proteins.

Diminished sensitivity of smell has also been observed in cadmium exposed workers (Rose et
al., 1992). Cadmium body burden, B,-microglobulin levels, and olfactory function were
measured in a group of 55 male workers exposed to cadmium fumes in a brazing operation. A
group of 15 control workers was also tested. Exposed workers exhibited high urinary cadmium
levels, tubular proteinuria, and a significant, selective defect in odor detection threshold.

V. Effects of Animal Exposure
Interstitial infiltration of lymphocytes and leukocytes and hyaline casts were observed in the
kidneys of rabbits following exposure to 6.5 mg/m* cadmium-iron dust for 3 hours per day,

21 days per month for 9 months (Friberg, 1950). Proteinuria was observed in the majority of
exposed rabbits by the fourth month of exposure. Increased lung weights and emphysema were
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also observed. The trachea and nasal mucous membranes exhibited chronic inflammatory
changes (not specified) and lymphocyte infiltration. The kidney contained the greatest
concentration of cadmium. This study also exposed a group of rabbits to 9.1 mg/m®
cadmium-iron dust for 3 hours per day, 23 days per month, for 7 months. Two rabbits in this
group died from acute pneumonia at one month, and one rabbit was terminated at 3 months of
exposure. Findings at necropsy were similar, although more severe than those observed in
rabbits exposed to 6.5 mg/m>. Chronic bronchitis and hyperplasia of the bronchiolar epithelium
were observed in the higher dose group in addition to the findings previously noted.

Male and female rats were exposed to 0, 0.3, 1.0, or 2.0 mg Cd/m?® (as CdCl.) 6 hours per day, 5
days per week for a total of 62 exposures (Kutzman et al., 1986). Rapid, shallow breathing and
marked weight loss were observed in the highest dose group; all animals in this group died
within the first 45 days of exposure. A dose-dependent increase in lung weight was observed in
the remaining dose groups and a statistically significant increase in lung collagen and elastin was
observed in rats exposed to 1.0 mg/m®. Pathological changes noted in the terminal bronchioles
include flattening and hyperplasia of type Il cells, and infiltration of macrophages, mononuclear
cells, and polymorphonuclear leukocytes. Proliferation of fibroblasts with deposition of collagen
was also noted.

Male rats were exposed continuously to 0, 30, or 90 ug Cd/m® cadmium oxide (CdO) dust for up
to 18 months (Takenaka et al., 1990). Animals exposed to 30 pg/m® were sacrificed at 6 and 18
months of exposure. Although some rats in the high dose group were terminated after 6 months
of exposure, the remaining rats were terminated after 7 months due to increased mortality and
were not included in the study. Inflammation and hyperplasia of the alveolar epithelium
occurred in animals of both groups after 6 months of exposure with more marked changes
observed in the high dose group. Abnormal proliferation of the epithelium was observed in the
low dose group following 18 months of exposure. Lung tumors observed in both dose groups
were characterized as being duration dependent.

Appendix D3 61 Cadmium and Cadmium compounds



Determination of Noncancer Chronic Reference Exposure Levels December 2000

V1.  Derivation of Chronic Reference Exposure Levels (REL)
Derivation of Chronic Inhalation Reference Exposure Level

Study Lauwerys et al., 1974

Study population Humans (22 exposed men and 22 unexposed
men in LOAEL group; 31 exposed women
and 31 non-exposed women in NOAEL

group)

Exposure method Occupational exposures

Critical effects Kidney effects - proteinuria in 68% of LOAEL
group

Respiratory effects — reduction in forced vital
capacity (FVC), forced expiratory flow in 1
second (FEV1); reduction in peak expiratory

flow rate

LOAEL 21 ng/m? respirable cadmium

NOAEL 1.4 ng/m? respirable cadmium

Exposure continuity Assumed to be 5 days/week for 8 hours/day
during which 10 m? air is breathed

Average occupational exposure 0.5 pg/m?* for NOAEL group (1.4 x 10/20 x 5/7)

Human equivalent concentration 0.5 pug/m? for NOAEL group

Exposure duration Average of 4.1 years (1 to 12 years) for NOAEL

group

LOAEL uncertainty factor 1

Subchronic uncertainty factor 3

Interspecies uncertainty factor 1

Intraspecies uncertainty factor 10

Cumulative uncertainty factor 30

Inhalation reference exposure level 0.02 pg/m®

VIl. Data Strengths and Limitations for Development of the REL

This evaluation of a chronic REL for cadmium is strengthened by being based on a human
exposure study of workers exposed to cadmium for periods of 1 to over 20 years. The exposed
group was matched to a control group in terms of age, body size, cigarettes smoked per day,
duration of smoking, and duration of employment. The factory process was unchanged over the
study period suggesting that exposures may have remained relatively constant over time.
Significant areas of uncertainty include an incomplete knowledge of the past exposures over the
full study interval and the relatively small number of subjects in the study.

A similar evaluation of the LOAEL group led to an alternate estimate for an inhalation reference

exposure level of 0.05 ug/m*. The LOAEL group had an average occupational exposure of
5.0 pg/m® and an average exposure duration of 27.8 years (21 to 40 years). Default uncertainty
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factors included a 10-fold LOAEL uncertainty factor and a 10-fold intraspecies uncertainty

factor (UF).

For comparison, using data presented by Ellis and associates (1985) and Mason and associates
(1993) correlating human cumulative exposures (in terms of pug-years/m*) and renal tubular
protein reabsorption, a LOAEL of 500 pug-years/m® was predicted. This correlates to 7 pug/m?
over 70 years. A time-weighted exposure to account for continuous exposure rather than 40 hour
per week occupational exposure is 1.7 ug/m*. Applying a 10-fold LOAEL uncertainty factor and
a 10-fold intraspecies uncertainty factor results in a REL value of 0.02 ug/m?, the same value
obtained using the Lauwerys et al. data. U.S. EPA has not published an RfC for cadmium.

In addition to being inhaled, airborne cadmium can settle onto crops and soil and enter the body
by ingestion. Thus an oral chronic reference exposure level for cadmium is also required. We
propose adopting the U.S. EPA RfD as the chronic oral REL.

Derivation of Chronic Oral Reference Exposure Level (U.S. EPA RfD)

Study

Study population

Exposure method

Critical effects

LOAEL

NOAEL

Exposure continuity

Exposure duration

Average exposure

LOAEL uncertainty factor
Subchronic uncertainty factor
Interspecies uncertainty factor
Intraspecies factor
Cumulative uncertainty factor
Oral reference exposure level

U.S. EPA, 1985
Humans

Food and drinking water
Significant proteinuria
Not observed

0.005 mg/kg bw-day
Chronic

Up to lifetime

0.005 mg/kg bw-day
1

1

1

10

10

0.0005 mg/kg bw-day

The oral REL is the U.S. EPA’s Reference Dose (RfD) (U.S. EPA, 1996). A concentration of
200 pg cadmium (Cd)/gm wet human renal cortex is the highest renal level not associated with
significant proteinuria (U.S. EPA, 1985). A toxicokinetic model is available to determine the
level of chronic human oral exposure (NOAEL) which results in 200 ng Cd/gm wet weight
human renal cortex. The model assumes that 0.01% of the Cd body burden is eliminated per day
(U.S. EPA, 1985). Assuming 2.5% absorption of Cd from food or 5% from water, the
toxicokinetic model predicts that the NOAEL for chronic Cd exposure is 0.005 and 0.01 mg
Cd/kg/day from water and food, respectively (i.e., levels which would result in 200 ug Cd/gm
wet weight human renal cortex). Thus, based on an estimated NOAEL of 0.005 mg Cd/kg/day
for Cd in drinking water and an UF of 10, an RfD of 0.0005 mg Cd/kg/day (water) was
calculated; an equivalent RfD for Cd in food is 0.001 mg Cd/kg/day.
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Cd is unusual in relation to most, if not all, of the substances for which an oral RfD has been
determined in that a vast quantity of both human and animal toxicity data are available. The RfD
is based on the highest level of Cd in the human renal cortex (i.e., the critical level) not
associated with significant proteinuria (i.e., the critical effect). A toxicokinetic model has been
used to determine the highest level of exposure associated with the lack of a critical effect. Since
the fraction of ingested Cd that is absorbed appears to vary with the source (e.g., food vs.
drinking water), it is necessary to allow for this difference in absorption when using the
toxicokinetic model to determine an RfD.

The uncertainty factor of 10 is used to account for intrahuman variability to the toxicity of this
chemical in the absence of specific data on sensitive individuals. No modifying factor was used.

U.S. EPA stated its confidence in the RfD as: Study - Not applicable; Data Base - High; and RfD
— High. The choice of NOAEL does not reflect the information from any single study. Rather, it
reflects the data obtained from many studies on the toxicity of cadmium in both humans and
animals. These data also permit calculation of pharmacokinetic parameters of cadmium
including absorption, distribution, metabolism, and elimination. All this information considered
together gives high confidence in the data base. High confidence in the RfD follows as well.
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CHRONIC TOXICITY SUMMARY

CARBON DISULFIDE

(carbon bisulfide; carbon sulfide; dithiocarbonic anhydride)
CAS Registry Number: 75-15-0

l. Chronic Toxicity Summary

Inhalation reference exposure level 800 pg/m?® (300 ppb)

Critical effect(s) CNS/PNS (reduction in motor nerve conduction
velocities in occupationally-exposed humans)

Hazard index target(s) Nervous system; reproductive system

1. Physical and Chemical Properties Summary (HSDB, 1995; CRC, 1994)

Description Clear, colorless or faintly yellow liquid
Molecular formula CS;

Molecular weight 76.14 g/mol

Boiling point 46.5°C

Melting point -111.5°C

Vapor pressure 297 torr @ 20°C

Solubility Slightly soluble in water (2.94 g/L); miscible

in anhydrous methanol, ethanol, ether,
benzene, chloroform, and carbon
tetrachloride

Conversion factor 3.1 mg/m® per ppm at 25°C

I11.  Major Uses and Sources

The most prominent industrial use of carbon disulfide is in the production of viscose rayon
fibers. Carbon disulfide is also used in the production of carbon tetrachloride and cellophane,
and, as a solvent for rubber, sulfur, oils, resins, and waxes. In the past, carbon disulfide was used
in soil fumigation and insect control in stored grain. Industrial processes that produce carbon
disulfide as a by-product include coal blast furnaces and oil refining (HSDB, 1995). Carbon
disulfide is also a breakdown product of metam sodium. The annual statewide industrial
emissions from facilities reporting under the Air Toxics Hot Spots Act in California based on the
most recent inventory were estimated to be 1562 pounds of carbon disulfide (CARB, 2000).
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IV.  Effects of Human Exposure

A primary target of carbon disulfide (CS,) toxicity is the nervous system. The major neurotoxic
action of carbon disulfide is the development of mental disturbances. These include change of
personality, irritability, and forgetfulness, often with accompanying neurophysiological and
neuropathological changes after prolonged exposure. Such changes include decreased peripheral
nerve impulse conduction, motor and/or sensory neuropathies, cerebral or cerebellar atrophy, and
neuropsychological organic changes (Aaserud et al. 1988, 1990, 1992; Foa et al., 1976; Hirata et
al. 1992; Ruijten et al. 1990, 1993). Alterations in behavioral indices have historically been
associated with high levels of CS,, often in excess of 20 ppm (Foa et al. 1976; Hanninen et al.,
1978).

Studies have identified alterations in the nerve conduction of workers chronically exposed to
lower CS; levels (Hirata et al., 1992a; Johnson et al., 1983; Ruijten et al., 1990; Ruijten et al.,
1993). A cross-sectional study of Japanese spinning workers identified alterations in the central
nervous system as measured by brain stem auditory evoked potential (BAEP) (Hirata et al.,
1992). The latencies of the three main BAEP components increased significantly in
workersexposed to CS: for more than 20 years when compared to controls. CS, exposures
ranged from 3.3 to 8.2 ppm (mean = 4.76 ppm). Ruijten et al. (1993) identified mild
presymptomatic nerve impairment (decreased conduction velocities and response amplitudes) in
44 CS,-exposed workers with an average cumulative exposure range from 192 to 213 ppm-year
(mean duration = 26.1 years).

A NIOSH occupational study evaluated the effects of CS; on the peripheral nervous system.
Johnson et al. (1983) identified a significant dose related reduction in the maximum motor nerve
conduction velocities (MCV) in the calves and ankles of male viscose rayon workers exposed to
high (median = 7.6 ppm) CS; levels versus a comparison group exposed to low concentrations
(median = 0.2 ppm). The workers were all employed in artificial fiber production in the same
plant. Since these reduced MCVs were still within the normal range, the authors considered the
measured difference an indication of minimal neurotoxicity. The mean exposure concentration
for all exposed workers (n = 145) ranged from 0.6 to 16 ppm (mean = 7.6 ppm) with a mean
duration of 12.1 years. This study identified a chronic LOAEL of 7.6 ppm for minor
neurological effects (decreased peroneal nerve MCV and sural nerve conduction velocity).

Another epidemiological study evaluated a group of 111 Belgian viscose rayon factory workers
exposed to 4 to 112 mg/m® CS, (time-weighted average 1 to 40 mg/m®) (Vanhoorne et al., 1995).
Among four categories of cumulative exposure (0, 1 to 300, 301 to 600, and greater than 600
mg/m®-years), a clear dose-response effect was observed for reduced mean peroneal motor nerve
conduction velocities in both fast and slow fibers. Unfortunately, the data are incompletely
reported, and the mean duration of exposure is not given. Subgroups of workers whose
exposures ever exceeded 10 ppm (n=64) and never exceeded 10 ppm (n=30) each showed
significantly reduced fibular nerve motor conduction velocities compared with non-exposed
workers.

Vascular atherosclerotic changes are also considered a major effect of chronic carbon disulfide
exposure. Several occupational studies have demonstrated an increase in the mortality due to
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ischemic heart disease in CS, exposed workers (Hernberg et al., 1970; MacMahon and Monson,
1988; Tiller et al., 1968; Tolonen et al., 1979). A 2.5-fold excess in mortality from coronary
heart disease in workers exposed to CS, was first reported by Tiller et al. (1968). A subsequent
prospective study by Hernberg et al. (1970) found a 5.6-fold increased risk in coronary heart
disease mortality and a 3-fold increased risk of a first nonfatal myocardial infarction in CS,
exposed workers.

Male workers (n=177) in a Polish fiber plant were exposed to CS, for an average of 14 years
(range of 5 to 38 years). Controls were 93 healthy male workers from other factories that did not
use carbon disulfide. Carbon disulfide exposed workers had higher rates (42%) of 24-hour
electrocardiographic abnormalities than non-exposed workers (24%, p=0.006) (Bortkiewicz et
al., 2001). The most common abnormalities were ventricular extrasystoles and repolarization
disturbances, the latter occurring most often in workers with the longest CS. exposures. Long-
term blood pressure monitoring did not reveal any differences between exposed and control
groups.

Male workers in a Belgian viscose rayon factory (n=85) were estimated by personal active
sampling to have exposures of 2 to 32 mg/m* CS,. Controls were 37 non-exposed workers from
factories that did not use CS.. Exposed workers had reduced common carotid artery distensibility
as measured with ultrasound sonography, while the carotid artery compliance coefficient was not
significantly affected. Also, blood pressures and cholesterol levels were not significantly
different than observed among control workers (Kotseva et al., 2001a). Differences in carotid
artery distensibility remained significant after adjustment for age, smoking, alcohol
consumption, ethnicity, body mass index, heart rate, and systolic blood pressure.

Egeland et al. (1992) and Vanhoorne et al. (1992) have reported that human exposure to CS, for
more than one year causes increases in biochemical changes often associated with cardiovascular
disease - diastolic blood pressure, low density lipoprotein cholesterol, and apolipoproteins Al
and B. Egeland et al. (1992) used cross sectional data on 165 CS,-exposed workers (245
controls) collected in 1979 by Fajen et al. (1981). The affected workers were exposed for at
least 1 year in a viscose rayon factory to an estimated median TWA (8-hour) of 7.6 ppm. The
Egeland et al. (1992) study indicated that modest CS, exposure (range = 3.4 to 5.1 ppm, median
= 4.1 ppm) was associated with increased low density lipoprotein cholesterol (LDLc), the type of
increase associated with atherosclerotic heart disease. No significant differences were seen
between controls and the low CS; exposed group (range = 0.04 to 1.02 ppm, median = 1.00
ppm). Study NOAEL and LOAEL for increased LDLc and diastolic blood pressure were thus
1.0 ppm and 4.1 ppm , respectively. Vanhoorne et al. (1992) identified increased LDL-
cholesterol, apolipoprotein B, systolic and diastolic blood pressure as indicative of an increased
coronary risk in workers from a Belgian viscose rayon factory (115 exposed and 76 controls).
CS; concentrations ranged from 1 to 36 ppm. Duration of exposure was not indicated. Even
though these biochemical changes were observed, no significant increases in cardiovascular
disease, such as angina, myocardial infarction, or ischemia, were determined by ECG changes.

Workers (n=141) with a minimum of 1 year employment in viscose rayons factories were

compared with 141 age and gender-matched plastic industry workers. Current exposures were
estimated as 1 to 30 mg/m’ (03 to 10 ppm). Exposed workers were categorized as group 1 or
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group 2, with cumulative exposures of less than or greater than 100 mg/m’-years, respectively.
Group 2 (p<0.001) but not group 1 workers had increased mean total cholesterol (5.3 and 4.5
mmol/l) compared with controls (4.6 mmol/l) (Kotseva, 2001b).

CS; causes reproductive toxicity in both males and females. Lancranjan et al. (1969),
Lancranjan (1972), Cirla et al. (1978), and Wagar et al. (1983) studied male reproductive effects
of occupational exposure to CS, and showed significant adverse effects on spermatogenesis,
levels of serum FSH and LH, and libido; these effects persisted in 66% of the workers subject to
follow-up. Zhou et al. (1988) investigated pregnancy outcomes and menstrual disturbances in
265 women occupationally exposed to CS; in five facilities and 291 controls. The CS,-exposed
women had a significantly higher incidence of menstrual disturbances versus the control group
(overall 34.9% vs. 18.2%). CS, levels varied between the five facilities (exposure category
means of low = 3.1 mg/m?, intermediate = 6.5 mg/m°®, and high = 14.8 mg/m°), but all workers
from these CS; facilities had significantly higher incidences of menstrual disturbance.
Irregularity of menstruation was the most common disturbance, followed by abnormal bleeding.
No evidence was observed to indicate an adverse effect on the term and outcome of pregnancy.

An abstract of an epidemiological study of birth defects among female workers occupationally
exposed to CS,, was reported by Bao et al. (1991). Exposures were at rayon factories in four
Chinese provinces and began at least 6 months prior to pregnancy and continued during
pregnancy. An increased rate of birth defects (2.6% vs. 1.3%) among 682 exposed women was
noted compared to 745 women in the control group. The most common defects were congenital
heart defects, inguinal hernia, and CNS defects. However, there was no significant difference in
birth defects between those with estimated exposures greater than 10 mg/m?* compared to those
with lower exposures. There were no differences in rates of stillbirth, low birth weight, or
neonatal or perinatal deaths among any of the groups.

The possibility of determining LOAEL and/or NOAEL values for the major CS,-related adverse
effects from epidemiology studies, which predominately use workers from the viscose rayon
industry, is limited. The limitations include incomplete historical exposure measurements,
concurrent exposure to other chemicals (including hydrogen sulfide or methylene chloride), lack
of personal exposure determinations, and a high variability of individual exposures due to
decreases of plant CS; concentrations over time.

V. Effects of Animal Exposure

Studies investigating the potential for CS; toxicity in animals have usually been limited by
intermediate or subchronic duration (less than 1 year) and a lack of multiple dose or exposure
groups. The neuropathologic changes consistently observed in rodents following CS; exposure
include axonal swelling, demyelination, swelling at neuromuscular junctions, muscle atrophy
and degeneration, damage to terminal axons, and nerve fiber breakdown (Clerici and Fechter,
1991; Colombi et al. 1981; Eskin et al., 1988; Jirmanova and Lukas, 1984; Maroni et al., 1979;
Szendzikowski et al., 1973). These adverse effects have been observed over a range of
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exposures (250 to 800 ppm), but few studies have attempted to establish a dose response for this
CSz-induced neurotoxicity.

In a 90 day subchronic inhalation study, Sprague-Dawley and Fischer 344 rats exposed
discontinuously (6 hours/day, 5 days/week) to CS, developed morphological alterations in nerves
including axonal swelling and myelin degradation (Gottfried et al., 1985). This study established
a subchronic NOAEL of 50 ppm and a LOAEL of 300 ppm for morphological changes in nerves.
A longer inhalation study in Wistar rats observed impairment in the conduction velocity of the
sciatic and tibial nerves after 6 and 12 months of intermittent exposure to 289 ppm CS, (LOAEL
of 289 ppm) (Knobloch et al., 1979).

In a 13-week subchronic study, male and female F344 rats inhaled 0, 50, 500, or 800 ppm CS;
discontinuously (6 h/day, 5 days per week) (Sills et al.,1998). Development of distal axonopathy
in the muscular branch of the posterior tibial nerve (MBPTN) and spinal cord was examined.
After 13 weeks, giant swollen axons were observed with thin myelin sheaths as well as some
degenerated and regenerated axons. Axonal swelling was noted in the spinal cords of rats
exposed to 500 or 800 ppm CS.. In the 800 ppm group, additional axonal swelling was observed
in the muscular branch of the posterior tibial nerve, . Neurofilament deposits were found in
swollen axons in the spinal cord and MBPTN. The NOAEL for axonal swelling was 50 ppm.

Wronska-Nofer (1973) showed a positive relationship between the level of triglycerides, the rate
of cholesterol synthesis, and CS; exposure in Wistar rats exposed to 0, 73.8, 160, 321, or 546
ppm CS; for 5 hours/day, 6 days/week over 8 months. This study found a subchronic LOAEL of
73.8 ppm for disturbances in lipid metabolism (increase in serum cholesterol and serum
triglycerides).

Lewis et al. (1999) investigated the capacity of CS2 to induce arterial fatty deposits by itself, and
its ability to enhance the rate of fatty deposit formation induced by a high fat diet. Groups of 20
female C57BL/6 mice were exposed to 0, 50, 500, or 800 ppm CS2 by inhalation. Half the
animals in each group were placed on an atherogenic high fat diet and half on a control diet.
Mice were necropsied after 1, 4, 8, 12, 16, or 20 weeks of exposure, and the rates of fatty deposit
formation under the aortic valve leaflets were evaluated. Exposure of mice on the control diet to
500 and 800 ppm CS2 induced a small but significant increase in the rate of fatty deposit
formation over non-exposed controls. In the animals on the high fat diet there was marked
enhancement of the rate of fatty deposit formation in mice exposed to 500 and 800 ppm over the
animals on the high fat diet alone. In addition, there was a small but significant enhancement in
mice exposed to 50 ppm over the rate of fatty deposit formation induced by the high fat diet
alone. Thus CS2 is atherogenic at high concentrations and in conjunction with other risk factors,
CS2 at relatively low concentrations can enhance atherogenesis in mice. Fifty ppm is thus the
study LOAEL.

Hepatic toxicity has also been induced in rats exposed to relatively high doses of CS,, usually
following pretreatment with liver inducers such as phenobarbital. Bond et al. (1969) showed that
high doses of CS, to rats produced an increase in periportal liver fat, and decreases in hepatic
cytochrome P450 content and in microsomal mixed function oxidase (MFO) activity. After
phenobarbital induction, exposed rats exhibited more severe hepatoxicity characterized by
hydropic degeneration and necrosis. Other hepatotoxic effects seen after CS, exposures greater
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than 400 ppm include increases in relative liver weight (Sokal, 1973), stimulation of liver
microsomal lipid peroxidation (Wronska-Nofer et al., 1986), and decreases in hepatic cholesterol
synthesis (Simmons et al., 1988).

The 24-hr lethal ip LDs values for CS; were estimated in 1-, 5-, 10-, 20-, 30- and 40-day-old rats
(sample size not specified) (Green and Hunter, 1985). 1-day-old rats (LDsy 583 mg/kg, ip) were
about 3-times more susceptible than 20-day-old rats (LDsg 1545 mg/kg, ip).

4C- and *S-labelled CS; was given ip to 1-, 5-, 10-, 20-, 30-, and 40-day-old rats (Snyderwine
and Hunter, 1987). Thirty- and forty-day-old rats (sample size not reported) metabolized
significantly more CS; to CO, and expired significantly less CS; than 1- to 20-day-old rats.
Twenty-four hr after administration, up to 13 times more *S -label (radioactivity per g of tissue)
were present in organs from 1-day-old rats than in similar organs from 40-day-old rats. The
study does not specifically address the toxicological implications of the metabolic differences,
and did not include fully mature animals. However, inability to detoxify CS, would lead to
higher tissue concentrations and thus, potentially, increased toxicity.

The metabolite responsible for CS;, hepatotoxicity is believed to be reactive sulfur atoms that
covalently bind to cellular macromolecules (Dalvi, 1988). Similarly, the correlation between
increased lethality (Green and Hunter, 1985) and increasing binding of **S —label (Snyderwine
and Hunter, 1987) in younger CS, -exposed animals is consistent with a role for reactive sulfur.
Neurotoxicity of CS; results from the formation of thiourea lysine cross-links between
neurofilament proteins (DeCaprio et al., 1992; Valentine et al., 1997; Erve et al., 1998).

New Zealand white rabbits (24 per group) inhaled 0, 60, 100, 300, 600 or 1200 ppm CS; for 6
h/d on gestation days 6 to 18 (Pathology Associates, 1991). Developmental toxicity (NOAEL =
300 ppm; 930 mg/m®) was noted at concentrations lower than those associated with significant
maternal toxicity (NOAEL = 600 ppm; 1860 mg/ m*) (Pathology Associates, 1991). The adults
did have some slight hematological changes at the 600 ppm level, but the authors questioned the
biological significance of these marginal findings. Reduced fetal body weights were noted at
600 and 1200 ppm. Cumulative malformations were increased in the 1200 (3720 mg/m?®) but not
600 ppm group, though there were no significant increases in any specific malformation in any
group. Maternal effects at 1200 ppm included decreased body weight, ataxia, wheezing, and
tremors. In an initial range-finding study, exposure to 3000 ppm was associated with significant
lethality.

Rats were exposed to 100 mg/m?® (32 ppm) for 4 hr/d on gestation days 7 and 8, and the embryos
explanted to culture medium at day 9.5. Growth of explants of 10 treated and 17 control
embryos was monitored for 44 hours. CS; at this concentration induced growth retardation in
treated embryos relative to controls (Zhao et al., 1997).

In a two-generation study, Tabacova et al. (1983) exposed pregnant Albino rats (30-32 pregnant
females per group) to 0.03, 10, 100, or 200 mg/m® (0.01, 3, 32, or 64 ppm) CS,. The two highest
dose levels were both teratogenic and maternally neurotoxic. There were no significant adverse
effects in the F1 generation at the 2 low dose levels. However, significant increases in
teratogenicity were found in the F2 generation at 10 mg/m° as well as increased postnatal
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neurological effects including hypoactivity, mild ataxia and gait disturbances, hind-limb
weakness, spinning and tremor (Tabacova et al., 1983). While the overall rate of malformations
(club foot, hydrocephalus, microcephalus, generalized edema) exhibited a dose-response trend,
with increased effects in the F2 generation, the specific malformations exhibited a less-consistent
pattern. For example, while club foot was the predominant malformation in the F1 fetuses
(occurring at 100 and 200 mg/m?®); much lower rates of club foot were noted in the F2 generation
(including none in the 200 mg/m> group). Limitations of the study include a lack of information
on chemical purity and exposure methods, lack of concurrent controls, lack of clear dose-
response trend, and incomplete reporting on the statistical significance of reported behavioral
effects.

Wistar albino rats (32 animals per group) were exposed to 50, 100, or 200 mg/m® (16, 32, or 64
ppm) CS, for 8 hours per day throughout gestation. There were no statistically significant results
in the 50 mg/m? group. In the 100 and 200 mg/m? groups, there were statistically significant
increases in reduced fetal body weights, and reduced post natal body weights for 21 days, which
subsequently disappeared. There was an increase in external malformations (hydrocephalus,
club foot, and tail deformations) at the two higher doses (Tabacova et al., 1978).

Behavioral effects were examined in the offspring of Lati:CFY rats (8 per group) exposed to 0,
10, 700, or 2000 mg/m®CS; (3, 230, or 640 ppm) for 6 hours per days over days 7 to 15 of
gestation. The two high doses caused significant perinatal mortality. Avoidance conditioning
was tested using a bell as a conditional stimulus prior to an electric shock. The animals learned
to avoid the shock by jumping onto a pole at the sound of the bell. The latency to jump onto the
pole and errors were measured as a means to evaluate avoidance conditioning in the treated
versus control animals. The authors reported that there was a dose-related change in avoidance
conditioning among male pups over the first 15 days (Lehotsky et al., 1985). While the
magnitude of the effect on avoidance conditioning was greater at all doses relative to controls,
and at 2000 mg/m?® compared with 700 mg/m®, the effect was virtually identical between the 10
and 700 mg/m®. This lack of dose-response effect raises some question about the significance of
this finding.

Effects of low (0.03 and 10 mg/m?; 0.01 and 3 ppm) prenatal exposures (8 hours per day
throughout gestation) of CS, were studied in Wistar albino rats. No congenital malformations or
significant prenatal effects were found in the 9-11 litters evaluated at each dose. Mortality
during postnatal days 10 through 21 was increased in the 10 mg/m?® group. Delays in the
development of visual and auditory function were reported in the higher dose group (Tabacova
and Balabaeva, 1980). There was no mention of maternal toxicity in this study.

Several other studies yielded either no teratogenic effects or effects only at maternally toxic
exposures. Saillenfait et al. (1989) exposed rats via inhalation to 0, 100, 200, 400, or 800 ppm
CS; for 6h/d during days 6-20 of gestation. Lower exposures (100 or 200 ppm; 310 or 620
mg/m?®) were not associated with maternal toxicity or adverse effects on the developing embryo
or fetus. Higher concentrations (400 or 800 ppm; 1240 or 2480 mg/m°) yielded a significant
reduction of maternal weight gain as well as reductions of fetal body weight and a low incidence
of club foot. Significant increases in unossified sternebrae were reported following 800 ppm
(2480 mg/m?®) exposures. Nemec et al. (1993) reported no teratogenicity or maternal,
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developmental, or reproductive toxicity among pregnant CD rats and their offspring following
exposure to 125 or 250 ppm (388 or 775 mg/m?®) from 2 weeks prior to mating through gestation
day 19. At 500 ppm, dams had decreased body weight gain and food consumption; decreased
litter viability but no teratogenic effects were noted. CS;, was not found to be teratogenic or
embryotoxic following intraperitoneal administration to rats on days 1-15 of gestation (Beliles et
al., 1980; Hardin et al., 1981). No significant effects were noted in animal inhalation exposures
(20 to 40 ppm; 62 to 125 mg/m® CS,) with either rats on days 1-19 of gestation or rabbits on days
1-24 of gestation.

Derivation of Chronic Reference Exposure Level

Study
Study population

Exposure method

Critical effects

LOAEL

NOAEL

Exposure continuity

Average occupational exposure
Benchmark concentration (BMCys)

Human equivalent concentration
Exposure duration

Subchronic uncertainty factor
LOAEL uncertainty factor
Interspecies uncertainty factor
Intraspecies uncertainty factor
Cumulative uncertainty factor
Inhalation reference exposure level

Johnson et al. (1983)

145 occupationally exposed workers and 212
comparison workers

Discontinuous occupational inhalation exposures
(mean of 7.6 ppm and range of 0.6 to 16 ppm)

Reduction in motor nerve conduction velocities
(decreased peroneal nerve MCV and sural
nerve SVC)

7.6 ppm

Not observed

8 hr/day, 5 days/week

2.7 ppm for LOAEL group (7.6 x 10/20 x 5/7)

6.86 ppm (continuity-weighted exposure of 2.54
ppm)

2.54 ppm for BMCys (6.86 x 10/20 x 5/7)

Mean of 12.1 years (SD 6.9 years)

1

Not needed in BMC approach

1

10

10

0.3 ppm (300 ppb; 0.8 mg/m®; 800 pg/m®)

A benchmark dose analysis was performed on the peroneal MCV data. The NIOSH exposure
data were regrouped into 8 geometrically spaced dose groups (Table 1).
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Table 1. Peroneal MCV data used for benchmark dose modeling

Exposure Peroneal MCV (m/s)
(ppm-months) Subjects Mean Std. Dev.
3.8(2-6) 32 45.9 3.8
13.1 (6 - 16) 61 45.8 5.8
26.5 (16-44) 140 45.4 5.2
77.3 (44-122) 17 45.6 4.6
197 (122 — 336) 17 46.8 3.6
619 (336 — 929) 54 43.9 4.2
1428 (929-2563) 61 42.9 5.8
3997 (2563 — 7075) 19 38.6 5.1

Model fitting was conducted with U.S. Environmental Protection Agency BMDS Benchmark
Dose Software, Version 1.3. Four continuous data models were compared: linear, polynomial
(v. 2.1), power (v. 2.1) and hill (v. 2.1) models. All four models adequately fit the data set (Table
2).

Table 2. Benchmark dose modeling results

MLEgs BMCos
Model (ppm-mo) (ppm-mo) p value
Linear 1245 1005 0.84
Polynomial 1100 736 0.78
Hill 1092 670 0.65
Power 1245 1005 0.58

The BMCos from the best-fitting linear model was used. An occupational BMCos of 6.9 ppm was
derived by dividing the 1005 ppm-month value by the average exposure duration of 145 months
(12.1 years). The time-weighted average value was thus 2.5 ppm (6.9 ppm x 10/20 x 5/7).
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The U.S. EPA (1995) based its RfC of 700 pug/m?® on the same study but used a BMCy and
included a Modifying Factor (MF) of 3 for database deficiencies. The criteria for use of
modifying factors are not well specified by U.S. EPA. Such modifying factors are not used by
OEHHA. In addition OEHHA prefers use of a BMCys since in practice it tends to be closer to
the NOAEL while the BMCyj is often closer to the LOAEL (OEHHA, 2000).

For comparison, 50 ppm was a 13 week NOAEL in rats for axonal swelling (Sills et al., 1998).
The equivalent continuous exposure is 8.9 ppm. Use of an RGDR of 1, an interspecies UF of 3,
a subchronic UF of 3, and an intraspecies UF of 10 results in a REL of 90 ppb.

VIIl. Data Strengths and Limitations for Development of the REL

The major strengths of the REL for carbon disulfide are the use of human data, the observation
of a dose-response effect, and the duration of exposures. The major uncertainties are the poor
quantitation of actual exposure magnitude over time and the limited nature of the health effects
studies which have been conducted.

VIII. Potential for Differential Impacts on Children's Health

The data available on the developmental toxicity of carbon disulfide are equivocal. Several

studies reported that adverse developmental effects are only noted with exposures exceeding 100
ppm, while Tabacova and Balabaeva (1980) and Lehotsky et al. (1985) reported transient effects
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at levels as low as 10 mg/m3 (3 ppm). The results of these two studies are not consistent with
the database as a whole. While further research into behavioral effects of low concentrations of
CS2 would better clarify the risks associated with such exposures, no adverse effects have been
reported at concentrations below the REL of 800 pg/m3 (300 ppb).
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CHRONIC TOXICITY SUMMARY

CARBON TETRACHLORIDE

(carbon chloride; carbon tet; freon 10; halon-104; methane tetrachloride; necatrine;
tetrachlorocarbon; tetrachloromethane; tetraform; tetrasol; univerm)

CAS Registry Number: 56-23-5

. Chronic Toxicity Summary

Inhalation reference exposure level 40 pg/m? (6 ppb)

Critical effect(s) Increased liver weight and hepatic fatty
infiltration in guinea pigs

Hazard index target(s) Alimentary system; development

(teratogenicity); nervous system

1. Physical and Chemical Properties (HSDB, 1995; CRC, 1994)

Description Colorless liquid

Molecular formula CCly

Molecular weight 153.8 g/mol

Density 1.59 g/cm® @ 20°C

Boiling point 76.7°C

Melting point -23°C

Vapor pressure 91.3 torr @ 20°C

Solubility Soluble in acetone, ethanol, benzene, carbon
disulfide, slightly soluble in water

Conversion factor 1 ppm = 6.3 mg/m® @ 25°C

I11.  Major Uses or Sources

Carbon tetrachloride was formerly used for metal degreasing and as a dry-cleaning fluid, fabric-
spotting fluid, fire-extinguisher fluid, grain fumigant and reaction medium (DeShon, 1979).
Carbon tetrachloride is used as a solvent for the recovery of tin in tin-plating waste and in the
manufacture of semiconductors. It is used in petrol additives, refrigerants, metal degreasing, and
as a catalyst in the production of polymers. Carbon tetrachloride is also used as a chemical
intermediate in the production of fluorocarbons and some pesticides (HSDB, 1995). In 1996, the
latest year tabulated, the statewide mean outdoor monitored concentration of carbon tetrachloride
was approximately 0.08 ppb (CARB, 1999a). The annual statewide industrial emissions from
facilities reporting under the Air Toxics Hot Spots Act in California based on the most recent
inventory were estimated to be 8781 pounds of carbon tetrachloride (CARB, 2000).
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IV.  Effects of Human Exposure

Kazantzis et al. (1960) evaluated 17 employees of a quartz processing factory who were
occupationally exposed to 45-100 ppm (284-630 mg/m°) carbon tetrachloride (CCl,) vapor.
Fifteen of the 17 workers complained of symptoms including nausea, anorexia, vomiting,
flatulence, epigastric discomfort or distention, depressive symptoms, headache or giddiness for
up to 4 months prior to the evaluation. A week after CCl, concentrations were reduced to 0-

9 ppm with control measures, workers were symptom-free.

