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1. INTRODUCTION

: The Health Advisory (HA) Program, sponsored by the Office of Water, provides information

on the health effects and other useful data that can aid in dealing with the contamination of
drinking water. Health Advisories describe nonregulatory concentrations of drinking water
contaminants at which adverse health effects wouid not be anticipated to occur over specific
exposure durations. The EPA has an ongoing cooperative agreement with the Department of the
Army to prepare drinking water Health Advisories (HA) for munitions and other environmental
contaminants. Drinking water Toxicological Profiles are short summaries of the pertinent
mammalian health effects literature, and are used by the Office of Water to determine if a data
base is sufficient to allow the deveiopment of HAs. The following databases were searched for
information on p-bromoflucrobenzene: CANCERLINE, CHEMFATE, DART, DTIC, EMICBACK,
ENVIROLINE, RTECS, TOXLINE, TOXLINE65, TOXLIT, and TOXLITES. Secondary sources were
also used.

This Drinking Water Toxicological Profile summarizes information on p-bromofluorobenzene,
an aryl halide, used as a chemical intermediate, particularly in the production of p-fluorophenol
(a fungicide and an -intermediate for pharmaceuticals) (Hawley, 1987). Military uses. of
p-bromofluorobenzene were not found in the available literature. The structure of
p-bromofluorobenzene is shown below.

[

para-Bromofiuorobenzene
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2. SELECTED GENERAL INFORMATION

Physicochemical data for p-bromofluorobenzene are presented in Table 1.

{ Common name

1 Synonyms - .| TOXUNE, 1992
| CASRegistry No. '

| RTECS No.

| :Chemical formula CgH,BrF ' Hawley, 1987

1 Molecular weight 175 Derived

{ Physical state colorless liquid { Hawley, 1087
Vapor pressure 1 ND

| Specific gravity 1.593 at 16°C Hawley, 1987

| Freezing/Boiling/Flash Point | -17.4°C/151-152°C/ND | Hawley, 1987

| Solubiity in water insoluble Hawley, 1987

| Log kow ND

Bioconcentration factor ND
| (BCF)

Conversion factors in air 1 mg/m® = 0.14 ppm Calculated®
1 ppm = 7.14 mg/m®

Odor threshold

i Henry's Law constant

3ND: no data

hFommla: ppm by volume = mg/m> X
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3. SOURCES OF EXPOSURE

3.1. Occurrence in Water

No information was found in the available literature.
3.2. Human Exposure

No information was found in the avallable literature.

4. ENVIRONMENTAL FATE

No information was found in the available literature.
5. TOXICOKINETICS

No information was found in the available literature.
6. HEALTH éFFECT S

6.1. Noncancer Effects
6.1.1. Oral Exposure
6.1.1.1.. Human. No information was found in the available literature.
6.1.1.2. Animal. No information was found in the available literature.
6.1.2. Other Exposure Routes |
6.1.2.1. Human. No information was found in the available literature.
6.1.2.2. Animal. No Information was found in the avallable literature.
6.2. Carcinogenicity '
6.2.1. Oral Exposure
6.2.2.1. Human. No information was found in the avallable iiterature.

6.2.2.2. Animal. No information was found in the available literature.
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6.2.2 Other Exposure Routes

6.2.2.1. Human. No information was found in the available lterature.
6.2.2.2. Animal. No information was found in the availabie literature.

6.3. Genotoxicity

No information was found in the avallabie literature.
7. EXISTING STANDARDS, CRITERIA, GUIDANCE

7.1. EPA RfDs, RfCs, CRAVE Classifications

RfD: None established .
RIC: None established
Oral Slope Factor: None estahlished
Drinking Water Unit Risk: . None established
{inhalation Slope Factor: None established
Inhalation Unit Risk: None established

U.S. EPA CRAVE Cancer Classification: Not established
7.2. |ARC Carcinogenicity Classification
Not established

7.3. OSHA, ACGIH, and NIOSH Standards and Criteria

OSHA (8-hr TWA): None established:
OSHA STEL: None established
OSHA Ceiling Limit: None established
ACGIH (8-hr TWA): None established
ACGIH STEL: None established
NIOSH RELs: None established
8. REFERENCES

Hawley GG. 1987. The Condensed Chemical Dictionary, Sth ed. New York: Vai Nostrand
Reinhold Company, pp. 126, §32.

TOXLINE. 1992. MEDLARS Oniine Data Base. Retrieved 7/92.
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1. INTRODUCTION

. The Health Advisory (HA) Program, sponsorad by the Office of Water, provides information

on the heaith effects and other useful data that can ‘aid in dealing with the contamination of -
drinking water. Health Advisories describe nonregulatory concentrations of drinking water
contaminants at which adverse heaith effects would not be anticipated to occur over specific
exposure durations. The EPA has an ongoing cooperative agreement with the Department of the
Army to prepare drinking water Health Advisories (HA) for munitions and other environmental
contaminants. Drinking water Toxicological Profiles are short summaries of the pertinent
mammalian health effects literature, and are used by the Office of Water to determine it a data
basae is sufficient to allow the development of HAs. The following databases were searched for
information on chilorosulfonic acid: CANCERLINE, CHEMFATE, DART, DTIC, EMICBACK,
ENVIROLINE, RTECS, TOXLINE, TOXLINESS, TOXLIT, and TOXLITE5. Secondary sources were
also used.

This Drinking Water Toxicological Profile summarizes information on chlorosulfonic acid,
considered to be the monoacid chioride of sulturic acid (Burrus, 1978). Its principal use is in
organic synthesis to form sulfates, sulfonates, sulfonyl chlorides, and some organics such as
hydrocarbons, aicohols, phenols, and amines (Burris, 1978). It is a chemical intermediate for
dyes, pesticides, ion-exchange resins, pharmaceuticals, alkyl sulfate surfactants, and alkylphenol
ethoxylate sulfate surfactants (HSDB, 1991). The military uses chlorosulfonic acid as a screening
smoke/obscurant and in corrosion testing of various materiais (DTIC, 1992). The structure of
chiorosulfonic acid is shown below. ' :

0o

|
CI-S—OH

|
o

Chlorosulfonic acid

*
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2. SELECTED GENERAL INFORMATION

Chlorosulfonic acid is a very corrosive liquid (Budavari et al., 1989). It reacts with water with
explosive violence to form hydrochloric acid and sulfuric acid (HSDB, 1991). The
’ physicochemical properties of chlorosulfonic acid are presented in Table 2.

i} chlorosulfonic acid

| ehlorosulfuric acid;
.| monochlorosulfuric acid;
't sulfuric chlorohydrin
7790-94-5
f RTECS No. FX5730000 'RTECS, 1987
Chemical formuia o CIHOQS | RTECS, 1992
| Molecular weight 116.52 ATECS, 1992 )
Physical state '| colorless or slightly yellow liquid | Budavari et al., 1989
| Vapor pressure 0.75 mm Hg at 20°C {:CHEMFATE, 1992
; Specific gravity 1 1.753 at 20°C/4°C* Budavari et al., 1989 |
Melting/Boiling/Flash point -80°C/158°C/NDP , CHEMFATE, 1992
Solubility in water | hydrolyzes violently in water CHEMFATE, 1992}
Log Kow | ND
éioooncentration factor ND
(BCF)
Conversion factors in air 1 mg/m3 = 0.2008 PPM calculated®
| 1 ppm = 4.766 mglm -
Odor. threshold ‘| 'ND; pungent odor | :Budavari et al., 1989
| Honry's Law constant '

‘Densny of liquid at 20°C relative to the density of water at 4°C
BND = no data )

24.45
mol. wt. in grams

C:Fonnula: ppm by volume = mglm3 X
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3. SOURCES OF EXPOSURE

3.1. Occurrence in Water

Chlorosutfonic acid is released to the aquatic environment from facilities using the chemical
as an intermediate for such products as detergents, pharmaceuticals, and pesticides (HSDB,
1991). However, because the chemical rapidly hydrolyzes in water, its aquatic haif-life would not
be significant. ‘

3.2. Human Exposure

Exposure to chiorosulfonic acid will be mainly occupational via inhalation and perhaps
dermal contact (HSDB, 1991). Based on the 1981-1983 National Occupational Exposure (NOES)
Survey, NIOSH estimated that 3,260 U.S. workers are potentially exposed to chlorosulfonic acid
(NIOSH, 1983).

4. ENVIRONMENTAL FATE

if released to water, chlorosulfonic acid will hydrolyze violently to produce hydrochloric acid
. and sulfuric acid (Burrus, 1979). This reaction would preciude significant bioconcentration,
biodegradation, volatilization, and adsorption to sediment and suspended solids (HSDB, 1991).

No data were found for chiorosulfonic acid released to soil. However, based on the rapid
hydrolysis of the chemical in water, chlorosuifonic acid released to moist soil would be expected
to hydrolyze; thus, biodegradation, adsorption, and volatilization processes in moist soil should

not be significant (HSDB, 1991). In dry soil, volatilization of the chemical could be significant,
_ based on the vapor pressure of 0.75 mm Hg at 20°C (HSDB, 1991).

.In the atmosphere, chlorosulfonic acid would probably undergo hydrolysis in moist air and
would be susceptible to photooxidation (HSDB, 1991). Chiorosulfonic acid would react with 5

-x10° photochemically produced hydroxyl radicals per cm® of air with an estimated haif-ife of 1.2
years (HSDB, 1891). ~

5. TOXICOKINETICS

' 6.1. Absorption
No information was found in the available literature.
5.2. Distribution |

No information was found in the available literature.
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5.3. Moetabolism

No information was found in the available fiterature.
5.4. Excretion

No information was found in the available literature.

6. HEALTH EFFECTS

6.1». Noncancer Effects
6.1.1. Oral Exposure
6.1.1.1. Human. No information was found in the available literature.
6.1.1.2. Animal. No information was found in the available literature.
6.1.2. Other Exposure Routes
6.1.2.1. Human. Chlorosulfonic acid is extremely caustic, giving off fumes that are
initating to the eyes, skin, and respiratory tract.(Grant, 1974; Budavari, 1989). . A laboratory
worker was splashed in the face when a flask containing chlorosulfonic acid and chlorobenzene
fell into water and exploded (Grant, 1974). The victim sustained bums of the comea .and
conjunctiva, but because he washed his eyes and skin immediately, the injuries were restricted
to the palpebral fissure. The lids, more severely burned, exhibited increasing swelling and loss
of patches of skin. The immediate rinsing of the affected areas saved his eyes and within two
weeks all injuries were healing. .
6.1.2.2. Animal. A brief abstract of a Russian document reported LCg, values of
38.5 mg/m*/4 hours and 52.5 mg/m®/2 hours for chiorosulfonic acid in the rat and mouse,
respectively (Mamleeva and Bakhtizina, 1976). The animals had respiratory tract irritation, eye
irritation, and histopathological changes in the intemal organs. Experimental detalls were not

available. ‘Based on thege data, the investigators recommended a maximum permissible
concentration of 0.1 mg/m3 for chlorosulfonic acid.

6.2. Carcinogenicity
6.2.1. Oral Exposure
6.2.1.1. Human. No information was found in the available literature.
6.2.1.2. Animal. No information was found in the available literature.
6.2.2. Other Exposure Routes

6.2.2.1. Human. No information was found in the available literature.
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6.2.2.2. Animal. No information was found in the available literature.

6.4. Genotoxicity

No information was found in the available literature.
7. EXISTING STANDARDS, CRITERIA, GUIDANCE

'7.1. EPA RfDs, RfCs, CRAVE Classifications

RfD: None established
RiC: None established
Oral siope factor: None established
Drinking Water Unit Risk:. None established
inhalation Slope Factor: None established
Inhalation Unit Risk: None established
EPA CRAVE Cancer Classification: Not established

7.2. IARC Carcinogenicity Classification
Not established .
7.3. OSHA, ACGIH, and NIOSH.Standards and Criteria
OSHA (8-hr TWA): None established
OSHA STEL: None established
OSHA Ceiling Limit: None established

ACGIH (8-hr TWA): None established
ACGIH Ceiling Limit: None established

NIOSH RELs: . . None established

8. REFERENCES

Budavari S, O'Neil MJ, Smith A, Heckelman PE, Eds. 1989. The Merck Index. 11th ed. Rahway,
NJ: Moerck & Co., Inc., p. 334. .

Burrus HO. 1978. Chilorosulfuric acid. In: Kirk-Othmer Encyclopedia of Chemicat Technology,
3rd ed., Vol. 5. New York: John Wiley & Sons, pp. 873-880.

CHEMFATE 1992. Syracuse Research Corporation's Environmental Fate Data Bases. Retrieved
7/13/92.

DTIC. 1992. Defense Technical Information Center. Online data bases for Work Unit Summanes
and Technical Report Summaries. Alexandria, VA: DTIC. Retrieved 7/16/92.
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Grant WM. 1974 Toxicology of the Eye, 2nd ed. Springfield, IL: Charles C. Thomas, pp. 279-
280. .

- HSDB. 1991. Hazardous Substances Data Bank. MEDLARS online data base. Chlorosuifonic
acid. Updated 9/10/91. Retrieved 7/92.

Mamieeva NK, Bakhtizina GZ. 1976. Evaluation of the acute toxicity of the easily hydrolyzed
compound - chlorosulfonic acid (sulfuric acid chioride). Gig. Tr. Okhr. Zdorov'ya Rab. Nett,
Neftekhim. Prom-sti. 9:110-113. (Cited in TOXLITES)

NIOSH. 1983. National institute of Occupational Safety and Health. The National Occupational
‘ Exposure Survey (NOES), 1983. (Cited in RTECS, 1992)

RTECS. 1987. Registry of Toxic Effects of Chemical Substances, 1985-1986 ed Sweet D, Ed.
Washington, DC: U.S. Dept. of Health and Human Services.

RTECS. 1992. Registry of Toxic Effects of Chemical Substances. MEDLARS Onnne Data Base.
Retrieved 7/92. .

TOXLITES. 1992, MEDLARS Online Data Base. Retrieved 7/92.
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1. INTRODUCTION

The Health Advisory (HA) Program, sponsored by the Office of Water, provides information
- on the health effects and other useful data that can aid in dealing with the contamination of
drinking water. Health Advisories describe nonregulatory concentrations of drinking water
contaminants at which adverse heaith effects would not be anticipated to occur over specific
exposure durations. The EPA has an ongoing cooperative agreement with the Department of the
Army to prepare drinking water Health Advisories (HA) for munitions and other environmental
contaminants. Drinking Water Toxicological Profiles are short summaries of the pertinent
mammalian health effects literature, and are used by the Office of Water to determine if a data
base is sufficient to allow the development of HAs. The following data bases were searched for
information on copper naphthenate: TOXLINE, TOXLINE6ES, TOXLIT, TOXLITES, CANCERLINE,
DART, EMICBACK, CHEMFATE, ENVIROLINE, DTIC and RTECS. Secondary sources were also

. This Drinking Water Toxicological Profile summarizes information on copper naphthenate.
Copper naphthenate is a cycloparaffin that contains between 6% and 11.5% copper (Sax and
Lewis, 1987). It is a combination of copper salts and naphthenic acid, a monobasic carboxylic
acid mixed with low-molecular weight fatty acids and cyclopentanocic acid (Bluhm et al., 1992).
Copper naphthenate is used as an insecticide, fungicide, antifouling agent in paints, and as a
preservative of wood, rope, and canvas (Sax and Lewis, 1987). The chemical has also been
used in veterinary medicine_for the treatment of wounds, foot rot, and ringworm (Jones et al.,
- 1979). The structure for copper naphthenate, a naphthenic acid salt, was not available. The
structure of naphthenic acid is shown beiow.

/ CHs—CH(CH2)sCOOH

CHas |
\\CHs—CH3

Naphthenic acid
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2. SELECTED GENERAL INFORMATION

Physioochemieal‘ data and registry numbers for copper naphthenate are presented in Table 3.

Synonyms -naphthenic acid copper salt;
cuprinol; froysan; copper
| uversol; Wittox.C
| CAS Registry No. 1338-02-9
{ RTECS No. QK9100000 ATECS, 1986
Chemical formula (CgHsCO0),Cu Sax, 1984
- Molecular weight 2219 Sax, 1984
Physical state liquid at 15°C Weiss, 1960 |
Vapor.pressure 1 <0.001 mm Hg at 100°C Spencer, 1982 I
Specific gravity 1.055 1 Weiss, 1980
Meiting/boiling/flash ‘ND/310 to 385°F/212°F Sax and Lewis, 1987; Weiss,
point 1980
Solubility in water practically insoluble -Spencer, 1882
Log Ko, ND® I
Bioconcentration factor | little-potential for Woelss, 1980
(BCF) bioaccumulation
Conversion factors in air | 1 ppm = 9.08 mg/m® calculated®
1 mg/m® = 0.11 ppm
§ Odor.threshold ND,.gasoline-like odor Weiss, 1980
| Henrys' Law constant | ND

8ND: no data

24.45
mol. wt. in grams

hFormula: ppm by volume = mglm3 X
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3. SOURCES OF EXPOSURE

3.1. Occdnenco in Water

No information was Ioeated_in the available literature.

3.2. Human Exposure

The only exposure data that is available is for exposure to copper naphthenate that was
appiied as a fungicide to a private residence. The precise route of exposure or the component
of the compound responsible for the adverse health effects were not known (Bluhm et al., 1992).

4. ENVIRONMENTAL FATE

No specific data were availabie regarding the environmental fate of copper naphthenate and
- “because it is nearly insoluble in water, appreciable dissociation of the copper molety is not likely.
No additional data were availabie regarding degradation products of copper naphthenate or the
persistence of the compound in soil or groundwater.

5. TOXICOKINETICS

5.1. Absorption

Although quantitative data were not available, it may be assumed that because of its high
lipid solubility (Bluhm et al., 1992), copper naphthenate may be absorbed through the skin and
mucous membranes. Some degree of absorption may aiso be implied based upon the urinary
excretion of copper by individuals exposed (see Section 6.1.2.1) to copper naphthenate.

5.2. Distribution
Because of its lipid solubility, it is possible that copper naphthenate may have a wide volume

of distribution in the body once it is absorbed. However, no quantitative or confirming data are
available. . ' .

5.3. Metabolism .
No information was located in the avaiiable teraturs,
5.4. Excretion | o
Urinary copper increased following acute exposure o copper naphthenate vapors (Bluhm

etal., 1992). A reported serum half-ife of 40 months for copper was based upon data from one
individual exposed to copper naphthenate vapors (Biuhm et al., 1992).
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6. HEALTH EFFECTS

6.1. Noncancer Effects

Data are limited regarding the noncancer effects of copper naphthenate. it may be assumed
that some degree of taxicity can be attributed to both the metal and organic component of the
chemical. Worthington and Walker (1987) reported that both the metal and acid components
contribute to the antifungal activity of this chemical.

6.1.1. Oral Exposure
6.1.1.1. Human. No information was located in the available literature.

6.1.1.2. Animal. An LD, of 2 g/kg has been reported for rats, and an LD ,0f 110
mg/kg was reported for mice (RTECS, 1986). A rat oral LDg, of 450 mg/kg has also been
reported by Spencer (1981). A rat oral LD, of >6 g/kg for copper naphthenate (8% copper) was
reported by Rockhold (1855). The rat oral LD, values for naphthenic acid fractions from crude
kerosine acids and mixed crude acids were 3.0 and 5.2 g/kg, respectively. Angerhofer and
Taylor (1988a) reported that orally administered Cunapsol 5 (a wood preservative containing
about 48% copper naphthenate) was of low toxicity to laboratory animals (LD, values of 3154
and 2258 mg/kg for male and female rats, respectively). ‘

6.1.2. Other Exposure Routes

6.1.2.1. Human. A case report by Bluhm et al. (1992) noted adverse heaith effects
consisting of nausea, headaches, eye irritation, and dizziness within 1 ‘hour after -entering a
‘private residence to which 25 gallons of 6% copper naphthenate had been applied to the
Joundation. The route of exposure was not specified but assumed to be inhalation. Serum and
" urinary copper levels were initially elevated but slowly retumed to normal. The authors indicated
that it was unclear whether or not the adverse health effects were due to the copper naphthenate
.exposure or to the moid content for which the building was treated. - it was also not possible to
.attribute the adverse effects to a particular component (copper versus organic solvent) of copper
naphthenate.