V. Effects of Animal Exposure

Adams et al. (1952) chronically exposed albino Wistar rats, guinea pigs, albino rabbits and
rhesus monkeys to 0, 5, 10, 25, 50, 100, 200 and 400 ppm CCl, for varying duration. For each
exposure group, two control groups were devised (unexposed and air-exposed controls)
consisting of animals similar in age, sex, weight and number. The 2 control groups responded
similarly to the experimental protocol.

In the 100, 200 and 400 ppm exposure groups (Adams et al., 1952), mortality was excessive with
moderate to severe liver cirrhosis and other various pathological changes in all the species tested.
Fifteen male and 15 female rats were exposed to 50 ppm CCl, 134 times for 187 days. They
experienced decreased body weight gain and liver weight increase as well as moderate fatty
degeneration and slight to moderate liver cirrhosis. Females showed kidney weight increase and
four rats showed slight to moderate swelling of the kidney tubular epithelium. Guinea pigs (8
males and 8 females; 143 exposures in 200 days) showed depressed growth in the first two
weeks, enlarged livers, moderate fatty degeneration and liver cirrhosis, and increased levels of
liver total lipids, neutral fat, esterified cholesterol and plasma prothrombin clotting time.

The rabbit group of 2 males and 2 females, which underwent 155 exposures to 50 ppm in 216
days, showed slightly depressed growth and increased kidney weights, prolonged plasma
prothrombin clotting time, and moderate fatty degeneration and cirrhosis of the liver.

No change was seen in the group of 2 male monkeys exposed 198 times to 50 ppm in 277 days
(Adams et al., 1952). One monkey experienced depressed weight gain compared to the other
monkey and the controls, but no other adverse effects were seen with respect to organ weights,
tissue examination, total liver lipid, blood urea nitrogen, blood non-protein nitrogen, serum
phosphatase, plasma prothrombin clotting time, phospholipid, neutral fat, and free esterified
cholesterol.

At 25 ppm CCl,, 15 male and 15 female rats were exposed 137 times for 191 days. Early growth
depression in males was observed, although final body weights did not significantly differ from
the controls. Significant liver weight increase and slight to moderate fatty degeneration
occurred. Liver lipid content was nearly twice the level of the controls and esterified cholesterol
was five times that of the controls. For this exposure, phospholipid and neutral fat were not
measured. Five male guinea pigs were exposed 133 times over 185 days and 5 female guinea
pigs were exposed 93 times over 126 days. Symptoms included growth depression, liver weight
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increase, increased plasma prothrombin clotting time, slight to moderate fatty degeneration,
twice the level of the control total liver lipid, and five times the control level of esterified
cholesterol. After 178 exposures to 25 ppm over 248 days, rabbits (2 per sex) showed increased
liver weights and slight to moderate liver cirrhosis and fatty degeneration.

Twenty male and 20 female rats were exposed 136 times over a period of 192 days to 10 ppm
CCl4. These rats exhibited increase in liver weight, slight to moderate fatty degeneration and
total lipid, neutral fat and esterified cholesterol levels that were twice the control levels. Guinea
pigs (8 male and 8 female), which were exposed 139 times over 197 days, experienced liver
weight increase, slight to moderate fatty degeneration without cirrhosis, and increased levels of
total lipid, neutral fat, and esterified cholesterol. In an additional group of 18 male rats exposed
13 times to 10 ppm, slight fatty degeneration was seen as early as 17 days. Two male and two
female rabbits tolerated the same regimen as the guinea pigs and showed no symptoms as a result
of the exposure. Sixteen additional guinea pigs developed hepatic changes after 12 exposures in
16 days.

Twenty-five male and 23 female rats, exposed 145 times over 205 days to 5 ppm CCly, had no
adverse effects. Nine male and nine female guinea pigs exposed 143 times over 203 days
showed a statistically significant increase in the liver weights (females only), but only slightly
higher liver lipid content. No additional histopathological effects were seen at this level of
exposure.

In a more recent study, Prendergast et al. (1967) exposed 15 Long-Evans or Sprague-Dawley
rats, 15 guinea pigs, 3 rabbits, 2 dogs, and 3 monkeys 30 times to a concentration of 515 +39
mg/m? (81.7 ppm) carbon tetrachloride (CCl,) 8 hours a day, 5 days a week, for 6 weeks. (This
intermittent exposure is equivalent to a continuous exposure to 123 mg/m®,) Additionally, two
90 day continuous exposure studies were conducted. One study exposed 15 rats, 15 guinea pigs,
2 rabbits, 2 dogs and 3 monkeys to 61+5.2 mg/m* CCl, and the other exposed 15 rats, 3 rabbits,
2 dogs and 3 monkeys continuously to 6.1+0.3 mg/m® CCl, in inhalation chambers. Control
groups consisted of 304 rats, 314 guinea pigs, 34 dogs, 48 rabbits and 57 monkeys. All the
animals’ weights were recorded prior to the study, at monthly intervals throughout the study, and
at the conclusion of the study.

During the 6 week study, one monkey died following the 7th exposure, and 3 guinea pigs died
following the 20th, 22", and 30th exposures, respectively. Monkeys, guinea pigs, dogs and
rabbits all exhibited weight loss. A high percentage of mottled livers was seen in all species
except dogs. Histopathologic examination of the lungs and livers showed morphological
changes in all the animals exposed to CCl, (most prominently the guinea pigs). The guinea pigs
were the most sensitive species displaying discolored lungs, fatty livers, bile duct proliferation,
fibrosis, focal inflammatory cell infiltration, hepatic cell degeneration and regeneration, early
portal cirrhosis, and alteration of lobular structure. Hepatic lipid content in the guinea pigs was
35.4+10.7% compared to the control value of 11.0+3.6%. Alterations of liver lipid content were
also observed, to a lesser extent, in the other four species; the most severe alteration occurred in
the rats, less severe alteration in rabbits and dogs, and the least severe in the monkeys.
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During the 61 mg/m?® (9.7 ppm) CCl, continuous exposure study, 3 guinea pigs died (one each
after 47, 63, and 71 days). All the monkeys were emaciated and experienced hair loss.
Depressed body weight increases were seen in all exposed animals compared to the controls.
Autopsies showed enlarged and/or discolored livers in a high percentage (not given) of monkeys,
guinea pigs, rabbits, and rats. Rats and guinea pigs showed hepatic fatty acid changes, and a
moderate reduction in succinic dehydrogenase activity was also evident in guinea pigs. Varying
but lesser degrees of these changes were also seen in the other species tested.

The low concentration of 6.1 mg/m® (1 ppm) CCl, was attained by diluting the CCl, to 10% of
the above concentration with n-octane, resulting in a solution of 6.1 mg/m® CCl, in 61 mg/m? of
n-octane (Prendergast et al., 1967)). The level of n-octane used was shown to be nontoxic by an
n-octane control, which yielded no effects. (The current TLV for n-octane is 1400 mg/m® (300
ppm) (ACGIH, 1992).) No animals died during this study, and no signs of toxicity were noted.
All exposed animals except the rats showed reduced weight gain when compared to the controls,
and all species exhibited nonspecific inflammatory lung changes. Guinea pig liver lipid contents
and serum urea nitrogen concentrations were similar to the control values. In several animals
there were some nonspecific inflammatory changes in the liver, kidney and heart, but the authors
did not attribute these to the chemical exposure. There was no other observed hematologic or
histopathologic toxicity at this level.

Shimizu et al. (1973) exposed groups of 4 female Sprague-Dawley rats to 10, 50 and 100 ppm of
CCl,4 vapor for 3 hours a day, 6 days a week for up to 6-8 weeks. The rats were terminated two
days after the last inhalation. Accumulation of CCl, occurred in the adipose tissue and was
measured after 1 and 3 weeks of exposure. For the 10 ppm group, accumulation was gradual,
reaching a level of 1/3 the amount found in the 50 ppm group after 6 weeks. A slight increase of
triglycerides in the liver (6.2-6.4 mg/g) was observed in the 10 ppm group, but no control group
was used for comparison.

The intermittent exposure caused a more pronounced and higher number of change indices to
occur (34 as opposed to the 17 change indices of the monotonous regimen), indicating a greater
intensity of liver damage. Changes included a significant decrease in hippuric acid synthesis,
presence of mitochondrial enzymes (glutamate dehydrogenase and ornithine carbonyl
transferase) in the blood (indicating severe damage to hepatocytes), significant increase in
cytoplasmic enzyme activity, and a decrease in the level of cytochrome P-450 in liver tissue.
The effects seen in the monotonous group were the same variety as those in the intermittent
group, but were less intense. The content of CCl, in the blood was similar for both the
intermittent and monotonous exposure groups. Another test was performed over a period of 27
days varying the regimen, and therefore the concentration, of intermittent exposure while
keeping the TWA level of CCl,stable. Increasing the concentration threefold or fivefold with
five 10 minute peaks did not potentiate the toxic effects. Varying the regimen tenfold to five 5-
minute peaks (peak exposure 402 mg/m® (63.8 ppm)) with a time weighted average exposure of
6.5 ppm (41+1 mg/m®) did, however, result in more severe liver damage.

Sakata et al. (1987) exposed 10-15 male Sprague-Dawley rats to <10 ppm CCl, vapor for 15
minutes a day, twice a week for 8 weeks. All the rats had chronic liver damage involving
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nodular liver surfaces and extensive fibrosis. Researchers also found similar results in rats after
8 weeks of subcutaneous injections of 0.1 mL of 50% CCl, solution in olive oil twice a week.

Ideura et al. (1993) exposed male Wistar rats to CCl, vapor for 7 minutes, 3 times a week for 6-
10 weeks (concentration unspecified). Six experimental groups of 4-5 rats were used, two of
which were exposed for 10 weeks, another two for 6 weeks, and two unexposed control groups.
Following the last exposures, rats were injected with varying amounts of endotoxin (1.0 mL
lipopolysaccharide (LPS)). The rats were sacrificed 24 hours after the injection and processed
for histological examination. Examination of the rats’ left kidneys and livers revealed liver
cirrhosis with destruction of normal structure and massive ascites retention after 10 weeks of
exposure as compared to the controls. Those exposed for 6 weeks exhibited an increase in
fibrous tissue. The control groups displayed normal liver structure. Researchers found that rats
previously resistant to endotoxin became susceptible following CCl, exposure, which was
manifested as induced acute renal tubular necrosis in cirrhotic rats.

Yoshimura et al. (1993) performed a similar experiment to that of Ideura et al. (1992) by
exposing male Wistar rats for 6 (5 rats) and 10 weeks (5 rats) to 99% CClI, vapor for 3 minutes a
day. A control group of 5 rats was given phenobarbitone for 10 weeks. After 24 hours following
the final exposure, rats were injected with endotoxin. Six weeks of CCl, exposure caused liver
fibrosis with bridging fibrosis, while 10 weeks of exposure to CCl, caused liver cirrhosis and
destruction of the normal liver architecture.

Pregnant rats were exposed to 0, 300, or 1000 ppm (0, 1938, or 6460 mg/m?®) carbon
tetrachloride for 7 hours/day on days 6-15 of gestation (Schwetz et al., 1974). Significant fetal
growth retardation, measured by decreased crown-rump length and body weight, was observed in
the offspring of the exposed groups (n = 22 litters) compared with controls (n = 43 litters).
Subcutaneous edema was observed in the 300 ppm group but not in the 1000 ppm group.
Sternebral anomalies were observed in the 12000 ppm group.
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Effects of Chronic CCl, Exposure (Adams et al., 1952)

Exposure
Species Concentration (ppm) Group | Endpoint scenario
size (days exposed/
experiment
length)
Rats 50 ppm 15 liver damage: fatty 134/187
(male) degeneration and cirrhosis;
growth depression
Rats 50 ppm 15 same effects as males with | 134/187
(female) the addition of increased
kidney weight
Guinea pigs | 50 ppm 16 liver damage: fatty 143/200

degeneration and cirrhosis;
growth depression

Rabbits 50 ppm 4 enlarged kidney; liver 155/216
damage: fatty degeneration
and cirrhosis; growth

depression
Monkeys 50 ppm 2 one experienced growth 198/277
depression
Rats 25 ppm 30 liver damage; early growth | 137/191
depression
Guinea pigs | 25 ppm 5 liver damage: fatty 133/185
(male) degeneration; growth
depression
Guinea pigs | 25 ppm 5 liver damage: fatty 93/126
(female) degeneration; growth
depression
Rabbits 25 ppm 4 liver damage: fatty 178/248
degeneration; and cirrhosis
Rats 10 ppm 40 liver damage: fatty 136/192
degeneration
Guinea pigs | 10 ppm 16 liver damage: fatty 139/197
degeneration
Rats 5 ppm 48 no adverse effects 145/205
Guinea pigs | 5 ppm 9 no adverse effects 143/203
(male)
Guinea pigs | 5 ppm 9 liver damage 143/203
(female)
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S g organ weight/g body weight---—->

Group n |BW(g) |Lung Heart Liver Kidneys
Rats, male

Unexposed controls 11 | 336 0.65 0.32 2.38 0.65

Air-exposed controls 16 | 322 0.62 0.31 2.25 0.66

5 ppm CCly 13 | 336 0.62 0.31 2.23 0.65
Rats, female

Unexposed controls 14 | 204 0.86 0.38 241 0.73

Air-exposed controls 17 | 209 0.76 0.37 2.76 0.76

5 ppm CCl, 18 | 214 0.81 0.38 2.58 0.73
Guinea pigs, male

Air-exposed controls 7 | 695 0.79 0.27 3.07 0.63

5 ppm CCly 8 |669 0.82 0.27 3.14 0.65
Guinea pigs, female

Air-exposed controls 9 |611 0.81 0.27 2.58 0.59

5 ppm CCly 6 |636 0.78 0.26 2.82* 0.57
*p =0.004
VI.  Derivation of Chronic Reference Exposure Level (REL)

Study Adams et al. (1952)

Study population
Exposure method

Critical effects

LOAEL
NOAEL

Exposure continuity

Average experimental exposure
Human equivalent concentration

Exposure duration
LOAEL uncertainty factor

Subchronic uncertainty factor
Interspecies uncertainty factor
Intraspecies uncertainty factor
Cumulative uncertainty factor

Inhalation reference exposure level

9 male and 9 female guinea pigs

Discontinuous whole-body inhalation

Increase in liver weight and liver lipid content
in females

5 ppm

Not observed

7 hours/day, 5 days/week

1.0 ppm

1.7 ppm (gas with systemic effects, based on
RGDR = 1.7 for lambda (a) : lambda (h)
(Gargas et al. 1989))

143 exposures over 203 days (7.3 months)

3 (mild effect; only in one sex of one species)

3 (7.3 mo/6 yr guinea pig life-span = 10.1%)

3

10

300

0.006 ppm (6 ppb; 40 pug/m*; 0.04 mg/m°)

Of the 2 adequate chronic inhalation studies available on CCl,, the Adams et al. (1952) study
was chosen over the Prendergast et al. (1967) study as the key reference for the carbon
tetrachloride chronic REL. The Adams et al. (1952) experiment was conducted over a longer
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duration. In addition, the Adams study contained more specific endpoints of liver damage that
were consistent with the mechanism of carbon tetrachloride toxicity. Both studies resulted in
hepatic effects with exposed rats appearing less sensitive than the affected monkeys or guinea

pigs.

For comparison, conversion of the oral U.S. EPA RfD value of 0.7 pug/kg/day to an equivalent
inhalation value by route-to-route extrapolation yields an inhalation REL estimate of 2.5 pg/m®.
As another comparison, if the 6.1 mg/m?® continuous exposure in Prendergast et al. (1967) is a
NOAEL (for rats), the resulting REL estimate would be 60 pg/m®. If the 6.1 mg/m® continuous
exposure is a mild LOAEL, the resulting REL estimate would be 20 pg/m?®.

VIIl. Data Strengths and Limitations for Development of the REL

The major strengths of the REL for carbon tetrachloride are the chronic exposure study used and
the target tissue affected. The major uncertainties are the lack of human data, the lack of a
NOAEL observation, the small sample sizes used, and the lack of comprehensive multiple dose
studies.
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CHRONIC TOXICITY SUMMARY

CHLORINATED DIBENZO-p-DIOXINS and
CHLORINATED DIBENZOFURANS

(INCLUDING 2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN)

(Polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans
(PCDFs) including 2,3,7,8-Tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) which is the
principal congener of concern based on toxicity)

CAS Registry Number: 1746-01-6 (TCDD); 5120-73-19 (TCDF)

Chronic Toxicity Summary
Inhalation reference exposure level

Oral reference exposure level
Critical effect(s)

Hazard index target(s)

0.00004 pg/m? (40 pg/m?®)

1 x 10® mg/kg/day (10 pg/kg/day)

Increased mortality, decreased weight gain,
depression of erythroid parameters, increased
urinary excretion of porphyrins and delta-
aminolevulinic acid, increased serum
activities of alkaline phosphatase, gamma-
glutamyl transferase and glutamic-pyruvic
transaminase, gross and histopathological
changes in the liver, lymphoid tissue, lung and
vascular tissues in rats.

Alimentary system (liver); reproductive system;
development; endocrine system; respiratory
system; hematopoietic system

Physical and Chemical Properties (HSDB, 1995; 1999)

Description

Molecular Formula

Molecular Weight

Density

Boiling Point

Melting Point

Vapor Pressure

Solubility

Log Kow

(octanol/water partition coefficient)
Log Koc

(organic-carbon distribution coefficient)
Henry’s Law Constant
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All are white crystalline powders at 25° C.
C12H4C140, (TCDD)

321.97 g/mol (TCDD)

1.827 g/ml (estimated for TCDD)
412.2°C (estimated for TCDD)
305-306°C (TCDD)

1.52 x 10”° torr at 25°C (TCDD)

In water: 19.3 ng/L at 22°C (TCDD)
6.15-7.28 (6.8 for TCDD)

6.0-7.39

8.1 x 10° ATM-m*mol
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I11.  Major Uses and Sources

The chlorinated dioxins and furans are generated as by-products from various combustion and
chemical processes. PCDDs are produced during incomplete combustion of chlorine containing
wastes like municipal solid waste, sewage sludge, and hospital and hazardous wastes. Various
metallurgical processes involving heat, and burning of coal, wood, petroleum products and used
tires for energy generation also generate PCDDs. Chemical manufacturing of chlorinated
phenols (e.g., pentachlorophenol), polychlorinated biphenyls (PCBs), the phenoxy herbicides
(e.g., 2,4,5T), chlorinated benzenes, chlorinated aliphatic compounds, chlorinated catalysts and
halogenated diphenyl ethers are known to generate PCDDs as a by-product under certain
conditions. While manufacture of many of these compounds and formulations has been
discontinued in the United States, continued manufacture elsewhere in the world combined with
use and disposal of products containing PCDD by-products results in the inadvertent release of
PCDDs into the environment. Industrial and municipal processes in which naturally occurring
phenolic compounds are chlorinated can produce PCDDs; the best example is chlorine bleaching
of wood pulp in the manufacture of paper products. Additionally, municipal sewage sludge has
been documented to occasionally contain PCDDs and PCDFs. Annual statewide industrial
emissions from facilities reporting under the Air Toxics Hot Spots Act in California based on the
most recent inventory were estimated to be 0.123 pounds of 2,3,7,8-TCDD, 0.244 pounds of
1,2,3,4,7,8-hexachlorodibenzodioxin and lesser amounts of other polychlorinated dibenzodioxins
and dibenzofurans (CARB, 1999).

Ila. 2,3,7,8 Tetrachlorodibenzo-p-dioxin Toxic Equivalents

2,3,7,8-Tetrachlorodibenzo-p-dioxin is considered the most potent congener of the
polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs)
families of compounds. Potency of PCDD and PCDF congeners correlates with the binding
affinity to the cytosolic Ah receptor. Structure activity studies have demonstrated that optimal
biological activity and Ah-receptor binding requires congeners with a planar conformation and
chlorines at the corners of the molecule at the 2,3,7,8 positions (Poland and Knutson, 1982; Safe,
1986). Chlorines at both ortho positions in these molecules (i.e., positions 1 and 9) sterically
hinder a planar conformation that lessens the congeners’ biological activity. Thus only 15 of 210
different PCDDs and PCDFs congeners possess significant biological activity based on chlorines
in the 2,3,7,8 positions and some degree of planar conformation (Safe, 1986; U.S. EPA 1989).
These include two tetrachloro-congeners: 2,3,7,8-tetrachlorodibenzo-p-dioxin and 2,3,7,8-
tetrachlorodibenzofuran; three pentachloro congeners: 1,2,3,7,8-pentachlorodibenzo-p-dioxin,
1,2,3,7,8-pentachlorodibenzofuran, and 2,3,4,7,8-pentachlorodibenzofuran; seven hexachloro
congeners: 1,2,3,4,7,8 or 1,2,3,6,7,8 or 1,2,3,7,8,9-hexachlorodibenzo-p-dioxins and
hexachlorodibenzofurans and 2,3,4,6,7,8-hexachlorodibenzofuran; and three heptachloro
congeners: 1,2,3,4,6,7,8-heptachlorodibenzo-p-dioxin, 1,2,3,4,6,7,8-heptachlorodibenzofuran
and 1,2,3,4,7,8,9-heptachlorodibenzofuran (U.S. EPA, 1989). The structures of the dibenzo-p-
dioxins and dibenzofurans along with their numbering schemes are shown in Figure 1. Toxic
equivalents are calculated relative to the most potent congener, 2,3,7,8-tetrachlorodibenzo-p-
dioxin, and are determined based on structure activity studies examining relative affinity for the
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Ah receptor as well as on relative toxicity of different congeners. Values for the international
system of toxic equivalents are provided in Table 1 (U.S. EPA, 1989).

Table 1. International Toxic Equivalency Factors (I-TEFs) for PCDDs and PCDFs Chlorinated

in the 2,3,7, and 8 Positions. (U.S. EPA 1989.)

Compound*? I-TEF
Mono-, Di-, and Tri-CDDs and CDFs 0
TetraCDD
2,3,7,8-substituted 1.0
Others 0
PentaCDD
2,3,7,8-substituted 0.5
Others 0
HexaCDD
2,3,7,8-substituted 0.1
Others 0
HeptaCDD
2,3,7,8-substituted 0.01
Others 0
OctaCDD 0.001
TetraCDF
2,378 0.1
Others 0
PentaCDF
1,2,3,7,8-PentaCDF 0.05
2,3,4,7,8-PentaCDF 0.5
others 0
HexaCDF
2,3,7,8-substituted 0.1
Others 0
HeptaCDF
2,3,7,8-substituted 0.01
Others 0
OctaCDF 0.001

! CDD designates chlorinated dibenzo-p-dioxin
2 CDF designates chlorinated dibenzofuran
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Figure 1. Structures of the Dibenzo-p-dioxins and Dibenzofurans
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IV.  Effects of Human Exposure

The information available on possible chronic toxic effects in humans is complicated by the
relative insensitivity of epidemiological studies, the limited ability of case studies of exposed
individuals to establish cause and effect relationships, the heterogeneous nature of human
populations, the broad spectrum of exposures to other toxic agents in the human environment,
and the episodic exposure of many of the exposed human populations which have been studied
(e.g., Seveso, Italy). As a result, a limited number of effects have been associated with exposure
to dioxins in humans. The meaning of these effects in terms of toxicity in most cases remains to
be clarified. The majority of information comes from cross-sectional medical studies.
Chloracne is the most widely recognized effect of exposure to 2,3,7,8-TCDD and TCDD-like
PCDDs and PCDFs. Chloracne is a persistent condition, which is characterized by comedones,
keratin cysts and inflamed papules and is seen after acute and chronic exposure to various
chlorinated aromatic compounds (Moses and Prioleau, 1985). Other dermal effects include
hyperpigmentation and hirsutism or hypertrichosis (Jirasek et al., 1974; Goldman, 1972; Suskind
et al., 1953; Ashe and Suskind, 1950); both appear to resolve themselves more quickly over time
than chloracne, making them more of an acute response rather than a chronic response (U.S.
EPA, 1994a). Epidemiological data available for 2,3,7,8-TCDD have not allowed a
determination of the threshold dose required for production of chloracne (U.S. EPA, 1994b).
Case studies suggest that there may be a relationship between 2,3,7,8-TCDD exposure and
hepatomegaly (Reggiani, 1980; Jirasek et al., 1974; Suskind et al., 1953; Ashe and Suskind,
1950) and hepatic enzyme changes (Mocarelli et al., 1986; May, 1982; Martin 1984; Moses et
al., 1984). Nevertheless, cross sectional epidemiological studies of trichlorophenol (TCP)
production workers (Suskind and Hertzberg., 1984; Bond et al., 1983; Moses et al., 1984;
Calvert et al. 1992), Vietnam veterans (Centers for Disease Control Vietnam Experience Study,
1988; Roegner et al., 1991) and Missouri residents (Webb et al., 1989; Hoffman et al., 1986)
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found little evidence for an association between exposure and hepatomegaly suggesting that this
is not a chronic response. There is a consistent pattern of increased levels of serum gamma
glutamyl transferase in populations exposed to 2,3,7,8-TCDD which is presumably of hepatic
origin (Mocarelli, 1986; Caramaschi et al., 1981, May, 1982; Martin, 1984; Moses et al., 1984;
Calvert et al., 1992; Centers For Disease Control Vietnam Experience Study, 1988). Two cross
sectional studies have associated diabetes and elevated fasting serum glucose levels with
relatively high serum 2,3,7,8-TCDD levels (Sweeney et al., 1992; Roegner et al., 1991).
However other studies provided mixed results (Moses et al., 1984; Centers for Disease Control
Vietnam Experience Study, 1988; Ott et al., 1993). TCDD has been associated with effects on
reproductive hormonal status in males. The likelihood of abnormally low testosterone levels was
2 to 4 times greater in individuals with serum 2,3,7,8-TCDD levels above 20 pg/ml (Egeland et
al. 1994) and increased serum levels of luteinizing hormone and follicle stimulating hormone
have been documented (Egeland et al., 1994). A number of other effects have been reported that
were either not seen as chronic effects or effects seen long term in only one population of
exposed persons. These include elevated liver enzymes (aspartate aminotransferase and alanine
aminotransferase), pulmonary disorders, neurologic disorders, and changes in porphyrin
metabolism and kidney disorders (U.S. EPA, 1994c). Areas in which there is presently
insufficient information to draw solid conclusions include effects on the circulatory system,
reproductive effects, immunological effects, effects on metabolism and handling of lipids, and on
thyroid function (U.S. EPA, 1994c). Recent findings in Rhesus monkeys have shown 2,3,7,8-
TCDD to cause endometriosis (Reier et al., 1993) and epidemiological studies are currently
underway to determine if there is an association between TCDD exposure and endometriosis in
human populations exposed by the Seveso accident.

Potential effects of a toxicant on normal fetal development include fetal death, growth
retardation, structural malformations and organ system dysfunction. Evidence for all four of
these responses has been seen in human populations exposed to dioxin-like compounds. In
these poisoning episodes populations were exposed to a complex mixture of halogenated
aromatic hydrocarbons contained within PCBs, PCDFs and PCDDs mixtures thus limiting the
conclusions that could be drawn from the data. In the Yusho and Yu-Cheng poisoning episodes,
human populations consumed rice oil contaminated with PCBs, PCDFs and PCDDs. Yu-Cheng
women experienced high perinatal mortality in hyperpigmented infants born to affected mothers
(Hsu et al. 1985). This occurred in women with overt signs of toxicity (chloracne) (Rogan,
1982) and Rogan notes that, when there is no sign of toxicity in the mother, the likelihood of
fetotoxicity appears to lessen considerably in the infants. Signs of toxicity from dioxin like
compounds were absent in infants born to mothers apparently not affected in the Seveso, Italy
and Times Beach, Missouri, incidents (Reggiani, 1989; Hoffman and Stehr-Green, 1989), which
supports Rogan’s conclusion. There was an increased incidence of decreased birth weight in
infants born to affected mothers in the Yusho and Yu-Cheng incidents suggesting fetal growth
retardation (Wong and Huang, 1981; Law et al., 1981; Lan et al., 1989; Rogan et al., 1988). The
structural malformation, rocker bottom heel, was observed in Yusho infants (Yamashita and
Hayashi, 1985) making this malformation a possible result of exposure to dioxin-like
compounds. Nevertheless, it is unknown if these compounds produce malformations in humans.
Evidence for possible organ system dysfunction in humans comes from a study of Yu-Cheng
children which found that children exposed in utero experienced delays in attaining
developmental milestones, and exhibited neurobehavioral abnormalities (Rogan et al., 1988)

Appendix D3 94 Chlorinated dibenzo-p-dioxins



Determination of Noncancer Chronic Reference Exposure Levels December 2000

suggesting involvement of CNS function. Dysfunction of dermal tissues is noted in exposed
infants of the Yusho and Yu-Cheng incidents and is characterized by hyperpigmentation of the
skin, fingernails, and toenails, hypersecretion of the meibomian glands, and premature tooth
eruption (Taki et al., 1969; Yamaguchi et al., 1971; Funatsu et al., 1971; Wong and Huang,
1981; Hsu et al., 1985; Yamashita and Hayashi, 1985; Rogan et al., 1988; Rogan, 1989; Lan et
al., 1989).

V. Effects of Animal Exposure

The toxicity to laboratory animals encompasses a number of areas including changes in energy
metabolism manifested as wasting syndrome, hepatotoxicity, effects on tissue of epithelial
origin, various endocrine effects, effects on vitamin A storage and use, immune system effects
and reproductive and developmental toxicity. The limited number of chronic studies available
do not examine all these endpoints. Therefore subchronic exposures are included here in order to
provide a more complete coverage of potential chronic toxic effects of these compounds.

Wasting syndrome is one of the most broadly occurring toxic effects. The wasting syndrome is
characterized by loss of adipose tissue and lean muscle mass and is produced in all species and
strains tested, but there are difference in sensitivity (U.S. EPA 1994d; Peterson et al., 1984; Max
and Silbergeld, 1987). Numerous studies have not yet established the mechanism of wasting
syndrome (U.S. EPA, 1994e). Hepatotoxicity is also seen in all species tested, but there is
considerable variation in species sensitivity (U.S. EPA, 1994d). TCDD induces hyperplasia and
hypertrophy of liver parenchymal cells. Morphological and biochemical changes in the liver
include increased SGOT and SGPT, induction of microsomal monooxygenases and proliferation
of the smooth endoplasmic reticulum, porphyria, increased regenerative DNA synthesis,
hyperlipidemia, hyperbilirubinemia, hyperchloesterolemia, hyperproteinemia, degenerative and
necrotic changes, mononuclear cell infiltration, multinucleated giant hepatocytes, increased
numbers of mitotic figures, and parenchymal cell necrosis (U.S. EPA, 1994d; WHO/IPCS,
1989). Epithelial effects seen include chloracne (rabbit ear and the hairless mouse) (Jones and
Krizek, 1962; Schwetz et al., 1973) and hyperplasia and/or metaplasia of gastric mucosa,
intestinal mucosa, the urinary tract, the bile duct and the gall bladder (U.S. EPA 1994f). TCDD
exposure results in endocrine like effects including epidermal growth factor like effects such as
early eye opening and incisor eruption in the mouse neonate (Madhukar et al., 1984),
glucocorticoid like effects such as involution of lymphoid tissues (U.S. EPA, 1994¢; Sunahara et
al., 1989), alteration in thyroid hormone levels and in some cases thyroid hormone like effects
(WHOI/IPCS, 1989; Rozman et al., 1984), decreases in serum testosterone and
dihydrotestosterone (Mittler et al., 1984; Keys et al., 1985; Moore and Peterson, 1985), and
changes in arachidonic acid metabolism and prostaglandin synthesis (Quilley and Rifkind, 1986;
Rifkind et al., 1990). TCDD is known to decrease hepatic vitamin A storage (Thunberg et al.,
1979). TCDD and other dioxin like PCDDs and PCDFs are potent suppressors of both cellular
and humoral immune system function, characteristically producing thymic involution at low
doses and involution of other lymphoid tissues at higher doses (U.S. EPA 1994h).

In animal studies there is a large body of information available documenting both developmental
and reproductive toxicity of 2,3,7,8-TCDD and other PCDDs and PCDFs. These compounds are
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acutely toxic to early life stages of fish and birds with fish being most sensitive (LDsg of 0.4
pg/kg for rainbow trout sac fry eggs and LDsg of 34 ng/kg for lake trout eggs); some species of
birds are also relatively sensitive (LDsg of 0.25 pg/kg for chicken eggs) (Peterson et al., 1993).
2,3,7,8-TCDD has been documented to increase the incidence of prenatal mortality in a number
of species of laboratory animals including the Rhesus monkey, Guinea pig, rabbit, rat, hamster,
and mouse (Peterson et al., 1993). Exposure to 2,3,7,8-TCDD during gestation produces a
characteristic set of fetotoxic responses in most laboratory animals which includes: thymic
hypoplasia, subcutaneous edema, and decreased growth (Peterson et al., 1993). More species
specific responses include cleft palate formation in the mouse at doses below maternal toxicity
(Moore et al., 1973; Smith et al., 1976; Couture et al., 1990), intestinal hemorrhage in the rat
(Sparschu et al., 1971), hydronephrosis in the mouse and hamster (Moore et al., 1973; Smith et
al., 1976; Couture et al., 1990; Birnbaum et al., 1989; Olson et al., 1990), and extra ribs in the
rabbit (Giavini et al., 1982). Female rats have also been found to be affected by perinatal
exposure to 2,3,7,8-TCDD with clefting of the clitoris, incomplete or absent vaginal opening and
a smaller vaginal orifice after a dose of 1 ug/kg to the mother on day 15 of gestation (Gray et al.,
1993).

A number of effects on adult reproductive function are seen in male animals exposed in utero to
2,3,7,8-TCDD. TCDD reduces plasma androgen levels in the adult male rat and perinatal
exposure decreases spermatogenesis, spermatogenic function and reproductive capability,
feminizes male sexual behavior, and feminizes male gonadotrophic function (LH secretion)
(Mably et al., 1991; Mably et al., 1992a,b,c). Evidence suggests that these effects are the result
of impaired sexual differentiation of the CNS, which in male rats is dependent on exposure of the
developing brain to testosterone.

There are numerous studies detailing the effects of the PCDDs, PCDFs and other dioxin like
compounds, however a large number of these studies were conducted as either acute or
subchronic exposures, studies in which it is unlikely that body burdens had reached steady state
levels. Detailed below are three chronic studies that were considered in the setting of a chronic
toxicity exposure level.

The most definitive study of chronic toxicity in rats is that of Kociba et al. (1978). This study
involved the administration of 2,3,7,8-TCDD in the diet at doses of 1 ng/kg/day, 10 ng/kg/day,
and 100 ng/kg/day to groups of 50 male and 50 female Sprague Dawley rats for two years. A
group of 86 male and 86 female rats received diet with solvent vehicle alone and served as
controls. The following observations (excluding carcinogenic effects) were seen at the 100
ng/kg/day dose: increased mortality, decreased weight gain, depressed erythroid values,
increased urinary excretion of porphyrins and delta-aminolevulinic acid, and increased serum
activities of alkaline phosphatase, gamma-glutamyl transferase, and glutamic-pyruvic
transaminase. Histopathologic changes were noted in the liver, lymphoid tissue, respiratory and
vascular tissues. The primary ultrastructural change in the liver was proliferation of the rough
endoplasmic reticulum. At the 10 ng/kg/day dose the severity of toxic symptoms was less than
that of the 100 ng/kg/day dose and included increased urinary excretion of porphyrins in females
as well as liver and lung lesions. The 1 ng/kg/day dose produced no discernible significant toxic
effects. Interpretation of this study by the authors was that the 1 ng/kg/day dose was a NOAEL.
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Two chronic toxicity studies are available in the mouse. The first is a one year study conducted
by Toth et al. (1979) using male Swiss mice administered weekly oral doses of 7, 700, and 7000
ng/kg/day. In this study 2,3,7,8-TCDD administration resulted in amyloidosis and dermatitis in
0 of 38 control animals, 5 of 44 animals receiving 7 ng/kg/day, 10 of 44 animals receiving 700
ng/kg/day and 17 of 43 animals receiving 7,000 ng/kg/day. The other study was from the NTP
1982 gavage study (NTP, 1982) in B6C3F1 mice. This study employed groups of 50 male and
50 female mice. The males received doses of 0, 10, 50, and 500 ng/kg/week by gavage for two
years while female mice received doses of 0, 40, 200, and 2000 ng/kg/week by gavage for two
years. No adverse effects were seen at the lowest doses tested in each sex, which correspond to
NOAELSs of approximately 1.4 and 6 ng/kg/day for males and females, respectively. Neither
chronic toxicity study in mice reported data on enzyme activity.

VI.  Derivation of Chronic Reference Exposure Level (REL)
Study Kociba et al. (1978)
Study population Sprague-Dawley rats of both sexes (50/treatment
group/sex)

Exposure method Continuous dietary exposure starting at seven
weeks of age for 2 years

Increased mortality, decreased weight gain,
depression of hematologic measures,
increased urinary excretion of porphyrins and
delta-aminolevulinic acid, increased serum
activities of alkaline phosphatase, gamma-
glutamyl transferase and glutamic-pyruvic

transaminase, gross and histopathological

Critical effects

Observed LOAEL
Observed NOAEL
Exposure continuity

changes in the liver, lymphoid tissue, lung and
vascular tissues

210 ppt in diet (0.01 pg/kg/day)

22 ppt in diet (0.001 pg/kg/day)

Continuous exposure via the diet

Exposure duration 2 years

Subchronic uncertainty factor 1

LOAEL uncertainty factor 1

Interspecies uncertainty factor 10

Intraspecies uncertainty factor 10

Cumulative uncertainty factor 100

Oral reference exposure level 10 pg/kg/day
Route-to-route extrapolation 3,500 pg/m® per mg/kg/day
Inhalation reference exposure level 40 pg/m?* (0.00004 pg/m?3)

The data available for chronic toxic effects in humans have a number of limitations. Some
studies did not determine the body burden of compounds necessary to estimate dose.; The Yusho
and Yu-Cheng poisoning episodes have uncertainty because exposure was to complex mixtures
of halogenated aromatic hydrocarbons rather than to individual congeners. And epidemiological
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studies and case studies have limitations in determining cause and effect relationships.
Therefore, an animal study was chosen for determination of a NOAEL/LOAEL. The study
chosen for use was that of Kociba et al. (1978), based on the duration of the study (2 years), the
number of animals employed (50 per treatment group per sex), testing of both sexes, a dose
range, which spanned from an apparent NOAEL to severe hepatic effects including carcinogenic
effects, a complete histopathological examination of all organ systems, examination of urinary
excretion of porphyrins and delta-aminolevulinic acid, and determination of serum activities of
alkaline phosphatase, gamma-glutamyl transferase, and glutamic-pyruvic transaminase. The
elevation of human serum values for gamma-glutamy! transferase is one of the consistently seen
chronic responses in exposed human populations and reflects changes in liver biochemistry.
Thus the examination of markers of liver toxicity also altered in animal models of chronic
toxicity make the Kociba study an appropriate choice for detecting potential chronic toxic effects
of 2,3,7,8-TCDD in humans. The NOAEL in the Kociba et al. (1978) study was determined to
be 1 ng/kg body weight/day. For the purposes of determining the REL the 1 ng/kg/day dose was
considered to be a NOAEL based upon the observations of Kociba et al. (1978).

VIIl. Data Strengths and Limitations for Development of the REL

NOAELSs from a number of other studies compare favorably with the 1 ng/kg/day NOAEL.
These include the NOAEL from the NTP (1982) study in B6C3F1 mice and the NOEL for
enzyme induction in rats and marmosets calculated by Neubert (1991) of 1 ng/kg. Furthermore
the 1 ng/kg/day NOAEL is lower than the LOAELS observed by Toth et al. (1979) of 7
ng/kg/day in mice and by Schantz et al. (1978) of 2.3 ng/kg/day in rhesus monkeys. Current
exposure assessments for 2,3,7,8-TCDD and other dioxin-like compounds including the PCBs,
PCDDs, and PCDFs estimate that the average daily background dose in the U.S. is 3-6 pg
TEQ/Kkg/day (U.S. EPA 1994i) also placing the REL close to background exposures. The REL
of 10 pg/kg/day should be protective of chronic effects on liver function and avoid significant
increases in exposure over the background level of human exposure.

The strengths of the inhalation REL include the availability of chronic exposure data from a
well-conducted study with histopathological analysis, the observation of a NOAEL, and the
demonstration of a dose-response relationship. Major areas of uncertainty are the lack of
adequate human exposure data and the lack of chronic inhalation exposure studies.
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CHRONIC TOXICITY SUMMARY

CHLORINE

CAS Registry Number: 7782-50-5

l. Chronic Toxicity Summary

Inhalation reference exposure level 0.2 pg/m?® (0.08 ppb)

Critical effect(s) Hyperplasia in respiratory epithelium in female
rats

Hazard index target(s) Respiratory system

1. Physical and Chemical Properties (HSDB, 1995; 1999 except as noted)

Description Yellow/green gas

Molecular formula Cl,

Molecular weight 70.906 (Weast, 1989)

Density 29¢g/lL @ 25°Cand 1 ATM
Boiling point -34.04° C

Vapor pressure 5atm @ 10.3°C; 5830 torr @ 25°C
Solubility Slightly soluble in water

(310 mL per 100 mL water at 10° C;
1.46 g per 100 mL water at 0° C)
Conversion factor 1ppm= 2.9 mg/m* @ 25° C

I11.  Major Uses and Sources

In an industrial setting, chlorine is widely used as an oxidizing agent in water treatment and
chemical processes. Chlorine is also used to disinfect swimming pool water. Chlorine gas is
sometimes used at large public pools while household pools typically use hypochlorite solutions.
Chlorine is an integral part of the bleaching process of wood pulp in pulpmills, although chlorine
dioxide is replacing this use of chlorine. Chlorine as sodium hypochlorite is commonly used as a
household cleaner and disinfectant (HSDB, 1995). The annual statewide industrial emissions
from facilities reporting under the Air Toxics Hot Spots Act in California based on the most
recent inventory were estimated to be 244,955 pounds of chlorine (CARB, 1999).

IV.  Effects of Human Exposure

Shi and associates (1990) evaluated 353 workers from a diaphragm cell chlorine chemical plant.
The workers ranged in age from 23-52 years with an average of 42.4 years. Two groups were
compiled with respect to the workers’ length of exposure in years. Group A consisted of 220
workers who were employed/ exposed for 10-25 years. Group B consisted of 133 workers
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employed for less than 10 years. Both groups of workers were exposed to a range of 2.60-

11.0 mg/m?*(0.37-1.75 ppm) chlorine. The control group’s average age was 39.7 years (ranging
from 26-55 years), and it consisted of 192 workers not exposed to chlorine, but working within
the same plant. For all the groups, respiratory symptoms and smoking habits were evaluated as
well as clinical examinations, ENT examinations, chest x-rays and pulmonary function tests.
Groups A and B showed 3-8 times higher incidence of upper airway complaints than the control
workers. Current smokers in groups A and B experienced the highest incidence of pulmonary
symptoms and group A workers had a higher prevalence of rhino-pharyngeal signs than the
control workers. Abnormalities in chest x-rays were seen in 8.6% of group A workers and in
2.8% of group B workers, compared to 2.3% of the control workers. Groups A and B showed
significantly impaired pulmonary function in tests of V50/H and FEF,s.75 (forced expiratory flow
between 25 and 75% of forced vital capacity (FVC), the total amount of air the subject can expel
during a forced expiration) - compared with the control group, and group A showed reduced
FEV: (forced expiratory volume in 1 second) results compared to the control group.

Kennedy et al. (1991) compared 321 pulpmill workers (189 of whom were exposed to chlorine
or chlorine dioxide “gassings”) to a control group of 237 rail yard workers in similar working
conditions but not exposed to chlorine (79% and 84% respective participation rates). The
workers had been employed for an average of 13 years at the pulpmill and 12.7 years at the rail
yard. Chlorine gas and chlorine dioxide levels were measured together over a 4 week period
during mainly a 12 hour shift. Time weighted averages (TWA) were <0.1 ppm, with the highest
of <0.1-0.3 ppm. A significantly higher prevalence of wheezing was seen in pulpmill workers
(both smokers and nonsmokers) who had reported more than one episode of chlorine “gassing”
as compared to the rail yard workers and pulpmill workers with no chlorine gas exposure. More
airflow obstruction was observed in exposed workers in spite of their nonsmoking and ex-
smoking status, correlating to significantly lower average values for MMF (maximal mid-
expiratory flow) and for the FEV1 to FVC ratio. Comparison of pulpmill workers exposed to

chlorine and /or chlorine dioxide with those pulpmill workers not exposed, suggests that chronic
respiratory health impairment is associated with exposure to chlorine and/or chlorine dioxide.
These researchers hypothesized that after the first high exposure incident, an inflammatory
response occurred in small airways and that this reaction did not resolve in those workers who
were continuously or repeatedly exposed to the irritant. It was also suggested that chronic
airflow obstruction caused by repeated minor exposures led to chronic respiratory disability in
some of the workers.

Patil et al. (1970) evaluated the exposure of 332 male diaphragm cell workers to 0.006-1.42 ppm
chlorine gas (a range with a time-weighted average of 0.146 +0.287; most workers were exposed
to less than 1 ppm). A control group consisting of 382 workers from 25 representative chlorine
manufacturing plants was also studied. Both groups were comprised of men between the ages of
19-69 with a mean age of 31.2 +11.0 years. Physical examinations (blood and urine analysis,
chest x-rays and electrocardiograms) were conducted, in most cases, within the first six months
of the study year. At two month intervals, each plant was surveyed and chlorine levels were
determined. Exposed employees were grouped according to job classification. Researchers
found the average number of exposure years for the study group to be 10.9 + 2.8 years and
concluded that the exposure level had no correlation to the number of years exposure. Ninety-
eight of the 332 workers were found to have abnormal teeth and gums, but no dose-response
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relationship was concluded. Similarly, no dose-response relationships were shown with the
symptoms of sputum production, cough, dyspnea, history of frequent colds, palpitation, chest
pain, vital capacity, maximum breathing capacity and forced expiratory volume. Any
deterioration in pulmonary function was shown to be age related. Of the 332 exposed workers,
9.4% experienced abnormal EKGs. 8.5% of the control group showed the same abnormalities,
but this difference was not significant. Above 0.5 ppm, an increase appeared in the incidence of
fatigue. No neurological defects developed and there was no noted prolonged anoxia as a result
of the chlorine exposure. Also, no consistent gastrointestinal trouble or abnormal incidence of
dermatitis was found. Exposed workers showed elevated white blood cell counts and decreased
hematocrit values compared to the control group.

Bherer et al. (1994) conducted a follow up study of the Quebec pulp mill research done by
Courteau and associates over a time interval of 18-24 months after the incidents of repeated
exposures. Fifty-eight of the original 289 exposed workers from the moderate to high risk group
were studied for developing reactive airways dysfunction syndrome (RADS). Workers at a
moderate risk were defined as having shortness of breath after their most significant exposure,
but not at the time of the initial study by Courteau et al. Moderate risk workers also had a record
of other significant medical conditions and/or were 50 years of age or older. High risk workers
were defined as those experiencing shortness of breath that continued one month after the
exposure and/or abnormal lung sounds. Ninety percent of the follow up group completed
questionnaires which revealed a 91% incidence of respiratory symptoms. Spirometry
assessments and methacholine inhalation tests were conducted on 51 of the 58 workers. Twenty-
three percent of the 58 workers still experienced bronchial obstruction and 41% continued to
have bronchial hyper-responsiveness. Lower baseline FEV; was seen in those with a lower
PC20, and 52% of these workers showed an FEV; < 80% predicted.

Enarson et al. (1984) compared 392 pulpmill workers exposed to chlorine (unspecified duration)
to a comparable group of 310 rail yard workers living in the same community, but not exposed to
chlorine. In the pulpmill areas surveyed that predominantly had significant chlorine gas levels
(machine room and bleach plant), workers were exposed to either an average of 0.02 ppm or
0.18 ppm Cl, respectively. Of the machine room workers, 23.2% experienced a cough as did
32.8% of those in the bleach plant, compared to 22.3% of the control rail yard workers. Chest
tightness occurred in 31.5% of the machine room workers and 39.6% of the bleach plant workers
as compared to 21.3% of the control. Only data from Caucasian subjects were reported.

Chester et al. (1969) evaluated 139 workers occupationally exposed to <1 ppm chlorine for an
unspecified duration. Fifty-five of the 139 workers were exposed to additional accidental high
concentrations of chlorine, which were severe enough to require oxygen therapy. Ventilation
was affected by chlorine inhalation, with a decrease in the maximal midexpiratory flow (MMF).
Smokers in this group had significantly reduced FVC, FEV1 and MMF compared to
nonsmokers. Fifty-six of the 139 subjects showed abnormal posteroanterior chest films, 49 of
which had parenchyma and/or hilar calcifications consistent with old granulomatous disease and
11 of which had multiple, bilateral and diffuse calcifications. Researchers suggest that the first
ventilation function affected in obstructive airway disease is MMF.
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V. Effects of Exposure to Animals

Wolf et al. (1995) exposed male and female B6C3F1 mice and F344 rats to chlorine gas
concentrations of 0 ppm, 0.4 ppm, 1.0 ppm and 2.5 ppm. The exposures were carried out for 104
weeks at 6 hr/day 3 days/week for female rats and 6 hr/day 5 days/week for mice and male rats.
Based on previous studies, the authors determined that female rats could not tolerate 5 days/week
exposure to chlorine. Each treatment group contained 320 male and 320 female mice. The rats
were studied in groups of 70, yielding 280 per gender per species. For the first 13 weeks of
observation, body weights and clinical observations were noted weekly, and for the remainder of
the study, they were recorded once every two weeks. After 52 weeks, 10 rats were euthanized
and autopsied. Organ weights were recorded, and hematologic and clinical chemistry parameters
were determined. These same measurements were performed on all of the surviving mice and
rats at the conclusion of the 104 weeks. Male mice exposed to 1.0 and 2.5 ppm CI, showed
decreased weight gain compared to controls while only female mice exposed to 2.5 ppm Cl,
showed decreased weight gain. Male rats showed decreased weight gain at all levels of exposure
while female rats showed the same result at only 1.0 and 2.5 ppm CI2 exposures. Various

nonneoplastic nasal lesions were seen in all the airway epithelial types in the nose and at all
levels of exposures for both species. These lesions were evaluated against background lesions
found in the control animals. A statistically significant incidence of fenestration was seen in all
three exposure concentrations of Cl,. Statistically significant responses were seen in the
traditional and respiratory epithelial regions of all exposed rats and mice. Statistically significant
damage to olfactory epithelium occurred in all exposed rats and female mice and also in the 1.0
and 2.5 ppm exposed groups of male mice.

Klonne et al. (1987) exposed 32 male and female rhesus monkeys to chlorine gas for one year to
measured concentrations of 0, 0.1, 0.5, and 2.3 ppm Cl,. These monkeys were exposed to
chlorine for 6 hours/day, 5 days/week. The monkeys were evaluated periodically on the basis of
body weight, electrocardiograms, neurologic examinations, pulmonary function, hematologic
parameters, serum chemistry, urinalysis, and blood gas and pH levels. Results were compared
to the same test measurements recorded prior to the study. No significant difference was seen in
body weight at any point in the experiment. Ocular irritation (tearing, rubbing of the eyes,
reddened eyes) was observed after 6 weeks of exposure in the 2.3 ppm group. No exposure-
related differences were seen in neurologic examinations, electrocardiograms, clinical chemistry,
urinalysis, hematology or blood gas levels. Also, no exposure-related changes were observed in
the parameters of ventilation distribution. Pulmonary function evaluations yielded a statistically
significant trend for increasing pulmonary diffusing capacity and distribution of ventilation
values for males and females in the 2.3 ppm exposure group. Both males and females of the 2.3
ppm group exhibited statistically significant increased incidence of respiratory epithelial
hyperplasia. A mild form of the lesions was also seen in the 0.5 ppm group, 0.1 ppm group
(females only) and one male in the control group. Two parasitic infections occurred, affecting
the respiratory tract and resulting in 11 monkeys housing parasites and/or ova. Additionally, 16
monkeys displayed histologic changes characteristic of the presence of the parasites. However,
the parasitic induced lesions were not associated with lesions in the respiratory epithelium.
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Derivation of Chronic Reference Exposure Level (REL)

Study
Study population
Exposure method

Critical effects

LOAEL

NOAEL

BMCos

Exposure continuity

Average experimental exposure
Human equivalent concentration

Exposure duration

LOAEL uncertainty factor
Subchronic uncertainty factor
Interspecies uncertainty factor
Intraspecies uncertainty factor

Wolf et al., 1995

Female F344 rats (70 per group)

Discontinuous whole-body inhalation exposure

(0,0.4,1.0 or 2.5 ppm)
Upper respiratory epithelial lesions (see
following table)

0.4 ppm

Not established

0.14 ppm

6 hours/day, 3 days/week (MWF)

0.015 ppm

0.0024 ppm (gas with
extrathoracic respiratory effects,
RGDR = 0.16 based on BW =229 g,
MV = 0.17 L/min, SA(ET) = 15 cm?)

2 years

(not needed in the BMC approach)

1

3

10

Cumulative uncertainty factor 30
Inhalation reference exposure level 0.08 ppb (0.20 pg/m®)

A benchmark dose analysis was performed using a log-normal probit analysis (Tox-Risk, version
3.5; ICF-Kaiser Inc., Ruston, LA) of the female rat data. Using the data for glandular epithelial
eosinophilic proteinaceous accumulation (see Table 1 below) to derive the BMCys resulted in a
3-fold lower value than the LOAEL of 0.4 ppm, or BMCgys = 0.14 ppm. (Adequate benchmark
dose estimates could not be obtained for the other nasal lesions due to high background rates and
shallow dose-response relationships.) A BMCgs is considered to be similar to a NOAEL in
estimating a concentration associated with a low level of risk.

The Wolf et al. (1995) study of mice and rats was chosen as the key reference for the chlorine
chronic REL for several reasons. First, the duration of the experiment was for a full lifetime of
two years. Second, the sample sizes were large (280 per sex per species). Finally, appropriate
sensitive endpoints of respiratory epithelial damage were examined. The mice and male rats
were exposed to chlorine for 6 hours/day, 5 days/week, but the female rats were only exposed for
3 days/week as the authors observed the females to be more sensitive than the males. Table 1
shows the histological findings of the female rats. Statistically significant results (p < 0.05) were
seen for all the tissues at 0.4 ppm chlorine exposure and above.
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Table 1. Female Rat Epithelial Lesions following Chronic Chlorine Exposure
(based on Table 5 of Wolf et al., 1995)

Tissues 0 ppm 0.4 ppm 1.0 ppm 2.5 ppm
Goblet cell 3/70 (4%) 50/70 (71%) 63/70 (90%) 64/70 (91%)
hyperplasia
Respiratory 49/70 (70%) 60/70 (85%) 59/70 (84%) 65/70 (93%)
epithelium
eosinophilic

proteinaceous
accumulation

Glandular 16/70 (23%) 28/70 (40%) 52/70 (75%) 53/70 (76%b)
epithelium
eosinophilic
proteinaceous
accumulation

Olfactory 36/70 (52%) 64/70 (91%) 69/70 (99%) 69/70 (99%)
epithelium
eosinophilic
proteinaceous
accumulation

The Wolf et al. (1995) study was chosen over the Klonne et al. (1987) monkey study for the
following reasons: the monkeys were exposed for only one year of their total 35 year lifetime,
and the sample sizes were considerably smaller (4 monkeys per sex per group) than the mouse
and rat groups (280 per sex per species). Although the exposure durations differed between the
two studies, the histological results were similar, differing only slightly in the region of
occurrence. The monkeys displayed both tracheal and nasal lesions. Both the rodents and the
monkeys showed upper respiratory epithelial lesions, thus suggesting that the rodents may be an
appropriate model for humans.

For comparison with the proposed REL of 0.08 ppb (0.2 ug/m®) using the BMC approach, we
estimated a REL of 0.02 ppb (0.06 pug/m®) based on the same rat study but using the NOAEL/UF
approach with a LOAEL of 0.4 ppm divided by a total UF of 300 (10 for LOAEL, 3 for
interspecies, and 10 for intraspecies) and the RGDR of 0.16. As another comparison, using 0.1
ppm as a LOAEL for respiratory epithelial lesions in female monkeys, the LOAEL can be time-
adjusted to an equivalent continuous value of 24 ppb. Applying a UF_ of 3 for a mild effect, a
UFs of 10 since it was only a 6 month study, an interspecies UF of 3 for monkeys, and an
intraspecies UF of 10 results in an estimated REL of 0.02 ppb (0.06 pg/m®).

The human studies were examined for possible use in the calculation of a REL. The studies were
limited by very variable exposures (e.g., Patil et al. (1970)), the presence of serious adverse
health effects in some workers (chest x-ray abnormalities in Shi (1990), abnormal teeth and
gums in 98 of 332 workers in Paril et al. 1970)), exposure to other compounds such as chlorine
dioxide (Kennedy et al. (1991)), multiple acute “gassings” with chlorine (Kennedy et al. (1991)),
and absence of data on cigarette smoking, also a respiratory system irritant. As an illustration of
what would be estimated, the study of Shi (1990) had a mean workplace exposure of 4.82 mg/m?
(1.7 ppm). This LOAEL was time adjusted to an equivalent continuous exposure of 1.72 mg/m®,
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then divided by an uncertainty factor of 100 (10 for use of a LOAEL and 10 for intraspecies
variability) to yield a REL of 20 pg/m® (7 ppb). However, the use of a LOAEL default
uncertainty factor of 10 does not seem adequate for frank, possibly irreversible effects such as
the chest x-ray abnormalities reported. There is currently no methodology to deal with such
effects in REL development.

Adequate benchmark dose estimates could not be obtained for the other nasal lesions due to high
background rates and shallow dose-response relationships.

VIl. Data Strengths and Limitations for Development of the REL

The strengths of the inhalation REL for chlorine include the availability of chronic multiple-dose
inhalation exposure data from a recent (1995), well-conducted animal study with
histopathological analysis. Major areas of uncertainty are the lack of adequate human exposure
data, the lack of observation of a NOAEL, and limited reproductive toxicity data.
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CHRONIC TOXICITY SUMMARY

CHLORINE DIOXIDE

(anthium dioxide; alcide; chlorine oxide; chlorine peroxide;
chloryl radical; doxcide 50)

CAS Registry Number: 10049-04-4
. Chronic Toxicity Summary
Inhalation reference exposure level 0.6 ug/m® (0.2 ppb)
Critical effect(s) Vascular congestion and peribronchiolar edema;
hemorrhagic alveoli and congested capillaries

in the lung in rats
Hazard index target(s) Respiratory system

. Physical and Chemical Properties (HSDB, 1994; CRC, 1994)

Description Yellow to red liquid or gas

Molecular formula ClO,

Molecular weight 67.45 g/mol

Density 1.642 g/cm® @ 0°C (liquid)

Boiling point 9.9-11°C

Melting point -59.5°C

Solubility Soluble in water, alkaline and sulfuric acid
solutions

Conversion factor 1 ppm = 2.76 mg/m*

I11.  Major Uses or Sources

Chlorine dioxide is used directly as a bleaching agent for cellulose, textiles, flour, leather, oils,
and beeswax. It is also used in the purification of water and as a bactericide and antiseptic
(HSDB, 1994). The annual statewide industrial emissions from facilities reporting under the Air
Toxics Hot Spots Act in California based on the most recent inventory were estimated to be 1136
pounds of chlorine dioxide (CARB, 2000).

IV.  Effects of Human Exposures

Case reports of human occupational exposure to chlorine dioxide have shown that 19 ppm was

fatal to one worker and 5 ppm was definitely irritating (Elkins, 1959). Seven out of 12 workers
exposed regularly to chlorine dioxide at levels generally below 0.1 ppm (0.28 mg/m?®) reported

symptoms of ocular and respiratory irritation leading to slight bronchitis (Gloemme and
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Lundgren, 1957). However, the authors ascribed the bronchitis to occasional acute excursions of
chlorine dioxide levels above 0.1 ppm due to technical problems such as equipment leakage.
Concurrent exposure to chlorine and chlorine dioxide in pulp mill workers resulted in an increase
in the reporting of subjective symptoms of irritation (Ferris et al., 1967). In this study, the
chlorine dioxide concentrations ranged from trace levels to 0.25 ppm (0.69 mg/m®). No
differences were found between these workers and controls by pulmonary function tests.

V. Effects of Animal Exposures

Eight rats (sex unspecified) were exposed for 5 hours/day, 5 days/week, for 2 months to 0 or

1 ppm (2.8 mg/m?) chlorine dioxide (Paulet and Debrousses, 1972). The number of control
animals was not specified. Microscopic evaluation of the lungs revealed vascular congestion and
peribronchiolar edema in all animals exposed to chlorine dioxide. The subchronic LOAEL for
respiratory effects was therefore 1 ppm (2.8 mg/m®).

An earlier study by these researchers (Paulet and Debrousses, 1970) examined the effects of
exposure to 2.5, 5, or 10 ppm chlorine dioxide for several hours/day for 30 days in rats and
rabbits (n = 4-10 animals per group). Body weights, blood cell counts, and histopathological
examination of the liver, lungs, and other tissues were measured in each group. At 10 ppm, nasal
discharge, localized bronchopneumonia, and desquamated alveolar epithelium were observed.
White and red blood cell counts were also increased with this exposure. Rats and rabbits
exposed to 2.5 ppm for 7 hours/day for 30 days or for 4 hours/day for 45 days, respectively,
showed significant respiratory effects, including hemorrhagic alveoli and inflammatory
infiltration of the alveolar spaces.

Rats exposed to 5, 10, or 15 ppm (13.8, 27.6, or 41.4 mg/m°®) chlorine dioxide for 15 minutes, 2
or 4 times/day, for 1 month showed an increase in congested lungs, nasal discharge, and
catarrhous lesions of the alveoli beginning at 10 ppm (Paulet and Debrousses, 1974). No
significant changes in these parameters were seen at 5 ppm.

Dalhamn (1957) found that acute exposure to 260 ppm chlorine dioxide for 2 hours resulted in
the death of 1 out of 4 rats. Five out of 5 rats died during exposures of 4 hours/day for 14 days.
All exposed animals exhibited signs of respiratory distress and ocular discharge. No effects were
seen in 5 rats exposed to 0.1 ppm for 5 hours/day, 7 days/week, for 10 weeks. Thus 0.1 ppm was
a subchronic NOAEL.
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V1.  Derivation of Chronic Reference Exposure Level (REL)
Study Paulet and Debrousses (1970, 1972)
Study population Wistar rats (8 per exposure concentration)
Exposure method Discontinuous whole-body inhalation
(0 or 1 ppm)
Critical effects Vascular congestion; peribronchial edema in
all animals; lung alveolar damage
LOAEL 1 ppm (2.8 mg/m®)
NOAEL Not observed
Exposure continuity 5 hours/day, 5 days/week
Exposure duration 2 months (2/24 = 8.3% of lifetime)
Average experimental exposure 0.15 ppm for LOAEL group (1 x 5/24 x 5/7)
Human equivalent concentration 0.23 ppm for LOAEL group (gas with thoracic

respiratory effects, RGDR = 1.57 based on
MV =0.17 m*, SA(Th) = 3,460 cm?)

LOAEL uncertainty factor 10

Subchronic uncertainty factor 3

Interspecies uncertainty factor 3

Intraspecies uncertainty factor 10

Cumulative uncertainty factor 1,000

Inhalation reference exposure level 0.0002 ppm (0.2 ppb, 0.0006 mg/m?®,
0.6 pg/m°)

The U.S. EPA (1995) based its RfC of 0.2 ug/m® on the same study but included a Modifying
Factor (MF) of 3 for database deficiencies. The criteria for use of modifying factors are not well
specified by U.S. EPA. Such modifying factors were not used by OEHHA. In addition OEHHA
assigned uncertainty factors according to its peer-reviewed, approved methodology (OEHHA,
2000).

OEHHA earlier developed a chronic REL for chlorine of 0.2 pg/m?® (0.08 ppb) based on
hyperplasia in respiratory epithelium in female rats. Based on chemical reactivity, the REL for
chlorine dioxide might be expected to be lower than that for chlorine. However, there are much
less toxicologic data available for chlorine dioxide than for chlorine.

VIl. Data Strengths and Limitations for Development of the REL

The REL for chlorine dioxide had uncertainties in all areas of concern. Thus the best available
study was still limited by lack of multiple exposure concentrations, by the relatively short
duration of exposures, and by the small number of animals examined. Adequate human health
effects information is lacking, although it appears likely that the proposed REL would be
protective of the effects reported in the single limited human study available. Other limitations
were the lack of dose-response information and the lack of comprehensive data on multi-organ
effects.
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CHRONIC TOXICITY SUMMARY

CHLOROBENZENE

(monochlorobenzene; benzene chloride; benzene monochloride; chlorbenzene; chlorbenzol;
phenyl chloride)

CAS Registry Number: 108-90-7
. Chronic Toxicity Summary

Inhalation reference exposure level 1000 pg/m?® (300 ppb)

Critical effect(s) Increased liver weights, hepatocellular
hypertrophy, renal degeneration and
inflammation, and testicular degeneration in
rats

Hazard index target(s) Alimentary system; kidney; reproductive system

1. Physical and Chemical Properties Summary (HSDB, 1995; CRC, 1994)

Description Colorless, neutral liquid

Molecular formula CesHsCl

Molecular weight 112.56 g/mol

Boiling point 132°C

Melting point -45.2°C

Vapor pressure 11.8 torr at 25°C

Solubility Practically insoluble in water (0.049 g/100 ml);

soluble in alcohol, benzene, chloroform,
diethyl ether
Conversion factor 1 ppm = 4.60 mg/m? at 25°C

I11.  Major Uses and Sources

As one of the most widely used chlorinated benzenes, mono-chlorobenzene has been a major
chemical for at least 50 years. It was historically important in the manufacture of chlorinated
pesticides, especially DDT, and in the production of phenol and aniline. Monochlorobenzene’s
principal current use is as a chemical intermediate in the production of chemicals such as
nitrochlorobenzenes and diphenyl oxide. These chemicals are subsequently used in the
production of herbicides, dyestuffs, and rubber chemicals. Additionally, monochlorobenzene is
used as a solvent in degreasing processes (e.g., in metal cleaning operations), paints, adhesives,
waxes and polishes (HSDB, 1995; NIOSH, 1993). The annual statewide industrial emissions
from facilities reporting under the Air Toxics Hot Spots Act in California based on the most
recent inventory were estimated to be 29,451 pounds of chlorobenzene (CARB, 2000).

A-118
Chlorobenzene



Determination of Noncancer Chronic Reference Exposure Levels December 2000

IV.  Effects of Human Exposure

Even though monochlorobenzene has been used industrially for many years, few epidemiologic
and/or occupational studies have addressed the potential health status of workers chronically
exposed to monochlorobenzene (NIOSH, 1993). A Russian occupational study (Rozenbaum et
al., 1947, as reported by the U.S. EPA, 1988) describes multiple central nervous system effects,
including headache, numbness, dizziness, cyanosis, hyperesthesia, and muscle spasms, after
intermittent exposure over 2 years to monochlorobenzene in a mixed chemical environment. No
specific exposure levels or histopathologic data were reported.

Two small studies utilizing volunteers exposed to single doses of monochlorobenzene have
reported central nervous system effects (Ogata et al., 1991; Tarkhova, 1965). An exposure
chamber study of five volunteers exposed up to 60 ppm monochlorobenzene (276 mg/m®) for a
single 7 hour exposure described acute subjective symptoms such as drowsiness, headache, eye
irritation, and sore throat (Ogata et al., 1991). One other human volunteer study described
altered electrical activity of the cerebral cortex in four individuals exposed to 43.4 ppm
monochlorobenzene vapors for 2.5 minutes (Tarkhova, 1965).

V. Effects of Animal Exposure

No chronic inhalation studies have evaluated the toxicity of monochlorobenzene. Only a single,
oral chronic carcinogenicity study (NTP, 1985) has evaluated the long-term adverse affects of
monochlorobenzene administration. However, a few subchronic inhalation studies have
demonstrated adverse effects on the liver, the kidney, and, to a lesser extent, blood parameters
following monochlorobenzene exposure over a period of weeks or months (Dilley, 1977; John et
al., 1984; Nair et al., 1987).

One subchronic study evaluated Sprague-Dawley male rats and rabbits exposed to 0, 75, or

200 ppm of monochlorobenzene for 7 hr/day, 5 days/week, for up to 24 weeks (Dilley, 1977). In
rats, monochlorobenzene-related toxicity included increased absolute and relative (to brain- or
body-weight) organ weights (especially the liver) after 11 and 24 weeks of exposure (LOAEL 75
ppm). Male rabbits also demonstrated increases in liver weight after 24 weeks of exposure
(LOAEL =75 ppm). Some hematological changes were reported in rats including differences in
platelet and reticulocyte counts between control and exposed animals; however, some changes
observed at 11 weeks were variable and comparable to controls at 24 weeks (red blood cell
count, hemoglobin, hematocrit, and white blood cell count). Pathological changes were observed
in rats, with occasional focal lesions in the adrenal cortex, tubular lesions in the kidneys, and
congestion in the liver and kidneys.

Two other subchronic inhalation studies reported adverse organ effects following
monochlorobenzene exposure in rats and rabbits (John et al., 1984; Nair et al., 1987). In the first
study, John et al. (1984) reported increased liver weights in rats and rabbits following short-term
(10 or 13 day, 6 hours/day) monochlorobenzene exposure (LOAEL = 590 ppm in rats and 210
ppm in rabbits). Nair et al. (1987) exposed male and female Sprague-Dawley rats to 0, 50, 150,
or 450 ppm monochlorobenzene vapors daily for 6 hours over 10-11 weeks prior to mating, and
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up to day 20 of gestation for 2 generations. Nair et al. found dose-related changes in the livers,
kidneys, and testes in both generations of males (Fo and F;). Hepatotoxicity occurred as
hepatocellular hypertrophy and increased liver weights (mean and absolute) at concentrations
greater than 50 ppm (LOAEL = 150 ppm). At this concentration (150 ppm), renal changes
included tubular dilation, interstitial nephritis, and foci of regenerative epithelium. Testicular
degeneration of the germinal epithelium occurred in both generations of exposed males, but no
chlorobenzene-induced adverse effects on reproductive performance or fertility were seen.