Skin irritation in humans has been associated with copper naphthenate exposure (Vickland,
1947). . ' , ’

6.1.2.2. Animal. A copper naphthenate-containing wood preservative (Cunapsol
5) was shown to cause severe dermal and ocular irritation in laboratory -animals exposed via
these routes (Angerhofer and Taylor, 1988a). This report also noted that dermal application of
Cunapsol 5 (2000 mg/kg) was fatal to rabbits. Inhalation exposure of rabbits to *high
-atmospheric.concentrations® of copper naphthenate-containing wood preservative (M-Gard W-
-510) caused death (Angerhofer and Taylor, 1988b). Rats exposed for eight hours to copper
naphthenate at concentrations as high as 0.50 mg/L or to Cunapsol § at concentrations as high
as 16.60 mg/L did not result in observable signs of toxicity (Angerhofer and Taylor, 1988a).
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6.2. Carcinogenicity

6.2.1. Oral Exposure ‘
6.2.2.1. Human. No Information was located in the availaﬂe literature.

| 6.2.2.2, Animal. No information was located in the available iiterature.

6.5.2. Other Exposure Routes
6.2.2.1. Human. No information was located in the available literature.
V6.2.2.2. Animal. No information was located in the available literature.

6.3. Genotoxicity

.Chromosomal aberration tests (Chinese hamster ovary test), mouse lymphoma hmaﬂm

assays, and dominant lethal assays using copper naphthenate were negative (Angerhofer and:
Taylor, 1988b).

7. EXISTING STANDARDS, CRITERIA, GUIDANCE

7.1. . EPA RfDs, RiCs, CRAVE Classifications

RfD: None established
RiC: None established
{ Oral Slope Factor: None estabiished
Drinking Water Unit Risk: None established
Inhalation Slope Factor: None established A
Inhalation Unit Risk: None estabiished o
U.S. EPA CRAVE Cancer Classification: EPA has not evaluated copper
. - naphthenate as to carcinogenicity

7.2. IARC Carcinogenicity Classification
IARC has not evaluated copper naphthenate as to its carcinogenic potential in humans.
7.3. OSHA, ACGIH, and NIOSH Standards and Criteria

OSHA TWA (8-): None established
ACGIH TLV (8-hr TWA): . None estabiished
STEL: ' None established

NIOSH RELs: None established
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1. INTRODUCTION

The Health Advisory (HA) Program, sponsored by the Office of Water, provides information
on the heaith effects and other useful data that can aid in dealing with the contamination of
drinking water. Health Advisories describe nonreguiatory concentrations of drinking water
contaminants at which adverse health effects would not be anticipated to occur over specific
exposure durations. The EPA has an ongoing cooperative agreement with the Department of the
Army to prepare drinking water Health Advisories (HA) for munitions and other environmental
contaminants. Drinking Water Toxicological Profiles are short summaries of the pertinent
mammalian health effects literature, and are used by the Office of Water to determine if a data
base is sufficient to allow the development of HAs. The following data bases were searched for
information on dibenzofuran: TOXLINE, TOXLINEES, TOXLIT, TOXLIT65, CANCERLINE, DART,
EMICBACK, CHEMFATE, ENVIROUNE, DTIC and RTECS. Secondary sources were also used.

This Drinking Water Toxicological Profile summarizes information on dibenzofuran.
Dibenzofuran is a non-substituted polynuclear aromatic hydrocarbon. The addition of chiorine
atoms will result in the formation of various congeners with greatly varying degrees of toxicity;
the 2,3,7,8-substituted congeners are generally considered to be the most toxic. This document,

- however, addresses only dibenzofuran. Considerable information exists for the chiorinated
congeners (U.S. EPA, 1987a; Barnes et al., 1989; USAF, 1989),

Although considerable amounts of data are available for the chiorinated dibenzofurans, very
little information is available regarding. the non-substituted form. Most environmental
contamination and toxicity data are for mixtures of polychlorinated biphenyls. (PCBs),

* polychlorinated dibenzofurans (PCDFs), and polychlorinated quinones (PCQs) which might
contain dibenzofuran. Because of the importance of the position and number of chiorine atom
substitutions i affecting the biological activity of dibenzofurans, extrapolation from data for the
chiorinated congeners to the non-substituted form would be precarious. The structure of
dibenzofuran is shown below. -

Dibenzofuran
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2. SELECTED GENERAL INFORMATION

Physicochemical data and registry numbers for dibenzofuran are presented in Table 4.

dibenzofuran

| Synonyms diphenylene oxide; IRIS, 1990
(1,1"-biphenyl)-2,2"diy! oxide;
2,2"biphenylene oxide
CAS Registry No. 132-64-9 |
RTECS No. | no®
| chemical formula ° Cy,HeO U.S. EPA, 1887b
Molecular weight 168.20 U.S. EPA, 1987b
Physical state crystaliine U.S. EPA, 1987b
Vapor pressure 1.8 x 102 mm Hg U.S. EPA, 1987b
Specific gravity ND :
| Metting/bolling/flash point | 82.8:83°C/276-287°C/ND U.S. EPA, 1987b
Solubility in water 3.1 mglL Lu-et al., 1978
§ Log Koy 412 Hansch and Leo, 1981

! Bioconcentration factor
(BCF)

3.13, fathead minnow;
83 alga; 947, Gambusia (fish);

SRC, 1988; Carison et
al., 1979

2860, Physa (snall) Lu et al., 1978
Conversion factors in air 1 ppm = 6.88 mg/m® Calculated®
| 1 mg/m3= 0.14 ppm
| Odor threshoid 12009 U.S. EPA, 1975

| Henrys' Law. constant

8ND: no data

l’Fommla: ppm by volume = mglm3 X

1.26 x 10 atm -m®/mole

24.45
mol. wt. in grams

‘SRC, 1988
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3. SOURCES OF EXPOSURE

3.1. Occurrence in Water

Dibenzofuran may enter water systems via discharge from coal conversion plants (Lu et al.,
78). Because It is an atmospheric pollutant and occurs in particulate form, it may also enter
surface water via seftling. The chemical has been detected in a shallow aquifer beneath a
creosote facility (Bedient et al., 1984).

3.2. Human Exposure

No data specific for dibenzofuran were available. It may be assumed that exposure to
dibenzofuran would coincide with exposures to PCDfs and PCDDs; i.e. from combustion products
such as fly ash or as the resuit of exposure to other chemicals in which the dibenzofurans are
contaminants. ~

4. ENVIRONMENTAL FATE

No definitive data were avallable regarding the persistence or degradation of dibenzofuran
in water. However, dibenzofuran may absorb to sediments resulting in an extremely long half-fife
(U.S. EPA, 1987b). Microbial degradation of dibenzofuran by Pseudomonas strains to 4-{2'-(3'-
hydroxy)-benzofuranyl)-2-keto-3-butenic acid was reported by Selifonov et al. (1991).

" Biodegradation of dibenzofuran has been reported for a Saimonella strain (Selifonov et al., 1991)

and for a strain of Sphingomonas (Wittich et al., 1992).
5. TOXICOKINETICS

5.1. Absorpﬂon
'No information was located in the available literature.
5.2. Distribution
_ No information was located in the available iterature.
5.3. Metabolism | | |
No information was located in the available literature.

5.4. Excretion

No information was located in the available literature.
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6. HEALTH EFFECTS

6.1. Noncancer Effects
6.1.1. Oral Exposure:
©6.1.1.1. Human. No information was located in the available literature.
6.1.1.2. Animal. No information was avallable regarding the toxicity of
dibenzofuran. However, studies have shown that chiorinated dibenzofurans may induce a wide
range of toxic effects (U.S. EPA, 1987a,b). Toxicity data for dibenzofuran was not available.
However, based upon the Toxicity Equivalent Factor (TEF) methodologies (U.S. EPA, 1967a,
Barnes et al., 1889), the lack of chlorine atom substitutions on the dibenzofuran molecule would
set the TEF equal to 0, suggesting minimal toxicity relative to 2,3,7,8,-tetrachlorodibenzofuran.
This rationale is presented in IRIS (1990).
6.1.2. Other Exposure Routes
6.1.2.1. Human. No information was located in the available literature.
6.1.2.2. Animal. No information was located in the available literature.
6.2. Carcinogenicity '
6.2.1. Oral Exposure
6.2.1.1. Human. No information was located in the available literature.
6.2.1.2. Animal. No information was located in the available literature.
6.2.2. Other Exposure Routes ,
6.2.2.1. Human. No information\was located in the available literature.
6.2.2.2. Animal. No information was located in the available literature.
6.3. Genotoxicity

Dibenzofuran was not mutagenic in standard Sa/monelia strains (U.S, EPA, 1987b).
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7. EXISTING STANDARDS, CRITERIA, GUIDANCE

7.1. EPA RfDs, RfCs, CRAVE Classifications

RD: None established

RIC: None established

Oral Slope Factor: None established

Drinking Water Unit Risk: - None established

Inhalation Slope Factor: None established

inhalation Unit Risk: None established

U.S. EPA CRAVE Cancer Classification:  Group D; not classifiable as to human

: wdnogenicﬂy

An ambient water quality criteria of 120 ug/L for dibenzofuran was recommended by the U.S.
EPA using organoleptic properties as the criterion (U.S. EPA, 1987h).

7.2. JARC Carcinogenicity Classification
IARC (1887) has not evaluated dibenzofuran as to its carcinogenicity to humans.

7.3. OSHA, ACGIH, and NIOSH Standards and Criteria

OSHA TWA (8-hr): None éstablished
ACGIH TLV (g8-hr TWA): 10 ppm (45 mg/m’); skin notation (ACGIH, 1992)
STEL: 20 ppm (90 mg/m
NIOSH RELs: None established .
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1. INTRODUCTION

The Health Advisory (HA) Program, sponsored by the Office of Water, provides information
. on the health effects and other useful data that can aid in dealing with the contamination of
drinking water. Heaith Advisories describe nonregulatory concentrations of drinking water
contaminants at which adverse health effects would not be anticipated to occur over specific
exposure durations. The EPA has an ongoing cooperative agreement with the Department of the
Army to prepare drinking water Heaith Advisories (HA) for munitions and other environmental
contaminants. Drinking Water Toxicological Profiles are short summaries of the pertinent
mammalian health effects literature, and are used by the Office. of Water to determine if a data
base is sufficient to allow the deveiopment of HAs. The following data bases were searched for
information on dichiorophene: TOXLINE, TOXLINESS, TOXLIT, TOXLITES, CANCERLINE, DART,
EMICBACK, CHEMFATE, ENVIROLINE, DTIC and RTECS. Secondary sources were also used.

This Drinking Water Toxicological Profile summarizes information on diehlorophene
Dichlorophene is used as an antimicrobial, germicide, and agricuttural fungicide. It has also been
used therapeutically as an anthelmintic and antnprotozoan The structure of dichlorophene is

shown below.
OH E’ fH
c Ci

Dichiorophene
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2. SELECTED GENERAL INFORMATION

Physicochemical data and registry numbers for dichlorophene are presented in Table 5.

TABLE 6. PHYSICOCHEMICAL DATA

® Formula: ppm by volume = mg/m® x

24.45
mol. wt. in grams

;Oommon _ dehlorophene _ _ a
Synonyms | dichiorophen; 2.2 -dihydroxy- | ATECS, 1986
5,8' sthane; | Budavari, 1989
.Anthiphen; bis(5-chioro-
. :2-hydroxyphenyl)methane, G-4
| CAS Registry:No. 97-23-4 ATECS, 1986
RTECS No. SM0175000 RTECS, 1886
| Chemical formula CygHyoCL0, Budavari, 1969
Molecular weight 269.12 Budavari, 1589
| Physical state | crystalline Budavari, 1989
} Vapor pressure ND?
Specific gravity ND
[ Metting/oting/Mash point | :NDND/ND
| Solubility in water practically insoluble | Budavari, 1989
ook, ND
| ‘Bioconcentration factor ND
i (BCF).
| Conversion factors in air 1 mg/m® = 0.09 ppm Calculated®
: : 1 ppm =110 mglm3
.Odor threshold InD
Henrys' Law constant ND ¢ R
®ND: no data



DICHLOROPHENE ) 25

3. SOURCES OF EXPOSURE

3.1. Occurmence in Water

No information was located in the available literature.

3.2. Human Exposure
No information was located in the available iiterature. -

4. ENVIRONMENTAL FATE
No information was located in the available literature.
- 5. TOXICOKINETICS

5.1. Absorption

Dixon (1982) reported gastrointestinal absorption of orally administered dichlorophene (50
mg/kg) by rats.

5.2. Distribution

Following oral administration to rats, dichlorophene or its metabolites enter the systemic
circulation and may reach other organs (Dixon, 19882). Radioactivity was detected in the blood,
bile, and urine of rats orally administered ' C-dlchlorophene (Dixon, 1982).

5.3. Maetabolism

Dixon (1982) detected sulfate, monoglucuronide, and diglucuronide matabomes inrats given
an oral dose of dichiorophene. it was hypothesized that the sulfate and monoglucuronide
metabolites were formed during passage of the chemical through the gut wall. The diglucuronide
was formed in the liver and possibly other organs perfused by the systemic circulation.

54 Excretion

The sulfate and diglucuronide metabo!utes were excreted in the urine but most of the
monoglucuronide metabolite underwent biliary excretion (Dixon, 1982). .

US EPA Headquarters Ly aiy
Mail code 3404T
1200 Pennsylvania Avenue NW
Washington, DC 20480
202-566-0556-°
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6. HEALTH EFFECTS

6.1. Noncanco} Effects
6.1.1. Oral Exposure
6.1.1.1. Human. Side-effects of nausea, vomiting, gastro-intestinal colic and
diarrhea have been reported following therapeutic doses (total of 6 g in divided doses over two
successive days; equivalent to 85.7 mg/kg for a 70 kg human) of dichlorophene (Bowman and
Rand, 1980). .
6.1.1.2. Animal. Based upon LD, values, dichlorophene appears to have a low
order of acute oral toxicity. Oral LD, values for rats, mice, dogs, and guinea pigs are 1506,
1000, 2000, and 1250 mg/kg (RTECS, 1986).
6.1.2. Other Exposure Routes
6.1.2.1. Human. An anecdotal report indicates that inhalation of dichiorophene
may cause irritation of the respiratory tract and dyspnea (Watt, 1991). Contact dermatitis (itching,
buming, swelling, and vesiculation) was reported for three patients using a topical medication
containing dichiorophene (Schorr, 1970). ‘
6.1.2.2. Animal. No information was located in the available literature.
6.2. Carcinogenicity
6.2.1. Oral Exposure
6.2.2.1. Human. No information was located in the available literature.
6.2.2.2. Animal. No information was iocated in the available literature.
6.2.2. Other Exposure Routes
6.2.2.1. Human: No information was located in the available literature.
6.2.2.2. Animal. No information was located in the available literature.
6.3. Genotoxicity

Dichlorophene (50 nmol/plate) was mutagenic in Sa/monelia typhimurium without S9
(RTECS, 1986). '
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7. EXISTING STANDARDS, CRITERIA, GUIDANCE

7.1. EPA RfDs, RfCs, CRAVE Classifications
RD: ) None established

RIC: : None established
- Oral Slope Factor: None established
Drinking Water Unit Risk: None estabiished
inhalation Siope Factor: None established
Inhalation Unit Risk: None established
U.S. EPA CRAVE Cancer Classification: The EPA has not evaluated the carcino-
: genicity of dichlorophene

7.2. 1ARC Carcinogenicity Classification
IARC has not evaluated dichlorophene.

- 7.3. OSHA, ACGIH, and NIOSH Standards and Criteria

OSHA TWA (8-hr): None established
ACGIH TLV (8-hr TWA): None established
STEL: None established
NIOSH RELs: ~None established
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347-349.



1. INTRODUCTION

The Health Advisory (HA) Program, sponsored by the Office of Water, provides information
. on the health effects and other useful data that can aid in dealing with the contamination of
drinking water. Health Advisories describe nonregulatory concentrations of drinking water
contaminants at-which adverse health effects would not be anticipated to occur over specific
exposure durations. The EPA has an ongoing cooperative agreament with the Department of the
Army to prepare drinking water Health Advisories (HA) for. munitions -and other environmental
.contaminants. Drinking :Water Toxicological Profiles are short summaries of the pertinent
mammalian health effects literature, and are used by the Office of Water to determine if a data
:base is sufficient to aliow the development of HAs, The following data bases were searched for
‘information on diethylenetriamine: TOXLINE, TOXUNESS, TOXLIT, TOXLIT65, CANCERLINE,
DART, EMICBACK, CHEMFATE, ENVIROLINE, DTIC and RTECS. Secondary sources were also
used. :

This Drinking Water Toxicological Profile summarizes information on diethylenetriamine.
Diethylenetriamine Is used in various industrial applications such as hardeners and stabilizers for
epoxy resins, ‘as a solvent, for vulcanization of rubber, and in the synthesis of detergents,
"softeners, dyes, and plastics (DePass et al., 1987). The structure of diethylenetriamine is shown
below.

NH,-CH,CH,:NH-CH,CH,-NH,

Diemyle;jtetriamine
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2. SELECTED GENERAL INFORMATION

Physicochemical data and registry numbers for diethylenetriamine are presented in Table 6.

' Weiss, 1980
ethylethanediamine;
ntane-1,5-diamine;
DETA; bis(2-aminoethyf)amine
CAS Registry No. 111-40-0
RTECS No. 1E1225000 RTECS, 1986
Chemical formula NHACWH(CHQ& Weiss, 1980
Molecular weight 103.2 ‘ Woeiss, 1980
Physical state liquid RTECS, 1986
Vapor pressure 0.2175 mm Hg at 20°C Parrish, 1983
Specific gravity 0.954 at 20°C Weiss, 1980
Melting/boiling/flash point | -39°C/206.9°C/ND? Riddick et al., 1986
Solubility in water very soluble |, Hann and Jensen, 1977
Log K, ND ‘
Bioconcentration factor little potential for Weiss, 1980
(BCF) bioaccumulation
Conversion factors in air 1 ppm = 4.2 mg/m® ACGIH, 1991-1992
1 mg/m® = 0.24 ppm :
! Odor threshold 10 ppm Woeiss, 1980

Henrys' Law constant




3. SOURCES OF EXPOSURE

. 3. Omem In Water
No information was located in the available fiterature.
3.2. Human Exposure
No information was located in the available literature.

4. ENVIRONMENTAL FATE

Popp (1977) reported that diethylenetriamine in wastewater underwent moderate (50%)
biodegradation which was less than that of other polyamines examined.

5. TOXICOKINETICS

5.1. Absorption
No information was located in the avallable literature.

5.2. Distribution
No information was located in the available literature.
§.3. Metabolism
- No information was located in the available literature.
5.4. Excretion

No information was located in the available {iterature.
, 6. HEALTH EFFECTS

6.1. Noncancer Effects

6.1.1. Oral Exposure

6.1.1.1. Human. No information was located in the available literature.
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6.1.1.2. Animal. Although an oral LD, of 1080 mg/kg resulting in convulsions and
death of rats is listed by RTECS (1986), other studies have shown exposure to much higher
doses to be without lethal effects. .

. Fourteen-week exposure of male and female 344 rats (10/sex/group) to diethylenetriamine
at dietary concentrations of 5,000, 10,000, 25,000, or 50,000 ppm {corresponding to approximate
doses of 580, 1150, 2000, and 4550 mg/kg/day) did not affect mortality rate but mean body
weights were significantly reduced in males of the two highest dose groups and of females of
the three highest dose groups (EPA/OTS, 1986). However, significant reductions in food
consumption were aiso observed for both sexes at the two highest dose groups and may have
caused or contributed to the reduced body weight. A reduction in mean and relative spleen
weights was noted for both sexes at the two highest dose groups. No other significant toxic
effects were reported. . ‘ .

Reduction In body weights (3-7%) were also observed for male and female F344 rats °

recelving dietary diethylenetriamine at distary concentrations of 7500 and 15,000 ppm for 90 days
. (EPAJOTS, 1991). No other treatment-related effects were reported.