VI.  Derivation of Chronic Reference Exposure Level (REL)
Study Nair et al. (1987)
Study population Sprague-Dawley rats (30/sex/group)
Exposure method Discontinuous inhalation exposures
(0, 50, 150, and 450 ppm)
Critical Effects Increases in absolute and relative liver weights

(Fo and F; both sexes), hepatocellular
hypertrophy (Fo and F; males), renal
degeneration and inflammation (Fo and F; both
sexes), testicular degeneration (Fo and F;

males).
LOAEL 150 ppm
NOAEL 50 ppm
Exposure continuity 6 hours/day, 7 days/week
Exposure duration 11 weeks
Average experimental exposure 13 ppm for NOAEL group (50 x 6/24)
Human equivalent concentration 26 ppm (gas with systemic effects, based on

RGDR = 2.0 for lambda (a) : lambda (h))
(Gargas et al., 1989)

LOAEL uncertainty factor 1
Subchronic uncertainty factor 3
Interspecies uncertainty factor 3
Intraspecies uncertainty factor 10
Cumulative uncertainty factor 100

Inhalation reference exposure level 0.3 ppm (300 ppb; 1.0 mg/m?®, 1000 pg/m®)

Of the three inhalation studies available (Dilley, 1977; John et al., 1984; Nair et al., 1987), the
Nair et al. (1987) two generational developmental study was selected for identifying a NOAEL
and LOAEL. It best presented the histopathology of the adverse effects, and demonstrated a
dose response relationship for these effects (statistically significant increases in mean liver
weights, incidence of renal changes, and testicular degeneration).

Another subchronic inhalation study (Dilley, 1977) also observed increases in organ weights,
including the liver, in rats after 11 and 24 weeks exposure to 75 and 250 ppm
monochlorobenzene (LOAEL = 75 ppm), and in rabbits at 24 weeks. Similar adverse liver and
kidney effects were found in subchronic oral bioassays (Kluwe et al., 1985; NTP, 1985). These
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include increases in liver weight and hepatocellular degeneration in rats (LOAEL = 125
mg/kg/day) and mice (LOAEL = 250 mg/kg/day), and renal necrosis and degeneration in rats
(LOAEL = 500 mg/kg/day) and mice (LOAEL = 250 mg/kg/day) after 13 weeks oral exposure to
chlorobenzene.

Uncertainty factors are appropriate due to the lack of chronic studies, both animal bioassay and
human, and the limited number of subchronic inhalation studies, thereby requiring estimation of
the chronic REL from this shorter term, single species study. The magnitude of interspecies
variation remains unknown, as few species have been tested and human data for comparison are
lacking. However, metabolic studies have demonstrated species variation in the urinary
elimination of chlorobenzene metabolites (Ogata and Shimada 1983; Ogata et al., 1991; Yoshida
et al., 1986). Humans metabolize and excrete chlorobenzene predominately as free and
conjugated forms of 4-chlorocatechol and chlorophenols, while the main rodent urinary
metabolite, p-chlorophenylmercapturic acid, is found in minor amounts (<0.5%). No
information exists which identifies human subpopulations possibly susceptible to
monochlorobenzene exposure.

For comparison with the proposed REL, a REL can be derived from the 24 week LOAEL of 75
ppm for liver effects (Dilley, 1977). The LOAEL is equivalent to a continuous exposure
LOAEL of 15.6 ppm. Multiplying by the RGDR of 2 and dividing by a cumulative UF of 100 (3
for LOAEL, 3 for interspecies and 10 for intraspecies) also yields an estimate of 300 ppb.

VIl. Data Strengths and Limitations for Development of the REL

The strengths of the inhalation REL for chlorobenzene include the observation of a NOAEL, the
availability of subchronic inhalation exposure data from a well-conducted study with
histopathological analysis, and the demonstration of a dose-response relationship. Major areas of
uncertainty are the lack of adequate human exposure data and limited reproductive toxicity data.

VIIIl. References

CARB. 2000. California Air Resources Board. California Emissions Inventory Development and
Reporting System. (CEIDARS). Data from Data Base Year 1998. February 12, 2000.

CRC. 1994. CRC Handbook of Chemistry and Physics, 75th edition. Lide DR, ed. Boca Raton,
FL: CRC Press Inc.

Dilley JV. 1977. Final Report: Toxic evaluation of inhaled chlorobenzene (monochlorobenzene).
Stanford Research Institute. Contract No. 210-76-0126. Prepared for: National Institute of
Occupational Safety and Health, Division of Biomedical and Behavioral Sciences. Cincinnati,
OH: NIOSH. NTIS No. PB-276623.

A-121
Chlorobenzene



Determination of Noncancer Chronic Reference Exposure Levels December 2000

Gargas ML, Burgess RJ, Voisard DE, Cason GH, and Andersen ME. 1989. Partition coefficients
of low-molecular-weight volatile chemicals in various liquids and tissues. Toxicol. Appl.
Pharmacol. 98(1):87-99.

HSDB. 1995. Hazardous Substances Data Bank. TOMES® Denver, CO: Micromedex, Inc.

John JA, Hayes WC, Hanley TR, Johnson KA, Gushow TS, and Rao KS. 1984. Inhalation
teratology study on monochlorobenzene in rats and rabbits. Toxicol. Appl. Pharmacol. 76:365-
373.

Kluwe WM, Dill G, Persing R, and Peters A. 1985. Toxic responses to acute, subchronic, and
chronic oral administrations of monochlorobenzene to rodents. J. Toxicol. Environ. Health
15(6):745-767.

Nair RS, Barter JA, Schroeder RE, Knezevich A, and Stack CR. 1987. A two-generation
reproduction study with monochlorobenzene vapor in rats. Fundam. Appl. Toxicol. 9:678-686.

NTP. 1985. National Toxicology Program. Toxicology and carcinogenesis studies of
chlorobenzenes (CAS No. 108-90-7) in F344/N rats and B6C3F1 mice (gavage studies). U.S.
Dept. of Health and Human Services, Public Health Service, National Institutes of Health, NTP
TR 261. NIH Pub. No. 86-2517, NTIS PB86-144714.

NIOSH. 1993. National Institute for Occupational Safety and Health. NIOH and NIOSH basis
for an occupational health standard: Chlorobenzene. U.S. Department of Health and Human
Services, Public Health Service, DHHS(NIOSH) Publication No. 93-102.

Ogata M, and Shimada Y. 1983. Differences in urinary monochlorobenzene metabolites between
rats and humans. Int. Arch Occup. Environ. Health 53:51-57.

Ogata M, Taguchi T, Hirota N, Shimada Y, and Nakae S. 1991. Quantitation of urinary
chlorobenzene metabolites by HPLC: Concentrations of 4-chlorocatechol and chlorophenols in
urine and of chlorobenzene in biological specimens of subjects exposed to chlorobenzene. Int.
Arch. Occup. Environ. Health 63:121-128.

Rozenbaum ND, Blekh RS, and Kremneva SN. 1947. [Use of chlorobenzene as a solvent from
the standpoint of industrial hygiene.] Gig. | Sanit. 12:21-24. (Russian) [as cited in U.S. EPA,
1988.]

Tarkhova LP. 1965. Materials for determining the maximum permissible concentration of
chlorobenzol in atmospheric air. Hygiene and Sanitation 30:327-333. (Jerusalem, Israel Program
for Scientific Translation available for NTIS.)

U.S. EPA. 1988. United States Environmental Protection Agency. Health effects criteria
document for chlorobenzene. Final draft. EPA 600/88-90/99. Washington DC: U.S. EPA.
National Technical Information Service, PB89-192116.

A-122
Chlorobenzene



Determination of Noncancer Chronic Reference Exposure Levels December 2000

Yoshida M, Sunaga M, and Hara I. 1986. Urinary metabolites levels in workers exposed to
chlorobenzene. Ind. Health 24:255-258.

A-123
Chlorobenzene



Determination of Noncancer Chronic Reference Exposure Levels April 2000

CHRONIC TOXICITY SUMMARY

CHLOROFORM

(trichloromethane; formyl trichloride; methenyl trichloride; methyl trichloride)

CAS Registry Number: 67-66-3

. Chronic Toxicity Summary

Inhalation reference exposure level 300 pg/m® (50 ppb)

Critical effect(s) Liver toxicity (degenerative, foamy
vacuolization, and necrosis) in rats; increased
liver weights in male rats

Kidney toxicity (cloudy swelling and nephritis)
in rats
Developmental toxicity
Hazard index target(s) Alimentary system; kidney; teratogenicity

1. Chemical Property Summary (HSDB, 1995; 1999; CRC, 1994)

Description Colorless liquid

Molecular formula CHCl3

Molecular weight 119.49 g/mol

Boiling point 61.1°C

Melting point —-63.6°C

Vapor pressure 197-200 torr @ 25 °C

Solubility Soluble in water (8220 mg/L); miscible in

carbon tetrachloride, carbon disulfide,
alcohols, benzene, ethers and oils
Conversion factor 4.9 ug/m?® per ppb at 25°C

I11.  Major Uses and Sources

Chloroform (CHCIs) is used in industry and laboratory settings as a solvent for adhesives,
pesticides, fats, oils and rubbers. It is also used as a chemical intermediate in the synthesis of
fluorocarbon 22, dyes, pesticides, and tribromomethane. Chloroform is produced as a byproduct
of water, sewage, and wood pulp chlorination (HSDB, 1995). In 1996, the latest year tabulated,
the statewide mean outdoor monitored concentration of chloroform was approximately 0.037 ppb
(CARB 1999a). The annual statewide industrial emissions from facilities reporting under the Air
Toxics Hot Spots Act in California based on the most recent inventory were estimated to be
79,949 pounds of chloroform (CARB 1999D).
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IV.  Effects of Human Exposure

Limited information is available regarding possible adverse health effects in humans following
chronic inhalation of chloroform. However, historical clinical reports from patients who
underwent chloroform anesthesia indicate that acute inhalation exposure affects the central
nervous system, cardiovascular system, stomach, liver, and kidneys (Schroeder, 1965; Smith et
al., 1973; Whitaker and Jones, 1965). Acute chloroform toxicity included impaired liver
function (Smith et al., 1973), toxic hepatitis (Lunt, 1953; Schroeder, 1965), cardiac arrhythmia
(Payne, 1981; Schroeder, 1965; Whitaker and Jones, 1965), and nausea (Schroeder, 1965; Smith
et al., 1973; Whitaker and Jones, 1965), and caused central nervous system symptoms
(Schroeder, 1965; Whitaker and Jones, 1965). Chronic inhalation studies are limited to a few
occupational studies identifying the liver and the central nervous system as target organs
(Challen et al., 1958; Li et al., 1993; Phoon et al., 1983; Bomski et al., 1967).

Challen et al. (1958) investigated workers manufacturing throat lozenges with exposure to
chloroform vapors estimated in the range 77 to 237 ppm with episodes of >1100 ppm. Workers
reported symptoms of fatigue, dull-wittedness, depression, gastrointestinal distress, and frequent
and burning micturition. No evidence of liver dysfunction was found based on thymol turbidity,
serum bilirubin, and urine urobilinogen levels.

Bomski et al. (1967) reported 17 cases of hepatomegaly in a group of 68 chloroform-exposed
workers. Chloroform concentrations ranged from 2 to 205 ppm (duration 1 to 4 years). Three of
the 17 workers with hepatomegaly had toxic hepatitis based on elevated serum enzymes.
Additionally, 10 workers had splenomegaly. Workers exposed to chloroform had a 10-fold
increased risk of contracting viral hepatitis compared to the general population. The study
authors considered the chloroform induced liver toxicity as a predisposing factor for viral
hepatitis, but the incidence of viral hepatitis in the workers is in itself a confounding factor.

Phoon et al. (1983) described two outbreaks of toxic jaundice in workers manufacturing
electronics equipment in Singapore. One plant had 13 cases of jaundice, initially diagnosed as
viral hepatitis, in a work area with >400 ppm chloroform. Blood samples from workers (five
with jaundice, four without symptoms) contained between 0.10 and 0.29 mg chloroform/100 mL.
A second factory reported 18 cases of hepatitis, all from a work area utilizing chloroform as an
adhesive. Two samplings indicated air levels of 14.4 to 50.4 ppm chloroform. Due to a lack of
fever and hepatitis B surface antigen in the patients, the authors attributed the jaundice to
chloroform exposure rather than viral hepatitis.

More recently, Li et al.(1993) reported on 61 chloroform exposed workers from a variety of
production factories. Exposure levels at 3 representative worksites varied widely, from 4.27 to
147.91 mg/m3 (0.9 to 30 ppm) (119 samples), with 45% of the samples below 20 mg/m3. The
exposed workers were subclassified for some studies according to exposure levels into group 1
(mean level = 13.49 mg/m3 or 2.8 ppm) and group 2 (mean level = 29.51 mg/m3 or 6 ppm).
Workers exposed to chloroform had slight liver damage indicated by higher (abnormal) levels of
serum prealbumin (in group 2) and transferrin (in both groups) than those of control workers.
Neurobehavioral functions were also affected, manifested as increases in scores of passive mood
states and dose-related, negative changes in neurobehavioral testing.
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These cross sectional studies are limited in their ability to establish chronic NOAEL/LOAEL
values due to limited exposures, concurrent exposure to other chemicals, inadequate control
groups and potential confounders. However, these studies indicate the potential for liver and
central nervous system toxicity in humans exposed to chloroform via inhalation.

V. Effects of Animal Exposure

Exposure of experimental animals to chloroform for acute, subchronic or chronic durations
results in toxicity to the liver and kidney, as well as to the respiratory and central nervous
systems (USDHHS, 1993). The majority of chronic animal studies have used oral routes of
chloroform administration (USDHHS, 1993), while only limited data are available on inhalation
specific exposures. Both routes of exposure, however, appear to primarily affect the liver and
kidney (Chu et al., 1982; Heywood et al., 1979; Jorgenson et al., 1985; Miklashevshii et al.,
1966; Munson et al., 1982; Roe et al., 1979; Larson et al., 1996; Templin et al., 1996; Torkelson
etal., 1976).

Larson et al. (1996) exposed female and male B6C3F1 mice to atmospheric concentrations of 0,
0.3, 2, 10, 30, and 90 ppm chloroform 6 hr/day, 7 days/week for exposure periods of 4 days or of
3, 6, or 13 consecutive weeks. Additional exposure groups were exposed for 5 days/week for 13
weeks or for 5 days/week for 6 weeks and then examined at 13 weeks. Complete necropsy and
microscopic evaluation revealed that chloroform treatment induced dose- and time-dependent
lesions only in the livers and nasal passage of the female and male mice and in the kidneys of the
male mice. Large increases in the liver cell labeling index were seen in the 90-ppm groups at all
time points. The female mice were most sensitive. The no-observed-adverse-effect level
(NOAEL) for induced hepatic cell proliferation was 10 ppm. The hepatic labeling indices in the
5 days/week groups were about half of those seen in the 7 days/week groups and returned to the
normal baseline in the 6-week recovery groups. The NOAEL for increased liver weight
(normalized to body weight) was 10 ppm in male mice. Histologic changes and regenerative cell
proliferation were induced in the kidneys of male mice at 30 and 90 ppm with 7 days/week
exposures and also at 10 ppm with the 5 days/week regimen. Nasal lesions were transient and
occurred only in mice exposed to 10, 30, or 90 ppm for 4 days.

Templin et al. (1996) exposed male and female F-344 rats to airborne concentrations of 0, 2, 10,
30, 90, or 300 ppm chloroform 6 hr/day, 7 days/week for 4 days or 3, 6, or 13 weeks. Additional
groups were exposed 5 days/week for 13 weeks, or 5 days/week for 6 weeks and held until Week
13. A “full-screen” necropsy identified the kidney, liver, and nasal passages as the only target
organs. The primary target in the kidney was the epithelial cells of the proximal tubules of the
cortex; significantly elevated increases in the cell labeling index were observed at concentrations
of 30 ppm chloroform and above. However, only a marginal increase in the renal cell labeling
index in the males was seen after exposures of 90 ppm, 5 days/week. Chloroform induced
hepatic lesions in the midzonal and centrilobular regions with increases in the labeling index
throughout the liver, but only at 300 ppm, an extremely toxic level. An additional liver lesion
seen only at 300 ppm was numerous intestinal crypt-like ducts surrounded by dense connective
tissue. Enhanced bone growth and hypercellularity in the lamina propria of the ethmoid
turbinates of the nose occurred at the early time points at concentrations of 10 ppm and above.
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At 90 days there was a generalized atrophy of the ethmoid turbinates at concentrations of 2 ppm
(the lowest concentration tested) and above.

Torkelson and associates (1976) exposed rats (12/sex/group), rabbits (2-3/sex/group), and guinea
pigs (8-12/sex/group) for 7 hours/day, 5 days/week over 6 months to 0, 25, 50 or 85 ppm
chloroform vapor. Dogs were exposed to 25 ppm chloroform, for 7 hours/day, 5 days/week for 6
months. Dose and species-dependent pathological changes in the liver included mild to severe
centrilobular granular degeneration, foamy vacuolization, focal necrosis, and fibrosis in both
sexes of all species tested. Guinea pigs were the least sensitive and male rats the most sensitive
to chloroform induced hepatotoxicity; the above adverse effects occurred at 25 ppm. Adverse
kidney effects observed in all species included cloudy swelling of the renal tubular epithelium
and interstitial and tubular nephritis. Pneumonitis was observed in the high (85 ppm) exposure
groups of male rats, female guinea pigs, and male rabbits, and in the lower dose group of female
rabbits (25 ppm). Clinical and blood parameters were also examined in rats and rabbits, but no
alterations were attributable to chloroform exposure.

Effects on average body weight, and relative liver and kidney weights of rats due to
chloroform exposure 7 hours/day for 6 months (Torkelson et al., 1976)

Unexposed
Sex Parameter | control Air control | 25 ppm | 50 ppm | 85 ppm
male survival 11/12 10/12 9/10 6/10
avg. bw 343 356 305* 316
liver 2.45 2.52 2.48 2.76*
Kidney 0.69 0.70 0.81* 0.84*
male survival 8/12 12/12 9/12
avg. bw 319 347 335
liver 2.67 2.41 2.65
Kidney 0.75 0.70 0.83*
female | survival 10/12 9/12 10/10 10/10
avg. bw 202 223 203 206
liver 2.92 2.99 3.00 3.12
Kidney 0.82 0.81 0.95 1.06
Female | survival 10/12 12/12 12/12
avg. bw 211 202 194
liver 3.02 2.93 3.08
Kidney 0.83 0.84 0.94*

*p<0.05
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V1.  Derivation of Chronic Reference Exposure Level (REL)
Study Torkelson et al.(1976)

Study population
Exposure method

Critical effects

LOAEL

NOAEL

Exposure continuity

Average experimental exposure
Human equivalent concentration

Exposure duration

LOAEL uncertainty factor
Subchronic uncertainty factor
Interspecies uncertainty factor
Intraspecies uncertainty factor
Cumulative uncertainty factor

Rats, unspecified strain (12/sex/group)

Discontinuous whole-body inhalation
exposures (0, 25, 50, 85 ppm)

Pathological changes in liver (degenerative),
and kidneys (cloudy swelling)

25 ppm

Not observed

7 hr/day for 5 days/week for 6 months

5.3 ppm for LOAEL group (25 x 7/24 x 5/7)

15.9 ppm for LOAEL group (gas with
systemic effects, based on RGDR = 3.0
for lambda (a) : lambda (h) (Gargas et al.,
1989))

6 months

10

1

3

10

300

Inhalation reference exposure level 0.05 ppm (50 ppb; 0.30 mg/m?; 300 pg/m?)
In the study of Torkelson and associates (1976) rats were the most sensitive species and guinea
pigs the least sensitive to chloroform vapors. Though of subchronic duration, this inhalation
study still exposed rats discontinuously for 25% of a lifetime (25.8 weeks/104 weeks/lifetime).
Pathological changes were observed in both sexes of rat at 50 and 85 ppm (244 or 415 mg/m°)
and in male rats at 25 ppm (122 mg/m?®) chloroform. These hepatic changes included mild to
severe centrilobular granular degeneration, foamy vacuolization, focal necrosis, and fibrosis.
Adverse effects in the kidney including cloudy swelling and nephritis were seen in all species
tested at 25 ppm (122 mg/m?) chloroform.

An unexpected finding in animals was the generalized atrophy of the ethmoid turbinates of F344
rats after a 90 day exposure at concentrations of 2 ppm chloroform and above (Templin et al.,
1996). Nasal lesions have also been reported in F344 rats given chloroform by gavage (Larson
et al., 1995). This severe and extensive chloroform-induced olfactory mucosal degeneration in
rats is not associated with detectable olfactory deficit (Dorman et al., 1997). As the basis of the
REL we have used the more usual chloroform organ targets of liver and kidney. However,
confirmation of nasal effects in other rat strains and other species may require reassessing the
basis of the REL for chloroform.

The human occupational studies have reported jaundice with or without alterations in liver
enzymes at similar ambient concentrations: 2 to 204 ppm chloroform (10 to 995 mg/m?®) after at
least 1 year (Bomski et al., 1967) and 14 to 400 ppm chloroform (68 to 1952 mg/m°) after 6
months or less (Phoon et al., 1983). The presence of jaundice and hepatitis in these 2 reports
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made them questionable for use in developing a REL. In the Li et al. (1993) study the workers
were exposed for an average of 7.8 years (range = 1-15 years) and the air concentrations ranged
from 4.27 to 141.25 mg/m°® with a geometric average of 20.46 mg/m®. The exposed workers
were subdivided into higher (n=46) and lower (n=14) exposures, but the separation was not
indicated for all results. If the lower exposure level of 2.8 ppm (13.49 mg/m®) is classified as a
mild LOAEL based on a significant difference from controls in one type of neurobehavioral test,
the exposure level can be time adjusted to an equivalent continuous exposure of 1 ppm, then
divided by a LOAEL UF of 3 and an intraspecies UF of 10 to yield a REL of 30 ppb, in good
agreement with the proposed REL of 50 ppb (300 pg/m®) based on animals (rats).

Chloroform is metabolized by the cytochrome P-450 dependent mixed function oxidase system,
primarily in the liver, the respiratory epithelium, and the kidney. In the rat liver and kidneys,
chloroform is metabolized to phosgene (Pohl et al., 1984). The hepatotoxicity and
nephrotoxicity of chloroform is thought to be due largely to phosgene (Bailie et al., 1984).
Individuals with concurrent exposure to certain chemical inducers of liver cytochrome P450
activity, including barbiturates, may be at potentially greater risk of chloroform toxicity (Cornish
et al., 1973). Others with possible higher sensitivity to chloroform include persons with
underlying liver, kidney or neurological conditions.

VIl. Data Strengths and Limitations for Development of the REL

Strengths of the chronic REL for chloroform derive from the critical effect being found in the
liver, a well-established site of chloroform toxicity. Limitations in the data include the lack of a
NOAEL in the key study, the less than lifetime duration of the key study, and the limited number
of chronic inhalation studies available.

VIIIl. References

Bailie MB, Smith JH, Newton JF, and Hook JB. 1984. Mechanism of chloroform nephrotoxicity.
IV. Phenobarbital potentiation of in vitro chloroform metabolism and toxicity in rabbit kidneys.
Toxicol. Appl. Pharmacol. 74:285-292.

Bomski H, Sobolewska A, and Strakowski A. 1967. [Toxic damage to the livers of chemical
plant workers by chloroform.] Int. Arch. Gewerbepathol. Gewerbehyg. 24:127-134.

CARB. 1999a. California Air Resources Board. Toxics Air Quality Data. Substance Chooser.
Chloroform. Available online at http:/www.arb.ca.gov/agd/toxics.htm

CARB. 1999b. Air toxics emissions data collected in the Air Toxics Hot Spots Program
CEIDARS Database as of January 29, 1999.

Challen P, Hickish D, and Bedford J. 1958. Chronic chloroform intoxication. Br. J. Ind. Med.
15:243-249.

CRC. 1994. CRC Handbook of Chemistry and Physics, 75th edition. Lide DR, ed. Boca Raton,
FL: CRC Press Inc.

Appendix D3 129 Chloroform



Determination of Noncancer Chronic Reference Exposure Levels April 2000

Chu 1, Villeneuve DC, Secours VE, Becking GC, and Valli VE. 1982. Toxicity of
trihalomethanes: 1. The acute and subacute toxicity of chloroform, bromodichloromethane,
chlorodibromomethane and bromoform in rats. J. Environ. Sci. Health. B17:205-224.

Cornish HH, Ling B, and Barth M. 1973. Phenobarbital and organic solvent toxicity. Am. Ind.
Hyg. Assoc. J. 34:487-492.

Dorman DC, Miller KL, D'Antonio A, James RA, Morgan KT. 1997. Chloroform-induced
olfactory mucosal degeneration and osseous ethmoid hyperplasia are not associated with
olfactory deficits in Fischer 344 rats.Toxicology 122(1-2):39-50.

Gargas ML, Burgess RJ, Voisard DE, Cason GH, and Andersen ME. 1989. Partition coefficients
of low-molecular-weight volatile chemicals in various liquids and tissues. Toxicol. Appl.
Pharmacol. 98(1):87-99

Heywood R, Sortwell RJ, Noel PRB, Street AE, Prentice DE, Roe FJC, Wadsworth PF, and
Worden AN. 1979. Safety evaluation of toothpaste containing chloroform. Il1. Long-term study
in beagle dogs. J. Environ. Pathol. Toxicol. 2:835-851.

HSDB. 1995. Hazardous Substances Data Bank. National Library of Medicine, Bethesda,
Maryland (TOMES® CD-ROM Version). Denver, CO: Micromedex Inc.

Jorgenson TA, Meierhenry EF, Rushbrook CJ, Bull RJ, and Robinson M. 1985. Carcinogenicity
of chloroform in drinking water to male Osborne-Mendel rats and female B6C3F1 mice.
Fundam. Appl. Toxicol. 5:760-769.

Larson JL, Templin MV, Wolf DC, Jamison KC, Leininger JR, Mery S, Morgan KT, Wong BA,
Conolly RB, Butterworth BE. 1996. A 90-day chloroform inhalation study in female and male
B6C3F1 mice: implications for cancer risk assessment. Fundam. Appl. Toxicol. 30(1):118-137.
Larson JL, Wolf DC, Mery S, Morgan KT, Butterworth BE. 1995. Toxicity and cell proliferation
in the liver, kidneys and nasal passages of female F-344 rats, induced by chloroform
administered by gavage. Food Chem. Toxicol. 33(6):443-456.

Li LH, Jiang XZ, Laing YX, Chen ZQ, Zhou YF, and Wang YL. 1993. Studies on the toxicity
and maximum allowable concentration of chloroform. Biomed. Environ. Sci. 6(2):179-186.

Lunt RL. 1953. Delayed chloroform poisoning in obstetric practice. Br. Med. J. 1:489-490.

Miklashevshii VE, Tugarinova VN, Rakhmanina NL, and Yakovleva GP. 1966. Toxicity of
chloroform administered perorally. Hyg. Sanit. 31:320-323.

Munson AE, Sain LE, Sanders VM, Kauffmann BM, White KL, Page G, Barnes DW, and
Borzelleca JF. 1982. Toxicology of organic drinking water contaminants: trichloromethane,

Appendix D3 130 Chloroform



Determination of Noncancer Chronic Reference Exposure Levels April 2000

bromodichloromethane, dibromochloro-methane and tribromomethane. Environ. Health
Perspect. 46:117-126.

Payne JP. 1981. Chloroform in clinical anaesthesis. Br. J. Anesth. 53:11s-15s.

Phoon W, Goh K, Lee L, Tan K, and Kwok S. 1983. Toxic jaundice from occupational exposure
to chloroform. Med. J. Malaysia. 38(1):31-34.

Pohl L, Gorge J, and Satoh H. 1984. Strain and sex differences in chloroform-induced
nephrotoxicity. Different rates of metabolism of chloroform to phosgene by the mouse kidney.
Drug Metab. Disp. 12(3):304-3-8.

Roe FJC, Palmer AK, Worden AN, and Van Abbe NJ. 1979. Safety evaluation of toothpaste
containing chloroform. I. Long-term studies in mice. J. Environ. Pathol. Toxicol. 2:799-8109.

Schroeder HG. 1965. Acute and delayed chloroform poisoning. Br. J. Anaesth. 37:972-975.

Smith AA, Volpitto PP, Gramling ZW, DeVore MB, and Glassman AB. 1973. Chloroform,
halothane, and regional anesthesia: A comparative study. Anesth. Analg. 52:1-11.

Templin MV, Larson JL, Butterworth BE, Jamison KC, Leininger JR, Mery S, Morgan KT,
Wong BA, Wolf DC. 1996. A 90-day chloroform inhalation study in F-344 rats: profile of
toxicity and relevance to cancer studies. Fundam. Appl. Toxicol. 32(1):109-125.

Torkelson T, Oyen F, and Rowe V. 1976. The toxicity of chloroform as determined by single and
repeated exposure of laboratory animals. Am. Ind. Hyg. Assoc. J. 37:697-705.

USDHHS. 1993. Toxicology Profile for Chloroform. U.S. Department of Health and Human
Services. Public Health Service. Agency for Toxic Substance and Disease Registry. April 1993.

Whitaker AM, and Jones CS. 1965. Report of chloroform anesthetics administered with a
precision vaporizer. Anesth. Analg. 44:60-65.

Appendix D3 131 Chloroform



Determination of Noncancer Chronic Reference Exposure Levels December 2001

CHRONIC TOXICITY SUMMARY

CHLOROPICRIN

(trichloronitromethane; nitrochloroform; nitrochloromethane)

CAS Registry Number: 76-06-2

. Chronic Toxicity Summary
Inhalation reference exposure level 0.4 pg/m?® (0.05 ppb)

Critical effect(s) Nasal rhinitis and bronchiectasis in mice
Hazard index target(s) Respiratory system

1. Chemical Property Summary (from HSDB (1996) except as noted)

Description Colorless to faint yellow liquid
Molecular formula CCI3NO;
Molecular weight 164.4 g/mol
Boiling point 112°C
Melting point —64°C (CRC, 1994)
Vapor pressure 5.7 torr @ 0°C (Fries and West, 1921);
3.2 kPa (24 torr) @ 25°C (Tomlin, 1994)
Solubility 1.6 g/L water @ 25°C; 2.272 g/L water @ 0°C

1.9 g/L water @ 20°C; miscible with benzene,
ethanol, carbon disulfide, ether, carbon
tetrachloride, acetone, methanol, acetic acid

Conversion factor 6.72 pg/m?® per ppb at 25°C

I11.  Major Uses and Sources

Chloropicrin is used primarily as a preplant soil fumigant against insects and fungi; it also kills
weed and grass seeds when applied to soil. Chloropicrin is occasionally used as a fumigant in
grain elevators and storage bins (HSDB, 1996). Chloropicrin is used as an indicator chemical in
other fumigants such as methyl bromide because of its potent irritant properties. Chloropicrin
was used in World War | as a chemical warfare agent because of its potent activity as a
lachrymator. Chloropicrin has a minor use in the chemical synthesis of methyl violet.
Chloropicrin can also form in drinking water as a result of chlorination processes (Duguet et al.,
1985; Merlet et al., 1985). The annual statewide industrial emissions from facilities reporting
under the Air Toxics Hot Spots Act in California based on the most recent inventory were
estimated to be 1507 pounds of chloropicrin (CARB, 2000). This does not include emissions
from its major use as a preplant soil fumigant, either alone or in combination with other
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fumigants, because agricultural field applications are not covered under the Air Toxics Hot Spots
program. Approximately 3,630,000 Ibs. of chloropicrin were used in agriculture in California in
1999 (DPR, 2000).

IV.  Effects of Human Exposure

No studies are available which describe toxic effects to humans from chronic exposure to
chloropicrin. Human exposures to concentrations less than 1 ppm for very short periods of time
are extremely irritating (ACGIH, 1992; Fries and West, 1921). The threshold of odor detection
in humans is approximately 1 ppm (ACGIH, 1992).

V. Effects of Animal Exposure

Burleigh-Flayer and Benson (1995) conducted a chronic inhalation bioassay with CD rats (50-60
per sex per dose) exposed discontinuously to 0 (air), 0.1, 0.5, or 1.0 ppm 99.6% pure
chloropicrin vapor 6 hours/day for 5 consecutive days/week over 107 weeks. Clinical signs
(such as hypoactivity and decreased startle response) were increased in both sexes, primarily at
1.0 ppm. Increased mortality was noted in males at 0.5 and 1 ppm and in females at 1 ppm.
Absolute and relative increased lung and liver weights and increased nasal rhinitis were reported
in both sexes at the 1 ppm level. However, no effects were seen at 0.1 ppm. Thus this study
yielded a NOAEL of 0.1 ppm (0.67 mg/m®) for chronic non-cancer effects in rats.

Results from chronic inhalation of chloropicrin in rats (Burleigh-Flayer and Benson, 1995)

Mean
Chloropicrin Lungwt., m | Lungwt., f Rhinitis, m Rhinitis, f survival, m
0 2.086 g 1574 ¢ 20/50 18/50 696 d
0.1 ppm 2.089 ¢ 1.464 ¢ 24/50 17/50 669 d
0.5 ppm 2.202 ¢ 1.460 g 21/50 26/50 672 d*
1.0 ppm 2.448 ¢ 1.633 ¢ 35/50** 23/50 647 d**

*p<0.05; **p<0.01

A similar study in mice (Burleigh-Flayer et al., 1995) resulted in the same NOAEL. CD-1 mice
(50/sex/dose) were exposed to chloropicrin (99.6% pure) vapor at 0 (air), 0.1, 0.5, or 1.0 ppm for
6 hours/day, 5 days/week for at least 78 weeks. Body weights and body weight gains were
significantly decreased in both sexes at > 0.5 ppm. Food consumption was decreased in males at
1.0 ppm and in females at > 0.5 ppm. Absolute and relative lung weights were increased in a
dose-related manner in both sexes at > 0.5 ppm. Changes in pathology observed
macroscopically in the 1.0 ppm males included increased numbers of lung nodules and increased
numbers of kidney cysts. In females lung masses and kidney cysts were seen at 0.5 ppm.
Microscopic pathology changes included increased nasal cavity lesions (including serous
exudate, hyaline epithelial inclusions, rhinitis, olfactory and epithelial atrophy) and lung lesions
(including alveolar protein deposits, alveolar histiocytosis, hemorrhage, peribronchiolar
lymphocytic infiltrate, bronchiectasis, bronchial submucosal fibrosis, peribronchiolar smooth
muscle hyperplasia), in addition to kidney cysts at > 0.5 ppm (CDPR, 2000).
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Results from chronic inhalation of chloropicrin in mice (Burleigh-Flayer et al., 1995

Chloropicrin | Rhinitis, m Rhinitis, f Bronchiectasis, m | Bronchiectasis, f
0 6/50 3/50 0/50 0/50

0.1 ppm 7/50 6/50 3/50 5/50

0.5 ppm 17/50** 18/50** 28/50** 28/50**

1.0 ppm 35/50** 32/50** 41/50** 44/50**
**p<0.01

Yoshida et al. (1987) exposed groups of 12 male Fischer 344 rats intermittently to 0, 0.37, 0.67,
1.58, or 2.93 ppm chloropicrin vapor 6 h/day, 5 days/week for 13 weeks. Mean body weights
were reduced in the highest 2 exposure groups, and red blood cell count, hematocrit, and
hemoglobin concentration were significantly increased in the 2.93 ppm group. The treatment-
related histological lesions reported were degeneration and necrosis of the bronchial and
bronchiolar epithelia at 2.93 ppm and hypertrophy of these epithelia at 1.58 ppm. Thus the
primary target organ was the respiratory tract and the subchronic NOAEL was 0.67 ppm (4.5
mg/m®). (Eyelid closure and decrease in motor activity were seen in all exposure groups only
during exposure. No morphological changes were seen at 0.67 ppm, so the authors deemed the
behavior changes minor and not toxicologically important.)

Male Swiss-Webster mice (group numbers ranging from 16-24) were exposed by inhalation to a
single level of different sensory irritants including chloropicrin for 6 hours/day for 5 days;
unexposed control groups had 8-10 mice (Buckley et al., 1984). The exposure level for
chloropicrin was 7.9 ppm, which approximated the level sufficient to cause a 50% decrease in
respiratory rate in mice (RDsp) (Kane et al., 1979). Half the exposed mice and half the control
animals were terminated immediately after the exposures and the other half 72 hours after the
last exposure. All were examined for respiratory tract lesions. Body weights of chloropicrin
exposed animals were reduced 10-25% below controls, but increased to normal levels during the
recovery period. Nasal exudate and distention of the abdomen were observed. “Moderate”
lesions, characterized by exfoliation, erosion, ulceration, or necrosis, were observed in the
respiratory and olfactory epithelium, and minimal inflammation and squamous metaplasia were
observed in the respiratory epithelium alone. Moderate to severe damage to the lower
respiratory tract was described as “fibrosing peribronchitis and peribronchiolitis”. Exfoliation,
hyperplasia, and squamous metaplasia were also noted.

Condie et al. (1994) conducted a study of the toxicity of chloropicrin by oral exposure in
Sprague-Dawley rats. Ten and ninety-day studies were conducted by dosing animals daily with
chloropicrin in vehicle (corn oil) at a volume of 1 ml/kg. Groups of 10 rats/sex/group were
dosed with 0, 10, 20, 40, and 80 mg/kg for the 10-day study and with 0, 2, 8, and 32 mg/kg for
the 90-day study. Parameters examined included mortality, body weight, food and water
consumption, hematology, serum clinical chemistry, and gross pathology and histology of
organs. Only the high-dose group and the control group animals from the 90-day study were
examined histopathologically. In the 90-day study, 6 males and 2 females in the 32 mg/kg dose
group and 1 male and 3 females in the 8 mg/kg dose group died before the scheduled termination
time. The authors noted signs of pulmonary complications (inflammation and congestion) in the
dead animals. Previously, the animals had shown signs of respiratory distress, including
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wheezing and dyspnea. The deaths were considered to be exposure related and most likely due
to aspiration of chloropicrin. Among the survivors, mean body weight, hemoglobin levels, and
hematocrits were significantly reduced in males in the 32 mg/kg dose group. Absolute thymus
weights were reduced in female rats at 32 mg/kg, and female rats in the 8 mg/kg dose group
showed decreased white blood cell count. Most animals in the 32 mg/kg dose group (>60%)
showed histopathological changes in the forestomach including chronic inflammation,
acantholysis, and hyperkeratosis. The authors considered the NOAEL to be 8 mg/kg/day.

VI.  Derivation of Chronic Reference Exposure Level (REL)
Study Burleigh-Flayer and Benson (1995)
Study population CD-1 mice (60 per sex per dose)
Exposure method Discontinuous inhalation (0, 0.1, 0.5 or 1.0 ppm)
Critical effects Nasal rhinitis; bronchiectasis
LOAEL 0.5 ppm
NOAEL 0.1 ppm
Exposure continuity 6 hours/day, 5 days/week
Exposure duration 107 weeks
BMCys 0.042 ppm

Average experimental exposure
0.0075 ppm at the BMCgs (0.042 x 6/24 x 5/7)
Human equivalent concentration 0.0016 ppm at the BMCys (gas with
extrathoracic respiratory effects, RGDR = 0.21
based on MV = 0.044 L/min and SA(ET) =3

cm?)
LOAEL uncertainty factor not needed in the BMC approach
Subchronic uncertainty factor 1
Interspecies uncertainty factor 3 (since RGDR adjustment was made)
Intraspecies uncertainty factor 10
Cumulative uncertainty factor 30
Inhalation reference exposure level 0.05 ppb (0.4 pg/m?)

The data on bronchiecstasis incidence in male and female mice were combined and the chronic
REL for chloropicrin was developed using the BMC approach. Of the several models tested, the
Gamma MultiHit Model gave the best fit to the combined bronchiecstasis data (p = 0.9750). The
MLEgs was 0.070 ppm and the BMCys was 0.042 ppm. Use of time extrapolation to equivalent
continuous exposure, an RGDR adjustment for the area of the respiratory tract affected, and a
total uncertainty factor of 30 resulted in a chronic REL of 0.05 ppb (0.4 pug/md).

The chronic study in mice (Burleigh-Flayer et al., 1995) yielded the same NOAEL of 0.1 ppm as
the chronic study in rats (Burleigh-Flayer and Benson, 1995). Use of the mouse data with the
NOAEL/UF approach led to a cREL estimate of 0.1 ppb. Use of the rat data yielded a chronic
REL estimate of 0.2 ppb by the NOAEL/UF approach.
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As another comparison, the study of Yoshida et al. (1987) found a NOAEL in rats of 0.67 ppm
for intermittent exposure for 13 weeks. This is equivalent to a continuous exposure of 120 ppb.
Use of an RGDR of 0.25 for rats and a total uncertainty factor of 100 (3 for subchronic, 3 for
interspecies, and 10 for intraspecies) results in a REL estimate of 0.03 ppb (0.2 pg/m®).

VIl. Data Strengths and Limitations for Development of the REL

Significant strengths in the REL for chloropicrin include the duration of exposure (lifetime) in
the key study, the multiple dose study design with adequate sample sizes, and the demonstration
of a NOAEL in rats and mice. Major areas of uncertainty are the lack of adequate human
exposure data, limited reproductive toxicity data, and the appropriateness of time extrapolation
of concentrations that cause irritative effects such as rhinitis.

VIIl. Potential for Differential Impacts on Children's Health

Chloropicrin is a respiratory irritant. Respiratory irritants often have steep dose-response curves.
Thus use of the human intraspecies factor of 10 should result in a REL that adequately protects
children. Exacerbation of asthma, which has a more severe impact on children than on adults, is
a known response to some respiratory irritants. However, there is no direct evidence in the
literature to quantify such a response to chloropicrin, or to quantify a differential effect of
chloropicrin on infants or children. We are currently evaluating our risk assessment
methodologies, in particular the intraspecies uncertainty factor (UFy), for adequacy in protecting
infants and children. While we have not so far identified any indications that the currently used
UFy of 10 might be less than adequate to protect infants and children, this possibility should be
considered in evaluating any exposure situation involving chronic exposures of infants or
children to chloropicrin.
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CHRONIC TOXICITY SUMMARY

CHROMIUM, HEXAVALENT

(SOLUBLE COMPOUNDS)

December 2001

Molecular
Formula

Molecular
Weight

Synonyms

CAS Registry
Number

CrOs

99.99 g/mol

Chromic trioxide, chromium oxide,
chromium trioxide, chromium (V1)
oxide. (In acid agueous solutions,
exists as H,CrO, — “chromic acid”)

1333-82-0

K,CrO4

194.20 g/mol

Potassium chromate, dipotassium
chromate, potassium (V1) chromate,
dipotassium monochromate,
chromate of potash

7789-00-6

Li,CrO4

129.87 g/mol

Lithium chromate, chromium lithium
oxide, chromic acid dilithium salt,
lithium chromate (V1)

14307-35-8

Na,CrOg4

161.97 g/mol

Sodium chromate, chromic acid
disodium salt, chromium disodium
oxide, sodium chromate (VI1),
chromate of soda

7775-11-3

K,Cr,05

294.20 g/mol

Potassium dichromate, dichromic acid
dipotassium salt, bichromate of
potash

7778-50-9

Na,Cr,0O7

261.96 g/mol

Sodium dichromate, bichromate of
sodium, dichromic acid disodium
salt, chromium sodium oxide

10588-01-9

l. Chronic Toxicity Summary

A. Soluble Hexavalent Chromium Compounds (except chromic trioxide)

Inhalation reference exposure level 0.2 ug Cr(vV1)/m?

Critical effect(s)
Hazard index target(s)

Oral reference exposure level

Critical effect(s)

Hazard index target(s)

Appendix D3

Bronchoalveolar hyperplasia in lungs of rats

Respiratory system
0.02 mg Cr(VI1)/kg/day

Red blood cell effects (decreased mean
corpuscular volume (MCV) and mean
corpuscular hemoglobin (MCH)) in mice

Hematopoietic system
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B. Chromic Trioxide (as chromic acid mist)

Inhalation reference exposure level 0.002 pg Cr(V1)/m?

Critical effect(s) Respiratory effects (nasal atrophy, nasal mucosal
ulcerations, nasal septal perforations, transient
pulmonary function changes) in human
occupational study

Hazard index target(s) Respiratory system

1. Physical and Chemical Properties (HSDB, 2000; CRC, 1994)

Description CrOg3: dark red or brown crystals, flakes, or
powder, exists as chromic acid (H,CrQOy) in
solution;

K>CrO4, Na,CrOy: yellow crystals;
K,Cr,07, Na,Cr,07: orange-red crystals;
LioCrOg: yellow crystalline powder

Molecular formula See above

Molecular weight See above

Density CrOs: 2.70 g/lcm® @ 25°C

Boiling point CrOg3: decomposes (temperature not available);

K,Cr,07: 500 °C with decomposition;
Na,Cr,07: 400 °C
Melting point CrO3: 197 °C;
K2CrOg4: 975 °C;
Na,CrOy4: 792 °C;
K2Cr,07: 398 °C;
Na,Cr,07: 356.7 °C
Vapor pressure Not applicable
Solubility CrOg: soluble in water, ethyl alcohol, ethyl ether,
sulfuric and nitric acid,;
K,CrO4, K>Cr,07, Na,Cr,07: soluble in water,
insoluble in ethyl alcohol,;
Na,CrOg: soluble in water, slightly soluble in
ethyl alcohol,;
Li,CrQy4: soluble in water and ethyl alcohol
Conversion factor Not applicable for particulates and mists

I11.  Major Uses or Sources
Hexavalent chromium (Cr(V1)) is considerably more toxic than trivalent chromium (Cr(l11)), the

form most commonly found naturally (ATSDR, 1993). Cr(VI) is generally produced by
industrial processes. While more information is available on the toxicity of soluble Cr(\V1)
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compounds, information on poorly soluble Cr(\VI) compounds has been included where
applicable. In California, the major emission source of Cr(\V1) results from the chrome plating
industry (CARB, 1997). Chromic acid, used to electroplate metal parts, is the most common
Cr(VI) compound produced in the U.S. (ATSDR, 1998). Chromic acid is also registered as a
fungicide and pesticide in California for use in wood and lumber protection treatments (CDPR,
1998). Chromic acid solutions used for this purpose in the most recent year of reporting (1998)
was 71,109 Ibs. Minute emissions of Cr(VI) may result from lead chromate in paint used for
road striping and from coatings in the aerospace and auto refinishing industries, although uses of
Cr(IV)-containing coatings by these industries in California are decreasing (CARB, 1997 and
1988). Use of Cr(VI) as a corrosion inhibitor in cooling tower water is prohibited in California,
and recently, in the remainder of the U.S. as well. Fuel combustion releases trace amounts of
chromium (CARB, 1988). Most, if not all, of this emitted chromium is in the Cr(111) state. In
the chromium ferroalloy industry, sodium chromate and dichromate can be produced from
imported chromite (Cr(l11)) ore. However, no such facilities in California have reported
production or emission of these Cr(V1) compounds.

Primary routes of potential human exposure to chromium compounds are inhalation, ingestion,
and dermal contact. Exposure to chromic acid is most often in the form of a mist; exposure to
other soluble forms of Cr(V1) is as components of aerosols or particulate matter. The physical,
chemical, and potency differences between Cr(VI) dusts and chromic acid mists necessitated the
development of separate RELSs for each. Environmental exposures would most likely occur
through exposure to Cr(V1) dusts (U.S. EPA, 1998). Cr(VI1) may persist in water as water-
soluble complex anions. However, any Cr(V1) settling in the soil or water is expected to be
eventually reduced to Cr(I1l) by organic matter. The South Coast Air Quality Management
District (SCAQMD, 2000) detected ambient levels of hexavalent chromium ranging from 0.0001
to 0.0003 ug/m? at 10 stationary monitors placed throughout the South Coast Air Basin. The
annual statewide industrial emissions from facilities reporting under the Air Toxics Hot Spots
Act in California based on the most recent inventory were estimated to be 2311 pounds of
hexavalent chromium (CARB, 2000).

IV.  Effects of Human Exposure

Cr(V1) forms oxyanions at physiological pH (CrO4 %), which are quite similar to sulfate (S0473)
and phosphate (HPO4) anions. Therefore, it is able to penetrate virtually every cell in the body
because all cells transport sulfate and phosphate (Costa, 1997). Harmful effects are speculated to
be related to the reduction of Cr(\V1) to Cr(l1) intracellularly when it crosses the cell membrane
and forms complexes with intracellular macromolecules. Thus, Cr(VI) compounds have the
potential to injure numerous organ systems. Toxicity following chronic Cr(V1) exposure has
been reported in the respiratory tract, gastrointestinal system, eyes and conjunctiva, kidney, and
hematopoietic system. Cr(V1) is corrosive and exposure to chromic acid mists may cause
chronic skin ulcerations and upper respiratory lesions (U.S. EPA, 1998). In addition, allergic
skin and respiratory reactions can occur with no relation to dose.

Nasal tissue damage has been frequently observed in chromium plating workers exposed
chronically to chromic acid mists (Bloomfield and Blum, 1928; Vigliani and Zurlo, 1955;
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Kleinfeld and Rosso, 1965; Gomes, 1972; Sorahan et al., 1998). However, workers in the
chromate extraction and ferrochromium industry, exposed to particulates containing soluble
Cr(VI1) compounds, have also reported nasal lesions (Mancuso, 1951; Federal Security Agency,
1953; Machle and Gregorius, 1948; Wang et al., 1994; Walsh, 1953). Other less frequent
mucous membrane injuries have been reported in workers exposed to chromate dust and chromic
acid including sinusitis, laryngitis, conjunctivitis, and oral ulcerations (Mancuso, 1951; Federal
Security Agency, 1953; Johansen et al., 1994). Nasal lesions include perforated septum,
ulcerated septum, nasal atrophy, nosebleed, and inflamed mucosa following exposure to air
chromium levels of about 0.1 to 5.6 mg/m°. Exposure duration, when reported, ranged from 2
weeks to 25 years. However, there were problems in quantifying the effect for the above studies.
The difficulties were primarily lack of adequate methods or data for determining exposure
duration and/or exposure levels. The occupational studies summarized below provide the most
reliable estimates of inhalation durations and concentrations resulting in chronic toxicity.

Workers exposed to >2 pg/m® Cr(V1) as chromic acid exhibited an increased incidence of nasal
atrophy, nasal mucosal ulcerations, and nasal septal perforations as compared to controls
(Lindberg and Hedenstierna, 1983). Workers exposed to less than 2 pg/m?® (expressed as < 1.9
ng/m°) exhibited an increased incidence of irritated nasal mucosa and nasal atrophy compared to
controls. The median exposure time of exposed workers was 2.5 years (range = 0.2-23.6 years).
Frequency of throat and chest symptoms was similar to that of controls. The same study
reported statistically significant decreases in forced expiratory volume in 1 second (FEV3),
forced vital capacity (FVC), and mean forced expiratory flow during the middle of the FVCin 1
second (FEF,s.75) measurements taken on a Thursday afternoon as compared to those taken on a
Monday morning in nonsmoking workers exposed to 2 pg/m® Cr(V1) or more. Similar changes
were observed in the smokers although only the difference in the F\VC measured on a Thursday
was statistically significant. No significant differences were observed between pulmonary
function measurements of exposed and unexposed workers taken on a Monday morning (prior to
a work week of exposure). Thus the authors infer that the observed pulmonary function changes
are transient.

Nasal lesions were observed in 35 of 37 chrome platers exposed to a mean breathing zone
concentration of 7.1 ug/m3 (range = 1.4-49.3 nug/m3) total chromium for an average of 2.2 years
(range = 1.2 weeks-11 years) (Cohen et al., 1974). Actual exposure to Cr(VI) averaged 2.9
ug/m3 (range = 0.09-9.1 ug/m3). Workers employed more than one year had significantly
greater nasal pathology than workers employed one year or less. Due to poor personal hygiene
habits of the exposed workers, a “direct contact’ etiology may explain some of the nasal lesions.

Urinary levels of 3,-microglobulin in 24 chrome platers increased in dose-dependent fashion
with increasing intensity of exposure to Cr(V1), indicating a nephrotoxic effect resulting from
inhalation of Cr(VI) (Lindberg and Vesterberg, 1983). The 8-hr mean Cr(VI) levels ranged from
2 to 20 pg/m® and averaged 6 pug/m®. Total exposure times ranged from 0.1 to 26 years and
averaged 5.3 years. Most of the 24 chrome workers had irritation symptoms of the airways. As
a group, the chrome platers had significantly higher levels of urinary B,-microglobulin compared
to a group of 27 referents. Comparison of 27 referents to a group of 27 ex-chrome-platers found
no difference in urinary ,-microglobulin levels, even though seven of the ex-chrome-platers had
a permanent perforation of their nasal septum (indicating past exposure to high levels of Cr(V1)).
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There was no correlation between total exposure time and urinary ,-microglobulin levels.
Urinary albumin levels remained unchanged in the Cr(V1)-exposed group. The results suggest
that the nephrotoxic effects are reversible at the exposure levels studied.

Gastritis and duodenal ulcers, in addition to ulceration and perforation of the nasal septum, were
observed in chrome platers exposed to a mean breathing zone concentration of 4 ug/m?* chromic
acid for an average of 7.5 years (Lucas and Kramkowski, 1975).

Male workers in the chromate and dichromate production industry, whose occupational
exposures were 0.05-1.0 mg Cr(VI)/m? as chromium trioxide for a mean of 7 years, were
reported to have elevated levels of low molecular weight proteins (retinol binding protein and
tubular antigens) in the urine (Franchini and Mutti, 1988). The authors suggest that the presence
of such proteins in the urine is an early indicator of kidney damage.

The respiratory health of workers exposed to low levels of dusts containing Cr(VI) was
investigated at a stainless steel production plant (Huvinen et al., 1996). The data were presented
as total chromium exposure and Cr(V1) exposure. A combined total of 109 exposed workers in
the furnace department (median Cr(V1) exposure approximately 0.075-0.45 pug/m®) and the steel
smelting shop (average Cr(V1) exposure 0.5 ug/m?) was compared to a control group of 95
workers that worked in the cold rolling mill. Total work exposure duration was 16.0 years
(range: 8-26 years). No significant differences in lung function tests and radiological findings
were observed between exposed and control workers. After controlling for age and smoking, no
differences were observed for the prevalence of rhinitis, eye irritation, or respiratory symptoms
between the two groups.

In a study summarized by U.S. EPA (1998), oral ulcers, diarrhea, stomach ache, indigestion,
leukocytosis and vomiting were reported among a group of 155 Chinese villagers exposed to
contaminated well-water containing 20 mg/L Cr(VI) in 1965 (Zhang and XiLin, 1987).

However, precise exposure concentrations, exposure durations, and confounding factors were not
provided. A follow-up study to assess cancer mortality reported that the average Cr(VI)
concentration in 1965 from 170 wells of the most impacted village was only 2.6 ppm, and
maximum levels did not exceed 5 ppm (Zhang and Li, 1997). Non-cancer effects were not
presented and the apparent discrepancy in water levels of Cr(\V1) with the earlier study was not
discussed.

V. Effects of Animal Exposure

Exposure of C57BL/6 mice to 0 or 13 mg/m* CaCrO, dust (about 136 animals/sex/group) 5
hr/day, 5 days/wk for life resulted in emphysema-like changes of the lung, ‘bronchiolarization’
of the alveoli, and epithelial necrosis, marked hyperplasia, and atrophy of the bronchi in treated
mice (Nettesheim et al., 1971). Other non-cancer histopathological findings in exposed mice
included atrophy of the lymph nodes, spleen, and liver, and occasional small ulcerations of the
stomach and intestinal mucosa. Cessation of body weight gain in both sexes was observed
following the sixth month of exposure to the chromate dust.
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Glaser et al. (1986) exposed 20 male Wistar rats/group to 25, 50, and 100 pug/m? aerosolized
sodium dichromate solution and to 100 pg/m® of a pyrolyzed Cr(VI1)/Cr(111) (3:2) oxide dust
mixture 22-23 hr/day for 18 months. Observation in filtered air continued for another 12 months
thereafter. A control group consisted of 40 rats. Mortality and body weights were unaffected by
treatment. Lung chromium retention at the end of the study was 10-fold greater in rats exposed
to the slightly water soluble chromium oxide mixture compared to high dose rats exposed to
water-soluble sodium dichromate. No clinical signs of irritation were observed in any group.

No hematological effects were noted in rats exposed to sodium dichromate. Rats exposed to the
chromium oxide mixture had a significantly elevated white blood cell count at the 17" and 18"
month, and significantly elevated red blood cells, hematocrits, and hemoglobin levels at the 27"
month. Mean serum content of total immunoglobulin was significantly reduced in this group at 6
months exposure. Significantly increased lung weights were observed in chromium oxide-
exposed rats, and for livers of sodium dichromate-exposed rats at the highest dose. Pigment-
loaded macrophages were found in the sodium dichromate-exposed rats in a dose dependent
manner and also in the chromium oxide group. Chromium oxide-exposed rats also developed
focal thickened septa, partially combined with interstitial fibrosis and accumulation of
eosinophilic substance in the alveolar lumens. The authors concluded that the hematological and
pulmonary effects may be due to Cr-accumulation in the lungs and to depressed lung clearance
function.

Rats exposed to 200 pg/m® Cr(VI1) as aerosolized sodium dichromate by inhalation for 22 hours
per day for 42 days exhibited decreased alveolar macrophage phagocytic activity; the lung
clearance of inert iron oxide was significantly reduced in exposed rats compared to controls
(Glaser et al., 1985). Increased alveolar macrophage activity and a significantly elevated
antibody response to injected sheep red blood cells were observed in rats exposed to 25 or 50
ng/m® Cr(V1) for 22 hours per day for 28 days. Ninety day exposure under the same exposure
protocol resulted in increased rat lung and spleen weights at 50, 100 and 200 pg/m?, but not 25
ng/m® (Glaser et al., 1985). Histopathology of major organs was similar among all groups.
Bronchoalveolar lavage fluid contained decreased macrophage cell counts above 25 pg/m?®.
Increased antibody response to injected sheep red blood cells was observed in all treatment
groups, while alveolar macrophage activity was elevated at 25 and 50 pg/m?®, but was
significantly reduced at 200 pg/m®.

A later experiment exposed male rats to 0, 50, 100, 200, or 400 pg Cr/m® 22 hours per day, 7
days per week for 90 days (Glaser et al., 1990). Average measured concentrations were 0, 54,
109, 204, and 403 pg Cr/m°, respectively. Subacute respiratory dyspnea and reduction in body
weight gain were observed at the two highest exposures. Mean white blood cell count increased
in a dose-dependent manner among treated rats, but returned to normal 30 days following
cessation of exposure. Histopathological examination revealed histiocytosis (macrophage
accumulation) in all treatment groups (Table 1). Bronchoalveolar lavage fluid (BALF) contained
elevated levels of albumin, lactate dehydrogenase (LDH), and total protein in all exposed groups.
Statistically significant elevations in these parameters were observed mainly in the 200 and

400 ng/m?® exposure groups. At necropsy, a statistically significant increase in lung weight (g
dry wt/kg body wt) was observed in rats exposed to 100, 200, and 400 pg/m® as compared to
controls. Lung weights were still significantly elevated in the three highest exposure groups 30
days following cessation of exposure. An analysis of the data (Malsch et al., 1994) determined a
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benchmark dose (95% confidence interval with dose associated with a 10% elevation in the
parameter) for each of these endpoints. The analysis also examined changes in lung and spleen
weight reported in Glaser et al. (1985). The most sensitive endpoint was LDH in BALF.

Table 1. Key bronchoalveolar lavage fluid (BALF) and histopathological findings after 90
days exposure to sodium dichromate (Glaser et al., 1990).

Total Protein LDH Broncho- Right lung

in BALF? Albumin in in BALF alveolar Lung dry weight

ug Cr/m* | (mg/L) BALF (mg/L) | (U/L) Hyperplasia | Histiocytosis | (g/kg BW)
0 226+30 77+13 29+5 0/10 2/10 0.44+ 0.03

50 396+79** 115+23** 34+3* 3/10 9/10 0.48+0.05
100 326+35** 86+13 31+4 2/10 10/10 0.50+0.06*
200 703+178** | 117+20** 63+11** 3/10 9/10 0.55+0.04**
400 975+246** | 184+59** 83+17** 7/10 10/10 0.65+0.05**

a All BALF parameters are mean + SD, n = 10/group

*p <0.05; ** p <0.001: comparison of exposed groups vs. controls

Cohen et al. (1998) investigated the immunotoxicologic effects of inhaled chromium by
exposing F-344 rats (10/group/exposure duration) nose-only to 0 and 360 ug/m?® potassium
chromate 5 hr/day, 5 days/week for 2 or 4 weeks. Exposed rats had greater levels of total
recoverable cells, neutrophils, and monocytes in bronchopulmonary lavage compared to controls
at 2 and/or 4 weeks. Pulmonary macrophages (PM) were reduced, although total PM levels
remained unaffected. Four-week exposure to potassium chromate also resulted in modulated
PM-inducible interleukins-1 and —6, and tumor necrosis factor-a, and increased PM basal nitric
oxide production and interferon-y-primed/zymosan-stimulated reactive oxygen intermediate

production.

Nasal septal perforation, hyperplastic and metaplastic changes in the larynx, trachea, and
bronchus, and emphysema were observed in mice exposed two days per week for 12 months to
CrO3 mist (Adachi, 1987; Adachi et al., 1986). Chromic acid concentrations were either 3.63
mg/m? for 30 minutes per day or 1.81 mg/m? for 120 minutes per day. An additional 20 mice
exposed to 1.81 mg/m* were necropsied 6 months after the last exposure. Lesions of the nasal
septum, trachea, and lungs were still evident in some mice.

The investigators of the toxicity studies summarized below administered soluble Cr(VI)

compounds to experimental animals by the oral route.

Groups of eight male and eight female Sprague-Dawley rats were supplied with drinking water
containing 0-11 ppm (0-11 mg/L) Cr(VI1), as K,CrO,, for 1 year (Mackenzie et al., 1958). The
control group (10/sex) received distilled water. A second experiment involved three groups of
12 male and 9 female rats. One group was given 25 ppm (25 mg/L) Cr(VI); a second received
25 ppm chromium in the form of chromic chloride; and the controls received distilled water. For
rats treated with 0-11 ppm (in the diet), hematological determinations (red and white blood cell
counts, differential white cell counts, and hemoglobin) were performed monthly, and tissues
(livers, kidneys and femurs) were examined at 6 months and 1 year. Spleens were also examined
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at 1 year. The 25 ppm groups (and corresponding controls) were examined similarly, except that
no animals were Killed at 6 months. No significant adverse effects were seen in appearance,
weight gain, or food consumption, and there were no treatment-related effects regarding
hematological parameters or other tissues in any treatment group. The rats receiving 25 ppm
Cr(VI) showed an approximate 20% reduction in water consumption. This dose corresponds to
2.4 mg Cr(VI)/kg/day based on actual body weight and water consumption data. An abrupt rise
in tissue chromium concentrations was noted in rats treated with greater than 5 ppm. The
authors stated that “apparently, tissues can accumulate considerable quantities of chromium
before pathological changes result.” In the 25 ppm treatment groups, tissue concentrations of
chromium were approximately 9 times higher for those treated with hexavalent chromium than
for the trivalent group.

Anwar et al. (1961) observed no significant effects in groups of female dogs (2/dose group)
given 0, 0.45, 2.25, 4.5, 6.75, or 11.2 ppm Cr(V1) (as K,CrQy,) in drinking water for 4 years. The
calculated doses ranged from 0.012-0.30 mg/kg of Cr(VI).

Numerous rodent studies have been recently undertaken to investigate the reproductive and
developmental effects of Cr(VI) exposure via the drinking water (Trivedi et al., 1989; Junaid et
al., 1995; Murthy et al., 1996; Junaid et al., 1996a; Junaid et al., 1996b; Kanojia et al., 1996;
Elbetieha and Al-Hamood, 1997; Al-Hamood et al., 1998; Kanojia et al., 1998). Exposure
concentrations ranged from 250 to 5000 ppm for durations as short as five days during gestation
to as long as 3 months pre-gestational exposure. In general, the longer exposures resulted in
more serious reproductive and developmental effects.

Kanojia et al. (1998) administered 0, 250, 500, and 750 ppm potassium dichromate via drinking
water to female Druckrey strain rats for 90 days prior to gestation. Based on daily water intake
and final body weights, the estimated daily Cr(V1) intake was 33, 68, and 98 mg/kg-day,
respectively. Ten to 15% mortality, hair loss, lethargy, aggressiveness and a significant
reduction in body weight gain were observed in rats at the two highest doses. While not
statistically significant, weight of the low dose rats were 32% lower than controls. All treated
rats were acyclic at the end of the 90 day exposure period and an additional 15-20 days without
Cr(VI1) exposure were needed for the estrus cycle to start. Mating and fertility indexes decreased
with increasing Cr(V1) intake. Ten rats/group were sacrificed on day 19 of gestation for
fetotoxicity assessment. Significantly reduced fetal weight and increased pre- and post-
implantation loss occurred at all dose levels. Gross and skeletal abnormalities in low dose
fetuses included subdermal hemorrhagic patches, drooping wrists, and reduced caudal bone
ossification. No gross visceral abnormalities were seen in treated groups.

Administration of potassium dichromate to rats (Kanojia et al., 1996) and mice (Junaid et al.,
1996a) in drinking water at concentrations of 250, 500, and 750 ppm for 20 days prior to
gestation resulted in increased post-implantation loss and decreased placental weight in both
species at the lowest dose. Also at this dose level, decreased fetal weight and crown-rump length
were observed in mice, and increased resorptions and decreased number of live fetuses were
observed in rats. Gross and skeletal abnormalities were observed in both species beginning at
the 500 ppm dose level.
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Groups of Sprague-Dawley rats (NTP, 1996a) and BALB/C mice (NTP, 1996b) were
administered potassium dichromate in their diet at 0, 15, 50, 100, or 400 ppm for 9 weeks (24
males and 48 females/species/group) followed by a recovery period of 8 weeks. Average Cr(VI)
consumption for male/female rats were 1/1, 3/3, 6/7, and 24/28 mg/kg-day, respectively.
Average Cr(VI1) consumption for male/female mice were 3/5, 10/16, 21/34, and 92/137 mg/kg-
day, respectively. Six males and 12 females of both species were necropsied after 3, 6, or 9
weeks of treatment or after the full recovery period. There was no treatment-related
histopathology observed in kidneys, ovaries, and testes in either species. Hematological analysis
revealed slight decreases in mean corpuscular volume (MCV) and mean corpuscular hemoglobin
(MCH) at the highest dose in both species, which is indicative of iron deficiency. MCV and
MCH were normal in these groups following the 8-week recovery period. Microscopic
evaluation of the livers of mice noted cytoplasmic vacuolization of hepatocytes in treated
animals beginning at 50 ppm. Also in mice, there was a slight decrease in mean body weights in
the 400 ppm males (5-9%) and females (4%) and the 100 ppm females (2-4%) during the dosing
periods. Feed consumption by mice was generally increased in all treated groups, particularly
the 400 ppm males and females. During the recovery period, feed consumption was comparable
across groups.

The NTP (1997) investigated the potential reproductive toxicity of Cr(\V1) in mice using the
Reproductive Assessment by Continuous Breeding protocol. Groups of 20 male and female
pairs of BALB/c mice (Fo) were exposed to 0, 100, 200, and 400 ppm potassium dichromate in
their diet during the continuous breeding phase (approximately 12 weeks). F; generation litters
received the same concentration of Cr(V1) in their diet as their Fq parents and were used for
assessment of second generation reproductive toxicity at sexual maturity. There were no
treatment-related changes in any of the reproductive parameters in this study. In F; mice, the
MCV was slightly decreased in males at the two highest doses, and slightly decreased in females
in all dose groups. MCH and hemoglobin were slightly reduced in high dose males and high
dose females, respectively. Mean body weights of the high dose Fy and F; animals were slightly
decreased, and mean food consumption in the F; mice was elevated. Reduced mean absolute
liver weights were observed in 400 ppm Fo mice of both sexes. The mean calculated doses were
19.4, 38.6, and 85.7 mg/kg-day for Fo males and females and 22.4, 45.5, and 104.9 mg/kg-day
for F; males and females in the 100, 200, and 400 ppm dose groups, respectively.

In an investigation of the spermatogenic and steroidogenic effects of Cr (VI), Chowdhury and
Mitra (1995) administered 0, 20, 40, and 60 mg/kg-day sodium dichromate by oral gavage to
male rats for 90 days. Reduced Leydig cell population, reduced body and testicular weight, and
degeneration of testicular tissue was observed at the two highest doses. Biochemical measures
of spermatogenic and steroidogenic impairment, including decreased testicular DNA, RNA,
protein, serum testosterone, and 3/8-A-hydroxy steroid dehydrogenase (38-A>-HCH), were also
reduced at the two highest doses. Only relatively small reductions in testicular protein, 3-A°-
HCH, and serum testosterone were seen in the 20 mg/kg rats.
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V1.  Derivation of Chronic Reference Exposure Levels (RELS)

A. Derivation of Chronic Inhalation Reference Exposure Level for Soluble Hexavalent
Chromium Compounds other than Chromic Trioxide

Study Glaser et al., 1990
Study population Male Wistar rats (30 per group)
Exposure method Discontinuous whole-body inhalation (0, 54,

109, 204, or 403 pg Cr(V1)/m? as sodium
dichromate aerosol)

Critical effects Bronchoalveolar hyperplasia
LOAEL 50 pg/m®

NOAEL Not observed

BMCos 12.50 pg/m?

Exposure continuity 22 hr/day, 7 days/week

Exposure duration 90 days

Average exposure 11.46 pg/m? Cr(V1) (12.50 x 22/24)
Human equivalent concentration 24.47 pg/m® Cr(V1) (2.1355 [RDDR] x 11.46)
LOAEL uncertainty factor Not needed in the BMC approach
Subchronic uncertainty factor 3

Interspecies uncertainty factor 3

Intraspecies uncertainty factor 10

Cumulative uncertainty factor 100

Inhalation reference exposure level 0.2 pg/m? (0.0002 mg/m?)

The study by Glaser et al. (1990) provides the best available inhalation data that demonstrate a
dose-response relationship for various pulmonary toxicity endpoints. The BMCgs of 12.50
ng/m? was derived from quantal data for bronchoalveolar hyperplasia. The presence of
bronchoalveolar hyperplasia in exposed rats is supported by other indicators of lung
inflammation, including increased total protein, LDH, and albumin in BALF (see Table 1). A
quantal-linear model analysis (U.S. EPA, National Center for Environmental Assessment,
benchmark dose software, version 1.20) of the quantal data provided the most reasonable line fit
and resulted in the lowest BMCys. A BMCys is considered to be similar to a NOAEL in
estimating a concentration associated with a low level of risk. Lung histiocytosis (macrophage
accumulation) was present in nearly all exposed animals, but this quantal data set was only
suitable for a NOAEL/LOAEL approach and was not considered as direct an indicator of lung
injury as bronchoalveolar hyperplasia.

Based on OEHHA methodology, a comparison REL developed using the NOAEL/LOAEL
approach would yield 0.3 ug/m®. Adjustment of the LOAEL of 50 pg/m® (a NOAEL was not
observed) to the human equivalent concentration uses the same parameters as shown in the REL
derivation above. However, a LOAEL UF of 3 is added to the existing UFs to result in a
cumulative UF of 300.

The U.S. EPA (1998) RfC of 0.1 pg/m® is also based on data from Glaser et al. (1990), but
derived a BMCyq (16 pg/m®), as developed by Malsch et al. (1994), from continuous data of
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LDH in BALF. Using a polynomial model provided by a different benchmark software package
(THC, Clement International Corp., Ruston LA), increasing LDH concentration in BALF with
increasing dose provided the lowest BMC;, among the various BALF endpoints. OEHHA is
currently not developing BMCs for RELs based on continuous data. A BMCgs derived from
quantal data and a BMCys derived from continuous data may not have the same meaning.
Conceivably, depending on the standard deviations of the data points, the BMCgys based on
continuous data could still be above the statistically significant effect level. OEHHA believes
that further evaluation of BMC’s based on continuous data is needed prior to their application to
RELSs.

OEHHA and U.S. EPA also diverge on the assignment of the Subchronic UF. The Glaser et al.
(1990) study indicated that chromium was still acculmulating in lung tissue at the end of 90 days.
This evidence and the fact that the study did not investigate upper airway effects and other extra-
pulmonary effects led U.S. EPA to assign a subchronic UF of 10 (U.S. EPA, 1998). Based on
OEHHA methodology, OEHHA used a subchronic UF of 3. In support of a UF of 3, the 18-
month sodium dichromate exposure study performed by Glaser et al. (1986), under similar
exposure conditions used in the key 90-day study, did not find histopathological evidence of lung
inflammation or major organ effects, or suggest severe chromium accumulation in exposed rats.
However, BALF analysis was not performed in the chronic study.