6.1.2. Other Exposure Routes
6.1.2.1. Human. Based on patch-testing resuits, Ormerod et al. {1989) found allergic
sensitivity to diethylenetriamine in five offshore drilling workers previously exposed to oil-based
mud. )

6.1.2.2. Animal. Acute inhalation exposure of female rats to diethylenetriamine (1.8
mg/L for 4 hours; whole body exposure) resulted in the death of nine of 10 rats during days 1
and 5 of the postexposure observation period (EPA/OTS, 1964). Necropsy revealed pulmonary
hyperemia. Rats exposed to vapors at a concentration of 300 ppm (duration not specified)
showed no adverse effects (Clayton and Clayton, 1978). :

A 15% solution of diethylenetriamine applied to eyes of rats caused severe comeal injury but - 3
application of a 5% solution did not cause injury (Clayton and Clayton, 1978). .

6.2. Carcinogenicity
6.2.1. Oral Exposure
6.2.2.1. Human. No information was located in the available iiterature.
6.2.2.2. Animal. No information was located in the availabe literature.
6.-2.2. Other Exﬁom Routes : |
6.2.2.1. Human. No information was located in the available literature.
6.2.2.2. Animal. Lifetime treatment of male C3H/HeJ mice with high purity or
commercial grade diethylenetriamine (25 sl of a 5% solution of each; equivaient to 1.25 mg

applied to shaved dorsal skin three times per week; 50 mice per treatment group) produced no
oncogenic effects and had no effect on mortality rate (DePass et al., 1987).
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6.3. Genotoxicity

No information was located in the available literature.
7. EXISTING STANDARDS, CRITERIA, GUIDANCE

7.1. EPA RfDs, RfCs, CRAVE Classifications

RID: None established
RfC: :None established
"“Oral Slope Factor: iNone established
Drinking Water Unit Risk: None established
Inhalation Slope Factor: None established
. Inhajation_Unit Risk: . None established

U.S. EPA CRAVE Cancer Classification:  EPA has not evaluated diethylenetriamine
' as to carcinogenicity. ‘

7.2. JARC Carcinogenicity Classification

IARC has not evaluated diethylenetriamine as to ts carcinogenic potential in humans.
7.3. OSHA, ACGIH, and NIOSH Standards and Criteria

OSHA TWA (8-hn): 1 ppm (4 mg/m) (OSHA, 1989)

ACGIH TLV (8-hf TWA): 1 ppm (4.2 mg/m®) (with skin notation) (ACGIH, 1992)
STEL: ‘None established

NIOSH RELs: None established

Germany has established a ‘maximum allowable concentration (MAK) of 02 mg
diethylenetriamine/L drinking water (Sittig, 1985),
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1. INTRODUCTION -

The Health Advisory (HA) Program, sponsored by the Office of Water, provides information
.on the health effects and other usefu! data-that can aid in dealing with the contamination of
drinking water. 'Health Advisories describe nonregulatory concentrations of drinking water
contaminants at which adverse health effects would not:be anticipated to occur over specific
;exposure durations. The EPA has an ongoing cooperative agreement with the Department of the
Army to prepare drinking water Health Advisories (HA) for munitions and other environmental
‘contaminants. Drinking Water Toxicological Profiles are short summaries of the pertinent
‘mammalian health effects iiterature, and are used by-the Office of Water to determine if a data

tbase is sufficient to allow the development of HAs. The following data bases were searched for -

information on .dioctyl adipate: CANCERLINE, CHEMFATE, DART, DTIC, EMICBACK,
{ENVIROLINE, RTECS, TOXLINE, TOXUNE 65, TOXLIT, AND TOXLIT6S. Secondary sources were
also used.

This Drinking Water Toxicological Profile summarizes information on dioctyl adipate, an adipic
acid ester used in conjunction with other plasticizers as a binder for cellulose-nyion blend
materials with improved handling and folding properties (Danly and Campbell, 1978). No

information was found conceming the heaith effects of this compound. The structural formula
for dioctyl adipate is shown below.

CH34CHz)-,-O-(l:-(CHZ)‘-(lz-O-(CHZDrCH:,
o )

Dioctyl adipate
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2. SELECT ED GENERAL INFORMATION

Physicochemical data for dioctyl adipate are presented in Table 7.

| CAS Registry No.
| Chemical formula CoyHe20;4 : Danly and Campbell
' 1978
Molecular weight 371 Danly and Campbell,
1978 '
Physical state ND
Vapor pressure ND -
Specific gravity 0.9135 at 20°C/4°C® Danly and Campbel,
: 1978
Melting/Boiling/Flash Point | 9.7°C/175°C/ND Danly and Campbell,
1978
Solubility in water ND
Log K;:L ND
Bioconcentration factor ND
(BCP) L
Conversion factors in air 1 ppm = 15.17 mg/m® Calculated®
_ 1 mg/m® = 0.066 ppm .
Odor threshold ND
| Heniys’ Law constant

SND: no data
bDensity of liquid at 20°C relative to the density of water at 4°C .

2445

l ¢ > - 3
s Foqngla ppm by volume mgl@ X mol Wi in
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3. SOURCES OF EXPOSURE

3.1. Occurmrencs in Water

Dioctyl adipate has been detected in the Delaware, Hudson, and Ohio river basins at
concentrations ranging from 2 to 86 ppb (Ewing et al., 1977).

3.2. Human Exposure. No information was found in the avallable literature.
‘4. ENVIRONMENTAL FATE .

No information was found in the available literature.

S. TOXICOKINETICS

5.1. Absorption )

No information was found in the available literature.
5.2. Distribution

No infonnat_lon was found in the available literature.
5.3. Metabolism

No information was found in the available literature,
5.4. Excretion

No information was found in the available literature.

6. HEALTH EFFECTS

6.1. Noncancer Effects
6.1.1. Oral Exposure
6.1.1.1. Human. No information was found in the available Iiterature.

6.1.1.2. Animal. No information was found in the availabile literature.
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6.1.2. Other exposure routes
6.1.2.1, Human. No information was found in the availabie literature.
6.1.2.2. Animal. No information was found in the available literature
6 2. Carcinogenicity
6.2.1. Oral Exposure
6.2.1.1. Human. No information was found in the available literature.
6.2.1.2. Animal. No information was found in the available literature.
6.2.2. Other Exposure Routes
6.2.2.1. Human. No information was found in the a_vailable literature.
6.2.2.1. Animal. No information was found in the available literature. |
6.3. Genotoxicity .
No information was found in the available literature.

7. EXISTING STANDARDS, CRITERIA, GUIDANCE

7.1. EPA RiDs, RfCs, CRAVE Classifications

RID: None established
RfC: None established
Oral slope factor: None established
Drinking Water Unit Risk: None established
[Inhalation Slope Factor: None established
Inhalation Unit Risk: None established
EPA CRAVE Cancer Classification: Not evaluated

7.2. |ARC Carcinogenicity Classification
= Not evaluated
7.3. OSHA, ACGIH, and NIOSH Standards and Criteria
OSHA (8-hr TWA):  None established
OSHA STEL: None established
OSHA Ceiling Limit: None established

ACGIH (8-hr TWA):  None established
NIOSH RELs: " None established
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1. INTRODUCTION

The Health Advisory (HA) Program, sponsored by the Office of Water, provides information
. on the health effects and other useful data that can aid in dealing with the contamination of
drinking water. Health Advisories describe nonregulatory concentrations of drinking water
contaminants at which adverse health effects would not be anticipated to occur over specific
exposure durations. The EPA has an ongoing cooperative agreement with the Department of the
Army to prepare drinking water Health Advisories (HA) for munitions and other environmental
contaminants. Drinking Water Toxicological Profiles are short summaries of the pertinent
mammalian health effects literature, and are used by the Office of Water to determine If a data
base is sufficient to allow the development of HAs. The following data bases were searched for
information on_dipropylene glycol 1,2-dinitrate: CANCERLINE, CHEMFATE, DART, DTIC,
EMICBACK, ENVIROLINE, RTECS, TOXLINE, TOXLINE6S, TOXLIT, AND TOXLITES. Secondary
sources were aiso used. .

This Drinking Water Toxicological Profile summarizes Information on dipropylene glycol 1,2-
dinitrate, a colorless liquid with a disagreeable odor. It is a major component of a volatile torpedo
propellant, Otto Fuel Il, used by the U.S. Navy (ACGIH, 1986). Otto Fuel It contains
approximately 75% dipropylene glycol 1,2-dinitrate, 20% di-n-butyisebacate, a sensitizer, and 5%
2-nitrophenylamine, a stabilizer. Dipropyiene glycol 1,2-dinitrate is similar to ethylene glycol
dinitrate in explosive characteristics (Forman, 1988; ACGIH, 1986). The structural formula for
dipropylene glycol 1,2-dinitrate is shown balow.

?Hz‘?H-CHS
O O

I I
NO, NO,

Dipropylene glycol 1,2-dinitrate



SELECTED GENERAL INFORMATION

The physicochemical properties for dipropylene glycol 1,2-dinitrate are listed in Table 8,

propylene glycol dlnltrate (PGDN) |

A Synonyms 1,2-propylene glycol dinitrate; RTECS, 1992
| 1.2-propanediol, dintrate;
. 1.propylene glycol dinitrate
| CAS Registry No. | 6423-43-4
| RTECS No. { 67115 RTECS, 1982
1 chemical formuia [ CgHeN,Og ACGIH, 1986
{ Molecular weight 166.09 ACGIH, 1986
| Physical state liquid ACGIH, 1986
_ Vapor pressure 0.084 mm Hg at 25°C Wyman et al., 1984
1 Density 1 1232 g/mi at 25°¢ | acGiH, 1986
Melting/Boiling/Flash Point . -27.7°C/92°C at 10 torr ACGIH, 1986
{(decomposes above 121°C)/ND
Solubility in water 4| 1300 mg/L ACGIH, 1986
Log I&w ND®
Bioconcentration factor ‘ND
(BCF)
Conversion factors in air 1 ppm = 6.79 mg/m® calculated®

1 mg/m® = 0.147 ppm

1l Odor threshold

ND

Henrys Law oonstant

3ND: no data

bFormula: ppm by volume = mglm3 X

33x102mmHg

24.45
mol. wt. in grams
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3. SOURCES OF EXPOSURE

3.1. Occurrence in Water

Low concentrations of dipropylene glycol 1,2-dinitrate were detected in wastewater from
torpedo refusling facilities (Kessick et al., 1978).

3.2. Human Exposure

Human exposure would most likely occur in occupational settings, i.e., manufacture, use, and
maintenance of torpedo propeliant. in the workplace, inhalation is the main route of exposure,
although considerable potential exists for dermal exposure (Bogo et al., 1987).

4. ENVIRONMENTAL FATE

Dipropylene glycol 1,2-dinitrate rapidly evaporates from aqueous solutions, with a volatility-
considerably greater than that expected from its vapor pressure. The unexpected volatility of
dipropylene glycol 1,2-dinitrate from water is attributed to the formation of a dipropylene glycol
1,2-dinitrate-water azeotrope (Wyman et al., 1984). Using an activated sludge system under
aerobic conditions, Cornell et al. (1981) demonstrated biodegradation of dipropyiene glycol 1,2-
. dinitrate via sequential hydrolytic cleavage of nitrate groups. Wyman et al. (1984), by contrast,
found the compound resistant to biodegradation by microorganisms present in sewage sludge,
by a pure culture of Pseudomonas, and by a commercially available cuiture.

- - Dipropylene glycol 1,2-dinitrate is photolabile in ultraviolet light, decomposing to pyruvic and -
lactic acids. Uitraviolat light degraded 94% of dipropylene glycol 1,2-dinitrate in 42 hours
(Wyman et al., 1984). Other degradation products identified in previous studies inciude nitrogen
oxide, nitrogen dioxide, and nitrous acid (Csizmadia and Haywood, 1965; Rebbert, 1963).
Dipropylene glycol 1,2-dinitrate combustion products Include carbon monoxide and cyanide gas
(Forman, 1988).

5. TOXICOKINETICS

- 8.1, Absol'pﬂon

Oral and puimonary absorption may be inferred from dipropylene glycol 1,2-dinitrate-induced
systemic toxicity. The compound is lipid soluble, permitting ready dermal absorption (Forman,
1988). Atleast 10% of topically administared dipropylene glycol {.2-dinitrate penetratod the skin
of rats within 30 minutes (Clark and Litchfield, 1969). "

© 5.2, Dnstnbution
One minute after subcutaneous injection, 15% of injected dipropyiene glyeol 1,2-dinitrate
was found in arterial biood and 3-5% in venous blood of rabbits (Kylin et al., 1964). Additional
information regarding the distribution of dipropylene giycol. 1,2-dinitrate in the body were not
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available. However, distribution to organs and tissues may be inferred from documented’
systemic toxic effects.

5.3. Metabolism

Following absorption into systemic circulation, dipropylene glycol 1,2-dinitrate is rapidly
metabolized to a mononitrate, an inorganic nitrate, and nitrite. The mononitrate, in tumn, is
metabolized and excreted.as inorganic nitrate (Forman, 1988). /n vivo and in vitro studies with
rats showed that:50% of administered dipropylene glycol 1,2-dinitrate was metabolized in blood
within 1 hour and 50% of the remainder in the following hour (Clark and Litchfield, 1969).

5.4. Excretion

Dipropylene glycol 1,2-dinitrate was detected in the breath of humans immediately following
exposure, but not 15 minutes post-exposure (Stewart et al., 1974). Excretion was complete 24
‘hours following subcutaneous injection of rats with dipropylene glycol 1,2-dinitrate. The major
metabolite in urine was Ino;ganlc nitrate, accounting for 56% of the dose (Clark and Litchfield,
1969).

6. HEALTH EFFECTS
6.1. Noncancer Eﬂ@
6.1.1. Oral Exposure
6.1.1.1. Human. No information was found in the available literature.

6.1.1.2. Animal. Oral LD, values for rats range from 250 to 1190 mg/kg (RTECS,
1992. Forman, 1988). Acute exposure to dipropylene gilycol 1,2-dinitrate resulted in almost
complete conversion of hemogiobin to methemoglobin in rats. ‘Associated-clinical symptoms
included ataxia, lethargy, and respiratory.depression. Death was attributed to anoxia (Andersen
and Mehl, 1973; Clark and Litchfield, 1969). Additional information regarding the oral toxicity of
dipropylene glycol 1,2-dinitrate in animals was not available.

6.1.2. Other exposure routes

6.1.2.1. Human. Exposure to dipropylene glycoi 1,2-dinitrate most frequently
occurs by the dermal or inhalation routes (Forman, 1988). Accidental overexposure to
dipropylene glycol 1,2-dinitrate, a potential methemoglobin former, has resulted in a spectrum
of symptoms, -ranging from headache, nasal congestion, dizziness, and eye irmitation to
vasomotor collapse, and unconsciousness (Stewart et al., 1974).

Most healthy male volunteers exposed to dipropylene glycol 1,2-dinitrate vapor for 1 or 2
hours experienced disruption in the organization of visual response (VER) and headache at >i 2
ppm. Subjects exposed to 0.2 ppm for 8 hours on a daily basis developed a tolerance to
headache, but changes in VER appeared cumulative. Exposure to 0.5 ppm caused impaired
balance after 6.5 hours and a consistent increase of diastolic pressure:after 8 hours, while 40 min
of exposure to 1.5 ppm added eye irritation to the list of symptoms (Stewart et al., 1974).

Horvath et al. {1981) reported headaches, nasal congestion, and decreased oculomotor
function, but no evidence of chronic cardiovascular or neurotoxic disorders in 87 U.S. Navy
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torpedo workers exposed to dipropylene glycol 1,2-dinitrate at peak airbome concentrations
ranging from 0 1o 22 ppm (most samples contained <0.1 ppm). A cohort of 1352 potentially
exposed U.S. Navy torpedo workers showed a significantly higher risk of being hospitalized for
myocardial infarction or angina pectoris during a 10-year period compared with a non-exposed

- control group (Forman, 1987). However, there were no deaths due to cardiovascular disease in
the exposed group during this time period. Although dosimetry data were not available,
measured 8-hour TWA values were below 0.05 ppm, the TLV-TWA recommended by OSHA
(1989) and ACGIH (1991-1992).

Exposure to dipropylene glycol 1,2-dinitrate did not affect pregnancy outcomes in women
naval munitions workers engaged in torpedo repair work (Forman, 1988).

6.1.2.2. Animal LDg, values for the subcutaneous route of exposure are 463 and

524 mg/kg for male and female rats respectively; 1208 mg/kg for mice; and 200-300 mg/kg for

- cats (Clark and Litchfield, 1968). In common with other nitrate esters, dipropylene glycol 1,2-

dinitrate causes vasodilation and methemoglobinemia. Subcutaneous injection with 65 mg/kg

or topical administration of 50 mg/kg of dipropylene glycol 1,2-dinitrate resulted in decreased

blood pressure in rats. Subcutaneous injections of LDg, concentrations produced
methemoglobinemia in rats, mice, and cats (Clark and Litchfieid, 1969)

Jones et al. (1972) conducted a series of inhalation studies with four animals species of both
sexes. Rats exposed to 10 ppm dipropylene glycol 1,2-dinitrate for 30 days exhibited no toxic
effects. Dogs continuously exposed to 10 ppm for 90 days had hemosiderin deposits in the fiver
and kidneys. Continuous exposure to 35 ppm for 90 days produced decreased hemoglobin and
hematocrit levels and increased methemoglobin levels in rats, guinea pigs, dogs, and monkeys;
heavy hemosiderin in the liver, spleen, and kidney of dogs and monkeys; focal and tubular
necrosis of the liver in female rats; and vacuolar changes of the liver and increased serum urea
nitrogen and decreased alkaline phosphatase, suggestive of renal effects, in monkeys.

No discemnible effects on the central nervous system were observed in rhesus monkeys
exposed by inhalation to dipropylene glycol 1,2-dinitrate at concentrations of 2-33 ppm for 4
hours or t0 0.4-4.2 ppm for 125 days (Mattson et al., 1981). However, direct injection into neural

tissue by intracysternal administration severely affected motor performance in the rat 12 min after
a 10-44. dose of dipropylene glycol 1,2-dinitrate (Bogo et al., 1987).

A 20-day dermal toxicity study with rabbits showed minor skin imitation at 1 g/kg; weakness
and slight cyanosis at 2 g/kg; and methemoglobinemia and high mortality at 4 g/kg (Jones et al.,
1972). Primary skin irritation tests were negative, and ocular instillation produced slight eye

irritation in rabbits (Jones et al., 1972).
6:2. Carcinogenicity
6.2.1. Oral Exposure
6.2.1.1. Human. No information was found in the available literature.
6.2.1.2. ‘Animal. No information was found in the available Iiferature’.
6.2.2. Other Exposure Routes

6.2.2.1. Human. No information was found in the available literature.



6.2.2.2. Animal. In a 1-year inhalation study, exposure of male and female F344
rats, C57BL/6 mice, and beagle dogs (6 hours/day, 5 days/week) to Otto Fuel Il tailed to produce
a significant tumorigenic response. Rats and mice were exposed 1.4 and 240 mglm and dogs
to 1.4 mg/m° dipropylene glycol 1,2-dinitrate (Gaworski et al., 1985)..

6.3. Gonotoxicitv

Negative responses were reported in several.genotoxicity assays using:Otto Fuel Il. The fuel
did not induce mutations in Saimonella typhimurium, sister chromatid exchanges in L5178Y-
mouse lymphoma celis, cytogenetic changes in mouse bone matrow cells, or dominant lethal .
mutations in mice. A positive response was reported in the mouse lymphoma forward mutation
‘assay, -but only under conditions toxic to .the-cells (Forman, 1988). Dipropylene glycol
1,2-dinitrate was mutagenic in the extracellular bacteriophage T4B of Escherichia coli (Kononova
et al., 1972).