For comparison with the proposed REL, the occupational study by Huvinen et al. (1996)
established a NOAEL of 0.5 pg/ma3 for lack of pulmonary findings. However, this study is
deficient for REL purposes due to the lack of a LOAEL. Unfortunately, other occupational
studies suffered from lack of adequate methods or data for determining exposure duration and/or
exposure levels. Use of an occupational time adjustment (10/20 m3 inhaled/day, 5/7 days/week)
and an interspecies UF of 10 for the Huvinen et al. (1996) study would result in an estimated
REL of 0.02 ug/m3. Average exposure duration was 16 years, so a subchronic UF of 1 was
sufficient.

B. Derivation of Chronic Inhalation Reference Exposure Level for CrO3 as Chromic Acid
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Study Lindberg and Hedenstierna, 1983
Study population Human workers (100 exposed workers,
119 unexposed controls)
Exposure method Occupational exposure to chromic acid mist
Critical effects Nasal atrophy, nasal mucosal ulcerations, nasal

septal perforations, transient pulmonary
function changes

LOAEL 1.9 pg/m® established as “low exposure” group
(8-hr mean < 1.9 ug/m®)

NOAEL Not observed

Exposure continuity 8 hr/day (10 m® per 20 m® day), 5 days/week

Exposure duration Mean of 2.5 years (range = 0.2 - 23.6 years)

Average exposure 0.68 pg/m® Cr(VI) (1.9 x 10/20 x 5/7)

Human equivalent concentration 0.68 pg/m® Cr(VI)

LOAEL uncertainty factor 3

Subchronic uncertainty factor 10

Interspecies uncertainty factor 1

Intraspecies uncertainty factor 10

Cumulative uncertainty factor 300

Inhalation reference exposure level 0.002 pg/m?® (0.000002 mg/m°)

The occupational exposure study of Lindberg and Hedenstierna (1983) was selected as the best
available human study. A 3-fold LOAEL to NOAEL uncertainty factor (UF) was applied due to
the low incidence of nasal atrophy at the LOAEL (4 out of 19) and the apparent reversibility of
the lesion at this exposure level. While Lindberg and Hedenstierna (1983) did not follow-up on
any of the active cases of nasal ulcerations, which occurred only in workers in the ‘high
exposure’ group, they did note that one worker, who exhibited nasal atrophy, had no visible nasal
lesions 4 months after termination of exposure.

U.S. EPA (1998) based its RfC of 0.008 pg/m? for exposure to chromic acid mists and dissolved
Cr(VI) aerosols on the same study but established the LOAEL at 2 ug/m® and applied a total UF
of 90 (3 each for the LOAEL to NOAEL and subchronic to chronic extrapolation, and 10 for
intraspecies extrapolation). It was unclear why U.S. EPA (1998) chose UFs of 3 for LOAEL and
subchronic extrapolations. It was also unclear why the total uncertainty factor was 90, rather
than 100, which would be obtained by following the usual convention (that the value for
uncertainty factors of “3” is actually 3.16, the square root of 10, although it is usually only
quoted to 1 significant figure).

For comparison, a REL can be estimated from the Adachi et al. (1987) study in which mice were
exposed to 1.81 mg/m? chromic acid mist 2 hr/day, twice a week for 12 months. Lesions were
observed in treated mice throughout the respiratory tract; a NOAEL was not determined.
Application of the exposure continuity adjustment (2/24 hr/day x 2/7 days/week), an RDDR of
2.26 (MMAD and sigma g roughly estimated at 5 and 3 pum, respectively), and a total UF of 300
(10 fc;r LOAEL to NOAEL, 3 for interspecies, and 10 for intraspecies) yields a REL of 0.3
ug/m?,
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In addition to being inhaled, airborne hexavalent chromium can settle onto crops and soil and
enter the body by ingestion. Thus, an oral chronic reference exposure level for soluble salts of
metallic chromium(V1) is also required for assessing risks from stationary sources in the Air
Toxics Hot Spots program.

C. Derivation of Chronic Oral Reference Exposure Level for Chromium VI (Based on
U.S. EPA RfD)
Study Mackenzie et al., 1958
Study population 8 male and 8 female Sprague-Dawley rats
Exposure method Drinking water
Critical effects No adverse effects seen
LOAEL None
NOAEL 2.4 mg/kg-day (converted from 25 mg/L of
chromium as K,CrQOy)
Exposure continuity Continuous
Exposure duration 1 year
Average experimental exposure 2.4 mg/kg-day (0.11 ppm Cr(VI))
LOAEL uncertainty factor 1
Subchronic uncertainty factor 1
Interspecies uncertainty factor 10
Intraspecies uncertainty factor 10
Cumulative uncertainty factor 100
Oral reference exposure level 0.02 mg/kg bw-day

The oral REL (0.02 mg/kg bw-day) and U.S. EPA’s oral Reference Dose (RfD) of 0.003 mg/kg-
day (U.S. EPA, 1998) are based on the same study by MacKenzie et al. (1958). No adverse
effects were reported at any dose in the study. The highest dose group (25 mg/L) was selected
for derivation of the oral REL and RfD based on the reported body weight of the rat (0.35 kg)
and the reported average daily drinking water consumption for the rat (0.035 L/day). Because a
LOAEL was not observed in the primary study, the subchronic NTP studies provide supporting
evidence to justify a REL based on MacKenzie et al. (1958). Cr(\VI1) was administered in the diet
of rats for 9 weeks and a NOAEL of 6 mg/kg-day was observed for slightly depressed MCV and
MCH values (NTP, 1996a). The LOAEL was 24 mg/kg-day. The NTP (1996b, 1997) also
observed slightly depressed MCV and MCH values in mice, but at higher Cr(\V1) concentrations.
While the changes are small and may be a mild adverse effect at best, the NTP (1997) noted that
decreased MCV and MCH are indicators of iron deficiency and suggested that an interaction
between chromium and iron is altering erythrocyte formation. The liver effects noted in female
mice in the 9 week study (NTP, 1996b) were not observed in the mouse reproductive study
(NTP, 1997). Therefore, the toxicological significance of this finding is uncertain.

U.S. EPA (1998) applied UFs of 3 for subchronic, 10 for intraspecies, 10 for interspecies, and a

modifying factor of 3 (to account for concerns raised by the study of Zhang and XiLin (1987)) to
the NOAEL for an RfD of 0.003 mg/kg-day. The criteria for use of modifying factors are not
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well specified by U.S. EPA. Such modifying factors were not used by OEHHA. Because the
exposure duration in the primary study was greater than 12% of the estimated lifespan of rats,
OEHHA applied UF of 1 for extrapolation to chronic exposure.

U.S. EPA stated its confidence in the RfD as: Study - Low; Data Base - Low; and RfD - Low.
Confidence in the chosen study is low because of the small number of animals tested, the small
number of parameters measured, and the lack of toxic effect at the highest dose tested.
Confidence in the database is low because the supporting studies are of equally low quality, and
teratogenic and reproductive endpoints are not well studied. Low confidence in the RfD follows.

OEHHA notes that more reproduction/developmental studies have been published that support
the RfD and oral REL since U.S. EPA published its findings (U.S. EPA, 1998). In general, these
studies indicate that reproductive and developmental effects occur at doses greater than an order
of magnitude above the NOAEL established by MacKenzie et al. (1958) and the NTP (1996a,b,
1997). However, the dose levels used were relatively high such that a NOAEL was typically
lacking.

VIIl. Data Strengths and Limitations for Development of the REL

The major strength of the inhalation REL for chromic acid mist is the use of human data. The
major uncertainties for this inhalation REL is the lack of controlled and quantified exposure data
and the lack of a NOAEL in the key chromic acid study.

The suitably thorough analysis of lower airway effects and the development of a BMC from
continuous data are strengths for the Cr(\V1) dust inhalation REL. Limitations include the lack of
comprehensive data on multi-organ effects, the lack of chronic studies, the lack of upper airway
analysis in the key study, and the lack of quantified exposure data in humans. The animal studies
by Glaser et al. (1990, 1986) suggest that the lower respiratory airway is a primary target for
Cr(VI) dusts. However, occupational studies (Mancuso, 1951; Federal Security Agency, 1953;
Machle and Gregorius, 1948; Wang et al., 1994; Walsh, 1953) indicate that nasal lesions result
from exposure to Cr(VI) dusts and may, in fact, be the most sensitive indicator of human toxicity
resulting from exposure to soluble Cr(\V1) dusts. However, this finding is attenuated by the fact
that dermal exposure to chromic acid and Cr(VI1) dusts due to poor hygienic practices of workers
may overestimate the airborne concentrations necessary to result in nasal lesions.

The major strength for the oral REL is the consistency of the doses resulting in NOAELs and/or
LOAELs among the major and supporting studies. The major limitations for the oral REL, other

than the ones noted above by U.S. EPA, are the lack of lifetime exposure studies in experimental
animals and the lack of adequate oral human exposure data.
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CHRONIC TOXICITY SUMMARY

CRESOL MIXTURES

Compounds | Synonyms CAS Reg. No.

cresols cresylic acid; tricresol; hydroxytoluene; methylphenol 1319-77-3

o-cresol 1-hydroxy-2-methylbenzene; 2-hydroxytoluene; 95-48-7
2-methylphenol

m-cresol 1-hydroxy-3-methylbenzene; 3-hydroxytoluene; 108-39-4
3-methylphenol

p-cresol 1-hydroxy-4-methylbenzene; 4-hydroxytoluene; 106-44-5
4-methylphenol

. Chronic Toxicity Summary

Inhalation reference exposure level 600 pg/m® (100 ppb)
Critical effect(s) Neurotoxicity
Hazard index target(s) Nervous system

1. Chemical Property Summary (HSDB, 1995; CRC, 1994, unless otherwise noted)

Description Colorless in pure form; yellowish, brownish-
yellow, or pinkish liquid

Molecular formula C7HgO

Molecular weight 108.14 g/mol

Boiling point 191.0°C (o-cresol)

202°C (m-cresol)
201.9°C (p-cresol)

Melting point 29.8°C (o-cresol)

11.8°C (m-cresol)
35.5°C (p-cresol)

Solubility Soluble in 50 parts water; miscible with alcohol,
benzene, ether, glycerol, petroleum ether;
soluble in vegetable oils, glycol

Conversion factor 4.42 pg/m?® per ppb at 25°C

I11.  Major Uses and Sources
Cresol compounds (mixtures of the ortho-, meta- and para-isomers) can be obtained from coal tar

and petroleum or synthesized by sulfonation or oxidation of toluene (HSDB, 1995). Crude
cresol (commercial grade) contains approximately 20% o-cresol, 40% m-cresol, and 30% p-
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cresol. Phenol and xylenols are present in small amounts as contaminants. Cresylic acid
compounds are called cresol when the boiling point is below 204°C.

Cresols have a wide variety of uses including the manufacture of synthetic resins, tricresyl
phosphate, salicylaldehyde, coumarin, and herbicides. Cresols also serve as components of
degreasing compounds in textile scouring and paintbrush cleaners as well as fumigants in
photographic developers and explosives. Cresols also function as antiseptics, disinfectants, and
parasiticides in veterinary medicine. An approximate breakdown of cresol and cresylic acid use
is 20% phenolic resins, 20% wire enamel solvents, 10% agricultural chemicals, 5% phosphate
esters, 5% disinfectants and cleaning compounds, 5% ore flotation, and 25% miscellaneous and
exports.

Any combustion process, which results in the generation of phenolic compounds (such as
automobile exhaust or coal, wood, or trash smoke), may be a potential source of exposure to
cresols. Cresols are also formed from the atmospheric photooxidation of toluene. However,
under normal conditions low vapor pressure limits the inhalation hazard presented by cresols
(HSDB, 1995). The annual statewide industrial emissions from facilities reporting under the Air
Toxics Hot Spots Act in California based on the most recent inventory were estimated to be 8407
pounds of mixtures of cresols (cresylic acid), 3 pounds of m-cresol, and 3 pounds of o-cresol
(CARB, 2000).

IV.  Effects of Exposures to Humans

Brief exposure to 6 mg cresol/m* resulted in irritation of the throat and nose, nasal constriction,
and dryness in 8 of 10 subjects (Uzhdavini et al., 1972).

Chemical burns may result from exposure to cresols (Pegg and Campbell, 1985). The lungs of
humans exposed to cresols have shown signs of emphysema, edema, bronchopneumonia, and
small hemorrhages (Clayton and Clayton, 1982). Skin contact has resulted in the development of
white patches and blistering, eventually turning brown or black (Lefaux, 1968). Other reported
effects include turbidity, inflammation, and fatty degeneration of the liver, nephritis, and
hemorrhage of the epicardium and endocardium. An infant fatally exposed to ~20 ml of a 90%
cresol solution dermally showed widespread edema of the internal organs, especially the brain
and kidney (Green, 1975). The liver showed signs of centrilobular and midzonal necrosis.

Chronic systemic poisoning by any route of exposure may produce symptoms of vomiting,
dysphagia, salivation, diarrhea, loss of appetite, headache, fainting, dizziness, and mental
disturbances (Sittig, 1981). Skin rash and discoloration may also result from prolonged or
repeated exposure of the skin. Death may result from severe damage to the liver and kidneys.
Oral poisoning has resulted in kidney problems (likely from the direct action of cresol) and
pancreatitis (from constriction of the pancreatic ducts) (Klimkiewicz et al., 1974, as reported in
HSDB, 1995).
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V. Effects of Exposures to Animals

The effects of inhaled o-cresol were examined in several species (Uzhdavini et al., 1972, as
reported in ATSDR, 1992 and U.S. EPA, 1982). Cats exposed for 30 minutes to 5-9 mg o-
cresol/m® showed signs of respiratory irritation as indicated by increased parotid gland
secretions. Exposure of mice for 2 hrs/day for 1 month to 50 mg o-cresol/m® did not have an
effect on mortality, however, heart muscle degeneration and degeneration of nerve cells and glial
elements were observed.

Uzhdavini et al. (1972) exposed rats (both sexes, numbers not stated) by inhalation to 9.0 £ 0.9
mg o-cresol/m?, first for 2 months (6 hours/day, 5 days/week), then for 2 more months (4
hours/day, 5 days/week). Endpoints examined in rats included elementary conditioned defensive
reflex, white blood cell levels, bone marrow elements, and liver function (as indicated by
increased susceptibility to hexobarbital narcosis). Both cresol-exposed and control animals
showed some loss of the defensive reflex; the effect occurred in all exposed animals before the
end of the second month and in control animals at later times. White blood cell counts were
elevated in male animals, peaked at the end of the exposure period, and returned to normal one
month after cessation of exposure. Exposed animals also showed a statistically significant
change in the leukoid-to-erythroid ratio in the bone marrow. Liver toxicity was suggested by an
extension in the duration of hexobarbital narcosis in treated animals. Although guinea pigs were
similarly evaluated for changes in blood cell counts and ECG, scant reporting of experimental
detail limits the usefulness of this portion of the study.

NR rats were exposed by inhalation to 0.0052 or 0.05 mg tricresol/m? for 3 months (Kurliandskii
et al., 1975; as described by U.S. EPA, 1982). The proportional composition of the compound
was not specified. Effects observed in the high-dose group included decreased weight gain,
increased central nervous system excitability, increased oxygen consumption, and histological
changes in the lung and liver. Serum gamma-globulin levels were also reduced. No effects were
observed in the low-dose group. Rats (6/group, sex unspecified) were also exposed for 24 hours
to 0.01, 0.1, and 2.4 mg tricresol/m® with a control group of 6 rats for each exposure group. The
absorption of neutral red dye by lung tissue was used as an indicator of protein denaturation in
the tissue. Significantly increased dye absorption over control animals was observed at both 2.4
and 0.1 mg tricresol/m°. The degree of dye absorption in the low-dose group was not
significantly increased over controls.

In a 90-day subchronic toxicity study (U.S. EPA, 1986), 30 Sprague-Dawley rats/sex/dose were
gavaged daily with 0, 50, 175, or 600 mg/kg/day p-cresol. Body and organ weights, food
consumption, mortality, clinical signs of toxicity, and clinical pathology were evaluated. At 600
mg/kg/day, o-cresol showed 47% combined mortality (9/30 males, 19/30 females), and a 30%
reduction in body weight at week 1 and 10% at necropsy. Kidney-to-body weight ratio was 13%
higher than that of the control value at the end of the study. CNS effects such as lethargy, ataxia,
coma, dyspnea, tremor, and convulsions were seen within 15 to 30 minutes after dosing; but
recovery occurred within 1 hour post-gavage. At 450 mg/kg/day, combined mortality was 10%
(1/10 male, 1/10 female). In the 175 mg/kg/day group, two animals exhibited tremors on day 1
of the study during the hour following gavage administration, and one of the two became
comatose. At 50 mg/kg/day, no significant adverse effects were observed (USEPA, 1999a,b).
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In a 90-day neurotoxicity study (U.S. EPA, 1987), 10 Sprague-Dawley rats/sex/dose were
gavaged daily with o-cresol at 0, 50, 175, 450, or 600 mg/kg/day. In addition to the parameters
evaluated above, various signs of neurotoxicity were monitored. The lowest dose of o-cresol
caused clinical signs of CNS-stimulation post-dosing, such as salivation, rapid respiration, and
hypoactivity; however, these symptoms were low in incidence and sporadic in nature. Higher
doses of o-cresol (greater than 450 mg/kg/day) produced significant neurological events, such as
increased salivation, urination, tremors, lacrimation, palpebral closure, and rapid respiration.
Animals given high doses also showed abnormal patterns in the neurobehavioral tests. The
NOAEL based on systemic toxicity was 50 mg/kg/day (USEPA, 1999a,b).

Dermal exposure of rats to 1.0-1.7 ml cresol/kg body weight for 1-2 hours resulted in skin
discoloration and death of the animals (Campbell, 1941).

Exposure to high concentrations of toluene vapors, or to intravenous o-cresol, a toluene
metabolite, at about 0.9 mg/min, caused excitation of the somatosensory evoked potential (SEP)
and electroencephalograph (EEG) of Fischer 344 rats (Mattsson et al., 1989). Both substances
induced an increase in EEG beta activity and caused a large increase in activity at 5 Hz. Toluene
exposed rats were lightly anesthetized, while o-cresol rats were conscious but hyperreactive.
When exposure was continued, both sets of rats had involuntary muscle movements and tremors.
Neither benzoic acid and hippuric acid, also metabolites of toluene, caused neuroexcitation. The
authors concluded that metabolically derived cresols are plausible candidates for the
neuroexcitatory properties of toluene.

In rat liver slices at equimolar concentrations, p-cresol was 5- to 10-times as toxic as the o- or m-
isomers for cell killing (Thompson et al., 1994). p-Cresol rapidly depleted intracellular
glutathione levels, while the 0- and m-isomers depleted it to a lesser extent. p-Cresol was
metabolized to a reactive intermediate which bound covalently to protein. The reaction was
inhibited by N-acetylcysteine.

The National Toxicology Program (NTP) sponsored reproductive toxicity tests of cresol isomers
in Swiss CD-1 mice using the risk assessment by continuous breeding (RACB) protocol (Heindel
et al., 1997a, 1997b). For o-cresol the exposure concentrations in the continuous cohabitation
task were 0.05%, 0.2%, and 0.5% in feed (approximately 60, 220, and 550 mg/kg/day (Heindel
et al., 1997a). At these doses o-cresol was not a reproductive toxicant. When a m-/p-cresol
mixture was used at concentrations of 0.25, 1.0 and 1.5% in feed (approximately 370, 1500, and
2100 mg/kg/day), the m/p mixture was a reproductive toxicant, since (1) fewer F; pups per litter
were produced, (2) both generations showed reduced pup weights, and (3) reproductive organs
showed weight reductions. Unfortunately the responses were not dose-dependent and the
mixture was judged not to be a selective reproductive toxicant. Oral gavage administration of o-,
m-, or p-cresol, separately, in rats did not produce selective reproductive toxicity; i.e., for each of
the cresol isomers, in the absence of parental toxicity, there was no reproductive toxicity. The
NOEL for reproductive toxicity for each isomer was 175 mg/kg/day (Tyl 1989a, 1989b, 1989c).
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V1.  Derivation of Inhalation Chronic Reference Exposure Level

Study

Study population
Exposure method
Critical effects

LOAEL

NOAEL

Exposure continuity

Exposure duration

LOAEL uncertainty factor
Subchronic uncertainty factor
Interspecies uncertainty factor
Intraspecies uncertainty factor
Cumulative uncertainty factor

U.S. EPA, 1987

Sprague-Dawley rats

Gavage at 0, 50, 175, 450, or 600 mg/kg-day

Decreased body weights and neurotoxicity (tremors,
salivation, lacrimation, etc.)

175 mg/kg-day

50 mg/kg-day

Daily gavage

90 days

1

3 (90 day study)

10

10

300

0.17 mg/kg/day

U.S. EPA Reference Dose (RfD)
Route-to-route extrapolation factor 3500 pg/m® per mg/kg/day
Inhalation chronic REL 600 pg/m* (100 ppb)

An RfD of 0.05 mg/kg/day was derived by the USEPA for both o-cresol and m-cresol (USEPA
1998a, 1998b; listed as 2-methylphenol and 3-methylphenol). The RfD for p-cresol was
withdrawn by the USEPA. U.S EPA used a subchronic uncertainty factor of 10 for a 90 day
study in rats. In accordance with its approved methodology (OEHHA, 2000), OEHHA used a
factor of 3.

The available literature on the observed toxicity of cresol compounds and cresol mixtures to
humans by inhalation indicates that at high concentrations these compounds are initially toxic
due to their ability to cause chemical burns and are therefore of concern at the site of contact. In
humans occupationally exposed, inhalation exposure is reported to cause respiratory effects
including the development of pneumonia, pulmonary edema, and hemorrhage (Clayton and
Clayton, 1982). Other case reports of cresol toxicity to humans are confounded by the presence
of other compounds, such as phenol, formaldehyde, and ammonia (Corcos, 1939; NIOSH, 1974).
The only quantitative information from inhalation exposures to humans, however, comes from
acute exposure studies showing irritation at 6 mg cresol/m® (Uzhdavini et al., 1972, as reported
in ATSDR, 1992). Toxic effects reported in animals include bone marrow and liver toxicity in
rats from 4 month exposure to 9 mg cresol/m® (Uzhdavini et al., 1972, as reported in U.S. EPA,
1982). Other animal studies have shown more systemic effects from inhalation exposure to
cresols. Uzhdavini et al., 1972 reported cardiac and nerve cell degeneration in mice exposed for
2 hour/day for 1 month to 50 mg o-cresol/m®. Kurliandskii et al. (1975) (as reported in HSDB,
1995) observed decreased weight gain with histological changes in the liver and lungs of rats
exposed for 3 months to 0.05 mg tricresol/m>. Although this study reports adverse effects at
levels below those observed in the Uzhdavini et al. (1972) study, limited experimental detail
precludes the use of these data in the development of the chronic REL.
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The only useful inhalation data for the development of a chronic REL are those showing
hematological toxicity to the bone marrow of rats exposed for 4 months to o-cresol (Uzhdavini et
al. (1972) as reported in U.S. EPA, 1982). These authors report a LOAEL of 9 mg tricresol/m®.
OEHHA staff decided not to use this study. (1) A complete translation from the original Russian
was not available so that only the interpretations of others were available. (2) Some endpoints
tested are not commonly used in toxicology. And (3) some of the results reported were unusual
(e.g., elevation of white blood cells in male but not female rats).

As noted above, the inhalation study conducted by Kurliandskii et al. (1975) suggests that
adverse health effects occur in experimental animals at exposure levels considerably below those
reported by Uzhdavini et al. (1972) (9 mg/m® vs. 0.05 mg/m®). The report from which the lower
level is drawn has limitations. Human subjects exposed briefly to levels below the LOAEL have
reported respiratory irritation.

VIl. Data Strengths and Limitations for Development of the REL

The strengths of the REL for cresols include the use of measured exposure data of animals
exposed over a significant fraction of their lifetime. Major areas of uncertainty are route-to-route
extrapolation, the lack of chronic human data, and the paucity of reproductive and developmental
toxicity studies. Additional inhalation studies of cresols will be useful.
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CHRONIC TOXICITY SUMMARY

1,4-DICHLOROBENZENE

(p-dichlorobenzene; di-chloricide; p-dichlorobenzol; Paradow; Paramoth; Parazene; p-
chlorophenyl chloride)

CAS Registry Number: 106-46-7
. Chronic Toxicity Summary

Inhalation reference exposure level 800 pg/m?® (100 ppb)
Critical effect(s) General effects (reduced body weights and food
consumption) in rats
CNS effects (tremors) in rats
Respiratory/dermal effects (nasal and ocular
discharge) in rats
Liver effects (increased liver weight) in rats, and
Kidney effects (increased kidney weight) in rats.
Hazard index target(s) Nervous system; respiratory system; alimentary
system; kidney

1. Chemical Property Summary (HSDB, 1997; CRC, 1994)

Description White crystals, monoclinic prisms

Molecular formula CeH4Cl,

Molecular weight 147.01 g/mol

Boiling point 174°C

Melting point 52.7°C

Vapor pressure 10 torr @ 54.8°C

Solubility Soluble in chloroform, carbon disulfide, alcohol,
ether, acetone, benzene

Conversion factor 1 ppm = 6.0 mg/m® at 25°C

I11.  Major Uses and Sources

Commercial grade 1,4-dichlorobenzene (1,4-DCB) is available in the USA as a technical grade
liquid, typically containing a small percentage (>0.1% by weight) of meta (1,3-DCB) and ortho
(1,2-DCB) isomers; as a solution in solvent or oil suspension; or as crystalline material pressed
into various forms (HSDB, 1997). Besides its role as an intermediate in the synthesis of various
organics, dyes and pharmaceuticals, 1,4-dichlorobenzene is used as a space or garbage
deodorizer for odor control. The insecticidal and germicidal properties of 1,4-dichlorobenzene
are used to control fruit borers and ants, moths, blue mold in tobacco seed beds, and mildew and
mold on leather or fabrics. In 1996, the latest year tabulated, the statewide mean outdoor
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monitored concentration of 1,4-DCB was approximately 0.15 ppb (CARB, 1999). The annual
statewide industrial emissions from facilities reporting under the Air Toxics Hot Spots Act in
California based on the most recent inventory were estimated to be 30,577 pounds of
dichlorobenzene (CARB, 2000).

IV.  Effects of Human Exposure

Case reports of human exposure to 1,4-DCB include malaise, nausea, hepatic manifestations
(yellow atrophy and cirrhosis), proteinuria, bilirubinuria, hematuria, and anemia. A woman
exposed to 1,4-DCB for 6 years developed central nervous system effects, including severe
cerebellar ataxia, dysarthria, weakness in all limbs, and hyporeflexia (U.S. EPA, 1985).

No epidemiologic studies of 1,4-DCB exposures were located.

V. Effects of Animal Exposure

Rats, rabbits and guinea pigs were exposed to 0, 96, 158, 341 or 798 ppm (0, 577, 950, 2050 or
4800 mg/m®) 1,4-DCB by inhalation 7 hours/day, 5 days/week for 6-7 months (Hollingsworth et
al., 1956). High dose animals showed marked tremors, weakness, loss of weight, eye irritation
and unconsciousness. Liver and kidney changes included cloudy swelling and centrilobular
cellular degeneration (liver). In another inhalation study in rats animals were exposed to 0, 75 or
500 ppm (0, 451 or 3006 mg/m°) for 5 hours/day, 5 days/week for 76 weeks (Riley et al., 1980).
The authors found increased kidney and liver weights in the high dose group. Thus 75 ppm was
a NOAEL. Studies with oral exposure to 1,4-DCB, including the NTP (1987) chronic bioassay
study (maximum dose of 300 mg/kg-day), have also found an increased incidence of renal and
hepatic lesions (cellular degeneration and focal necrosis).

Three inhalation reproductive studies, one in rabbits (Hayes et al., 1985), one in mice (Anderson
and Hodge, 1976), and one in rats (Chlorobenzene Producers Assn., 1986), found minimal
reproductive effects. In rabbits exposed on days 6-18 of gestation to 100, 300, and 800 ppm 1,4-
DCB, only the differences in percentage of implantations resorbed and in percentage of litters
with resorptions were significantly increased and only in the 300 ppm group (Hayes et al., 1985).
No reduction in reproductive performance was observed in mice exposed to 0, 75, 225, or 450
ppm 1,4-DCB for 6 hours/day for 5 days (Anderson and Hodge, 1976).

In a two-generation reproductive study (Chlorobenzene Producers Association, 1986), Sprague-
Dawley rats P1 (28/sex/group) were exposed to 0, 50, 150 or 450 ppm (0, 301, 902, or 2705
mg/m?®) of 1,4-DCB vapor, 6 hours/day, 7 days/week for 10 weeks, and then mated for 3 weeks.
The second generation F1 weanlings were exposed to 1,4-DCB for 11 weeks and then mated.
No developmental abnormalities were observed in pups examined. At 450 ppm significant
decreases in live births, pup weights, and pup survival were seen in both the F1 and F2
generations. Non-reproductive effects observed in the parental males in the 150 and 450 ppm
groups included significantly increased liver and kidney weights. All dose levels caused hyaline
droplet nephrosis in post-pubescent males; but this change was associated with the formation of
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alpha-2u-globulin, an abnormality considered specific for male rats with no relative human
significance (U.S. EPA, 1991). The Chlorobenzene Producers Association reproductive study
was chosen by the U.S. EPA to derive the RfC.

V1.  Derivation of Chronic Reference Exposure Level
Study Chlorobenzene Producers Association, 1986
Study population Sprague-Dawley rats (28 rats/sex/group)
Exposure method Discontinuous whole-body inhalation exposures
(0, 50, 150 or 450 ppm)
Critical effects Reduced body weights and food consumption;

tremors; nasal and ocular discharge; increased
liver and kidney weights

LOAEL 150 ppm

NOAEL 50 ppm

Exposure continuity 6 hr/day for 7 days/week

Average experimental exposure 13 ppm for NOAEL group (50 x 6/24)
Human equivalent concentration 13 ppm for NOAEL group (gas with systemic

effects, based on RGDR = 1.0 using default
assumption that lambda (a) = lambda (h))

Exposure duration 10 weeks
LOAEL uncertainty factor 1
Subchronic uncertainty factor 3
Interspecies uncertainty factor 3
Intraspecies uncertainty factor 10
Cumulative uncertainty factor 100

Inhalation reference exposure level 0.1 ppm (100 ppb, 0.8 mg/m?, 800 pg/m®)

The chronic REL for 1,4-dichlorochlorobenzene is also the U.S. EPA RfC. OEHHA agrees with
the U.S.EPA analysis. A 3-fold subchronic uncertainty factor (instead of 10) was used by U.S.
EPA because of data suggesting limited progression of hepatic lesions (Riley et al., 1980). Ten
weeks are also greater than 8% of a rat's two-year lifetime and thus in accord with OEHHA’s use
of a subchronic UF of 3 (OEHHA, 2000).

For comparison, Riley et al. (1980) found a chronic NOAEL of 75 ppm for kidney and liver
effects in rats, which is equivalent to 11.2 ppm continuous exposure. Use of an RGDR of 1 and
a total UF of 30 (3 for interspecies and 10 for intraspecies) results in a REL estimate of 0.4 ppm.
VIl. Data Strengths and Limitations for Development of the REL

The major strengths of the REL for 1,4-dichlorochlorobenzene are the observation of a NOAEL

and the demonstration of a dose-response relationship. The major uncertainties are the lack of
human data and the lack of chronic, multiple-species health effects data.
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CHRONIC TOXICITY SUMMARY

1,1-DICHLOROETHYLENE

(DCE; 1,1-dichloroethene; VDC; vinylidene chloride)
CAS Registry Number: 73-35-4

l. Chronic Toxicity Summary

Inhalation reference exposure level 70 pg/m® (20 ppb)

Critical effect(s) Increased mortality; hepatic effects (mottled
livers and increases in liver enzymes) in
guinea pigs

Hazard index target(s) Alimentary system

1. Physical and Chemical Properties (HSDB, 1994; CRC, 1994)

Description Colorless liquid

Molecular formula C2H.Cl;

Molecular weight 96.95 g/mol

Boiling point 31.7°C

Melting point -122.5°C

Vapor pressure 500 torr @ 20°C

Solubility Soluble in water (2.5 g/L); miscible in organic
solvents

Conversion factor 3.97 pg/m?® per ppb at 25°C

I11.  Major Uses and Sources

1,1-Dichloroethylene (1,1-DCE) is used in the production of polyvinylidene chloride copolymers
(HSDB, 1994). 1,1-DCE containing copolymers include other compounds such as acrylonitrile,
vinyl chloride, methacrylonitrile, and methacrylate. These copolymers are used in flexible
packaging materials; as flame retardant coatings for fiber, carpet backing, and piping; as coating
for steel pipes; and in adhesive applications. Flexible films for food packaging, such as SARAN
and VELON wraps, use such polyvinylidene chloride copolymers. The annual statewide
industrial emissions from facilities reporting under the Air Toxics Hot Spots Act in California
based on the most recent inventory were estimated to be 2458 pounds of vinylidene chloride
(CARB, 2000).

IV.  Effects of Human Exposure
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Limited information exists regarding the human health effects following exposure to 1,1-DCE.
A few case reports and mortality studies have reported hepatotoxicity and nephrotoxicity after
repeated, low-level exposures (USEPA, 1976; Ott et al., 1976). However, these investigations
were conducted in industrial settings with the possibility of mixed chemical exposures. In
preliminary clinical findings reported by the EPA (1976), workers exposed to 1,1-DCE for 6
years or less had a high incidence of hepatotoxicity, with liver scans and measurements of liver
enzymes revealing 50% or greater loss in liver function in 27 of 46 exposed workers.
Unfortunately, no follow-up study was reported.

V. Effects of Animal Exposure

Several studies have reported on the subchronic or chronic toxicity of 1,1-DCE in laboratory
animals exposed either via oral or inhalation routes. The liver is the primary target organ of 1,1-
DCE toxicity following acute or chronic inhalation exposure. Such exposure is marked by both
biochemical changes (alterations in serum enzyme levels) and histological changes (e.g.,
midzonal and centrilobular swelling, degeneration, and necrosis) (Gage, 1970; Lee et al., 1977;
Plummer et al., 1990; Quast, 1976; Quast et al., 1986). Unfortunately, these longer-term studies
used only one or two doses or a limited number of animals.

Male and female rats exposed intermittently (6 hours/day, 5 days/week) to 125 or 200 ppm 1,1-
DCE over 30 days exhibited centrilobular fatty degeneration or hepatocellular necrosis (Quast
1976, as cited by USDHHS, 1994). Two other studies identified hepatic changes in rats at lower
concentrations of 1,1-DCE (6 hours/day, 5 days/week): cytoplasmic vacuolation after 30- or 90-
day exposure to 25 or 75 ppm 1,1-DCE (Balmer et al., 1976, as cited by USDHHS, 1994), and
fatty changes after 6 months at 25 ppm 1,1-DCE (Quast et al., 1986).

Laboratory animals appear less tolerant of continuous exposure (23-24 hours per day) than
intermittent exposure. Beagle dogs exposed to 100 ppm 1,1-DCE for 8 hours/day, 5 days/week
for 42 days had no evidence of hepatotoxicity, but continuous exposure to 48 ppm for 90 days
caused liver changes (Prendergast et al., 1967). Similarly, monkeys continuously exposed to 48
ppm for 90 days exhibited focal necrosis and hemosiderin deposition, while no liver toxicity was
apparent following 42 days of intermittent exposure to 100 ppm 1,1-DCE (Prendergast et al.,
1967). Guinea pigs exposed to 1,1-DCE for 24 hours per day for 90 days (0, 5, 15, 25, or 48
ppm) displayed mottled livers at 15 ppm, and increased liver enzyme levels (serum glutamic-
pyruvic transaminase (SGPT) and alkaline phosphatase (AP)) at 48 ppm. A NOAEL of 5 ppm
based on liver changes (Prendergast et al., 1967) is indicated by the results.

Data on continuously exposed guinea pigs from Prendergast et al. (1967

Body weight
ppm 1,1-DCE (mg/m°) Survival | change Liver AP SGPT
0 312/314 | +69.0% 0.0840.03 1045
5 (20) 43/45 +58.6% 0.08+0.03 1143
15 (61) 12/15 +55.3% Not reported | Not reported
25 (101) 12/15 +74.0% Not reported | Not reported
48 (191) 8/15 +50.3% 0.194+0.04 >70
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Additional adverse effects observed to a lesser extent in laboratory animals include respiratory
and renal toxicity. Nephrotoxicity observed following chronic 1,1-DCE exposure included gross
organ (increases in kidney weight) (Klimisch et al., 1979; Quast et al., 1986) and histological
changes (tubular swelling, degeneration, and necrosis) (Klimisch et al., 1979; Lee et al., 1977,
Prendergast et al., 1967). Continuous exposure of rats to 48 ppm 1,1-DCE for 90 days caused
nuclear hypertrophy of the renal tubular epithelium (Prendergast et al., 1976). Mice exposed to
25 ppm 1,1-DCE 4 hours/day, 4 or 5 days/week, for 52 weeks displayed severe tubular
nephrotoxicity (Maltoni et al., 1985 as cited by USDHHS, 1994). Nasal irritation was observed
in rats exposed to 200 ppm for 4 weeks (Gage 1970). But no respiratory effects were attributed
to 1,1-DCE exposure in rats, monkeys, dogs, rabbits, or guinea pigs exposed to 100 ppm
intermittently for 6 weeks (Prendergast et al., 1967) or in rats exposed to 75 ppm for 18 months
(Quast et al., 1986).

Toxicokinetic studies in laboratory animals have demonstrated that 1,1-DCE is readily absorbed
and rapidly distributed following inhalation exposure (Dallas et al., 1983; McKenna et al.,
1978b). Following inhalation exposure to radioactively labeled 1,1-DCE, rats preferentially
accumulate radioactivity in the kidney and liver (McKenna et al., 1978b; Jaeger et al., 1977).
Glutathione (GSH) conjugation appears to be the major detoxification route for 1,1-DCE
intermediates, and GSH-depleting experimental states, such as drugs and fasting, may tend to
increase 1,1-DCE toxicity (Jaeger et al., 1977; McKenna et al., 1978; Reichert et al., 1978). One
study greatly increased 1,1-DCE induced lethality and hepatotoxicity in rats by pretreatment with
acetaminophen (Wright and Moore, 1991).
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V1.  Derivation of Chronic Reference Exposure Level (REL)
Study Prendergast et al. (1967)
Study population Guinea pigs (15 per group, except 45 animals in 20
mg/m? group)
Exposure method Continuous whole body inhalation (0, 20, 61, 101,
or 189 mg/m°)
Critical effects Increased mortality at 61, 101, and 189 mg/m>;

hepatic effects (mottled livers and increases in
SGPT and AP enzymes) noted at 189 mg/m?

LOAEL 61 mg/m® (15 ppm)

NOAEL 20 mg/m?® (5 ppm)

Exposure continuity Continuous

Exposure duration 90 days

Average experimental exposure 20 mg/m® for NOAEL group

Human equivalent concentration 20 mg/m?® for NOAEL group (gas with systemic

effects, based on default assumption that RGDR
= 1 using default assumption that lambda (a) =

lambda (h))
LOAEL uncertainty factor 1
Subchronic uncertainty factor 10 (since guinea pig life-span is approx. 6 years)
Interspecies uncertainty factor 3
Intraspecies uncertainty factor 10
Cumulative uncertainty factor 300

Inhalation reference exposure level  0.07 mg/m® (70 ug/m?*; 0.02 ppm; 20 ppb)
The principal study (Prendergast et al., 1967) identified adverse hepatic and/or renal effects in
rats (15 or 45/group), guinea pigs (15 or 45/group), dogs (2 or 6/group), and monkeys (3, 9, or
21/group) exposed to inhaled 1,1-DCE. Continuous exposure to 1,1-DCE, 24 hours/day over 90
days, demonstrated more severe effects than intermittent exposure, 6 hours/day, 5 days/week for
6 weeks, in the species tested. Unlike the other available subchronic and chronic studies, this
principal study included multiple exposure levels of 0, 5, 15, 25 and 48 ppm (0, 20, 61, 101, and
189 mg/m®). Mortality, hematologic and body weight data were well tabulated and presented in
this study. Histopathologic evaluation was conducted on the heart, lung, liver, spleen and
kidneys. Following continuous exposure, adverse hepatic effects included focal necrosis in
monkeys (LOAEL = 189 mg/m®, NOAEL = 101 mg/m°), in dogs (LOAEL = 189 mg/m®,
NOAEL = 101 mg/m®), and in rats (LOAEL = 189 mg/m*, NOAEL = 101 mg/m®); and altered
lipid content and increases in SGPT and alkaline phosphatase in guinea pigs (LOAEL = 189
mg/m®, NOAEL = 20 mg/m®). Additionally, renal alterations were observed in rats as nuclear
hypertrophy in the tubular epithelium (LOAEL = 189 mg/m®, NOAEL = 61 mg/m®). Monkeys
exposed to 1,1-DCE also displayed a greater than 25% decrease in body weight (LOAEL 189
mg/m®, NOAEL 20 mg/m®). The subchronic study by Prendergast et al. (1967) was chosen over
the chronic studies because of its better design, its use of continuous exposure, and its exhibition
of toxic effects below the LOAELS reported in the other studies.

Although limited in number, the other chronic and subchronic studies available consistently
demonstrate adverse hepatic effects following 1,1-DCE exposure (Lee et al., 1977; Maltoni et
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al., 1985; Plummer et al., 1990; Quast et al., 1986). Hepatocellular fatty change was observed in
rats exposed to 25 ppm or 75 ppm 1,1-DCE intermittently (6 hrs/d, 5 d/wk) for 18 months. This
mid-zonal fatty change was also observed at the 12-month interim sacrifice, but did not appear to
progress in severity or incidence over time (Quast et al., 1986). A more severe hepatocellular
necrosis and renal tubular necrosis were observed in mice exposed to 55 ppm 1,1-DCE 6 hr/d, 5
d/week for 1 year (Lee et al., 1977).

For comparison, Quast et al. (1986) determined a LOAEL of 25 ppm for liver effects of minimal
severity in rats after 18 months exposure. Use of continuous time adjustment to 4.5 ppm,
multiplication by an RGDR of 1, and division by a total UF of 100 (3 for LOAEL to NOAEL, 3
for interspecies, and 10 for intraspecies) results in an estimate of 45 ppb (200 pg/m?®).

VIl. Data Strengths and Limitations for Development of the REL

Uncertainty factors are appropriate due to the limited number of subchronic and chronic
inhalation studies (greater than 1 year duration) in laboratory animals. In addition, few industrial
surveys and epidemiological studies are available on the adverse effects of 1,1-DCE in humans;
these are limited by small sample size, short follow-up, and/or brief exposure periods. But this
limited evidence does suggest an association between repeated exposure to 1,1-DCE and liver
damage in humans (EPA, 1976), and the key study is an animal study which found adverse
hepatic effects. No toxicokinetic data regarding the absorption, distribution, metabolism or
excretion of 1,1-DCE in humans are available.
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CHRONIC TOXICITY SUMMARY

DIETHANOLAMINE

(DEA; 2,2’-iminodiethanol; 2,2’-iminobisethanol; diethylolamine; 2,2’-aminodiethanol; 2,2’-
dihydroxydiethylamine)

CAS Registry Number: 111-42-2

. Chronic Toxicity Summary

Inhalation reference exposure level 3 pg/m?® (0.6 pph)
Critical effect(s) Laryngeal lesions in rats
Hazard index target(s) Respiratory system; cardiovascular system

1. Physical and Chemical Properties (Melnick and Thomaszewski, 1990; Dow, 1980;

CRC, 1994)
Description Colorless crystals
Molecular formula C4H11NO,
Molecular weight 105.14 g/mol
Density 1.097 g/cm® @ 20°C
Boiling point 268.8°C
Melting point 28°C
Vapor pressure 0.00014 torr @ 25°C
Solubility Soluble in alcohol, water, acetone
Conversion factor 1 ppm = 4.3 mg/m® @ 25°C

I11.  Major Uses and Sources

Diethanolamine is used in the formation of soaps, emulsifiers, thickeners, wetting agents, and
detergents in cosmetic formulations (Melnick and Thomaszewski, 1990; Knaak et al., 1997). It
is used as a dispersing agent in some agricultural chemicals, as an absorbent for acidic gases, as a
humectant, as an intermediate in the synthesis of morpholine, as a corrosion inhibitor, and as a
component in textile specialty agents (Beyer et al., 1983). Diethanolamine is permitted in
articles intended for use in production, processing, or packaging of food (CFR, 1981; cited in
Melnick and Thomaszewski, 1990). It is also found in adhesives, sealants, and cutting fluids
(Melnick and Thomaszewski, 1990). The annual statewide industrial emissions from facilities
reporting under the Air Toxics Hot Spots Act in California based on the most recent inventory
were estimated to be 1520 pounds of diethanolamine (CARB, 2000).
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IV.  Effects of Chronic Exposures to Humans

There have been no controlled or epidemiological studies of chronic diethanolamine exposure in
humans. There is a single case report of occupational asthma determined to be due to the
patient’s handling of a cutting fluid containing diethanolamine (Piipari et al., 1998). Specific
bronchial provocation tests were done with the cutting fluid containing DEA and with DEA
aerosol at two concentrations (0.75 mg/m® and 1.0 mg/m?®) below the occupational limit of 2.0
mg/m®. DEA caused asthmatic airway obstruction at both concentrations, but IgE-antibodies
specific for DEA were not found.

V. Effects of Exposures in Animals

Diethanolamine replaces choline in phospholipids (Blum et al., 1972). DEA also reversibly
inhibits phosphatidylcholine synthesis by blocking choline uptake and competing for utilization
in the CDP-choline pathway (Lehman-McKeeman and Gamsky, 1999). Systemic toxicity occurs
in many tissue types including the nervous system, liver, kidney, and blood system.

Gamer et al. (1996) exposed groups of 26 Wistar rats (13 male and 13 female) head-nose to a
liquid aerosol of DEA for six hours per working day for 90 days at target concentrations of 15,
150, and 400 mg/m°. Three of each sex were used for whole animal perfusion studies and the
remaining 20 animals were examined for pathology. The study found no functional or
morphological evidence of neurotoxicity. Retardation of body weight increase was observed in
animals exposed to high concentrations. No systemic effects occurred at the low dose, but
systemic effects in the liver, kidney, male reproductive system, and red blood cell occurred in the
high concentration dose group. In the mid-dose group, mild liver and kidney effects were
present. Local irritation of the larynx and trachea was found in the high and mid dose groups;
irritating laryngeal effects were also detected in the low dose group. Based on this study 15
mg/m?® is a NOAEL for liver and kidney effects and a LOAEL for irritation of the larynx. The
equivalent continuous exposure at the LOAEL is 2.7 mg/m® (15 x 6/24 x 5/7).

Incidence of laryngeal lesions (Gamer et al., 1996)

Focal squamous
Chronic metaplasia of

Aerosolized inflammation of the | Squamous laryngeal epithelium at
diethanolamine larynx hyperplasia base of the epiglottis

0 None* None None

15 mg/m® 4120 0/20 20/20

150 mg/m3 20/20 13/20 20/20

400 mg/m’ 20/20 17/20 20/20

* The report does not give control incidences. Assumed 0/20.

In an abstract Hartung et al. (1970) reported that inhalation by male rats of 6 ppm (25.8 mg/m?)
DEA vapor 8 hours/day, 5 days/week for 13 weeks resulted in depressed growth rates, increased
lung and kidney weights, and even some mortality. Rats exposed continuously for 216 hours
(nine days) to 25 ppm (108 mg/m*) DEA showed increased liver and kidney weights, elevated
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blood urea nitrogen (BUN), and increased serum glutamate oxaloacetate transferase (SGOT), an
indicator of liver damage (Hartung et al., 1970). In studies at lower DEA levels, Eastman Kodak
(1967) exposed dogs, weanling and adult rats, and guinea pigs to 0.26 ppm (1.1 mg/m®) DEA for
90 days and found no pathology attributable to DEA. In a 45-day study with 0.5 ppm (2.2
mg/m?) DEA they also found no pathology attributable to DEA except for a possible slight
retardation in rat growth rate.

Gamer et al. (1993) exposed groups of 25 pregnant Wistar rats on gestation days 6-15 to a (nose-
only) liquid aerosol of DEA at 10, 50 and 200 mg/m®. Maternal toxicity, indicated by vaginal
hemorrhage in 8 of the dams on gestation day 14, and fetotoxicity, evidenced by a statistically
significant (p<0.05) increased incidence of total fetal skeletal variations, were observed at 200
mg/m®. No teratogenic effects were seen at any level. Thus 50 mg/m® was a NOAEL for
maternal toxicity and for embryo-fetal effects.

A 13-week drinking water study in rats (10 per sex per group) showed significant dose-
dependent hematological changes following exposure to DEA at all concentrations tested: 320,
630, 1250, 2500, and 5000 ppm in males, and 160, 320, 630, 1250, and 2500 ppm in females.
Hematological effects included decreased hemoglobin and mean corpuscular volume (Melnick et
al., 1994a). Similar hematological changes were observed following daily topical treatment. In
addition to the hematological effects, female rats also showed dose-dependent spinal cord and
medullary demyelination beginning at a drinking water concentration of 1250 ppm DEA. Male
rats displayed demyelination beginning at 2500 ppm. Female rats gained significantly less
weight than controls beginning at 63 mg/kg/day topical treatment. In a companion drinking
water study (Melnick et al., 1994b), mice (10 per sex per group) were exposed to concentrations
of 0, 630, 1250, 2500, 5000, and 10,000 ppm DEA and displayed dose-dependent hepatotoxicity,
nephrotoxicity, and cardiac toxicity. Daily topical treatment in a separate study resulted in skin
lesions in mice. Significant hepatic toxicity was observed at all drinking water concentrations,
and skin lesions were observed at all topical doses.

Data from female rats exposed to diethanolamine by Melnick et al. (1994)

mg/kg/day
DEA Mean bw Mean cell | Mean cell
Dose (ppm) | consumed | Survival change (g) | Hgb (g/dL) | volume Hgb (pg)

0 0 10/10 120+6a 15.1+0.3 56+0.2 17.940.2
160 14 9/10 106+3 15.2+0.1 5540.2** 17.840.1*
320 32 10/10 98+3** 13.8+0.1** | 54+0.2** 17.7+0.1**
630 57 10/10 95+4** 13.0+0.1** | 53+0.3** 17.240.1**

1250 124 10/10 85+4** 11.3+0.2** | 51+0.3** 16.7£0.1**
2500 242 10/10 63+4** 10.50+.2** | 49+0.2** 16.30+.1**

a Values are means+SEM; * p<0.05 or ** p<0.01 versus control group

Barbee and Hartung (1979a) found that repeated treatment of rats with 330 mg DEA/kg/day
significantly inhibited formation of phosphatidyl choline and phosphatidyl ethanolamine in the
liver as compared with control rats. In a subsequent study, Barbee and Hartung (1979b) noted
changes in liver mitochondrial activity in rats (4 per group) following exposure to DEA in
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drinking water for up to 5 weeks. Mitochondrial changes were observed at 42 mg/kg/day after 2
weeks.

Daily oral treatment of male rats with 0, 250, 500, or 750 mg/kg/day for 5 days, or
100 mg/kg/day for 14 days resulted in reduced activities of the liver enzymes microsomal
hydroxylase and N-demethylase (Foster et al., 1971).

In a developmental study Marty et al. (1999) administered DEA cutaneously to pregnant CD rats
during gestation days 6-15 at doses of 0, 150, 500, and 1500 mg/kg/day. Dams exhibited
reduced body weight at the highest dose, skin irritation and increased kidney weights at both 500
and 1500 mg/kg/day, and a slight microcytic anemia with abnormal red blood cell morphology at
all 3 dose levels. The blood results are consistent with the results of topical application of DEA
by Melnick et al. (1994b). Rat fetuses had increased incidences of six skeletal variations at 1500
mg/kg/day. Lower doses were without effect on the fetuses. Marty et al. (1999) also
administered DEA cutaneously to pregnant New Zealand White rabbits on days 6-18 of gestation
at 0, 35, 100, and 350 mg/kg/day. Dams administered the highest dose exhibited various skin
lesions, reduced food consumption, and color changes in the kidneys, but no hematological
changes. Body weight gain was reduced at > 100 mg/kg/day. There was no evidence of
maternal toxicity at 35 mg/kg/day and no evidence of developmental toxicity in rabbits at any
dose. Developmental toxicity was observed only in the rat and only at doses causing significant
maternal toxicity, including hematological effects. Due to a dose discrepancy, the authors
adjusted the no observable effect level (NOEL) for DEA developmental toxicity to 380
mg/kg/day for rats. In rabbits, the embryonal/fetal NOEL was 350 mg/kg/day.

VI.  Derivation of Chronic Reference Exposure Level (REL)

Study Gamer et al. (1996)

Study population Wistar rats (male and female)

Exposure method Inhalation 6 h/day, 5 d/wk

Critical effects Chronic inflammation and squamous hyperplasia
and metaplasia of the larynx

LOAEL 15 mg/m?

NOAEL Not observed

Exposure duration 90 days

Average experimental exposure 2700 pg/m® for LOAEL group
(15 mg/m® x 6h/24h x 5d/7d x 1000 ug/mg)

LOAEL uncertainty factor 3 (see below)

Subchronic uncertainty factor 3

Interspecies uncertainty factor 10

Intraspecies uncertainty factor 10

Cumulative uncertainty factor 1000

Inhalation reference exposure level 3 ug/m® (0.6 ppb)

No chronic inhalation studies with diethanolamine were located in the peer-reviewed literature.
Thus the 90 day study by Gamer et al., which found a LOAEL of 15 mg/m? for irritation of the
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rat larynx, was used to derive the REL. All 20 of the rats in the 15 mg/m?® exposure group
showed focal squamous metaplasia of the laryngeal epithelium at the base of the epiglottis, and 4
of the 20 had inflammatory cells present in the larynx. The former lesion seemed to be very
limited and did not justify use of the full LOAEL uncertainty factor of 10.

For comparison, the BASF (1993) developmental study by the inhalation route found a LOAEL
of 200 mg/m* DEA and a NOAEL of 50 mg/m? for fetotoxic effects. The equivalent continuous
exposure at the NOAEL is 12.5 mg/m®. Multiplying by an RGDR of 1 and dividing by an
interspecies uncertainty factor (UF) of 3 and an intraspecies uncertainty factor (UFy) of 10
results in a REL estimate of 40 ug/m®.

As another comparison, the study by Melnick et al. (1994a) shows dose-dependent adverse
hematological and CNS effects in rats exposed to DEA in drinking water. Similar systemic
effects were observed following dermal exposure. The Melnick et al. subchronic study was of
the longest duration and was the most comprehensive report of the systemic effects of DEA in
the literature. However, portal-of-entry effects of DEA have not been examined and should be
addressed in future studies since this compound has irritant properties. The data from female rats
were used since females were more sensitive than males to the hematologic effects of DEA. The
LOAEL was 160 mg/L, or 14 mg/kg-day based on water consumption rates. Dividing by a
LOAEL UF of 3, a subchronic UF of 3, an interspecies UF of 10, and an intraspecies UF of 10
(cumulative UF = 1000) results in a oral REL of 0.014 mg/kg-day. Using route-to-route
extrapolation and assuming that a 70 kg person inhales 20 m* of air per day leads to an inhalation
REL estimate of 50 pg/m® (10 ppb) DEA.

VIIl. Data Strengths and Limitations for Development of the REL

The diethanolamine database is relatively weak. Major areas of uncertainty are the lack of
adequate human exposure data, the absence of a NOAEL in the major study, the lack of
reproductive and developmental toxicity studies, and the lack of chronic inhalation, multiple-
species, health effects data.

VIIIl. Potential for Differential Impacts on Children’s Health

Since the proposed chronic REL of 3 ug/m?® based on laryngeal effects is much lower than the
comparison REL of 40 pg/m® based on fetotoxic effects, the REL should adequately protect
infants and children. Diethanolamine is a respiratory irritant and thus might exacerbate asthma,
which has a more severe impact on children than on adults. The large uncertainty factor of 1000
should protect against that potential hazard. However, there is no direct evidence in the literature
to demonstrate that DEA exacerbates asthma or to quantify a differential effect of
diethanolamine on the larynx or on other organs in infants and children.
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CHRONIC TOXICITY SUMMARY

N,N-DIMETHYLFORMAMIDE

(N-formyldimethylamine)
CAS Registry Number: 68-12-2

l. Chronic Toxicity Summary

Inhalation reference exposure level 80 pg/m? (30 ppb)

Critical effect(s) Liver dysfunction and respiratory irritation in
humans

Hazard index target(s) Alimentary system, respiratory system

1. Chemical Property Summary (HSDB, 1994)

Description Colorless to very slightly yellow liquid

Molecular formula C3H7NO

Molecular weight 73.09 g/mol

Boiling point 153°C

Melting point -61°C

Vapor pressure 3.7 torr @ 25°C

Solubility Soluble in alcohol, ether, acetone, benzene,
and chloroform; miscible with water

Conversion factor 2.99 pg/m? per ppb at 25°C

I11.  Major Uses and Sources

Dimethylformamide (DMF) is primarily used as a solvent in the production of polyurethane
products and acrylic fibers. It is also used in the pharmaceutical industry, in the formulation of
pesticides, and in the manufacture of synthetic leathers, fibers, films, and surface coatings
(Howard, 1993; Gescher, 1993; Redlich et al., 1988). DMF may be emitted to the environment
as a result of its use in a variety of petrochemical industries (Howard, 1993). The annual
statewide industrial emissions from facilities reporting under the Air Toxics Hot Spots Act in
California based on the most recent inventory were estimated to be 18,249 pounds of DMF
(CARB, 2000).

IV.  Effects of Human Exposure
Among 100 workers occupationally exposed to DMF for at least one year (mean exposure of 5

years; range = 1-15 years), a statistically significant incidence of hepatic impairment, as
indicated by elevated gamma-glutamyl transpeptidase levels and digestive disturbances, was

Appendix D3 184 Dimethylformamide



Determination of Noncancer Chronic Reference Exposure Levels December 2000

noted (Cirla et al., 1984). Other changes, that were not statistically significant, included
increased SGOT and SGPT and enlarged livers. The mean time-weighted average concentration
of DMF was 22 mg/m® (range = 8-58 mg/m®). Symptoms of irritation occurring only during
work at statistically significantly higher incidences included watery eyes, dry throat, and
coughing. Also, the exposed workers reported a reduced sense of smell and dry coughs at home
with a statistically significant difference as compared to controls. Several of the DMF exposed
workers also reported alcohol intolerance characterized by a disulfiram-type reaction (facial
flushing and palpitations following alcohol ingestion). Alcohol consumption, a potential
confounder, was controlled for in the study design.

A similar study was conducted on workers who had been employed in an acrylic acid fiber plant
for more than 5 years (Cantenacci et al., 1984). Concentrations to which the workers were
exposed were characterized as either an 8-hour TWA of 18 mg/m? or an 8-hour TWA of 3
mg/m®. Measures of liver function including SGOT, SGPT, gamma-glutamyl transferase, and
alkaline phosphatase levels were not significantly different between exposed and unexposed
workers. However, the U.S. EPA cautions that because only 54 matched pairs of workers were
examined, the power of this study was not high enough to reliably detect a difference in enzyme
levels.

Redlich et al. (1988) characterized a plant-wide outbreak of liver disease among workers in a
factory coating fabric with polyurethane. Fifty-eight of 66 (88%) workers participated and each
had standard liver screening function tests done at least once. At the work site DMF was being
used in poorly ventilated areas without appropriate skin protection. No other major known
hepatotoxic exposure was identified. Overall, 36 of 58 (62%) workers tested had elevations of
either aspartate aminotransferase (AST) or alanine aminotransferase (ALT) levels. Enzyme
abnormalities occurred almost exclusively in production workers (35 out of 46 abnormal). Only
1 of 12 non-production workers showed elevations in enzyme levels (p < 0.0001). Serologic
tests excluded known infectious causes of hepatitis in all but 2 workers. Changes, characteristic
of liver injury, were confirmed by histologic examination of biopsy specimens from 4 workers.
Improvement in liver enzyme abnormalities and symptoms in most patients were seen, after
modification of work practices and removal of workers most severely affected from exposure.
However, some patients showed persistent elevations of enzyme levels. No measurements or
estimates of DMF exposure levels were reported.

Wang et al. (1991) investigated the prevalence of liver injury associated with DMF exposure in
183 of 204 (76%) employees of a synthetic leather factory by performing medical examinations,
liver function tests, and creatine phosphokinase (CPK) determinations. Air concentrations were
measured with personal samplers and gas chromatography. The concentration of DMF in air to
which each worker was exposed was categorized as high (DMF exposure index 2: 25-60 ppm;
75-180 mg/m®), medium (index 1: 10-40 ppm), and low (index 0: <10 ppm). High exposure
concentrations were significantly associated with elevated alanine aminotransferase (ALT) levels
(i.e., greater than or equal to 35 International Units/liter), a result that did not change after
stratification by hepatitis B carrier status. Logistic regression analysis indicated that exposure to
high DMF levels was associated with elevated ALT (p = 0.01), whereas hepatitis B surface
antigen (HBsAg) was slightly but independently associated with elevated ALT (p =.07).
Workers with normal ALT values had significantly higher mean ALT and aspartate
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aminotransferase (AST) activities, especially among those who were not HBSAg carriers. A
significant association existed between elevated CPK levels and exposure to DMF. However, an
analysis of the CPK isoenzyme among 143 workers did not reveal any specific damage to
muscles. Thus the authors ascribed the liver injury to DMF.

U.S. EPA (1994) states that subjective evidence of liver toxicity, such as digestive impairment
and alcohol intolerance, is often observed at exposures below those that cause clinical changes in
liver enzymes. Thus, the symptoms may be more sensitive indicators of hepatic impairment.

Three unexplained cases of small-for-date third trimester intrauterine deaths were observed in a
group of women working as quality control analysts in the pharmaceutical industry (Farquhason
et al., 1983). This represented a 30% stillbirth rate as compared with the average for the general
population of about 0.26%. While the authors concluded that the occurrence of stillbirth in these
women was not likely due to chance, the effects cannot be solely attributed to DMF because the
women were exposed to other agents in addition to DMF.

V. Effects of Animal Exposure

Malley et al. (1994) exposed male and female Crl:CD rats and mice to 0, 25, 100, or 400 ppm
DMF for 6 hr/day, 5 days/week for 18 months (mice) or 2 years (rats). No compound-related
effects on clinical observations or survival were observed. Body weights of rats exposed to 100
(males only) and 400 ppm were reduced, while body weights were increased in 400 ppm mice.
No hematologic changes were observed in either species. Serum sorbitol dehydrogenase activity
was increased in rats exposed to 100 or 400 ppm. DMF-related morphological changes were
observed only in liver. Exposure of rats to 100 and 400 ppm produced increased relative liver
weights, centrilobular hepatocellular hypertrophy, lipofuscin/hemosiderin accumulation in
Kupffer cells, and centrilobular single cell necrosis (400 ppm only). In mice, increased liver
weights (100 ppm males, 400 ppm both sexes), centrilobular hepatocellular hypertrophy,
accumulation of lipofuscin/hemosiderin in Kupffer cells, and centrilobular single cell necrosis
were observed in all exposure groups. These observations occurred in a dose-response fashion
and were minimal at 25 ppm. No increase in hepatic cell proliferation was seen in mice or
female rats. Slightly higher proliferation was seen in male rats exposed to 400 ppm at 2 weeks
and 3 months but not at 12 months. Thus 25 ppm was a chronic NOAEL for both rats and mice.

A developmental toxicity study using three species (mice, rabbits, and rats) and four routes of
administration (oral, inhalation, dermal, and intraperitoneal) identified the rabbit as the most
sensitive of the three species. Groups of 15 pregnant rabbits were exposed for 6 hours per day
on days 8-20 of gestation to 50, 150, or 450 ppm (150, 449, or 1350 mg/m*) DMF (Hellwig et
al., 1991). Slight maternal toxicity, as indicated by non-statistically significant decreases in
maternal body weight gain, was observed in the 450 ppm exposure group. An increased number
of total malformations per litter was observed in the 450 ppm exposure group. Malformations
observed at statistically higher incidences compared to controls included hernia umbilicalis,
external variations, pseudoankylosis of the forelimbs, and skeletal variation and retardation. The
authors conclude that there was a clear teratogenic effect in rabbits following maternal exposure
to 450 ppm DMF and a marginal effect following exposure to 150 ppm DMF. A NOAEL of
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50 ppm for fetal and maternal effects was reported. Inhalation exposure to 150 ppm was
calculated by the authors to approximate a daily dose of 45 mg/kg/day, which coincides with
previous work on this compound in this species.

V1.  Derivation of Chronic Reference Exposure Level
Study Cirla et al., 1984; Catenacci et al., 1984
Study population Occupationally exposed workers
Exposure method Discontinuous inhalation exposures
Critical effects Digestive disturbances and slight hepatic
changes
LOAEL 22 mg/m®
NOAEL Not observed
Exposure continuity 8 hr/day (10 m®/day), 5 days/week (assumed)
Average occupational exposure 7.9 mg/m® for LOAEL group (22 x 10/20 x 5/7)
Human equivalent concentration 7.9 mg/m®
Exposure duration 5 years (mean exposure duration)
LOAEL uncertainty factor 3
Subchronic uncertainty factor 3
Interspecies uncertainty factor 1
Intraspecies uncertainty factor 10
Cumulative uncertainty factor 100

Inhalation reference exposure level 0.08 mg/m® (80 pg/m®, 0.03 ppm, 30 ppb)

The U.S. EPA (1994) based its RfC of 30 pg/m® on the same study but included a Modifying
Factor (MF) of 3 due to lack of reproductive toxicity data in the DMF database. The criteria for
use of modifying factors are not well specified by U.S. EPA. Such modifying factors were not
used by OEHHA.. Intermediate uncertainty factors were used for LOAEL to NOAEL and
subchronic to chronic extrapolation because of the mild nature of the effects observed and the
less than chronic exposure duration.

For comparison Hellwig et al. (1991) found a developmental NOAEL of 50 ppm in rabbits
exposed 6 hours per day on gestation days 8-20, equivalent to continuous exposure of 12.5 ppm.
Multiplication by an RGDR of 1 and division by a UF of 30 (3 for interspecies and 10 for
intraspecies) results in a REL estimate of 400 ppb. The NOAEL of 25 ppm for rats and mice in
the chronic study of Malley et al. (1994) leads to a REL estimate of 150 ppb.

VIIl. Data Strengths and Limitations for Development of the REL
The major strength of the REL for N,N-dimethylformamide is the availability of human health
effects data over several years of exposure. The major uncertainties are the difficulty in

estimating exposure patterns and magnitude, the lack of a NOAEL observation, and the lack of
complete reproductive and developmental toxicity data.
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CHRONIC TOXICITY SUMMARY

1,4-DIOXANE

(Synonym: dihydro-p-dioxin, diethylene dioxide, p-dioxane, glycolethylene ether)
CAS Registry Number: 123-91-1
l. Chronic Toxicity Summary
Inhalation reference exposure level 3,000 pg/m® (800 ppb)

Critical effects Liver, kidney, hematologic changes in rats
Hazard index target(s) Alimentary system; kidney; circulatory system

1. Chemical Property Summary (HSDB, 1995; 1999; CRC, 1994)

Description Colorless liquid with a faint, pleasant odor
Molecular formula C4HgO2

Molecular weight 88.10 g/mol

Boiling point 101.5°C

Melting point 11.8°C

Vapor pressure 37 torr @ 25°C

Solubility Miscible with water, aromatic solvents, and oils
Kow 0.537

Conversion factor 3.60 ug/m? per ppb at 25°C

I11.  Major Uses and Sources

1,4-Dioxane (dioxane), a cyclic ether, is used as a degreasing agent, as a component of paint and
varnish removers, and as a wetting and dispersion agent in the textile industry. Dioxane is used
as a solvent in chemical synthesis, as a fluid for scintillation counting, and as a dehydrating agent
in the preparation of tissue sections for histology (Grant and Grant, 1987; HSDB, 1995). The
annual statewide emissions from facilities reporting under the Air Toxics Hot Spots Act in
California based on the most recent inventory were estimated to be 155,549 pounds of 1,4-
dioxane (CARB, 1999).

IV.  Effects of Human Exposure

Dioxane is absorbed by all routes of administration (HSDB, 1995). In humans, the major
metabolite of dioxane is B-hydroxyethoxyacetic acid (HEAA) and the kidney is the major route
of excretion (Young et al., 1976). The enzyme(s) responsible for HEAA formation has not been
studied, but data from Young et al. (1977) indicate saturation does not occur up to an inhalation
exposure of 50 ppm for 6 hours. Under these conditions the half-life for dioxane elimination is
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59 min (plasma) and 48 min (urine). Although physiologically based pharmacokinetic (PBPK)
modeling suggests HEAA is the ultimate toxicant in rodents exposed to dioxane by ingestion, the
same modeling procedure does not permit such a distinction for humans exposed by inhalation
(Reitz et al., 1990).

Several anecdotal reports have appeared in which adverse health effects due to chronic dioxane
exposure are described. Barber (1934) described dioxane exposed factory workers, some of
whom exhibited signs of liver changes, increased urinary protein and increased white blood cell
counts, and some of whom died from apparent acute exposures. Although the kidney and liver
lesions were considered manifestations of acute exposure, the author suggested a chronic
component that was manifested by increased white blood cells. A case was reported in which a
worker, who died following exposure by inhalation and direct skin contact to high (unspecified)
dioxane levels, exhibited lesions in the liver, kidneys, brain and respiratory system, but the
effects could not be easily separated from the effects due to high intake of alcohol (Johnstone,
1959).

In a German study (Thiess et al., 1976 / in German, described in NIOSH, 1977) 74 workers
exposed to dioxane in a dioxane-manufacturing plant (average potential exposure duration - 25
years) underwent evaluation for adverse health effects. Air measurements indicated dioxane
levels varied from 0.01 to 13 ppm. Clinical evaluations were applied to 24 current and 23
previous workers. Evidence of increased (i.e., abnormal) aspartate transaminase (also known as
serum glutamate-oxalacetic transaminase or SGOT), alanine transaminase (serum glutamate
pyruvate transaminase or SGPT), alkaline phosphatase, and gamma glutamyltransferase
activities (liver function) was noted in these workers, but not in those who had retired. The
indicators of liver dysfunction, however, could not be separated from alcohol consumption or
exposure to ethylene chlorohydrin and/or dichloroethane.

A follow-up mortality study was conducted on 165 chemical plant manufacturing and processing
workers who were exposed to dioxane levels ranging from less than 25 to greater than 75 ppm
between 1954 and 1975 (Buffler et al., 1978). Total deaths due to all causes, including cancer,
did not differ from the statewide control group, but the data were not reanalyzed after removing
the deaths due to malignant neoplasms. The study is limited by the small number of deaths and
by the small sample number. The study did not assess hematologic or clinical parameters that
could indicate adverse health effects in the absence of mortality.

Yagoob and Bell (1994) reviewed human studies on the relationship between exposure to
hydrocarbon solvents - including dioxane - and renal failure, in particular rare
glomerulonephritis. The results of their analysis suggest that such solvents may play a role in
renal failure, but dioxane was not specifically discussed. Of interest to the discussion on chronic
exposure to dioxane is the suggestion that the mechanism of the disease process involves local
autoimmunity with decreased circulating white blood cells (see below).

V. Effects of Animal Exposure

In rats, the major metabolite of dioxane is HEAA, which is excreted through the kidneys (Braun
and Young, 1977). Exposure to dioxane by ingestion results in saturation of metabolism above
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100 mg/kg given in single dose. Saturation of metabolism was also observed as low as 10 mg/kg
if dioxane was administered in multiple doses. Dioxane itself is not cleared through the kidney.
A decrease in metabolic clearance with increasing dose (iv) has been interpreted as the saturation
of metabolism at the higher doses (Young et al., 1978).

For Sprague-Dawley rats, the metabolic fate of inhaled dioxane (head only exposure) was based
on one air concentration (50 ppm). At this level, nearly all the dioxane was metabolized to
HEAA since HEAA represented 99 percent of the total dioxane + HEAA measured. The plasma
half-life for dioxane under these conditions was 1.1 hours. The absorption of dioxane through
the inhalation pathway could not be exactly determined, because of a high inhalation rate (0.24
liters/min), calculated on the basis of complete absorption (Young et al., 1978; U.S. EPA, 1988).
Although the high inhalation rate could be dioxane-related, another explanation may be the stress
incurred when the jugular veins were cannulated as part of the experiment. Extensive absorption
by inhalation is also inferred from the high tissue/air partition coefficients (Reitz et al., 1990).