7. EXISTING STANDARDS, CRITERIA, GUIDANCE

7.1. EPA RfDs, RfCs, CRAVE Classifications

RID: None established
‘RiC: None established
Oral slope.factor: None established -
‘Drinking Water Unit Risk: None established.
Inhalation Slope Factor: . None established
Inhalation Unit Risk: ‘None established
EPA CRAVE Cancer Classification: Not evaluated

7.2. 1ARC Carcinogenicity Classification
Not evaluated

7.3. OSHA, ACGIH, and NIOSH Standards and Criteria

OSHA (8-hr TWA): 0.05 ppm (0.3 mg/m?) (OSHA, 1989)
OSHA STEL: : None established
OSHA Cailling Limit: None established
ACGIH TLV (8-hr TWA): 0.05 ppm (0.34 mg/m®) (with skin notation)
(ACGIH, 1991-1992)
NIOSH RELs: None established
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1. INTRODUCTION

The Health Advisory (HA) Program, sponsored by the Office of Water, provides information
. on the health effects and other useful data that can aid in dealing with the contamination of
drinking water. Health Advisories describe nonregulatory concentrations of drinking water
contaminants at which adverse health effects would not be anticipated to occur over specific
exposure durations. The EPA has an ongoing cooperative agreement with the Department of the
Army to prepare drinking water Health Advisories (HA) for munitions and other environmental
contaminants. Drinking Water Toxicological Profiles are short summaries of the pertinent
mammaiian health effects literature, and are used by the Office of Water to determine if a data
base is sufficient to allow the development of HAs. The following data bases were searched for
information on dipropylene. glycol 1,3-dinitrate: CANCERLINE, CHEMFATE, DART, DTIC,
EMICBACK, ENVIROLINE, RTECS, TOXLINE, TOXLINE6S, TOXLIT, AND TOXLIT65. Secondary
sources were also used. ' :

This Drinking Water Toxicological Profile summarizes information on dipropylene glycol 1,3-
dinitrate. Dipropylene glycol 1,3-dinitrate is a nitric acid ester, used as an explosive plasticizer
for nitrocellulose (Lindner, 1980). Virtually no information was found conceming the health effects
. of this compound. The structural formula for dipropylene glycol 1,3-dinitrate is shown below:

Dipropylene glycol 1,3-dinitréte

]
o
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2. SELECTED GENERAL INFORMATION

Physieochér’nicel data for dipropylene glycol 1,3-dinitrate are presented in Table 9.

TABLE 9. PHYSICOCHEMICAL oA'rA

ey S——————

1.3 propanediol dinrats '

Synonyms i PDN Lindner, 1980

CAS Registry No. 3457-90-7 |
| RTECS No. not assigned ‘[
| Chemical formula GgHN,0; - |
| Molecular weight 166.11
| Physical state fiquid | Lindner, 1980

Vapor pressure 0.0116 mm Hg at 15°C; Lindner, 1980
. -|-0.0327 mm Hg at 25°C-

Specific gravity :{-ND?
| Metting/Bolling/Flash Point | ND

Solubilily in. water

Jess than 1 g in 100 mi

| Kononova et al., 1972 l

| Log Koy { ND
| Bioconcentration factor ND }
(BCF)

Conversion factors in air

1 ppm = 6.8 mglm3
1 mg/m® = 0.147.ppm

calculated®

Odor thréshold

!

1.ND.

) Hanrys Law eonstam

SND: rio data

bFormula: ppm by volume = mgjm3 X
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3. SOURCES OF EXPOSURE:

3.1. Ochh in Water,

No information was found in the available literature,
3.2. Human Exposure. ‘ |

No information was found in the available literature.

4. ENVIRONMENTAL FATE
No information was found in the available [Herature.
5. TOXICOKINETICS .

5.1. Absorption
No information was found in the available literature. A
5.2. Distribution S
No information was found in the available literature.
5.3. Metabolism
No information was found in the available literature: By analogy to other nitrate esters,
dipropylene glycol 1,3-dinitrate is likely metabolized to a mononitrate, inorganic nitrite, and
inorganic nitrate. - :

5.4. Excretion
No information was found in the availabie literature.

- : " 6. HEALTH EFFECTS

6.1. Noncancer Effects
6.1.1. Oral Exposure
6.1.1.1. Human. No information was found in the available literature.

6.1.1.2. Animal. No information'was found in the available literature.



6.1.2. Other exposure routes

6.1.2.1. Human. Noinformation was found in the available literature. By analogy
to other nitrate esters, inhalation or dermal exposure to dipropylene glycol 1,3-dinitrate may
. cause vasodilation resulting in decreases in blood pressure and headaches.
6.1.2.2. Animal. No information was found in the availabie iiterature.
6.2. Carcinogenicity
6.2.1. Oral Exposure
6.2.1.1. Human. No information was found in the available Iﬁer;ture.
6.2.1.2. Animal. No information was found in the available fiterature.
6.2.2. Other Exposuro Routes
6.2.2.1. Human. No information was found in the available iiterature.
6.2.2.1. Animal. No information was found in the available literature.
6.3. Genotoxicity
Dipropylene glycol 1,3-dinitrate was mutagenic in extracellular bacteriophage T4B of
Escherichia coli (Kononava et al., 1972).
7. EXISTING STMDARDS. CRITERIA, GUIDANCE

7.1. EPA RfDs, RfCs, CRAVE Classifications

RfD: ; None established
RiC: None established
Oral siope factor: None established
Drinking Water Unit Risk: None established
Inhalation Slope Factor:- None established
inhalation Unit Risk: None established:
EPA CRAVE Cancer Classification: Not evaluated

7.2. JARC Carcinogenicity Classification
Not evaluated
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7.3. OSHA, ACGIH, and NIOSH Standards and Criteria
OSHA (8-hr TWA): None established
- OSHA STEL: None established
OSHA Celling Limit: None established.
ACGIH (8-hr TWA):  None established

NIOSH RELs: None established
8. REFERENCES

Kononova SD Korolev AM, Eremenko LT, Gumanov LL. 1972, The mutagenic effect of some
esters of nitric acid on bacteriophage T4B. Sov. Genet. 8:635-640.

Lindner V. 1980, Explosives and Propeliants. in: Kirk-Othmer Encydopedia of Chemical
Technology, 3rd. ed., Vol. 9. ‘New York: John Wiley & Sons, pp. 561-620.



T 2 o iy 2
D 1,,“, e __.l. =a=. .- H-.
L Rt Wi o e - Y 2L SN 1t
Y L P B BRI o 2% Ry 52%—«‘1

1. INTRODUCTION

The Health Advisory (HA) Program, sponsored by the Office of Water, provides information
. on the health effects and other useful data that can aid in dealing with the contamination of
drinking water. Health Advisories describe nonregulatory concentrations of drinking water
contaminants at which adverse health effects would not be anticipated to occur over specific
exposure durations. The EPA has an ongoing cooperative agreement with the Department of the
Army to prepare drinking water Health Advisories.(HA) for munitions and other environmental
. contaminants. Drinking water Toxicological Profiles are short summaries of the pertinent
mammalian health effects literature, and are used by the Office of Water to determine if a data
-base is sufficient to allow the development of HAs. . The following data bases were searched for
information on ethyl centralite: TOXLINE, TOXLINE6ES, TOXLIT, TOXUT6ES, CANCERLINE, DART,

EMICBACK, CHEMFATE, ENVIROLINE, DTIC and RTECS. Secondary sources were also used.

This Drinking Water Toxicological Profile summarizes information on ethyl centralite which
is used as a component of military and commaercial explosive mixtures (smokeless powder) and
proposed for use as an age retardant in vuicanized -rubber products (Sax and Lewis, 1989;
‘Budavari et al., 1889). it is an explosive hazard and burns releasing toxic fumes of NO, (Sax and
Lewis, 1989). Tha structure of ethyl centralite is shown below

Ethyl centralite
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2. SELECTED GENERAL INFORMATION

General ini&matibn, physical and chemical data are presented in Table 10.

TABLE 10. PHYSICOCHEMICAL DATA

Common name ethyl centralite
Synonyms bis(N enyl)urea; Sax and Lewis, 1989
N,N-die llide; Budavari et al., 1989
N,N'-diethyl-N,N'diphenylurea; | -
sym-diethyldiphenyliurea;
USAF EK-1047
CAS registry no. 85-98-3
RTECS no. FE0350000 RTECS, 1987
Chemical formula C7H0NO Sax and Lewis, 1989
Molecular weight 26839 . Sax and Lewis, 1989
| Physical state colorless crystals Budavari et al., 1989
! Vapor pressure ND®
Specific gravity 1,12 at 20°C Hawley, 1977
Melting/Boilin 73/326/302 Sax and Lewis, 19689
Flash point (°C)
Solubility in water insoluble Budavari et al., 1989
ND
Bioconcentration factor (BCF) | ND

. Conversion factors in air

1 ppm = 10.95 mg/m?
1 mg/m” = 0.09 ppm

Calculated®

| odornaste threshold

ND/0.5 mg/L water

Korolev et al., 1976

Henrys' law constant’

8ND: no dsata

bFormula: ppm by volume = mg/m® x

ND

24.45
mol. wt. in grams
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3. SOURCES OF EXPOSURE

3.1. Occumence in Water.

The occurrence of ethyt centralite in water Is limited by its lack of solubility (Sax and Lewis
1989; Weeks and McCreesh, 1977; Budavari et al., 1989).

3.2. Human Exposure

Human exposure is primarily to workers in the munitions industry who handle this material.
The most likely routes of exposure are dermal and possibly inhalation. The low volatility of ethyl
centralite appears to preciude inhalation exposure at room temperature, however the volatility
increases with increased temperature. Weeks and McCreesh (1977) reported ethyl centralite air
concentrations of 0 mg/L, 0.4 mg/L, and 198 mg/L. at temperatures of 23°C, 50°C, and 100°C,
respectively in:a controlled-inhalation chamber with an air flow of 1 L/min. The air flow was
directed through a container with crystalline ethy! centralite at the given temperatures then into
the inhalation chamber. ,

4. ENVIRONMENTAL FATE

Korolev et al. (1976) reported a color change in an aqueous solution of ethyl centralite after
gvt:ngb?eays,whiehmayindieateanoﬂdaﬂonprocess. No other more specific information was

5. TOXICOKINETICS

5.1. Absorption

No quantitative absorption data was located, however, it can be inferred from effects on the
nervous system, liver and blood (see section 6) that ethyl centralite is absorbed from the
gastrointestinal system and by inhalation (Weeks and McCreesh, 1977;Korolev et al., 1976).

5.2. Distribution

No quantitative distribution data was located, however, it can be inferred from effects on the
nervous system, liver and blood that ethyl centralite is generally distributed by the blood
throughout the body (Weeks and McCreesh, 1977;Korolev et al., 1976).

5.3. Moetabollsm

No information was located in the available literature.

5.4. Excretion

No information was located in the available literature.
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6. MEALTH EFFECTS

6.1. Noncancer Effects
6.1.1. Oral Exposure
6.1.1.1. Human. No information was located in the available iiterature.

6.1.1.2. Animal. Acute exposure of male rats to 1810 to 3160 mg/kg ethyl
centralite in com oil resulted in tremors, lethargy, tonic convulsions and death within 12 hours
(LDgy = 2560 mg/kg). Survivors were killed and autopsied after 14 days. No gross compound
relafgd tissue changes were observed in any animals, aithough the treated animals had
dacreased weight gain during the 14 day experiment (Weeks and McCreesh, 1877). Schafer and
Bowles (1985) fed grain contaminated with ethyl centralite to deer mice in an experiment
designed to test the ability of the chemical to repel the mice from the grain. The average amount
of chemical ingested by each animal over the test period of 3 days without killing more than 50%
of the test animals was calculated to be 1125 mg/kg/day. Chronic exposure (duration was not
specified) to 5 mg/kg/day resulted in altered conditioned reflexes, excretory liver function,
peroxidase activity, and levels of blood sulfhydryl groups and ceruioplasmin (Korolev et al., 1976).
The specific liver function tested was not described.

6.1.2. Other Exposure Routes
6.1.2.1. Human. No information was located in the avallable iiterature.
6.1.2.2. Animal. Ethyl centralite is reported to be an eye imitant, and acetone
solutions of the chemical are mildly imitating to the skin of rabbits. Repeated intradermal
injections of ethyl centralite did not result in compound sensitization. Acute (80 min.) inhalation
exposure to air concentrations up to 198 mg/L resulted In no toxic signs during exposure and
for up to 14 days after exposure (Weeks and McCreesh, 1977).
6.2. Carcinogenicity

6.2.1. Oral Exposure

lab 6.2.2.1. Human. No information on human carcinogenicity of ethyl centralite was
available, .

| 6.2.2.2. Animal. No information on animal carcinogenicity of ethyl centralite was
. avallable, | :

6.2.2. Other Exposure Routes _
6.2.2.1. Human. No information was located in the available literature.
6.2.2.2. Animal. No information was located in the available literature.
6.3. Genotoxicity | | '
- Ethyl centralite was negative in mutagenicity tests with Saccharomyces cerevisiae and five strains

of Salmonella typhimurium with or without a rat liver activation system (Weeks and McCreesh,
1977; Zeiger et al., 1988). .
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7. EXISTING STANDARDS, CRITERIA, GUIDANCE

7.1. EPA RfDs; RfCs, CRAVE Classifications

RfD: None established
RIC. ,None established
Oral slope factor: ‘None established
Oral unit risk: - None established*
1nhalation slope factor: ‘None established
‘Inhalation unit risk: - ’ ~ None established

EPA CRAVE Cancer Classification: Not classified
7.2. |ARC Carcinogenicity Classification
Not evaluated
7.3 ACGIH, OSHA, and NIOSH Standards and Criteria
OSHA (8- TWA):  None estabiished ‘
OSHA STEL: None established
OSHA Ceiling Limit: None established
ACGIH (8-hr TWA): None established
NIOSH RELs: - None established
Amaximalpermissiblewatarbvelofeﬂwlcentdﬁehﬂussiamsatato.sm%whid\was
-also the taste threshold in a report by Korolev et al. (1976).
8. REFERENCES
Budavari S, O'Neil MJ, Smith A, Heckelman PE, Eds. 1989. The Merck Index. 11th ed. Merck
and Co., Rahway, NJ. p. 492

Hawley GG. 1977. The Condensed Chemical Dictionary. Sth ed. Van Nostrand Reinhold Co.,
New York. p. 288.

Korolev AA, Arsen‘eva MV, Vitvitskaya BR, Zakharova TA, Kinzirskii AS. 1976. Experimental data
gr thg hy‘gl%nic standardization of diphenylamine and diphenyidiethylureain reservoir waters.
ig. Sanit. 5:21-28. _

RTECS (Registry of Toxic Effects of Chemical Substances). 1987. Carbanilide, N,A" Diethyl. U.S.
Dept. of Heaith and Human Services, Washington, D.C.

Sax NI, Lewis RJ. 1989. Dangerous Properties of Industrial Materials. 7th ed. Vol. ll. Van
Nostrand Reinhoid, New York. p. 1224. - '

Schafer EW Jr, Bowles WA Jr. 1985. Acute oral toxicity and repellency of 933 chemicals to
house and deer mice. Arch. Environ. Contam. Toxicol. 14(1): 111-129.

St John GA, McReynolds JH, Anbar M. 1976. Determination of the concentration of explosives
in air by isotope dilution. Edgewood Arsenal Spec. Publ. (U.S. Dep. Amy); ISS EO-SP-
76001, Proc. Annu. Symp. *Trace Anal. Detect. Environ.", 6th, 1975, 1976, 180-195.
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1. INTRODUCTION -

The Health Advisory (HA) Program, sponsored by the Office of Water, provides information
on the health effects and other useful data that can aid in dealing with the contamination of
" drinking water. Health Advisories describe nonregulatory concentrations of drinking water
contaminants at which adverse heaith effects would .not be anticipated to occur over specific
.exposure durations. The EPA has an ongoing cooperative agreement with the Department of the
‘Army to prepare drinking water Health Advisories (HA) for munitions and other environmental
contaminants. Drinking Water Toxicological Profiles are short summaries of the pertinent:
mammalian health effects literature, and are used by the Office of Water to determine if a data
base is sufficient to allow the development of HAs. The following data bases were searched for
information on ethylene glycol dinitrate: CANCERLINE, CHEMFATE, DART, DTIC, EMICBACK,
.EISN;IIROI‘.’INE. RTECS, TOXLINE, TOXLINESS, TOXLIT, AND TOXLIT6S5. -Secondary sources were

used.

This Drinking Water Toxicological Profile summarizes information on ethylene glycol dinitrate,
an explosive and a freezing point depressant for nitroglycerin. 1 is produced by nitrating a
mixture of glycerin and ethylene glycol in the presence of sulfuric acid. In combination with:
nitroglycerin it is used to make low-freezing dynamites and other explosives. The usual mbdures
in dynamite are 60 or 80% ethylene giycol dinitrate and 40 or 20% nitroglycerin. Ethylene glycol
dinitrate is comparable to -nitroglycerin in explosive energy, but its relatively high volatility
precludes its use in military propellants (ACGIH, 1986; Parmeggiani, 1983; Lindner, 1980). Itis
a contaminant of the naval torpedo- propellants Otto Fuel I and NOSET-A (Kuriansik and
Andersen, 1976). The structural formula for ethylene glycol dinitrate is shown below. '

(|:HgONOg
CH:ONO,

Ethylene glycot dinitrate
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2. SELECTED GENERAL INFORMATION

Physicochemical data for ethylene glycol dinitrate are presented in Table 11.

o — e —r

} Common Name ethylene glycol dinitrate
Synonyms EGDN,; dinitroglycol; ethylene - | RTECS, 1992; Rowe and
nitrate; ethylene dinitrate; Wolt, 1982
ethanediol dinitrate; 1,2-
ethanediol dinitrate; nitroglycol
| CAS Registry No. 628-96-6
| RTECS No. KWS5600000 RTECS, 1992
| Chemical formula CoHyN,O5 Rowe and Wolf, 1982
| Molecular weight 152.06 Lide, 1991-1992
Physical state liquid Parmeggiani, 1983
Vapor pressure 0.038 mm Hg at 20°C Parmeggiani, 1983
Specific gravity 1.418 at 20°C/4°C? Lide, 1991-1992
Melting/Boiling/Flash point | -22.3°C/197 +3°C/216°C Parmeggiani, 1983
Solubility in water insoluble Parmeggiani, 1989
| Log Koy 1.16 Hansch, 1987
| Bioconcentration factor . ND® '
) (BCF) .
1 Conversion factors in air 1 ppm = 6.22 mg/m® 'Calculated® -
1 mg/m® = 0.161 ppm
i Odor threshold ND

3pensity of liquid at 20°C relative to the density of water at 4°C
BND: no data

° Formula: ppm by volume = lng/m3 X

24.45
mol. wt. in grams
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3. SOURCES OF EXPOSURE

3.1. Occurrence in Water

Pollutants from glycol nitrate explosives are primarily produced during manufacture of
explosives and the acids used in nitration. They are aiso produced during incorporation into
munitions and in clean-up and disposal operations (Lindner, 1880). Ethylene glycol dinitrate has
been detected in wastewater effiuents from a nitration plant (Michelson and Ostemn, 1979).

3.2. Human Exposure

‘Human exposures would most likely occur in occupational settings, i.e., in the production
of ethylene glycol dinitrate, dynamite, or related explosives and their uses. Inhalation of vapor
and dermal‘contact are the most likely routes of exposure, usually involving mixtures of ethylene
glycol dinitrate with nitroglycerin.

4. ENVIRONMENTAL FATE

No information was found in the avalilable literature.

S. TOXICOKINETICS

5.1. Absorption

Ethyiene glycol dinitrate is readlly absorbed through intact skin In toxic amounts. It is also
absorbed ‘through the lungs and gastrointestinal tract (Stokinger, 1982). Percutaneous
absorption is of particular concern in dynamite workers handling ethylene glycol dinitrate and
nitroglycerin. ‘According to a review by Rowe and Wolf (1982), dermal contact with ethylene
-glyeol dinitrate resulted in practically complete absorption in 8 days, with up to.one-third being
.absorbed within the first 4-12 hours. The risk of toxic effects from dermal absorption was
considered low if less than ‘0.25 mg was absorbed in 8 hr, moderate if 0.25-0.75 mg was
absorbed, and high if more than 0.75 mg was absorbed.

5.2. Distribution

When humans or animals are exposed to sthylene glycol dinitrate,.the chemical appears in
‘the blood immediatsly, with concentrations peaking in about 30 min and falling to zero 8 hours
later (Rowe and Wolf, 1982). ‘Measured blood levels ranged from 0 to 145 ng/mL in dynamite
-workers at the end of a work day, with the higher levels noted in those workers who had frequent'
skin contact (Fukuchi, 1881). There were no data conceming the presence of ethylene glycol
in other organs or tissues. o

5.3. Metabolism

Ethylene glycol dinitrate is rapidly metabolized in blood, yielding mainly inorganic nitrate,
inorganic nitrite, and ethylene glycol mononitrate. The mononitrate, in tumn, is metabolized to
inorganic nitrate and inorganic nitrite. Ethylene glycol dinitrate disappears within 4 hours from
the blood; inorganic nitrite and nitrate levels in the blood peaked-in 1-2 and 3-5' hours,
respectively, returning to normal levels within 12 hours. The nitrite is oxidized to the nitrate and
excreted in the urine (Rowe and Wolf, 1982). . _

!
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5.4. Excretion

The compound was detected in urine of dynamite workers, but not in exhaled air of workers

with high blood levels of ethylene glycol dinitrate (Hagstredt, 1984). Urine of rats collected 24

hours after a series of subcutaneous injections at a dose of 65 mg/kg/day contained <0.1%

" ethylene glycol dinitrate, 0.6% ethylene glycol mononitrate, 58% inorganic nitrate, and <0.1%

inorganic nitrite (Clark and Litchfield, 1969). Only trace amounts of ethyiene glycol dinitrate were-
detected in feces following oral administration (Rowe and Wolf, 1982).

6. HEALTH EFFECTS

6.1. Noncani:‘er Effects
6.1.1. OﬁI Exposure
6.1.1.1. Human. No information was found in the available literature.

6.1.1.2. Animal. The LD, for rats is 616 mg/kg, with vasodilation as the primary
acute effect (Rowe and Wolf, 1982). No other information regarding the oral toxicity of ethylene
glycol dinitrate was available.

6.1.2. Other Exposure Routes

6.1.2.1. Human. Most of the toxicity data of ethylene glycol dinitrate are for
mbdures with nitroglycerin resulting from inhalation of vapor and/or dermal contact. Since
ethylene glycol dinitrate is considerably more volatile than nitroglycerin, inhalation effects in
operations where both are handied are due mainly to ethylene glycol dinitrate (ACGIH, 1986).

Major clinical effects resulting from acute exposure are lowered blood pressure due to
vasodilation, increased puise rate, severe headache, dizziness, nausea and vomiting,
hypotension, tachycardia, peripheral paresthesia, and chest pain (Rowe and Wolf, 1982).
Following long-term exposure {6-10 years), anginal-type attacks, and in some cases deaths,
occurred in workers, usually 30 to 64 hours after cessation of exposure. Exposed workers
became tolerant during the work waek, but lost this tolerance over the weekend or when away
from exposure (Parmeggiani, 1983; Rowe and Wolff, 1982). Epidemiologic studies indicate that
exposure to ethylene glycol dinitrate and nitroglycerin increases the risk of death from ischemic
heart disease (Craig et al., 1985; Fine, 1983). Headaches and changes in blood pressure may
occur at concentrations below 0.2 ppm and EEG changes, chest pain, palpitation, and nausea
at concentrations ranging from 0.25 to 2.3 ppm (ACGIH, 1986). In addition to systemic effects,
ethylene glycol dinitrate can cause contact dermatitis (Kanerva et al., 1991).  Although
methemoglobin formation was demonstrated in laboratory animals exposed to ethylene glycol
dinitrate, there are no indications that the chemical produces methemoglobinemia in humans
-(Rowe and Wolf, 1982). '

6.1.2.2. Animal. Subcutaneous administration of 400 and 100 mg/kg of ethylene
glycol dinitrate was fatal to rabbits and cats, respectively. A subcutaneous dose of 60 mg/kg
produced methemoglobinemia and Heinz bodies in blood of cats. In rabbits, a dose of 12.5
mg/kg resulted in hypotension, but no methemoglobin formation (Stokinger, 1982). Intramuscular
injection of 5 mg/kg, 11 times/week for 15 weeks produced an increase of catecholamines in
‘myocardial tissue of rats (Rowe and Wolf, 1982). .

Rats and éuinea pigs exposed to 80 ppm ethylene giycol dinifrate for 6 months broduced
drowsiness, Heinz body formation in red blood cells, and fatty changes in the liver, heart, muscle,
and kidney, with pigment deposits similar to those seen in anemia (Rowe and Wolf, 1982).
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6.2. Carcinogenicity
6.2.1. Oral Exposure
6.2.1.1. Human. No information was found in the available literature.
6.2.1.2. Animal. No information was found in the avallable literature.
6.2.2. Other Exposure Routes
6.2.2.1. Human. No information was found in the available literature.
6.2.2.2. Animal: No information was found in the avallable iiterature.
6.3. Genotoxicity
Ethylene glycol dinitrate was mutagenic in the extracellular bacteriophage T4B of Escherichia
coll (Kononova et al., 1972).
7. EXISTING STANDARDS, CRITERIA, GUIDANCE

7.1. EPA RfDs, RfCs, CRAVE Classifications

RfD: ' -None established
_RIC: None established
Oral slope factor: : ‘None.established
Drinking Water Unit Risk: None established
dnhalation Slope Factor: ‘None established
inhalation Unit Risk: None established

EPA CRAVE Cancer Classification:  Not evaluated
7.2. 1ARC Cardnoget\icity Classification
Not evaluated
7.3. OSHA, ACGIH, and NIOSH Standards and Criteria .
‘OSHA (8- TWA):  None established
OSHA STEL: 0.1 mg/m”, with skin notation (OSHA, 1989)
OSHA Celling Limit:  None established

ACGIH (8-hr TWA):  0.05 ppm (0.31 mg/m®), with skin notation (ACGIH, 19911 892)

NIOSH RELs:
NIOSH (10-hr TWA): 0.1 mglmaa with skin notation (NIOSH, 1990)
NIOSH IDLH: 500 mg/m® (NIOSH, 1990)

According to an agreement between OSHA and the Institute of Makers of Explosives (IME),
the STEL of 0.1 mg/m” applies only when ethylene glycol dinitrate is used in the manufacture of
civilian explosives. A temporary stay of this exposure limit was granted to manufacturers of
products for the miitary (Industrial and Health Hazards Update, 1992).
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1. INTRODUCTION

The Health Advisory (HA) Program, sponsored by the Office of Water, provides information
on the health effects and other useful data that can aid in dealing with the contamination of
* drinking water. Health Advisories describe nonregulatory concentrations of drinking water
contaminants at which adverse health effects would not be anticipated to occur over specific
exposure durations. The EPA has an ongoing cooperative agreement with the Department of the
Asmy to prepare drinking water Health Advisories (HA) for munitions and other environmental
contaminants. Drinking water Toxicological Profiles are short summaries of the pertinent
mammalian health effects literature, and are used by the Office of Water to determine if a data
base is sufficient to allow the development of HAs. The following databases were searched for
information on ethylene glycol monoethyl ether (EGMEE): CANCERLINE, CHEMFATE, DART,
DTIC, EMICBACK, ENVIROUINE, RTECS, TOXLINE, TOXLINE6S, TOXUT, and TOXLITES.
Secondary sources were also used.

This Drinking Water Toxicological Profile summarizes information on (EGMEE), a glycol ether
- of ethyl alcohol. The chemical is a solvent for nitrocellulose, natural and synthetic resins, and
lacquers (Sax and Lewis, 1987). It is used in vamish removers, cleaning solutions, and dye
baths; for finishing leather with water pigments and dye solutions; and to increase the stability
of emulsions (Budavari et al., 1989). It is also used as an anti-icing additive for aviation fuels (Sax
and Lewis, 1987). Specific military uses of the chemical were not identified in the available
iiterature. The structure of EGMEE is shown below:

HO—~CH,—CH,~O—CH,—CH,

Ethylene glycol monoethyl ether
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2. SE ECTED GENERAL INFORMATION

The physicochemical properties of EGMEE are listed in Table 12.

-

. TABLE 12. PHYSICOCHEMICAL DATA |

e e e

Parrish 1978

RTECS, 1992; Lide, 1991-
1992

RTECS, 1892

| Chemical-formula

Parrish, 1978

cup), 49°C (open cup)

| Molecular weight 90.12 Lide, 1991-1992

} Physical state Colorless liquid Budavari et al., 1989

| Vapor pressure 5.12 mm Hg @ 25°C Daubert and Danner, 1989

| Specific gravity 0.9297 at 20°C/4°C* Lide, 1991-1992
Melting/boiling/flash point -70°C/135°C/44°C (ciosed | Budavari et al., 1989

Solubility in water

Miscible

Dow-Chemical Co., 198t

Log Kow

0.10

Hansch and Leo, 1985

Bioconcentration factor

{BCF)

2.1 (calculated)

SRC, 1988

Conversion Factors in Air

1 ppm 3 3.686 mg/m°>
1 mgm =:0.2713 ppm

Calculated®

Odor threshold

.| ND®; practically odorless

Budavari et al., 1989

| Honry's Law constant

1.23 x 107 atmem /mole

8pensity of liquid at 20°C relative to the density of water at 4°C

PND: no data

° Formula: ppm by volume = mg/m® x

2445
mol. wt. in grams




3. SOURCES OF EXPOSURE

3.1. Occurrence in Water

The main sources of EGMEE released to: the aquatic environment are the effluents from
chemical facilities producing and using the chemical (U.S. EPA, 1985). Shackelford and Keith
(1976) reported the detection of unspecified concentrations of EGMEE in the effluents from a
chemical plant in Brandenburg, KY, in 1974 and from an unidentified chemical facility in 1975.
The STORET data base reports that on 2/8/74 EGMEE was present, at the concentration of 0.1

%%h in an effluent from the Olin Corporation facility in Brandenburg, KY (U.S. EPA, 1985).
EE (1200 ppb) was detected on 4/20/80 in the air of a Japanese city, the site of a leather

industry (Yasuhara et al., 1981).
3.2. Human Exposure

The general population may be exposed to EGMEE in the atmosphere in emissions released
from production and use plants (U.S. EPA, 1881) and from consumer products, such as paints
and vamishes (U.S. EPA, 1985). Occupational exposure may occur in facilities producing and
using EGMEE. An exposure assessment of industries using ethylane glycol ethers concluded
that most breathing zone samples contained ether concentrations well below the relevant OSHA
or ACGIH standards; whereas a high potential for dermal exposure exists at some facilities
‘(Piacitelli ot al., 1990). (The industries surveyed included an aerospace equipment manutfacturer,
a glycol ethers formulator, an automotive assembly factory, an air craft maintenance hanger, a
‘jet fuel terminal, a coatings formulator, a paperboard manufacturer and an electronics parts
manufacturer). In 1983, NIOSH's National Occupational Exposure Survey (NOES) reported that
264,436 employees in 153 industries were exposed to EGMEE in the workplace (RTECS, 1992).

4. ENVIRONMENTAL FATE

in water, biodegradation appears to be the main fate process for EGMEE. The Dow
Chemical Company (1981) reported a 20-day BODT (theoretical biochemical oxygen demand)
of 81% for the chemical; a 20-day BODT of >50% indicates that the material will largely be
removed in a biological wastewater treatment plant (U.S. EPA, 1985). Experiments of other
investigators have demonstrated that, in natural waters, biodegradation rates for the chemical
may vary according to the microorganism tested (e.g., rapid degradation for Pseudomonas 324,
but no degradation for Flavobactenium brevis [Ellis et al., 1956]) and that the process is more
rapid in acclimated siudge and in freshwater than in unacclimated sludge and saltwater (Bridie
ot al., 1979; Price et al., 1974). In addition, EGMEE has a vapor pressure of 5.12 mm Hg at
26°C, suggesting that EGMEE may undergo volatilization in the aquatic environment. Hydrolysis,
oxidation, bioaccumulation, bioconcentration, and adsorption are not expected to be important
processes for EGMEE in water (U.S. EPA, 1985). '

in the soll, moderate leaching of EGMEE is suggested by a soil sorption coefficient (K?g) of
113 predicted by Sabljic (1984); however, a lower K, value of 21 was derived by SRC (1988).
Standard evaporation tests and the vapor pressure of 5.31 mm Hg suggest that EGMEE will
evaporate from both dry and moist soils (U.S. EPA, 1985; CHEMFATE, 1992). ‘One study
demonstrated rapid biodegradation of EGMEE using microorganisms isolated from the soil
(Fincher and Payne, 1962).

EGMEE released to the atmosphere would be susceptibie to photolysis and significant

- degradation by hydroxyl radicals. The estimated photolytic half-life for EGMEE is 9.8 hours
(Joshi et al.,, 1982); the estimated haif-life for its reaction with hydroxy! radicals is one day

(Atkinson, 1989). - - i '
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§. TOXICOKINETICS

5.1. Absécpﬁon

>
The absorption of EGMEE administered orally, via inhalation, and to the skin is implied by
the systemic toxicity of the chemical in experimental animais and the recovery of metabolites of
EGMEE in the urine 24 hours-after oral and inhalation exposure (see Sections 5.4 and 6.1). In
addition, Dugard et al. (1984) reported that, /n , EGMEE was absorbed by isolated human
" abdominal epidermis at the rate of 0.786 mg/cm</hour.

5.2. Distribution .

Levels of 1*C-abeled EGMEE fed to Sprague-Dawley rats peaked (0.31% of the dose) inthe -
testes at 2 hours, then rapidly declined to 0.06% of the dose within 6 hours (Cheever et al.,
1984). Ethoxyacstic acid was identified as the radioactive metabolite in the testes. Data for the
distribution of EGMEE to other organs were not found in the available fiterature.

$.3. Metabolism

The proposed pathway of EGMEE oxidation is via an acetaldehyde moiety to the
corresponding acid and subsequent partial conjugation with glycine; the acid maé be the ultimate
toxic species:(U.S. EPA, 1885; Cheever et al., 1984). Urinary metabolites of EGMEE (excreted.

by male rats dosed orally with labeled EGMEE) include ethoxyacstic acid and N-ethoxyacetyl
:glycine which together accounted for ™~ 75% of the administered dose and for ~95% of the total
radioactivity recovered in the urine (Cheever at al., 1884, ECETOC (1985) proposed that ten
minor unidentified urinary metabolites account for 3-6% of the dose and CO,, accounts for up to
12% of the dose. In a recent study, male F344 rats were allowed access to EGMEE (2-sthoxy[U-
14CJethanol, 189-2590 ppm) in their drinking water for 24 hours (Medinsky et al., 1990). Over
72 hours, <5% of the dose (measured as.radioactivity) was exhaled as unchanged EGMEE; an
.unspecified amount was exhaled as CO,; 25-40% of the dose was eliminated in the urine as
ethoxyacetic acid and'20% as CO,,, and 18% of the dose was excreted in the urine as ethylene
-glycol, a previously unreported me%abolite of EGMEE. The formation of ethylene glycol suggests

- that dealkylation of the ether occurs prior to oxidation to the alkoxyacetic acid and that an
-alternate metabolic pathway exists that does not involve the formation of the toxic acid
metabolite. o

5.4. Excretion

in Sprague-Dawiey rats orally dosed with ¢ tabeled EGMEE (labeled either at the ethoxy-1
or the ethanol-1,2 position), ~75% of the radioactivity was excreted in the urine within 24 hours
:and ~ 80% was excte}gd within 96 hours {Cheever et ai., 1984). Depending on the position of
the label, respiratory ""CO,, accounted for 4.6% (ethanol label) or 11.7% (ethoxy fabel) of the
label. The recovery of’ -In volatile organics, feces and carcass was minimal compared with
urinary excretion. -Theibiological half-life of the chemical, dependant upon the position of the

label, was 12.5 hours (ethanol derivative) or 9.9 hours (ethoxy derivative).
6. HEALTH EFFECTS

6.1. Noncancer Effects
6.1.1. Oral Exposure

6.1.1 1 . Human. One abétract mentions that there have been reports of poisoning
to humans following ingestion of EGMEE (IPCS, 1990). Details were not given.



ok

6.1.1.2. Animal. Table 13 summarizes the acute toxicrty of EGMEE Oral [Dg,
values range from 1.5 g/kg for the rabbit (Stenger et al., 1971) to 5.5 g/kg for the rat (Carpenter
et al., 1956), indicating low oral acute toxicny for EGMEE (O'Bryan and Ross, 19868).

. Table 14 summarizes the subd'lronlc chronic, reproductive, and developmental effects of

orally administered EGMEE. Generally, the subchronic of chronic toxicity of the chemical is low

by the oral route. The adverse effects of EGMEE on the testes and developing spermatozoa are

well documented; oral studies in animals also demonstrate embryo- and fetotoxicity, hematotoxi-

(qlu'tzb lam'.i )eﬁacts on the liver, kidney, and spleen, mosﬂy at doses in excess of 1 g/kg/day
e 14

6.1.2. Other Exposure Routes

6.1.2.1. Human. On quantitative data were found in the available litorature for
EGMEE. However, an abstract mentions that repeated exposure of workers to EGMEE and 2-
methoxyethanol and/or their acetates has resulted in anemia, leukopenia, general weakness,
ataxia and immunological effects; and that epidemiological studies have shown an increased
incidence of altered sperm counts (IPCS, 1990). .

6.1.2.2.Animal. Tabie 13 summarizes acute toxicity of EGMEE to animals.
Inhalation LC ues range from 1357 ppm (5.02 g/m®) for mice, rabbits, and cats to >6000
ppm ( >22.2 for guinea pigs; a dermal LD, of 3.56 ml/kg was reported for rabbits (Brown-
ing, 1965). These values indicate low acute toxicity for EGMEE by inhalation and skin contact.

EGMEE administered via inhalation and skin application can cause significant embryolethality
and teratogenicity in rats and rabbits at doses that are marginally toxic to the dams (see Table
15). Two inhalation studies identified NOEL values for the developmental effects of EGMEE - 50
ppm in the rabbit and 10 ppm in the rat (Tinston et al., 1983a,b).

Chronic inhalation studies were not found in the available literature. Subchronic exposure
" of rabbits to 400 ppm of EGMEE for 13 weeks resulted in testicular and hematological effects;
no adverse effects were noted at 100 ppm (Barbee et al,, 1884). Rats exposed to the same
* concentrations had no biologically significant effects (Barbee et al., 1984).

6.2. Carcinogenicity
6.2.1. Qral Exposure
6.2.1.1. Human. No information was found in the available literature.

6.2.1.2. Animal. Melnick (1984) conducted a 2-year study in Fischer 344/N rats
and B6C3F, mice. Treatment of both species was by gavage; doses were 0.5, 1.0, or 5.0 g/kg
EGMEE/day. 5 days/week. The 2.0 g/kg dose caused excessive mortality and those groups were
discontinued by the 18th week. There was no increase in tumor incidence in any of the other
groups. Motrris et al. (1942) observed no tumors in rats administered 1 4596 EGMEE (725
mg/kg/day) in the diet for 2 years. ;
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rats Wy Laug et al, 1939
Oral rats (male) 5.0 By Carpenter ot af., 1956
X Oral rats (fernale) 54 Wy Carponter ot al., 1956
3 Oral rats-(fomale) 8.5 LD, Carpenter et al., 1956
Oral rats (male) 30 0., Smyth et al., 1941
Oral reis 23 0, Cheeveer ot al, 1984
j ‘Oral e 45 WDy Stenger o al, 1971
-Oral rais 1.89 LD., Patty, 1963
Oral mice 4.8 Wy Stenger et al., 1571
Oral | mice 40 Wy Laug et al, 1939 1
Oral mice 4.84 W, ] Leug ot &, 1939
’ Oral mice 35 L0y Saparmamedav, 1974 _I
‘Oral mice 48 (' Stenger at at, 1971
} Orcal .guinea pigs 26 W Laug et al, 1939
Oral guinea pigs 1.4 (10% sohution) LDn Carpenter ot al., 1956
inhalation | rabblts 1357 ppm, 8 hours/day LCyy Browning, 1965
. for 12.days
Inhatation | guinea pigs 0.3% for 24 hours 5/6 dead 24 hours | Waito et al,, 1930
: : afler axposure
inhalation | guinea pigs >6000 ppm for 1 hour Oy Browning, 1965
inhalation | cats 1357 ppm, 8 hours/day LGy Browning, 1965
for 4-5 days
Dermal rabbits 3.56 ml/kg (undiluted, LDg Carpenter et al,, 1956
‘g contact with clipped '
' skin for 24 hours,
14 day observation)
) ‘Ocular rabbits 90 mg moderate injury Carpenter et al., 1956
Ocular rabbits 1 drop (undiluted) hyperemia and von Oettingen and Jirouch,
- edema of 1 1831
i o N
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6.2.2. Other Exposure Routes
6.2.1. Human '
No data were found in the available literature.
6.2.2. Animal
No data were found in the available literature.
6.3. Genotoxicity
EGMEE is not considered to pose a significant genetic hazard (U.S. EPA, 1885). Although.
the chemical induced sister chromatid exchanges and chromosomal aberrations in Chinese
hamster ovary cells /n vitro with and without metabolic activation, it did not induce sex-linked
recessive lethal mutations in Drosophila melanogaster (ECETOC, 1985). ‘EGMEE was also
.nonmutagenic, with and without metabolic activation, for reverse mutation in Sa/monella .

typhymurium strains TA1538, TA1537, TA1535, TA100, and TA98 and in Escherichia coli Sd-4-73
(Kawalek and Andrews, 1980; Ong, 1980; Zeiger et al., 1982; Szybalski, 1958).