Although the PBPK modeling suggests that in rat the parent dioxane is a better dose surrogate
than HEAA for exposure by ingestion, the inhalation modeling did not use more than one
inhalation dose. No studies were located on the biological or biochemical properties of HEAA
or the properties of the enzyme(s) that are responsible for the transformation of dioxane into
HEAA.

Rats (Wistar) were exposed by inhalation to dioxane (111 ppm; 7 hours/day, 5 days/week) for 2
years (Torkelson et al., 1974). Increased mortality and decreased body weight gains, compared
to unexposed control rats, were not observed. Among the male rats, decreased blood urea
nitrogen (kidney function), decreased alkaline phosphatase (cholestatic liver function), increased
red blood cells, and decreased white blood cells were observed. According to the authors,
exposure-related, non-cancerous tissue lesions were not observed during the 2-year period.

In another inhalation study, rats were exposed to dioxane at levels of 0.15, 1.3, and 5.7 ppm
(Pilipyuk et al., 1978). Frequency was not specified, but the duration is given as “90 successive
days”. At the end of the 3-month exposure, increased SGOT activity at the two highest doses
and increased SGPT activity at all doses were measured in the sera of the exposed rats. Rats
exposed to the highest dose also exhibited increased urinary protein and chloride levels, each of
which returned to control levels during an unspecified recovery period. Pilipyuk et al. (1978)
also report changes in the minimum time (ms) required for an electric stimulus to result in
excitation of extensor and flexor muscles. Although Pilipyuk et al. (1978) consider the changes
to be a reflection of adverse effects due to exposure to dioxane, Torkelson et al. (1974) do not
consider the hematologic and clinical changes of toxicologic importance. In particular, toxic
manifestations are usually associated with increased blood urea nitrogen and alkaline
phosphatase levels, whereas these levels decreased in the Torkelson et al. (1974) investigation.
The reason for the discrepancies between the two studies, in particular the extremely low
dioxane exposure levels in the Pilipyuk et al. (1978) study, is unknown. One explanation could
be the purity of the dioxane used, which was not described in the latter study, although such
contamination would be unlikely to account for the large difference in exposure levels.
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Kociba et al. (1974) exposed rats (Sherman) to dioxane by ingestion of drinking water for up to
2-years. The drinking water levels were 0, 0.01, 0.1, and 1.0 percent, which were converted to
daily intake according to measured rates of water consumption during exposure. Exposure to the
highest level resulted in decreased body weight gain and increased deaths. According to the
authors, exposure related hematologic changes did not occur. Histopathologic examination
revealed evidence of regeneration of hepatic and kidney tissues in rats exposed to 1.0 or 0.1
percent, but not in rats exposed to 0.01 percent dioxane. On the assumption of total absorption
of dioxane from the gastrointestinal tract, the exposure levels in female and male rats is as
follows: 0.01%-18 ppm/F, 9.3 ppm/M; 0.1% -144 ppm/F, 91 ppm/M.

The teratogenic potential of dioxane was studied in rats (Giavini et al., 1985). Dioxane was
administered by gavage at doses of 0, 0.25, 0.5, and 1.0 ml/kg-day, on gestation days 6-15, and
observations continued through day 21. Dams exposed to the highest dose exhibited
nonsignificant weight loss and a significant decrease in food consumption during the first 16
days. During the remaining 5 days, food consumption increased, but the weight gain reduction
in the presence of dioxane continued. At the 1.0 ml/kg-day dose, mean fetal weight and ossified
sternebrae were also reduced. The inability to separate the developmental toxicity from maternal
or embryotoxicity renders these data inconclusive as to the developmental toxicity of dioxane. If
toxicity to the dam and/or embryo exists, the NOAEL for dioxane (based on density = 1.03
gm/ml) is 517 mg/kg-day.

VI.  Derivation of Chronic Reference Exposure Level (REL)

Study

Study populations
Exposure method
Critical effects

LOAEL

NOAEL

Exposure continuity

Average experimental exposure
Human equivalent concentration

Exposure duration

LOAEL uncertainty factor
Subchronic exposure

Interspecies uncertainty factor
Intraspecies uncertainty factor
Cumulative uncertainty factor
Inhalation reference exposure level

Appendix D3

Torkelson et al. (1974)

Rats

Discontinuous inhalation

No effects on liver, kidney, or hematologic
function were noted in this study. Such
dysfunctions, however, were observed in rats
exposed to dioxane by ingestion (Kociba et al.
1974) and humans (Thiess, et al., 1976,
described by NIOSH, 1977).

Not observed in inhalation studies

111 ppm

7 h/d x 5 days/wk

23 ppm (111 x 7/24 x 5/7)

23 ppm (gas with systemic effects, based on
RGDR = 1.0 using default assumption that
lambda (a) = lambda (h))

2 years

1

1

3

10

30

0.8 ppm (800 ppb; 2.8 mg/m®; 3000 pg/m?)
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The lifetime rat inhalation study of Torkelson et al. (1974) is the only detailed inhalation study
available in the literature. The Pilipyuk et al. (1977) study contains useful and consistent data,
but the absence of necessary details prevents the use of these results for the determination of a
chronic reference exposure level (REL). Although the ingestion study (Kociba et al., 1974)
shows unequivocal toxic responses (liver and kidney) of the rat to dioxane by ingestion,
exposure to 111 ppm by inhalation leads to equivocal results (Torkelson et al., 1974). In
particular, serum markers for liver and kidney dysfunction decrease in value, whereas toxic
responses are associated with increased levels. The lack of toxic hematologic endpoints
observed in the ingestion study suggests that toxicity of dioxane may be route-of-exposure
specific. Hematologic changes were also observed in the early worker study wherein changes in
white blood cell count occurred (Barber, 1934), but the directions are different. The studies on
humans and rodents therefore suggest inhalation of dioxane may lead to adverse biologic effects,
but good dose-response data are not available. A partial explanation may lie in the dose-
response characteristic of the metabolism of dioxane, wherein toxicity may be a function of the
saturation of metabolism. For inhalation, neither the point of saturation nor the mechanism has
been established. Importantly, the end-point for dioxane chronic exposure may not be
established.

VIIl. Data Strengths and Limitations for Development of the REL

Although a free-standing NOAEL is not a desirable parameter to use for the development of a
chronic REL, other studies support the conclusion that exposure to dioxane leads to adverse
health effects. These observations have been documented among experimental animals (Kociba
et al., 1974; Pilipyuk et al., 1977) and humans (Thiess et al., 1976, described in NIOSH, 1977).
Until additional data from inhalation dose-response studies become available, a chronic REL
based on the free-standing NOAEL is considered the best available.

The strength of the REL for 1,4-dioxane is that it is based on a full lifetime study, with a large
number of toxic endpoints and a good sample size. The weaknesses include use of a free
standing NOAEL, the limited human data, and the lack of developmental studies.
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CHRONIC TOXICITY SUMMARY

CHRONIC TOXICITY SUMMARY

EPICHLOROHYDRIN

(1-chloro-2,3-epoxy-propane)
CAS Registry Number: 106-89-8
. Chronic Toxicity Summary
Inhalation reference exposure level 3 pg/m® (0.8 ppb)

Critical effects Histological changes in nasal turbinates in rats
Hazard index target(s) Respiratory system; eyes

. Physical and Chemical Properties (HSDB, 1997; CRC, 1994)

Description Colorless liquid

Molecular formula C3HsCIO

Molecular weight 92.52 g/mol

Density 1.181 glem® @ 20° C

Boiling point 117°C

Melting point —26°C

Vapor pressure 13 torr @ 20° C

Solubility Slightly soluble in water, soluble in most organic
solvents

Conversion factor 1 ppm =3.78 mg/m* @ 25° C

I11.  Major Uses and Sources

Epichlorohydrin is a major raw material used in the manufacture of epoxy and phenoxy resins. It
is also used as a solvent and in the synthesis of glycerol. Other uses include that of insect
fumigation and as a chemical intermediate for the formation of glycidyl acrylate derivatives such
as those used in the formation of eyeglass lenses (HSDB, 1994). The annual statewide industrial
emissions from facilities reporting under the Air Toxics Hot Spots Act in California based on the
most recent inventory were estimated to be 4841 pounds of epichlorohydrin (CARB, 2000).

IV.  Effects of Exposures to Humans

Studies of male reproductive function have shown no evidence of decreased sperm counts in
populations occupationally exposed to epichlorohydrin (Milby et al., 1981).
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V. Effects of Exposures in Animals

Rats were exposed for 136 weeks (6 hours/day, 5 days/week) to 0, 10, 30, or 100 ppm (0, 38,
113, or 380 mg/m?) epichlorohydrin (Laskin et al., 1980). Kidney damage in the form of renal
tubular degeneration and dilatation was observed in rats exposed to 30 ppm or greater. The
observation of severe inflammation in the nasal passages of 90% of the control animals, as well
as in the treated animals, prevented comparison of this effect between the two groups.

A subchronic exposure of rats to 9, 17, 27, 56, or 120 ppm (34, 64, 102, 212, or 454 mg/m®) for 6
hours/day, 5 days/week for 11-19 exposures showed evidence of extrarespiratory effects. These
included liver congestion and necrosis and tubular atrophy in the kidneys at the highest
concentration (Gage, 1959). Lethargy and weight loss were observed at 56 ppm.

A study on the effects of epichlorohydrin exposure for 10 weeks (6 hours/day, 5 days/week) on
male and female fertility in rats and rabbits showed that male rats, exposed to 50 ppm (189
mg/m?®), were significantly less fertile than controls, as measured by successful matings to
unexposed females (John et al., 1979; 1983a). No histological changes were observed in the
testes of the male rats at the end of exposure. No significant effects on fertility occurred in the
exposed female rats. Degenerative changes in the nasal epithelium were observed in the female
rats exposed to 25 ppm (94.5 mg/m?), and in both sexes at 50 ppm.

A teratology study was carried out in rats and rabbits exposed to 0, 2.5, or 25 ppm (0, 9.5, or 95
mg/m?®) epichlorohydrin 7 hours/day during the critical days of gestation. There were no
significant differences between controls and treated animals in the incidence of developmental
defects, in maternal toxicity, or in histopathology of the lungs, nasal turbinates, or trachea (John
et al., 1983b).

Mice and rats (10/sex/concentration/strain) were exposed to 0, 5, 25, or 50 ppm (0, 19, 95, or 190
mg/m°) epichlorohydrin for 6 hours/day, 5 days/week for 90 days (Quast et al., 1979). Animals
were observed for clinical signs of toxicity and were measured biweekly for body weight
changes. Body weight measurements, clinical chemistry, hematology, and urinalysis were
conducted. Gross and histopathological examinations were performed at the end of the
experiment. Exposures of rats to 25 and 50 ppm epichlorohydrin resulted in inflammation, focal
erosions, hyperplasia, and metaplasia in the nasal turbinates. No adverse effects were observed
in rats exposed to 5 ppm (19 mg/m®). Mice similarly showed focal erosion, hyperplasia and
metaplasia in the epithelium of the nasal turbinates when exposed to 25 ppm epichlorohydrin or
greater.
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V1.  Derivation of Chronic Reference Exposure Level
Study Quast et al. (1979)
Study population Rats and mice (10 per sex per concentration)
Exposure method Discontinuous whole-body inhalation
Critical effects Inflammation, focal erosions, hyperplasia, and
metaplasia in the nasal turbinates
LOAEL 25 ppm (94.5 mg/m®)
NOAEL 5 ppm (19 mg/m°)
Exposure continuity 6 hours/day, 5 days/week
Exposure duration 90 days
Average experimental exposure 0.89 ppm (5 x 6/24 x 5/7)
Human equivalent concentration 0.083 ppm (gas with extrathoracic respiratory

effects, RGDR = 0.093, based on MVa =0.14
m*/day , MVVh = 20 m*/day, SAa(ET) = 15 cm?),
SAh(ET) = 200 cm?

LOAEL uncertainty factor 1
Subchronic uncertainty factor 3
Interspecies uncertainty factor 3
Intraspecies uncertainty factor 10
Cumulative uncertainty factor 100

Inhalation reference exposure level 0.0008 ppm (0.8 ppb; 0.003 mg/m?*; 3 ug/m®)

The U.S. EPA (1994) based its RfC of 1 ug/m® on the same study but used a subchronic UF of
10 for a 90 day study instead of 3 (OEHHA, 2000).

VIl. Data Strengths and Limitations for Development of the REL

The strengths of the inhalation REL for epichlorohydrin include the availability of controlled
exposure inhalation studies in multiple species at multiple exposure concentrations and with
adequate histopathogical analysis and the observation of a NOAEL. Major areas of uncertainty
are the lack of adequate human exposure data, the lack of chronic inhalation exposure studies,
the limited reproductive toxicity data, and the small groups tested in the study.
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CHRONIC TOXICITY SUMMARY

1,2-EPOXYBUTANE

(1-butene oxide; 1,2-butene oxide; 1,2-butylene oxide; 1,2-epoxybutane; 2-ethyloxirane;
ethylethylene oxide; NCI-C55527)

CAS Registry Number: 106-88-7
. Chronic Toxicity Summary
Inhalation reference exposure level 20 pg/m? (6 ppb)

Critical effect(s) Degenerative lesions of the nasal cavity in mice
Hazard index target(s) Respiratory system; cardiovascular system

. Physical and Chemical Properties (HSDB, 1997)

Description Colorless liquid with disagreeable odor
Molecular formula C4HgO

Molecular weight 72.12 g/mol

Density 0.837 g/lcm® @ 17°C

Boiling point 63.3°C

Melting point Not available (CRC, 1994)

Vapor pressure 176 torr @ 25°C

Solubility Soluble in ethanol, ether, acetone, water
Odor threshold Unknown

Conversion factor 1 ppm = 2.95 mg/m®

I11.  Major Uses or Sources

1,2-Epoxybutane is used as a chemical intermediate, acid scavenger, and stabilizer for
chlorinated solvents (Reprotext, 1994). It is highly reactive, flammable, and undergoes
exothermic polymerization reactions in the presence of acids, bases, and some salts. It is less
volatile than ethylene oxide or propylene oxide (Reprotext, 1994). The annual statewide
industrial emissions from facilities reporting under the Air Toxics Hot Spots Act in California
based on the most recent inventory were estimated to be 6105 pounds of 1,2-epoxybutane
(CARB, 2000).

IV.  Effects of Human Exposure

No human toxicological data were found for 1,2-epoxybutane.
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V. Effects of Animal Exposure

F344/N rats (50/sex) were exposed to 0, 200, or 400 ppm EBU for 6 hours/day, 5 days/week for
2 years (NTP, 1988). Survival was impaired and concentration-related increases of
inflammation, respiratory epithelial hyperplasia, olfactory sensory epithelial atrophy, and
hyperostosis of the nasal turbinate bone cavity were observed in male and female rats exposed to
either concentration.

B6C3F1 mice (50/sex) were exposed to 0, 50, or 100 ppm EBU for 6 hours/day, 5 days/week for
2 years (NTP, 1988). Survival and body weight gain were reduced significantly at 100 ppm in
both sexes. Significant concentration-related increases in incidence of chronic inflammation,
epithelial hyperplasia, and erosion of the nasal cavity were noted in both sexes at either
concentration. Increases in granulocytic hyperplasia and splenic hematopoiesis were noted at
both concentrations in female mice.

Number of mice with lesions in the nasal cavity and olfactory sensory epithelium (NTP, 1988

Sex Males Females
EBU concentration 0 ppm 50 ppm | 100 ppm | O ppm 50 ppm | 100 ppm
Number of mice studied | 49 49 50 50 50 48
Nasal cavity
Chronic inflammation | 0 33 40 0 39 44
Erosion 0 7 17 0 16 24
Regeneration 0 15 17 0 14 15
Epithelial hyperplasia | 0 32 45 1 34 35
Squamous metaplasia | 1 24 41 0 34 41
Squam. cell papilloma | 0 0 1 0 0 0
Olfactory sensory
epithelium — atrophy 0 13 32 0 25 35

Male and female mice exposed to 800 ppm (2360 mg/m®) EBU for 6 hours/day, 5 days/week, for
13 weeks were listless after the first exposure (NTP, 1988). Animals from this group all died by
the end of the 13-week exposure. Renal tubular necrosis, and thymic and splenic atrophy were
seen in mice exposed to 800 ppm; decreased liver weights were observed following exposure of
mice to 400 ppm (1180 mg/m°) or more. Inflammation of the nasal turbinates was seen in
female mice exposed to 100 ppm (295 mg/m®) or more. No inflammation was observed in
controls.

Miller et al. (1981) exposed rats and mice of either sex to 0, 75, 150, or 600 ppm (0, 221, 442, or
1770 mg/m® EBU 6 hours/day, 5 days/week, for 13 weeks. In this study, no treatment-related
effects were noted except for histological lesions in the nasal mucosal epithelium and reduced
specific gravity in the urine of rats treated with 600 ppm.

Wolf (1961) observed increased lung weights in rats exposed to 800 ppm of a mixture of
epoxybutane isomers. No increase in lung weight was seen at 400 ppm.
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Sikov et al. (1981) conducted experiments to determine the reproductive toxicity of EBU in rats
and rabbits. Rats were exposed to 0, 250, or 1000 ppm (0, 738, or 2950 mg/m?) 1,2-epoxybutane
for 7 hours/day, 5 days/week for 3 weeks prior to gestation, or for 7 hours/day on days 1-19 of
gestation. Maternal toxicity in the form of 10% weight loss was observed in rats exposed to
1000 ppm. One death out of 42 occurred in the dams exposed to 1000 ppm. No adverse
histological, reproductive, or developmental effects were seen at any concentration. Exposure of
rabbits on days 1-24 of gestation to the same concentrations as in the rat experiment showed
more severe effects at lower concentrations than those observed in rats. In the rabbits, 6 out of
48 dams died during exposure to 250 ppm, and 14 out of 24 died at 1000 ppm. Extensive
maternal mortality in this study prevented evaluation of the reproductive and developmental
effects.

V1.  Derivation of Chronic Reference Exposure Level
Study National Toxicology Program (NTP, 1988)
Study population Rats and mice
Exposure method Discontinuous inhalation to 0, 50, or 100 ppm
EBU
Critical effects Damage to the upper respiratory epithelium was

observed in both species at all concentrations.
Mice also showed an increased incidence of
granulocytic hyperplasia and splenic
hematopoiesis at both concentrations, possibly
due to inflammation in the upper respiratory

tract.
LOAEL 50 ppm (mice)
NOAEL Not observed
Exposure continuity 6 hours/day, 5 days/week
Exposure duration 2 years
Average experimental exposure 8.9 ppm for LOAEL group (50 x 6/24 x 5/7)
Human equivalent concentration 1.8 ppm for LOAEL group (gas with extrathoracic

respiratory effects, RGDR = 0.20, based on
MVa = 0.06 m*/day, MVh = 20 m*/day,
SAa(ET) = 3.0 cm?, SAh(ET) = 200 cm?)

LOAEL uncertainty factor 10 (high incidence of adverse effects)
Subchronic uncertainty factor 1

Interspecies uncertainty factor 3

Intraspecies uncertainty factor 10

Cumulative uncertainty factor 300

Inhalation reference exposure level 0.006 ppm (6 ppb; 0.02 mg/m®; 20 pug/m°)

The chronic REL is also the U.S. EPA RfC (U.S. EPA, 1994). OEHHA staff reviewed and
agreed with U.S. EPA’s analysis of the data.
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VIIl. Data Strengths and Limitations for Development of the REL

The strengths of the inhalation REL for 1,2-epoxybutane include the availability of controlled
exposure inhalation studies in multiple species at multiple exposure concentrations and with
adequate histopathological analysis. Major areas of uncertainty are the lack of adequate human
exposure data and the lack of observation of a NOAEL in the key study.
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CHRONIC TOXICITY SUMMARY

ETHYL CHLORIDE

(Chloroethane; monochloroethane; ether hydrochloric)

CAS Registry Number: 75-00-3

. Chronic Toxicity Summary
Inhalation reference exposure level 30,000 pg/m? (10,000 ppb)
Critical effect(s) Delayed fetal ossification in mice

Hazard index target(s) Teratogenicity; alimentary system

1. Physical and Chemical Properties (HSDB, 1995; 1999)

Description Colorless gas

Molecular formula C,HsCl

Molecular weight 64.52

Density 0.9214 g/cm*® @ 0°C

Boiling point 12.3°C

Melting point -138.7 °C

Vapor pressure 1000 torr @ 20 °C
Conversion factor 1 ppm = 2.64 mg/m* @ 25°C

I11.  Major Uses or Sources

Ethyl chloride has been used as a starting point in the production of tetraethyl lead and as a
refrigerant, solvent and alkylating agent (HSDB, 1995). It is also used as a topical anesthetic
(Clayton and Clayton, 1994). The annual statewide industrial emissions from facilities reporting
under the Air Toxics Hot Spots Act in California based on the most recent inventory were
estimated to be 291,300 pounds of ethyl chloride (CARB, 1999).

IV.  Effects of Human Exposure

Neurological symptoms have been observed in human case studies in instances of ethyl chloride
abuse. Cerebellar-related symptoms including ataxia, tremors, speech difficulties, and
hallucinations were observed in a 28-year old female who had sniffed 200-300 ml ethyl chloride
off her sleeve daily for 4 months (Hes et al. 1979). The patient’s liver was enlarged and tender.
Four weeks following cessation of exposure, all symptoms were absent.
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V. Effects of Animal Exposure

Pregnant mice were exposed to 1300, 4000, or 13000 mg/m? ethyl chloride in air for 6 hours per
day on days 6-15 of gestation (Scortichini et al., 1986). No effects on fetal resorption rates, litter
size, body weight or maternal health were observed. A statistically significant increase in the
incidence of delayed ossification of the skull bones was observed in fetuses from the

13,000 mg/m?® (4900 ppm) ethyl chloride exposed group. This skull effect was accompanied by
a non-significant increased incidence of cervical ribs (a supernumerary rib is considered to be a
malformation). No significant adverse effects were observed in fetuses from the 4000 mg/m?
(1500 ppm) exposure group.

No significant adverse effects were observed in rats and mice exposed to 0 or 15,000 ppm ethyl
chloride for 6 hours per day, 5 days per week for 102 weeks (rats) or 100 weeks (mice) (NTP,
1989). At necropsy, a complete histopathologic examination (approximately 35 tissues) failed to
identify evidence of non-cancer toxicity. The same study also exposed rats and mice to 2500,
5000, 10,000 or 19,000 ppm ethyl chloride 6 hours per day, 5 days per week for 13 weeks. No
exposure-related clinical signs of toxicity or histological changes were observed in exposed
animals. Thus the subchronic NOAEL for mice and rats is 19,000 ppm, which is equivalent to a
continuous exposure of 3400 ppm, and a free-standing chronic NOAEL is 15,000 ppm, which is
equivalent to a continuous exposure of 2700 ppm (7100 mg/m?).

Increased relative liver weights and a slight increase in hepatocellular vacuolation were observed
in mice exposed to 5000 ppm ethyl chloride 23 hours per day for 11 days (Landry et al., 1989).
No effects were observed in mice exposed to 0, 250, or 1250 ppm ethyl chloride for the same
period.

Following acclimatization to an inhalation chamber, two groups of 10 female mice were exposed
to 0 or 15,000 ppm (40,000 mg/m?®) ethyl chloride 6 hours per day for 2 weeks (Breslin et al.,
1988). Groups of five male mice were housed in each inhalation chamber to synchronize and
promote regular cyclicity. The mean length of the estrous cycle in control mice remained
constant at 4.5 days during both pre-exposure and exposure periods. Mice in the 15,000 ppm
exposure group showed a 0.6 day increase in the mean cycle length during exposure (5.6 days)
when compared to the pre-exposure period (5.0 days). The authors attribute this increase in
estrous cycle length to a general stress response although they note that it does not preclude
direct effects on neuroendocrine function.
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VI.  Derivation of Reference Exposure Level

Study Scortichini et al., 1986

Study population Mice

Exposure method Discontinuous whole-body inhalation (on days
6-15 of gestation)

Critical effects Delayed ossification of skull foramina

LOAEL 13,000 mg/m®

NOAEL 4,000 mg/m*

Exposure continuity 6 hours per day

Exposure duration Days 6-15 of gestation

Average experimental exposure 1,000 mg/m?® for NOAEL group (4000 x 6/24)

Human equivalent concentration 1,000 mg/m® for NOAEL group (gas with
systemic effects, based on RGDR = 1.0 using
default assumption that lambda (a) = lambda
()

LOAEL uncertainty factor 1

Subchronic uncertainty factor 1

Interspecies uncertainty factor 3

Intraspecies uncertainty factor 10

Cumulative uncertainty factor 30

Inhalation reference exposure level 30 mg/m® (130,000 pg/m*; 10 ppm; 10,000
ppb)

To develop the chronic REL OEHHA used the same study on which U.S. EPA based its RfC of
10,000 pg/m®. The REL is based on a developmental toxicity study. In accordance with U.S.
EPA methodology, a time-weighted average concentration for the discontinuous exposure
experiment is not used by U.S. EPA when the key effect is developmental toxicity. However,
OEHHA prefers to make a time adjustment to equivalent continuous exposure because the
chronic REL assumes continuous exposure. U.S. EPA also used a Modifying Factor (MF). The
database deficiencies leading U.S. EPA to employ a modifying factor include the lack of a
multigenerational reproductive study. The criteria for use of such modifying factors are not well
described. Such MFs were not used by OEHHA.

As a comparison to the proposed REL of 10 ppm, NTP (1989) found a free-standing NOAEL of
15,000 ppm in rats and mice exposed to ethyl chloride for 6 hours per day, 5 days per week for 2
years. Time adjusting to continuous exposure results in an adjusted NOAEL of 2679 ppm.
Applying an RGDR of 1, a UFa of 3 and a UFy of 10 results in an estimated REL of 90 ppm.

VIl. Data Strengths and Limitations for Development of the REL

The strengths of the inhalation REL for ethyl chloride include the availability of controlled
exposure inhalation studies in multiple species at multiple exposure concentrations and with
adequate histopathogical analysis, and the observation of a NOAEL. Major areas of uncertainty
are the lack of adequate human exposure data, and the lack of a multigenerational reproductive
study.
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CHRONIC TOXICITY SUMMARY

ETHYLBENZENE

(Phenylethane; NCI-C56393)
CAS Registry Number: 100-41-4
l. Chronic Toxicity Summary

Inhalation reference exposure level 2000 pg/m? (400 ppb)

Critical effect(s) Liver, kidney, pituitary gland in mice and rats
Hazard index target(s) Alimentary system (liver); kidney; endocrine
system

1. Physical and Chemical Properties (HSDB, 1994)

Description colorless liquid

Molecular formula CgHio

Molecular weight 106.16 g/mol

Boiling point 136.2°C

Melting point -95°C

Vapor pressure 10 torr @ 25.9°C

Density 0.867 g/lcm® @ 20°C

Solubility Soluble in ethanol and ether, low solubility in
water (0.014 g/100 ml at 15°C)

Conversion factor 1 ppm = 4.35 mg/m®

I11.  Major Uses or Sources

Ethylbenzene is used as a precursor in the manufacture of styrene (HSDB, 1994). It is also used
in the production of synthetic rubber, and is present in automobile and aviation fuels. It is found
in commercial xylene (Reprotext, 1994). In 1996, the latest year tabulated, the statewide mean
outdoor monitored concentration of ethylbenzene was approximately 0.4 ppb (CARB, 1999a).
The latest annual statewide emissions from facilities reporting under the Air Toxics Hot Spots
Act in California, based on the most recent inventory, were estimated to be 161,846 pounds of
ethylbenzene (CARB, 1999b).

IV.  Effects of Human Exposure

Studies on the effects of workplace exposures to ethylbenzene have been complicated by
concurrent exposures to other chemicals, such as xylenes (Angerer and Wulf, 1985). Bardodej

Appendix D3 208 Ethylbenzene



Determination of Noncancer Chronic Reference Exposure Levels March 2000

and Cirek (1988) reported no significant hematological or liver function changes in 200
ethylbenzene production workers over a 20-year period.
V. Effects of Animal Exposure

Rats and mice (10/sex/group) were exposed to 0, 100, 250, 500, 750, and 1000 ppm (0, 434,
1086, 2171, 3257, and 4343 mg/m?) ethylbenzene 6 hours/day, 5 days/week for 90 days (NTP,
1988; 1989; 1990). Rats displayed significantly lower serum alkaline phosphatase in groups
exposed to 500 ppm or higher. Dose-dependent increases in liver weights were observed in male
rats beginning at 250 ppm, while this effect was not seen until 500 ppm in the females. An
increase in relative kidney weights was seen in the 3 highest concentrations in both sexes.
Minimal lung inflammation was observed in several of the treatment groups, but this
phenomenon was attributed to the presence of an infectious agent rather than to ethylbenzene
exposure. The mice in this study did not show any treatment-related effects except for elevated
liver and kidney weights at 750 and 1000 ppm, respectively.

Rats and mice were exposed to ethylbenzene (greater than 99% pure) by inhalation for 2 years
(NTP, 1999; Chan et al., 1998). Groups of 50 male and 50 female F344/N rats were exposed to
0, 75, 250, or 750 ppm, 6 hours per day, 5 days per week, for 104 weeks. Survival of male rats
in the 750 ppm group was significantly less than that of the chamber controls. Mean body
weights of 250 and 750 ppm males were generally less than those of the chamber controls
beginning at week 20. Mean body weights of exposed groups of females were generally less
than those of chamber controls during the second year of the study. In addition to renal tumors,
the incidence of renal tubule hyperplasia in 750 ppm males was significantly greater than that in
the chamber controls. The severity of nephropathy in 750 ppm male rats was significantly
increased relative to the chamber controls. Some increases in incidence and severity of
nephropathy were noted in all exposed female rats, but these were statistically significant only at
750 ppm.

Groups of 50 male and 50 female B6C3F1 mice were exposed to 0, 75, 250, or 750 ppm
ethylbenzene by inhalation, 6 hours per day, 5 days per week, for 103 weeks. Survival of
exposed mice was similar to controls. Mean body weights of females exposed to 75 ppm were
greater than those of the chamber controls from week 72 until the end of the study. In addition to
lung and liver tumors, the incidence of eosinophilic liver foci in 750 ppm females was
significantly increased compared to that in the chamber controls. There was a spectrum of
nonneoplastic liver changes related to ethylbenzene exposure in male mice, including syncytial
alteration of hepatocytes, hepatocellular hypertrophy, and hepatocyte necrosis. The incidences
of hyperplasia of the pituitary gland pars distalis in 250 and 750 ppm females and the incidences
of thyroid gland follicular cell hyperplasia in 750 ppm males and females were significantly
increased compared to those in the chamber control groups. Based on an evaluation of all the
non-cancer data in mice and rats OEHHA staff selected 75 ppm as the NOAEL for the NTP
(1999) study.

Rats (17-20 per group) were exposed to 0, 600, 1200, or 2400 mg/m? for 24 hours/day on days 7

to 15 of gestation (Ungvary and Tatrai, 1985). Developmental malformations in the form of
“anomalies of the uropoietic apparatus” were observed at the 2400 mg/m?® concentration.
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Skeletal retardation was observed in all exposed groups compared with controls. The incidence
of skeletal abnormalities increased with higher concentrations of ethylbenzene.

Rabbits exposed by these investigators to the same concentrations as the rats on days 7 to 15 of
gestation, exhibited maternal weight loss with exposure to 1000 mg/m?® ethylbenzene. There
were no live fetuses in this group for which abnormalities could be evaluated. No developmental
defects were observed in the lower exposure groups.

Rats (78-107 per group) and rabbits (29-30 per group) were exposed for 6 or 7 hours/day, 7
days/week, during days 1-19 and 1-24 of gestation, respectively, to 0, 100, or 1000 ppm (0, 434,
or 4342 mg/m®) ethylbenzene (Andrew et al., 1981; Hardin et al., 1981). No effects were
observed in the rabbits for maternal toxicity during exposure or at time of necropsy. Similarly,
no effects were seen in the fetuses of the rabbits. The only significant effect of ethylbenzene
exposure in the rabbits was a reduced number of live kits in the 1000 ppm group. A greater
number and severity of effects were seen in rats exposed to 1000 ppm ethylbenzene. Maternal
rats exposed to 1000 ppm exhibited significantly increased liver, kidney, and spleen weights
compared with controls. Fetal rats showed an increase in skeletal variations at the 1000 ppm
concentration, but the results of the 100 ppm exposure were not conclusive.

Clark (1983) found no significant effects on body weight, food intake, hematology, urinalysis,
organ weights or histopathology in rats (18 per group) exposed to 100 ppm (434 mg/m?)
ethylbenzene for 6 hours/day, 5 days/week, for 12 weeks.

Degeneration of the testicular epithelium was noted in guinea pigs and a rhesus monkey exposed
to 600 ppm (2604 mg/m?®) for 6 months (Wolf et al., 1956). No effects were reported for female
monkeys exposed to the same conditions.

Cragg et al. (1989) exposed mice and rats (5/sex/group) to 0, 99, 382, and 782 ppm (0, 430,
1659, and 3396 mg/m®) 6 hours/day, 5 days/week for 4 weeks. Some evidence of increased
salivation and lacrimation was seen in the rats exposed to 382 ppm. No other gross signs of
toxicity were observed. Both male and female rats had significantly enlarged livers following
exposure to 782 ppm. Female mice also showed a significant increase in liver weight at this
concentration. No histopathological lesions were seen in the livers of these mice.

Dose-dependent induction of liver cytochrome P450 enzymes in rats by ethylbenzene was
observed by Elovaara et al. (1985). Rats (5 per group) were exposed to 0, 50, 300, or 600 ppm
(0, 217, 1302, or 2604 mg/m°) ethylbenzene for 6 hours/day, 5 days/week for 2, 5, 9, or 16
weeks. Cytochrome P450 enzyme induction, and microscopic changes in endoplasmic reticulum
and cellular ultrastructure were evident at all ethylbenzene concentrations by week 2, and
persisted throughout the exposure. Liver weights were not elevated in these studies.
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V1.  Derivation of the Chronic Reference Exposure Level
Study NTP, 1999; Chan et al., 1998
Study population Male and female rats and mice (50 per group)
Exposure method Discontinuous inhalation
Critical effects Nephrotoxicity, body weight reduction (rats)

hyperplasia of the pituitary gland; liver cellular
alterations and necrosis (mice)

LOAEL 250 ppm

NOAEL 75 ppm

Exposure continuity 6 hours/day, 5 days/week

Exposure duration 103 weeks.

Average experimental exposure 13 ppm for NOAEL group

Human equivalent concentration 13 ppm for NOAEL group (gas with systemic

effects, based on RGDR = 1.0 using default
assumption that lambda (a) = lambda (h))

LOAEL uncertainty factor 1
Subchronic uncertainty factor 1
Interspecies uncertainty factor 3
Intraspecies uncertainty factor 10
Cumulative uncertainty factor 30

Inhalation reference exposure level 0.4 ppm (400 ppb; 2 mg/m?; 2,000 pg/m?)

The REL is based on a lifetime toxicity/carcinogenesis study. The NOAEL for non-neoplastic
effects in the study was 75 ppm, and the LOAEL was 250 ppm. Some shorter duration studies
discussed above (e.g. NTP, 1988, 1989, 1990) identify higher concentrations as NOAELS, but
the study used (NTP 1999) is the most recent available and is considered the most reliable for

assessing chronic effects.

U.S. EPA based its RfC on developmental toxicity studies in rats and rabbits (Andrew et al.,
1981; Hardin et al., 1981; U.S. EPA, 1994). The NOAEL in the studies was 100 ppm, and the
LOAEL was 1000 ppm. In accordance with its methodology, U.S. EPA did not use a time-
weighted average concentration for the discontinuous exposure experiment since the key effect
was developmental toxicity. If OEHHA methodology is followed (which includes the time-
weighted averaging of the exposure concentrations, and uncertainty factors of 3 (interspecies,
with RGDR = 1) and 10 (intraspecies), this study would indicate a REL of 0.6 ppm (3 mg/m?®).
The study by Ungvary and Tatrai (1985) reported a NOAEL of 600 mg/m? for developmental
and maternal effects in several species. However, the reporting and general quality of this paper
create less confidence in its results.

For comparison to the proposed REL of 0.4 ppm, Clark (1983) found no significant effects in
rats exposed to 100 ppm ethylbenzene 6 h/day, 5 d/week, for 12 weeks. This NOAEL can b