7. EXISTING STANDARDS, CRITERIA, GUIDANCE

7.1. EPA RfDs, RfCs, CRAVE Classifications

RID: Chronic, 4 x 10" mg/kg/day (U.S. EPA, 1992)
' Subchronic, 5 x 10! mg/kg/day(U.S. EPA, 1992)

RIC: Chronic, 2 x 10" mg/m® (U.S. EPA, 1991)

Subchronic, 2 x 107 mg/m® (U.S. EPA, 1992)

Oral siope factor: None established

Drinking Water Unit Risk: None established

‘Inhalation ‘Slope Factor: ‘None established

Inhalation Unit Risk: None established

EPA CRAVE Cancer Classification: Not established
7.2. |ARC Carcinogenicity Classification
Not established
7.3. OSHA, ACGIH, and NIOSH Standards and Criteria
OSHA (8-hr TWA):  In process of 68 rulemaking (OSHA, 1989)

OSHA STEL: In process of 68 rulemaking (OSHA, 1989)
‘OSHA Celling Uimit: In process of 68 rulemaking (OSHA, 1989)
OSHA PEL: 8-hour TWA, 200 ppm (740 mg/m") {skin notation) (OSHA, 1989)

ACGIH (8-hr TWA): S ppm (skin notation) (ACGIH, 1986)
ACGIH Ceiling Limit: None established

NIOSH RELs: None established
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1. INTRODUCTION -

The Health Advisory (HA) Program, sponsored by the Office of Water, provides information
. on the health effects and other useful data that can aid in dealing with the contamination of
drinking water. Health .Advisories describe nonregulatory concentrations of drinking water
icontaminants at which adverse health effects would not be anticipated to occur over specific
:@xposure durations. The.EPA has an ongoing cooperative agreement with the Department'of the
Army to prepare drinking water Health Advisories (HA) for munitions and other environmental
contaminants. '‘Drinking Water Toxicological Profiles are short summaries of the pertinent
mammalian health effects literature, and are used by the Office of Water to determine if a data
base is sufficient to allow the development of HAs. The following data bases:were searched for
information on 2-fluorobiphenyl: CANCERLINE, CHEMFATE, DART, DTIC, EMICBACK,
ENVIROLINE, RTECS, TOXLINE, TOXLINEGS, TOXLIT, AND TOXLITES. Secondary sources were
also used.

This Drinking Water Toxicological Profile summarizes information on 2-fluorobiphenyl, a ring-
fluorinated aromatic compound. There was no information regarding the uses of

2-fluorobiphenyl; however, related fluorobiphenyls are used as anaigesics and anti-inflammatory
agents (Baudakian, 1980). The structural formula for 2-fluorobiphenyl is shown below.

F

2-Fluorobiphenyt
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2. SELECTED GENERAL INFORMATION

Physicochemical data for 2-fluorobiphenyt are presented in Table 16.

2-ﬂuorob|phenyl
| Synonyms ND?
| CAS Registry No. 321-60-8
| RTECS No. not assigned o
| Chemical formula CyHoF Lide, 1991-1992
| Molecular weight 172.20 Lide, 1991-1992
Physical state ND '
Vapor pressure ND
Specific gravity 1.2452 at 25°C/4°CP Lide, 1991-1992
Melting/Boiling/Flash Point { 73.5°C/248°C/ND Lide, 1991-1992
Solubility in water .| nD
Log Igm ND
Bioconcentration factor ND
(BCF)
| Conversion factors in air | 1 ppm =7.04 mg/m°® calculated®
I 1mg/m = 0.14 ppm :
| Odor threshold ND

ND: no data
3pensity of liquid at 25°C relative to the density of water at 4°C

24.45

® Formula: ppm by volume = mg/m3 X mol Wi Tn grams
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3. SOURCES OF EXPOSURE

3.1. Occurrence in Water
No information was found in the available literature.
3.2 Human Exposure

No information was found in the available literature.

4. ENVIRONMENTAL FATE

No information was found in the available literature.

5. TOXICOKINETICS

5.1. Absorption
- No mfonnahon was found in the available literature.
5.2. Dlstributioﬂ
No information was found in the available literature.
5.3. Metabolism
No information was found in the available literature.
5.4. Excretion |

No information was found in the available litefatura.
6. HEALTH EFFECTS

6.1. Noncancer Effects
6.1.1. Oral Exposure .
6.1.1.1. Human. No information was found in the available literature.
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6.1.1.2. Animal. No information was found in the available ﬁtgrature.
6.1.2. Other e;xposura routes _

6.1.2.1. Human. No information was found in the available literature.

6.1.2.2. Animal. No information was found in the available literature.
6.2. Carcinogenicity
6.2.1. Oral Expdsure

6.2.1.1. Human. No information was found in the available literature.

6.2.1.2. Animal. No information was found in the available literature.
6.2.2. Other Exposure Routes

6.2.2.1. Human. No information was found in the available iiterature.

6.2.2.2. Animal. No information was found in the availabie literature.

. 6.3. Genotoxicity

No information was fqund in the available literature.
7. EXISTING STANDARDS, CRITERIA, GUIDANCE

7.1. EPA RfDs, RfCs, CRAVE Classifications

RfD: None established
RfC: None established
Oral slope factor: None established
Drinking Water Unit Risk: None established -
inhalation Slope Factor: None established
Inhalation Unit Risk: None established

EPA CRAVE Cancer Classification: Not evaluated
7.2. 1ARC Carcinogenicity Classification
Not evaluated




7.3. OSHA, ACGIH, and NIOSH Standards and Criteria
~OSHA (8-hr TWA):  None established
OSHA STEL: None established
OSHA Ceiling Limit: None established
ACGIH (8-br TWA):  None established

NIOSH RELs: None estabiished
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1. INTRODUCTION

The Health Advisory (HA) Program, sponsored by the Office of Water, provides information
"on the health effects and other useful data that can aid in dealing with the contamination of
drinking water. Health Advisories describe nonregulatory concentrations of drinking water
contaminants at which adverse health effects would not be anticipated to occur over specific
exposure durations. The EPA has an ongoing cooperative agreement with the Department of the
Army to prepare drinking water Health Advisories (HA) for munitions and other environmental
contaminants. Drinking Water Toxicological Profiles are short summaries of the pertinent
mammalian heaith effects literature, and are used by the Office of Water to determine if a data
base is sufficient to allow the development of HAs. The following data bases were searched for -
information on hydrazine: TOXUNE, TOXLINEES, TOXLIT, TOXLIT6S, CANCERLINE, DART,
EMICBACK, CHEMFATE, ENVIROLINE, DTIC and RTECS. Secondary sources were also used,

This Drinking Water Toxicological Profile summarizes information on hydrazine, a simple
diamine and is a powerful reducing agent that is extremely reactive with many other chemicals
(Mark et al., 1978). Hydrazine is used as a chemical intermediate in the manufacture of
pharmaceuticals, plastic blowing agents, dyes, agricultural chemicals, as a ploymer additive, and
as an oxygen scavenger (Mark et al., 1978). Military applications include its use as a missile and
rocket propeliant, and in chemical power sources (USAF, 1989). The structure of hydrazine is
shown below. : -



S T S )
& W S T m .&,ﬁ';"“% R et
= HYDRAZINE RS

2. SELECTED GENERAL INFORMATION

The health and environmental effects of hydrazine and hydrazine sulfate have been reviewed
imore extensively by the U.S. EPA (U.S. EPA, 1988) and the U. S. Air Force (USAF, 1989).
Physicochemical data are presented in Table 17.

| Common name hydrazine
Synonyms diar:de; diamine; hydrazine Budavari et al., 1989
ba: ;. hydrazine anhydrous; USAF, 1989
Ievcxme
CAS Registry No. 302-01-2 _
RTECS No. ~ MU7175000 RTECS, 1987
Chemical formula HNNH, Budavari et al., 1989
Molecular weight 32.05 Budavari et al., 1989
| Physical state liquid Budavari et al., 1989
Vapor pressure 14.4 mm Hg at 25°C U.S. EPA, 1989
Specific gravity 1.011 at 15°C/4°C® Budavari et al., 1989
Melting/boiling/flash point | 2.0°C/113.5°C/37.8°C Mack et al., 1980
Weiss, 1980
Solubility in water miscible Budavari et al., 1989
Log Sznr -2.07 Hansch and Leo, 1985
Bioconcentration factor very low.potential for USAF, 1989
(BCF) bioaccumulation '
Conversion factors in air 1 mg/m® = 0.76 ppm USAF, 1989
1tppm =13 mg/rn :
| Odor threshold 3.0 to 4.0 ppm; ammoniaike | USAF, 1989
i odor
| Henrys' Law constant 2.0 x 107 atm-m¥mol at 20°C | USAF, 1989

2Density of liquid at 15°C relative to the density of water at 4°C
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3. SOURCES OF EXPOSURE

3.1. Occurrence in Water
There is potential for drinking water. contamination due to the mobility of hydrazine in the

soil/ground-water system. However, the volatility of hydrazine and bnodegradahon in the soil may
llmit the significance of this exposure source (USAF, 1989)

3.2. Human Expocuro

Human exposure woutd most likely occur in occupational settings (hydrazine production and
use) and wouid likely involve dermal exposure and possibly inhalation of vapors (USAF, 1989).

Hydrazine is a component of cigarette smoke and the primary source of hydrazine exposure ]

appears to be mainstregm cigarette smoke (USAF, 1989).
4. ENVIRONMENTAL FATE

in the absence of metal catalysts (certain metal ions), hydrazine is remarkably stable in water:
Aqueous oxidation of 0.1 mmot of hydrazine after 5 days was <2% in distilled water, 20% in
filtered pond water, and 40% in sea water (MacNaughton et al., 1978). Addition of metal catalysts
such as copper will greatly increase the oxidation of hydrazine.

The half-ife of hydrazine is approximately 5 days in oxygenated water and about 8.3 days
in filtered pond water (USAF, 1989). 'its degradation is enhanced by organic matter and bacteria.

5. TOXICOKINETICS
5.1. Absorption

Only limited data on the absorption of hydrazine was available. Preece et al. (1992) reported
that plasma concentration of hydrazine was not directly proportional to dose in male Sprague-
Dawley rats given single oral deses of hydrazine (4.7, 14.1, 42.2, or 126 mg hydrazine hydrate/kg,
equivalent to 3, 8, 27, or 81 mg hydrazine/kg), and that this finding may be indicative of a
saturable uptake mechanism. Puimonary, gastrointestinal, and dermal absorpﬁon may be
inferred from information indicating hydrazine-induced systemic toxicity, and also from
metabolism/excretion data resulting from nonparenteral routes of exposure.

5.2. Distnbmion

Preece et al. (1992) measured hydrazine levels in the livers of rats given oral doses (4.7, 14.1,

42.2, or 126 mg/kg) of hydrazine hydrate (equivalent to 3, 9, 27, or 81 mg hydrazine/kg).
Additional quantitative data regarding the distribution of hydrazine in the body was not avaiiable.

Because of documented systemic toxic effects and its urinary and pulmonary excretion, it may. |

be assumed that the chemical is distributed in the biood companrnem and, therefore, has
potential for a wide volume of dsstnbution . ,
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5.3. Metabolism

Based upon limited data, hydrazine metabolism appears to vary somewhat among species
(rats, mice, and rabbits). Acetylation of hydrazine and splitting ot symmetrically distributed
hydrazines into amines are possible metabolic pathways (IARC, 1982). Preece et al. (1992)
reported the appearance of hydrazine and acetylhydrazine in the urine of rats 24 hours after
being given a single intraperitoneal injection of hydrazine.

5.4. Excretion

‘Hydrazine is excreted primarily in the urine (approximately 50% in rats, mice, and dogs over
a 48-hour period). Pulmonary excretion may also occur in these species, and may account for
25 to 40% of the hydrazine dose (Clayton and Clayton, 1978). Both hydrazine and
acetylhydrazine were detected in the urine of rats 24 hours after a single intraperitoneal injection
(81.25 mg/kg) of hydrazine (Preece et al., 1992).

6. HEALTH EFFECTS
6.1. Noncancer Effects
6.1.1. Oral Exposure -
6.1.1.1. Human. Immediate vomiting and loss of consciousness followed by a
two-week recovery period involving sensory and motor coordination.deficiencies was reparted
for a man who accidentally ingested "between a mouthful and a cupful® of hydrazine (Reid, 1965).
No other data regarding the oral toxicity of hydrazine to humans were available.
6.1.1.2. Animal. Oral LDg,s of 60 and 59 mg/kg have been reported for rats and

mice, respectively (Verschueren, 1985). Histological aiterations in hepatic mitochondria were
observed in rats receiving dietary hydrazine (1%) for up to 7 days (Wakabayashi et al., 1987).

Preece et al. (1992) reported reduced body weight and liver weight for rats given a single oral

dose (81 mg/kg) of hydrazine.
6.1.2. Other Exposure Routes

6.1.2.1. Human. Dermal and inhalation exposure represent the most frequently
encountered routes of exposure to hydrazine. Dermal exposure may result in chemical bums
and dermatitis (U.S. EPA, 1889). Short-term inhalation of hydrazine vapors has resutted in central
nervous system effects, eye imitation (including temporary blindness), nausea, dizziness, and
respiratory tract irritation (USAF, 1989). Occupational exposure (inhalation and/or dermal) to
hydrazine has been associated with central nervous system disorders and respiratory tract
toxicity that may be fatal for severe exposure, as well as hepatotoxicity, cardiovascular, disorders,
and varying degrees of dermatitis (USAF, 1989).

. 6.1.2.2. Animal. Inhalation LC.;s (4-hr) of 570 and 252 ppm have been reported
for rats and mice, respectively (Verschueren, 1983). One-year inhalation exposure (6 hrs/day,
5 days/week) of rats, mice, dogs, and hamsters to hydrazine concentrations up to 5 ppm (1 ppm
for mice and dogs) resulted in a variety of species-dependent effects on the respiratory tract,
reproductive system, liver, kidney, thyroid, and adrenal glands (Vernot et al., 1985).
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6.2. Carcinogenicity
6.2.1. Oral Exposure

) 6.2.1.1. Human. Epidemiologic data are inadequate to determine the
carcinogenicity of hydrazine in humans (IARC, 1982; IRIS, 1991).

6.2.1.2. Animal. Gavage and drinking water exposure of rodents to hydrazine or
hydrazine sulfate have resulted in increased incidences of lung and liver tumors in rodents (IRIS,
1991; USAF, 1989). For mice of both sexes, a dose of 1.13 mg hydrazine sulfate/kg/day, 6
days/week for 26 weeks resulted in an increased incidence of hepatic tumors and lung
metastasis (Biancifiori, 1970). There is some evidence of hormonal-mediated mechanisms in the
increased incidence of hydrazine sulfate-induced pulmonary tumors in mice (Blancifiori, 1970).

Lifetime exposure of male and female Wistar rats (50 of each sex/group) to hydrazine in the
drinking water (2, 10, or 50 mg/L) failed to produce a significant tumorigenic response (Steinhoff
et al., 1990). Although the highest exposure group exhibited clear signs of overt toxicity, mortality
was not increased and only an 11.5% incidence of benign liver tumors was detected. ‘ Similar
studies using mice have also provided negative resuits aithough histological evaluations are not
currently complete. o

Hepatic carcinomas and spindle cell sarcomas were found in male rats, and adenomas and
adenocarcinomas of the lung were observed in female rats receiving 68-week gavage treatment
with 12-18 mg hydrazine sulfate (Severi and Biancifiorl, 1968).

' 6.2.2. Other Exposure Routes

‘ - 6.2.2.1. Human. Nodefinitive information was available regarding the carcinogenic
effects of hydrazine in humans. :

" 6.2.2.2. Animal. Neoplasms of the nasal epithelium were cbserved in rats and
hamsters following 1-year inhalation exposure to 5 ppm free base hydrazine (Vernot et al., 1985).

6.3. Genotoxicity

Hydrazine is mutagenic in various Sa/monelia and Escherichia coli assays. In vivo alkylation
of hepatic DNA and RNA, and strand breaks in liver and lung DNA of mice have also been
demonstrated (IRIS, 1991). : : _
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7. EXISTING STANDARDS, CRITERIA, GUIDANCE

7.1. EPA RfDs, RfCs, CRAVE Classifications

RID: None established

RIC: ‘None established

Orat Slope Factor: 3.0 (mg/kg/da‘y)“ (IRIS, 1991)

Drinking Water Unit Risk: 8.5E5 (g/L) " (IRIS, 1991)

inhalation Stope Factor: 1.7E+1 (mglkg/day) (U.S. EPA, 1992)
inhalation Unit Risk: 4.9E-3 (g/m™)! (RIS, 1991)

EPA CRAVE Cancer Classification: B2 (probable human carcinogen) (IRIS, 1991)

Currently, there are no water criteria values or an MCL for hydrazine.
7.2. 1ARC Carcinogenicity Classification
Group 2B (probably carcinogenic to human§) (lARC, 1982)
7.3. OSHA, ACGIH, and NIOSH Standards and Criteria

OSHA (8-hr TWA): 0.1 ppm; with skin notation- ' (OSHA, 1989)
:OSHA STEL: » None established (OSHA, 1989)
OSHA Ceiling Limit: - None established (OSHA, 1989)

ACGIH TLV (8-hr TWA): 0.1 ppm ({with skin notation);
A2 (suspected human carcinogen) {ACGIH, 1992)

NIOSH RELs: ,
-~ [IDLH carcinogen (no IDLH value assigned) (NIOSH, 1990)

120-min. Ceiling Umitt 0,04 mg/m® ' (NIOSH, 1990)
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1. INTRODUCTION

The Health Advisory (HA) Program, sponsored by the Office of Water, provides information on
the health effacts and other useful data that can aid in dealing with the contamination of drinking
water. Health Advisories describe nonregulatory concentrations of drinking water contaminants at
which adverse health effects would not be anticipated to occur over specific exposure durations.
The EPA has an ongoing cooperative agreement with the Department of the Army to prepare
drinking water Health Advisories (HA) for munitions and other environmental contaminants. Drinking
water Toxicological Profiles are short summaries of the pertinent mammalian health effects literature;
and are used by the Office of Water to determine If a data base Is sufficient to allow the
development of HAs. The following databases were searched for information on p-nitrophenol:
CANCERLINE, CHEMFATE, DART, DTIC, EMICBACK, ENVIROLINE, RTECS, TOXLINE, TOXL!NESS
TOXUIT, and TOXLITGS. Secondary sources were also used.

This Drinking Water Toxicological .Profile summarizas information " on p-nitrophenol.
Nitrophenols, classified as nitroaromatic hydrocarbons, exist as the ortho-, meta-, and para-isomers. .
The usaes of p-nitrophenol include the manufacture of acetaminophen (APAP) (55%), exports (35%),
and leather tanning, dyestutfs, oxydianiline and miscellaneous uses (10%) (Chem. Mkt. Rep., 1987).
The acetaminophen market has been a siowly growing outlet for the chemical (Chem. Mkt. Rep.,
1987). The domestic production of parathion pesticides, formerly the largest U, S. use of p-
nitrophenol ceased in 1986, whereas overseas parathion production is growing, accounting for
increasing exportation of the chemical (Chem. Mkt. Rep., 1987). p-Nitrophenol-based fungicides are
used to prevent fungal infections of the foot and have been used extensively in the manufacture of .
footwear issued to U.S. Army personnel (NTP, draft). According to the Chemical Marketing Reporter
(1987) the only two manufacturers of p-nitrophenol, Du Pont and Monsanto, had a total production
capacity of 46 million pounds per year in 1887. The projected demand for the chemical in 1991 was
25 million pounds. The structure of p-nitrophenol is shown below:

_p-Nitrophenol
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2. SELECTED GENERAL INFORMATION
Physicochemical data for p-nitrophencl are listed in Table 18.
TABLE 18. PHYSICOCHEMICAL DATA
Common.-name _p-nitrophenol Budavari et al., 1989
onyms 4-nitrophenol; RTECS, 1992
Sy hydroxynitrobenzene
LGAS No. 100-02.7 | RTECS, 1992
W
{{TECS No. 58136 RTECS, 1992
Molecular weight 139.12 RTECS, 1992
Molecular formula CgHsNO, RTECS, 1992
Physical state eolodess to slightly yellow, Budavari et al., 1989

41x10'5mmHgat25°c

Howard et al., 1976 (citad in:

(extrapolated) CHEMFATE, 1992
1.270 at 120°C/4°C? Budavari et al., 1989
113-114°C/279°C Lide, 1991-1952

S meByND® |

Solubility in water

11,670 mg/L . at 20°C

_ Schwarzenbach et al., 1988

L 1.91 Hansch and Leo, 1985
°9 Kow (cited in CHEMFATE, 1992
Log bioconcentration factor | 1.9 and 2.5 (test concen- Call et al., 1980
(BCF) trations, 4.1 and 44.1 yg/L.,
respechvely. °C, fathead
minnow)
T Conversion factors in air Calculated®

1 mg/m® = 0.176
1Dlg'ln 5.68 9)p§n

Odor threshold

58.3 mg/L

‘U.S. EPA, 1980)

Makhhp«a, 1964 (cited in

Henry's Law constant

4.15 x 10" atmm®/mol at
25°C

CHEMFATE 1992

‘Denstty of liquid at 120°C relative to the density of water at 4°C

®ND: no data

© Formula: ppm by volume = mglm3 X

24.45
mol. wt. in grams




‘ - < 3. SOURCES OF EXPOSURE

LS

3.1. Occurrence in Water

Industries ‘'engaged in manufacturing mononitrophenols or using them as intermediates in
chemical synthesis are potential sourcss for the contamination of water with p-nitrophenol (U.S. EPA,
1980). Various investigators have detected p-nitrophenol in waste effluents from a parathion
manufacturing plant (levels unspecified), in the lagoon waste water from a chemical plant (1.4 mg/L),
and in the potable water supply of Ames, lowa (0.2 mg/l) (reviewed in U.S. EPA, 1980).
Measurable, but probably transient, environmental levels of mononitrophenois may also occur in
areas where organophosphate pesticides are in use (U.S. EPA, 1980).

3.2. Human Exposure

p-Nitrophenol is a product of the microbial and hydrolytic degradation of the pesticides
parathion, methyl parathion and fluorodifen (U.S. EPA, 1985a, cited in U.S. EPA, 1985b). Direct
exposure to the skin may occur among workers who handle crops treated with these: pesticides
(U.S. EPA, 19853, cited in U.S. EPA, 1985b) and among individuals, particularly Army personnel,
wearing p-nitrophenol-treated footwear. The identification of p-nitrophenoi on spinach and bean
plants treated with parathion suggests potential exposure to the general public through the ingestion

. of food containing p-hitrophenol residues. : S ’

In the atmosphere, p-nitrophenol is a product of the photochemical reaction between benzene
or toluene and nitrogen monoxide (U.S. EPA, 1980). The chemical has been associated with urban
atmospheric particulates, indicating potential exposure to the general population by inhalation (U.S.
EPA, 1985a, cited in U.S. EPA, 1985b; U.S. EPA, 1980). Also, Nojima et al. (1976), who detected
p-nitrophenal in rain in the vicinity of Yokohama, Japan, suggested that the nitrophenols produced
by photochemical reactions dissolve in rain, and in areas where severe photochemical smog exists
humans may be exposed to substantial levels of mononitrophenols. 'However, the low vapor
pressure of p-nitrophenol reduces the likelihood of inhalation exposure (U.S. EPA, 1985b).

. p-Nitrophenol is present in the soil at Army ammunition plants at concentrations of 40 mg/kg

(Hovatter, 1992), suggesting possible exposure of military and/or hazardous waste clean-up
personnel. p-Nitrophenol would adsorb to the soil to some extent, (K., 236 [CHEMFATE, 1992)),
but the low volatility and high water solubility of the chemical wouki favor some leaching to
groundwater.

Kuiz et al. (1978, cited in U.S. EPA, 1980) analyzed 416 samples of urine collected from the
general population and found p-nitrophenol {mean urinary level, 10 »g/L) in 1% of the population.
These levels do not necessarily reflect direct exposure to p-nitrophenol, but probably resuit from the
in vivo metabolic degradation of pesticides (U.S. EPA, 1980). -

4. ENVIRONMENTAL FATE

. p-Nitrophenol in the atmosphere may be removed by wet and dry deposition, by direct

. photolysis, or by reaction with photochemically generated hydroxyi radicals (U.S. EPA, 1985a, cited
in U.S. EPA, 1985b). The estimated half-life for the atmospheric removal of the chemical due to

rainfall is 3 weeks (U.S. EPA, 1985a, cited in.U.S. EPA, 1985b). . -
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p-Nitrophenol in water undergoes biodegradation and, in the presence of sunlight, rapid reaction
with hydroxyl radicals (U.S. EPA, 1985a, cited in U.S. EPA, 1985b). One laboratory study
demonstrated that 100% of p-nitrophenol is degraded by activated sludge in 15 days without
acclimation and in 5 days with acclimation (Dojlido, 1979, cited in CHEMFATE, 1992); another
reported rapid degradation (100% degradation in 96 hours) using inocula from enriched soil cultures
{Sudhakar-Barik and Sethunathan, 1978, cited in CHEMFATE, 1992); and ancther reported 100%
.anaerobic degradation in 1 week using sewage sludge inoculum (Boyd et al., 1983, cited in
CHEMFATE, .1992). The by-products of the biodegradation of p-nitrophencl include p-nitrocatechol,
‘hydroquinone and 2-amino-7-chloro-3H-phenoxazin-3-one (CHEMFATE, 1992).
The observed photolytic half-life values for p-nitrophenol in aqueous solution are: from 16 hours to
5.7 days at pH 5, 6.7 days at pH 7, and 13 days at-pH 11.5 (U.S. EPA, 1985a, cited in U.S. EPA,
1985b). Products of photolysis include p-nitrocatechol, hydroquinone and a "nonvolatile dark
polymer” (M. ':agawa and Crosby, 1974, cited in CHEMFATE, 1992).

S. TOXICOKINETICS

5.1. Absorption -

Data specific to the absorption of mononitrophencis by humans were not available; however,
studies in animals, demonstrating that p-nitrophenol undergoes rapid clearance from the blood and
urine (U.S. EPA, 1980; Arterberry et al, 1961; Lawford et al., 1954, both cited in U.S. EPA, 1980),
suggest efficient gastric absorption. The systemic toxicity of p-nitrophenol in humans (Section
‘6.1.1.1.) is another indication that.gastric absorption of the chemical occurs. /n vitro studies using
human skin from autopsies demonstrated that p-nitrophenol permeates the epidermis (Roberts et
al., 1977, cited in U.S. EPA, 1980). The chemical also penetrated skin explants from hairless mice
(Hinz et al., 1991).

5.2. Distribution

Data specific to the tissue distribution of the mononitrophenols by humans were not available.
However, based on the rapid urinary elimination of the mononitrophenols, U.S. EPA (1980) theorized
that the compounds may be restricted mainly to the blood and urine following absorption.

5.3. Metabolism

The major route of mononitrophenol metabolism in humans is most likely via conjugation and
the ensuing formation of either glucuronide or sulfate conjugates (U.S. EPA, 1980). Experimental
studies demonstrated that glucuronide conjugation of p-nitrophenol occurs in the liver, lung, and
kidneys of rats, mice, rabbits, hamsters, and guinea pigs (Litterst et al., 1975, cited in U.S. EPA,
1980). Other possible routes of metabolism include the reduction of amino-compounds or oxidation
to dihydric-nitrophenols (U.S. EPA, 1980). : ,

5.4. Excration

Data specific to the excretion of mononitrophenols by humans were not found. However, it
appears that humans do excrete p-nitrophenol rapidly via the urinary tract following exposure to
-parathion. In one study, the chemical disappeared from the urine within 48 hours after parathion
exposure ended (Arterberry et al., 1961, cited in U.S. EPA, 1960). Anocther study examined the
excretion of p-nitrophenol given directly to animals. Elimination of the chemical from the blood of
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monkeys was complete within 5 hours after oral and I.p. doses of 20 mg/kg (Lawford et al., 1954,

cited in U.S. EPA 1980). Elimination of the chemical from the blood of mice, rats., rabbits; and:

guinea pigs was even more rapid (route of administration not clear, most likely oral and/or ip.),
occurring within two hours of administration. '

6. HEALTH EFFECTS

6.1. Noncancer Effects

6.1.1. Oral Exposure

: - 6.1, Hunan.lnhumam.ﬂ:lesymptoms of toxicity resulting from ingestion of p-
nitrophenol include headaches, drowsiness, nausea, and respiratory depression and cyanosis,
indicative of methemogiobinemia (NTP, Draft).. ‘

6.1.1.2. Animal. LD, values for various: animal species: exposed: orally to
p-nitrophenol are listed in Table 19.

Grant (1959, cited in U.S. EPA, 1980) observed a 15-30% Iincrease in respiratory volume in-
anesthetized rats following oral intubation of 0-, m-, or p-nitrophenol. Doses of p-nitrophenol ranged:
from 7-12 mg/kg. Orally administered p-nitrophenol (doses not given) did not produce:
methemoglobinemia in rats (Grant, 1959, cited in U.S. EPA, 1980). Seven-day-oid chickens fed
0.25% p-nitrophenol in the diet for 3 weeks did not develop cataracts (Dietrich and Beutner, 1946,
cited in U.S. EPA, 1980).

Oral doses of 400 mg/kg/day p-nitrophenol administered to pregnant mice (10/group) on days
7-14 of gestation had no adverse effects on fetal survival, birth weights or incidence of gross
malformations (Plasterer et al,, 1985). However, the same doses were toxic to the dams, as.
evidenced by significantly decreased survival and weight gain.

6.1.2. Other Exposure Routes

6.1.2.1. Human. Symptoms of toxicity resulting from inhalation or absorption through
intact skin include headaches, drowsiness, nausea, and respiratory depression and cyanosis,
indicative of methemoglobinemia (NTP, draft). ot

6.1.2.2. Animal: Limited data indicate that the inhalation toxicity of p-nitrophencl
sodium salts is relatively low. Acute and repeated exposure of male rats to concentrations of 0, 0.34
or 2.47 mg/L. caused methemoglobinemia, dark urine, proteinuria, and elevated creatinine and SGOT-
levels in the treated animals; exposure to 2.47 mg/l. aiso caused elevated erythrocyte count,
hemogiobin, and hematocrit Histopathologic changes were not observed (Smith et al., 1988, cited
in NTP, draft). -

in an NTP (Draft) bioassay, Swiss-Webster mice (60 males and 60 females/group) were treated
with p-nitrophenol by interscapular applications to the skin. Doses of 0, 40, 80, or 160 mg/kg were
administered to the animals 3 days/week for 78 weeks. Reduced survival, mainly attributed to
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Fairchild, 1977 (cited i

U.S. EPA, 1580)

Vemot et al., 1977

RTECS, 1992

Vemot et al., 1977

RTECS, 1992
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' amyloidosis and secondary kidney failure, occurred in all groups. No biologically significant Iesions
- were observed that were related to the dermal administration of p-nitrophenol.

.. Angerhofer (1985) examined the reproductive effects of p-nitrophencl in rats. Male and female-
_Sprague-Dawley rats received dermal applications ot 50, 100, and 250 mg/kg p-nitrophenol in
ethanol 5 days/week for up to 42 wecks. There were no significant differences in mating;.
pregnancy, behavior, and growth in parents or two subsequent generations compared with controls.

All exposed rats exhibited skin irritation (erythema, scaling and crusting),

von Oettingen (1941, cited in U.S. EPA, 1985b) and Smith et al. (1967, cited in U.S. EPA, 1985b)-
reported the formation of methemogiobin in cats and mice, respectively. Smith et al. (1967, cited
in US. EPA, 1880) also reported the formation of methemogilobin in female mice by reduction
products of p-nitrophenol, 2- and 4-aminophenol. (Expedmenhldetmbfotmmmweremt
glveninmoseeonda:ysource)

Anabstractolaaussianreponﬁstedanaraﬂomofneurohumwregulaﬂon gastritis; enteritis;
colitis, hepatitis, neuritis, splenic hyperplasia and inhibited oxidation as “cumulative* effects of .
exposure o p-nitrophenot (Makhinya, 1969, cited in U.S. EPA, 1980). In this study, the limiting dose-
for the disruption of conditioned reflex activity was 0.00125 mg/kg (0.0025 mg/L. of water). U.S. EPA.
(1980) considered these results to be questionable because experimental detalls and a oomplotou
description of biological effects were not available.

increased CO, output and an Inhibition of chioride transport in erythrocytes (RBC) have been
associated with exposure to p-nitrophenol (Cameron, 1958; Motais et al., 1978, cited in U.S. EPA,
1985b). These results provide limited evidence that (1) p-nitrophenol is probably not a potent
uncoupler of oxidative phosphorylation (CO, output) and (2) mechanistically, p-nitrophenol acts
directly on the cell membrane (RBC effects) (U.S. EPA 1980).

6.2. Carcinogenicity
6.2:1 . Oral Exposure
6.2.2.1. HM No information was found in the available literature.
6.2.2.2. Animasl. No information was found in the available literature.
6.3. Other Exposure Routes

6.3.1. Human
No information was found in the available literature.
6.3.2. Animal : ' ' -

' In an NTP (Draft) bicassay, Swiss-Webster mice (60 males and 60 females/group) received p-
nitrophenol by interscapular applications to the skin.. Doses of 0, 40, 80, or 160 mg/kg were .
administered to the animals 3 days/week for 78 weeks. Reduced survival, attributed to amyloidosis
and secondary kidney failure, occurred in all groups. Under the conditions of these studies, there
was no evidence of carcinogenic activity in male or female Swiss-Webster mice. NTP conducted
this study at the request of the U.S. Army; there was concem for the high risk of exposure to



" tungicides (containing approximately 7% nitrophenol), resulting from their use in the manufactur
- of approximately- 3 million pairs of boots and shoes per year for Army and other military personnei

_ A skin painting study conducted by Boutwell and Bosch (1959, cited in U.S. EPA, 1985b) wa
" 'deemed inadequate for the assessment of oncogenic potency by U.S. EPA (1986a; cited in U.§
EPA, 1985b). Female mice receiving skin appiications of 25 ;L of p-nitrophenol twice weekly for 1.
weeks did not exhibit increased tumor incidence.

6.4. Genotoxicity

p-Nitrophenol induced DNA damage in Escherichia coli (50 ymol/L), DNA repair in Bacillu:
subtilis (500 ug/disc), gene conversion and mitotic recombination in Saccharomyces cerevisiae (2
mmol/L) (RTECS, 1992), and chressosomal aberrations (with metabolic activation) in Chines:
hamster ovary celis (NTP, draft). p-Nit. ophenol did not induce sister chromatid exchanges in hamste
ovary cells (with or without metabolic activation) (NTP, draft) or streptomycin independence i
streptomycin-independent E, coli (Szybaiski, 1958, cited in U.S. EPA, 1980), and was not mutageni
in a host-mediated assay, a dominant lethal assay (Buseimaier et al., 1976€), in Salmonelil
typhimurium (with and without metabolic activation), or in Dtosophila melanogaster (NTP, Drafl
McCann et al.. 1975)

7. EXISTING STANDARDS, CRITERIA, GUIDANCE

7.1. EPA RfDs, RfCs, CRAVE Classifications
RID: None established

RIC: None established
“Oral Slope Factor: None established

- Drinking Water Unit Risk: None established
Inhalation Slope Factor: None established
inhalation Unit Risk: None established

U.S. EPA CRAVE Cancer Classification: Not established
7.2. IARC Carcinogenicity Classification
Not established
7.3. OSHA, ACGIH, and NIOSH Standards and Criteria
OSHA (8w TWA): . None established:
OSHA STEL: None established
OSHA Caeiling Limit: None established

ACGIH (84w TWA):  None established
ACGIH STEL: None established

NIOSH RELs: None established
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1. INTRODUCTION

The Health Advisory (HA) Program, sponsored by the Office of Water, provides information or
“'the health effects and other useful data that can aid in dealing with the contamination of drinking
water. Health Advisories describe nonregulatory concentrations of drinking water contaminants af
which adverse health effects would not be anticipated to occur over specific exposure durations.
The EPA has an ongoing cooperative agreement with the Department of the Army to prepare
:drinking water Health Advisories'(HA) for munitions and other environmental contaminants. Drinking
-water Toxicological Profiles are short summaries of the pertinent mammalian health effects literature,
and are used by the Office of Water to determine if a data base -is :sufficient to allow the
development -of HAs. The following data bases were searched for information on A-
nitrosodiphenylamine: TOXLINE, TOXLINESS, TOXLIT, TOX} £S5, CANCERLINE, DART, EMICBACK,
CHEMFATE, ENVIROLINE, DTIC and RTECS. Secondary s:urces were aiso used.

This Drinking Water Toxicological Profile summarizes information on N-nitrosodiphenylamine
(CAS No. 86-30-6). N-Nitrosodiphenylamine is used as an intermediate in the synthesis of p-
nitrosodiphenylamine, as an anti-scorching agent or vulcanization retarder in rubber processing, and
in the manufacture of pesticides (U.S. EPA, 1980; USAF, 1989). Nitrosamines (including N-
nitrosodiphenylamine) are also found in a variety of foods {(Fine, 1982).

The toxicology and health effects of N-nitrosodiphenyiamine have been reviewed by ATSDA
(ATSDR, 1988) and the U.S. EPA (1987). The structure of N-nitrosodiphenylamine is shown below.
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2. SELECTED GENERAL INFORMATION

Physicoch«nical data and registry numbers for N-nmosodiphenylamine are presented in

. Tabie 20.

dlphenyl-N-nltrosamine

"8\D: no data

25°C

CAS Registry No. 86-30-6

| RTECS No. JJS800000 RTECS, 1986

| chemical formuta. CypHigN:0 USAF, 1989
Molecular weight 11982 USAF, 1989
Physical state amorphous solid IARC, 1982
Vapor pressure 6.69 x 10 mm Hg SRC, 1988
Specific gravity 1.23 at 20°C USAF, 1989
Melting/boiling/flash point | 68.50°C/153°C/ND* USAF, 1989
Solubility in water- 1.13 x 102 mg/L at 25°C USAF, 1989

| og Ky 3.13 Banerjee et al., 1980
Bioconcentration factor | 234 Barrows et al., 1980
(BCF)
Conversion factors in alr 1 mg/m® = 0.12 PP ATSDR, 1988

1t ppm = 8.1 mglrn

| Odor threshold: - ND

Henrys’ Law constant 140 x 10% atm - m?mot at USAF, 1989




3. SOURCES OF EXPOSURE

3.1. Occurrence in Water

N-Nitrosodiphenylamine has been found in raw waste samples and secondary effluent from
textile plants at concentrations of 2 to 20 yg/l. (IARC, 1982). N-Nitrosodiphenylamine has been
found in the soll and groundwater at concentrations of 0.8 mg/kg and 11 - 14 xg/L, respectively,
at U.S. Army ammunition plants (Hovatter, 1992).

3.2. Human Expom

Specific data were not available. However, itmaybeassumedmﬂ‘hepmnarysoufceot
human exposure would be in occupational settings.

4. ENVIRONMENTAL FATE

N-Nitrosodiphenylamine is resistant to rapid hydrolysis but may slowly biodegrade (USAF,
1889). Because N-nitrosodiphenylamine is resistent to hydrolysis and the extent of its:
biodegradation uncertain, this chemical may be expected to persist in water for months to years:
(USAF, 1988). No data were avallable regarding degradation products of N-nitroso-
diphenylamine.

5. TOXICOKINETICS

5.1. Absorption
Although no data were avallablo specifically regarding the absorption: of

N—nmosoduphenylamlne its absorption foliowing oral exposure may be implied by metabolism
and urinary excretion data. :

5.2. Distribution
No information was located in the available literature.
5.3. Metabolism |
" N-Nitrosodiphenylamine is denitrosated to nitric oxide and, diphenylamine and ultimately
converted to nitrite and nitrate in the rat (Appel et al., 1984a,b). N-Nitrosodiphenylamine is not -

susceptible to oxidative bioactivation and, therefore, denitrosation may be the bicactivation
pathway for this compound.

5.4, Exmﬂon

Appeletd (1Mb)nmmmwmmammmwmmdmd
metabolites by rats administered N-nitrosodiphenylamine oraily.
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6. HEALTH EFFECTS

6.1. Noncancer Effects. .
6.1.1. Oral Exposure
6.1.1.1. Human. Nolnfonnationwasiocatedlnmeavaitablemaramre.

6.1.1.2. Animak Oral LD valuesof16503nd3850mg/kgfoﬂhemtandmouse. :
respectively, are reported in RTECS (1986) Subchronic exposure (8 to 11 weeks) of F344 rats:
and BEC3F, mice to dietary N-nitrosodiphenylamine at concentrations up to 46,000 mg/kg diet
resultedindecteasedsurvlvaloffemaleratsanddaereasedbodywelghtgalnintemalera&(NC],
1979). ,

6.1.2. Other Exposure Routes
6.1.2.1. Human. No information was located in the available literature.
6.1.2.2. Animal. No information was located in the available iterature:
6.2. Carcinogenicity |

6.2.;l'. Oral Exposure
6.2.1.1. Human. No information was located.in the availabie literature.

6.2.1.2. Animal. Long-term exposure of male and female F344 rats to N-
nitrosodiphenylamine in feed (4000 mg/kg diet/day for 100 weeks) resulted in an increased
" incidence (36% and 81% for males and females, respectively) of transitional cell carcinomas of
the urinasy bladder (NCl, 1979). A dose-related increase in the incidence of fibromas of the skin
was also observed for male rats. B6C3F, mice exposed to dietary concentrations up to 20,000
mg/kg diet did not exhibit a carcinogenic response (NCI, 1979). Additional oral exposure studies,

" all with various degrees of deficiencies, are summarized in Table 21.

6.2.2. Other Exposure Routes

f

6.2.2.1. Human. No information was located in the avazlable iiterature.

6.2.2.2. Animal. Both dermal and intraperitoneal exposure studies have been
conducted (USAF, 1989). Nmoughbomshawedposiﬂveresponses(lungadmlnm&

dermal exposure study, andhepatomasandpmnaryadanomasmmeiniecﬁonsmdy).
studies used inadequate experimental protocols.
6. 3.Gcnotoxdeitv

Avaiilable data indieate equivocal genotomuy Mutagenicity without activation, oneogeneﬂc
transformations, unscheduled DNA synthesis, and sister chromatid exchanges have been
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TABLE 21. CARCINOGENICITY OF N-NITROSODIPHENYLAMINE

Species and
Number

IN EXPERIMENTAL ANIMALS

‘Dose, Route,
:Duration

18 (C578L/6 x
C3H/An)F, mice of
each sax.

-100 mg/kg/day in
'DMSO (gavage) for
4-weeks followed by

3769 mg/kg/day
(diet) for 75 weeks:

1070 pg/kg, §
days/week by
gavage for 49 weoks

rio increase in tumor
incidence

1 20 weekly dermal

applications ot 0.1
mL of &:1% solution
in NDPA®

3 lung adenomas in
males

25 mg/kg (one i.p.
injection/week) in
polysthylene glycol
400 for 2 years

8 NDPA: N-nitrosodiphenylamine

Source: USAF, 1989

1 hepatoma and
pituitary adenoma; 1
hepatoma in

‘controls.
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reported for. N-nitrosodiphenylamine (RTECS, 1986). dmer reports indicate the absence of
. genotoxicity in bacterial test strains (IARC, 1982).

7. EXISTING STANDARDS, CRITERIA, GUIDANCE

7.1. EPA RfDs, RfCs, CRAVE Classifications
RD: . None estabiished

RIC: None established

Orai Stope Factor: A .4.9E-3/mg/kg/day(IRIS, 1990)

Drinking Water Unit Risk: 1.4E-7/pg/t. (IRIS, 1990)

Inhalation Slope Factor: None established

inhalation Unit Risk: None established .

U.S. EPA CRAVE Cancer Classification: Group B2; probable human carcinogen
(IRIS, 1990). _

TheUS EPAhasdevolopodanambleMwatererﬂeﬂonforﬂwprotecﬂonofhumanhealﬂt
(fono ﬁsklevebotwpglLfoerh'osodlphenylamlno(us EPA.1980) 2

7.2. IARc Carcinogenicity aasdﬂcadon

IARC (1987) has classified N—nmosodiphonylanuno in Group 3; not classifiable as to its
carcinogenicity in humans,

7.3. OSHA, ACGIH, and NIOSH Standards and Criteria

OSHA TWA (8-h): None established.
" ACGIHTLV (8w TWA): None established
STEL: None established
NIGSH RELs: . None established:
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- DIN-OCTYL PHTHALATE

1. INTRODUCTION

.. The Health Advisory (HA) Program, sponsored by the Office of Water, provides information -
on the health effects and other useful data that can aid in dealing with the contamination of
drinking water. Health Advisories describe nonregulatory concentrations of drinking water
contaminants at which adverse health effects would not be anticipated to occur over specific:
exposure durations. The EPA has an ongoing cooperative agreement with the Department of the-
Army to prepare drinking water Heaith Advisories (HA) for munitions and other environmental-
contaminants. Drinking water Texicological Profiles. are short summaries of the pertinent:
mammalian health effects litarature, and are used by the Office of Water to determine if a data:
base is sufficient to allow the development of HAs. The following data bases were searched for
information on di-n-octyl phthalate: TOXLINE, TOXLINEES, TOXLIT, TOXLITES, CANCERLINE,
DART, EMICBACK. CHEMFATE, ENVIROLINE, DTIC and RTECS. Seeondary sources were also-
used.

This Drinking Water. Toxicological Profile summarizes information on di-n-octyl ph,ﬂ\alate»
which is the di-ocytl ester of 1,2-benzenedicarboxylic acid. It is one of several similar esters
primarily used in the plastics industry. Din-octyl phthalate is specifically used as a plasticizer in-
the manufacture of polystyrene and vinyi plastics. It is, therefore commonly found in household:
and medical products including carpetback coating, food packaging, and medical tubing and
blood containers (Autian, 1973; U.S. EPA, 1987a). It is also a registered ingredient in some-
pesticides (U.S. EPA, 1987a). The structure of di-n-octyl phthalate is shown below.

Di-1-octyl phthalate
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2. SELECTED GENERAL INFORMATION

General informationt; physical and chemical data are presented in Table 22.

TABLE 22. PHYSICOCHEMICAL DATA. .

§ Common name- di-n-octyl phthalate
Synonyms 1.2mwm Sax and Lewis, 1989
di-n-octyl ester; Sandmeyer and Kirwin, 1578
n-oaylpmlalae'DOP-DNOP‘ U.S. EPA; 1987a
dinopoiNOPcelldlexDOP'
_ polycizer 162
CAS registry no. 117-840
RTECSno. T11925000 RTECS, 1987
] Chemical formula CoqHaa0,4 Sax and Lowis, 1989
-Molecular weight . 390.62 Sax and Lowis, 1589
| Physical state clear oily liquid Sandmeyer and Grwin, 1978
Vapor pressure 1.44x10"* mm Hg at 25°C Mabey et ak, 1981 .
<0.2 mmHg at 150°C Sandmeyer and Kirwin, 1978
:Specific gravity 0.978 at 20° U.S. EPA, 1987b
M -30/230 at 5§ mmHg/219 Sax and Lewis, 1989
_point (°C)
Solubility in water 3.0 mgA at 25° Wolfe et al., 1980
! Log K., 5.22 Hansch and Loo, 1985
Bloconcentration factor | 9400 fish Gambusia affinis Sanbom et al., 1975
| (BCF) (water conc. 0.064 yg/L,
exposure time 33 days.)
1.18 fish Gambusia affinis Sanbom et al.,, 1975
(water conc. 3.45 ug/,
axposure time 3 days.)
333 (calculated according to: | Lyman et al,, 1982
bga(cr-z.nt-o.wxnog uy EPA, 1887b
water solubility in ppm) :
Conversion factors in air 1ppm-1ae4mglm’ Calculated®
1 mg/m® = 0.06 ppm .
| Herrys' taw constant | 2.4 X 10°® atm. m*/mol U.S. EPA, 1987b
24.45

* Formula: ppm by vdlumc = mg/m® x

mol. wt. in grams.
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3. SOURCES OF EXPOSURE

3.1. Occurrence in Water

Di-n-octyl phthalate has been reported in wastewater from petroleum refineries, chemical -
plants, paper manutacturing, and sewage treatment plants. it has also been found in runoff:
water, river water and ground water across the U.S. and in several other countries. The
concentrations usually reported range from 2 to 39 ug/L (U.S. EPA, 1987b). Rt has also been
found in ground water (2 to 19 mg/L), in surface water (410 mg/L), and in soil (0.4 to 0.7 mg/kg) -
at U.S. ammunition plants that are national priorities list superfund cleanup sites (Hovatter, 1992).

3.2. Human Exposure: _ i
Humans are exposed to di-1-octyl usually mixed with other phthalate esters, in

‘ ioodanddrinklngwatef.lnmealnnd. someéases,byskhoomact; its extensive use in the

plastics industry leads to human exposure from polystyrene and vinyl packaging used in the food-
and medical products. The most common route of exposure is by ingestion. Inhalation and
dermal routes of exposure are thought to be minor, however, intravenous exposure has been
shown to occur as a result of leaching of phthalate esters from plastic tubing and containers -
used for medical applications (Sandmeyer and Kirwin, 1978).

4. ENVIRONMENTAL FATE

Din-octyl phthalate was found to degrade sl ‘over a period of about three weeks in -
surface water followed by a rapid biodegradation. 90% of the di-n-octyl phthalate was
removed in seven days following the initial three week period (Tabak et al., 1981). A T of
about five days was determined for removal of di-n-octyl phthalate from water in a model -

ecosystem (Sanborn, 1975). ) : ‘
Di-n-octyl phthalate undergoes enzymatic hydrolysis by microorganisms in water first to the -

monoester then to phthalic acid (Tabak et al., 1981). The most common by-products found in

the water are mono-octyl phthaiate and phthalic acid. The monoester is further hydrolyzed to
phthalic acid which is degraded to carbon dioxide and water (Sanbom, 1975; U.s.rZPA. 1987a). .

8. ' TOXICOKINETICS

5.1. Absom

Specific studies on the absorption of di-n-octyl were not available. Studies on
related phthalate diesters would indicate that it may be absorbed by ingestion, inhalationand by
skin contact. The most prominent route of exposure is probably oral. It can be inferred from the
effects observed in toxicity studies using di-n-octyl phthalate that the ester and/or it's degradation
products are probably well absorbed from the gastrointestinal tract (U.S. EPA, 1987a).

. 5.2. Distribution.

Judging from the presence of the phthalate esters and their metabolites in the blood and the _ -
observed effects in different organ systems, phthalate esters as a group are carried by the blood
to all parts of the body and become widely distributed. Specific effects of div1-octyt phthalate
have been observed in the liver, kidney, and immune system (See section 6). Other phthalate-
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di-estars, but not di-n-octyl phthalate, areknowntoaﬂectmefems and, thus, maybeableto
crosstheplacent&(us. EPA, 1987b).

5.3. Metabolism
Similar to other phthalate diesters, the hydrolysls of di-n-octyl pmhalate to the monoester has
been shown to occur in the intestine be fore absorption, however, hydrolysis can also occur

intraceiiularly in the intestinal mucosal cells and in other tissues (Kluwe, 1982; Rowland, 1974;
U.S. EPA, 1987D).

5.4. Excmion.

Specific studies on the excretion of di-n-octyl phthalate were not available.. However, animal
studies have shown that it's isomer, dilsooctylphﬂulate is excreted in the urine, feces and bile
primarily as the monoester. Theprlmary depends on the test animal, ‘but excretion half-
lives of 1.2 and 5.4 hours have been reported (lkeda et al., 1978). Similar results have been seen
with di-n butyl phthalate and bls(z-emylhexyl)phmalate (U.S. EPA, 1987a). In humans, a
glucuronide conjugate is usually formed with the monoester derivative before excretior. The
molecule can also be hydrolyzed to phthalic acid or oxidized and excreted (Kluwe, 1982).

6. HEALTH EFFECTS

6.1. -Noncancer Effects

6.1.1. Oral Exposure-

6.1.1.1. Human. Specific human studies with difn-octyl phthalate were not
available, however acute exposure 1o related compounds have caused irritation of mucous
'membranes and gastrointestinal disturbances (Sandmeyer and Kirwin, 1978).

6.1.1.2. Animal. An acute oral LD, for a rat was reported to be greater than 13
g/kg di-n-octyl phthalate (Sandmeyer and Kirwin, %78) Decreased resistance to viral, bacterial,
and protozoan infections have been reported in mice and rats following shontem(Sdays) oral
exposure to di-n-octyl phthalate at 0.05 to 0.2 times the LDg, dose. ‘lhomeansu:vival of
the animais was reduced (Dogra et al., 1987; 1989).

Mann et al. (1985) observed increased liver weight with centrilobular fat accumulation and
.mild necrosis in male Wistar rats fed 20,000 ppm di-n-octyl phthalate in their diet for 21 days.
There was little effect on liver peroxizomes. Hinton et al. (1986) fod 2000 mg/kg/day dt-n-octyl
phthalate to rats for up to 2t days and reported increased liver weight with centrilobular fat

-accumulations. Histological examination of the thyroid revealed an increase in the number and
_size of lysosomes and an enlarged Golgi apparamswith alterad mitochondria in treated animals.

"Heindel ot al. (1989) fed groups of 20 male and 20 female mice 0, 1.28, 2.5, or 5% di-n-octyl

phthalate in thelr diet for 108 days in an e: designed to.test for re toxicity.
The only effect reported was a statistically increase in liver weights with no effect on
reproductive function.

Longer term (48 week) oral studies have shown dose dependent nephrotoxicity in rats and
miceexposedtosoowwmppmdm-octylphmmmmdm All treated mice and 50% -
of the rats developed interstitial nephritis with the hlghdose(Nagasaldalal. 1974). Piekacz
(1971)omosedraubdmalylevelsofasooppm£or to 12 months and increased
liver and k?qwmmhmmmmsemwsenmmbomm(us.
EPA, 1887 .
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Oral exposure- to most phthalic acid di-esters can cause testicular atrophy, decreased
testicular weight- with- histological evidence of degeneration. However, din-octyl phthalate
exposure at equimolas concentrations has no apparent testicular effect (Cater et al., 1977; Gray

~ and Butterworth, 1980; U.S. EPA, 1987a). In metabolic experiments, the di-n-octyl ester had no-
" "effect, whereas, the mono-n-octyl ester, a principle metabolite of din-octyl phthalate, was:
observed to inhibit the respiratory functions of the Sertoli cell mitochondria. Other tested di-
phthalate esters except for the di-n-octyl ester also inhibited Sertoli céll respiration. The inhibited
%gg:l %go r)espitation has been proposed as a possible mechanism for the testicular damage

6.1.2. Other Exposure Rom~

6.1.2.1. Human, Acute exposures are reported to be irnritating to the skin and.
eyes. It di-n-octyl phthalate is heated to combustion, acrid, imitating smoke and fumes are
emitted (iax and Lewis, 1989). Workers who handle mixtures of plasticizers containing di-n-octyl
phthalate have been reported to develop polyneuritis, a decline in oifactory excitability, and
decreased hemoglobin and numbers of th?mbocytes and leukocytes. Alr concentrations of -
phthalate esters ranged from 1 to 60 mg/m°. Exposure time in one study averaged 4.5 years.
(Milkov et al., 1973; Gilioli et al., 1978). .

6.1.2.2. Animal. A dermal LD, value of 75 mi di-n-octyl phthalate/kg has been:
reported for guinea pigs (Sandmeyer and , 1978). Subchronic (90-day) exposure by-
intraperitoneal injection caused dose dependent histological changes in the testis of rats that
od after 45 days of no treatment. The Initial injury appeared to be to the Sertoli cells-
(Khanna et al., 1989). Khanna st al. (1990) in a similar 90-day intraperitoneal injection experiment
demonstrated dose dependent injury to the kidneys of rats including tubular epithelial
degeneration and infiltration of chronic inflammatory cells in the interstitial area which also
persisted after 45 days of no treatment. Di-n-octyt phthalate (S or 10 ml/kg) given on the 5th,
10th and 15th days of gestation by intraperitoneal injection to pregnant rats resuited in decreased
fetal weight and skeletal malformations in a study investigating the teratogenicity of six phthalate
esters. Di-n-octyi phthalate was one of the least fetotoxic of the tested compounds (Singh et al.,
1972; Dillingham and Autian, 1973).

6.2. Carcinogenicity
6.2.1. Oral Exposure

6.2.2.1. Human. No information on human carcinogenicity of di-n-octyl phthalate
was available. .

‘ 6.2.2.2. Animal. Din-Octyl phthalate has been reported to enhance the
development of preneoplastic lesions and hepatoceliular carcinomas in the male rat. Thus, while
not mutagenic or apparently carcinogenic, din-octyl phthalate promotes diethyinitrosamine-
induced liver cancer (DeAngelo et al., 1986; 1989). , A g

6.2.2. Other Exposure Routes. , . i
6.2.2.1. Human. No information was located In the available iterature.

6.2.2.2. Animal. No information was located in the available Hterature
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6.3. Gmxicity _
Di-noctylphthalatahasnot been found to be mutagenic in anyofﬂsetesﬁod&‘almnell&
strains (Zeiger et al., 1985). '
7. EXISTING STANDARDS, CRITERIA, GUlDANéE.

7.1. EPA RfDs, RfCs, CRAVE Classifications

Subchronic RID: :2.00 % 103 mg/kg/day (U.S. EPA 1992)
Chronic RD: '200%x10™ mglkglday( . .EPA1992)
Oral slope factor: None establ

Oral unit risk: " None establlshad.

-Inhalation slope factor: - None established .

inhalation unit risk: None established

'EPA CRAVE Cancer Classification: D, Inadequate data (U S. EPA, 1987&)

7.2. 1ARC Carcinogenicity Classification
Not evaluated |

7.3 ACGIH, OSHA, and NIOSH Standards and Criteris
OSHA sa-m TWA): -None established a

HA. : ‘None established

'OSHA Ceailing Limit: None establlshed_
ACGIH (8-hr TWA): 'None established
NIOSHRELs: = None established
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1. INTRODUCTION

The Health Advisory (HA) Program, sponsored by the Office of Water, provides information
on the heailth aﬂects and other useful data that can aid in dealing with the contamination of
arinking w. Health Advisories describe nonregulatory concentrations of drinking water
corummudwhlchldvomhealmaﬂocuwouldnotbeanudpatedtoowuroverspoaﬁc
oxposure durations. The EPA has an ongoing cooperative agreement with the Department of the
Amy to prepare drinking water Health Advisories (HA) for munitions and other environmental
contaminants. Drinking water Toxicological Profiles are short summaries of the pertinent
mammalian health effects literature, and are used by the Office of Water to determine if a data
base i sufficient to allow the development of HAS. The following data bases were searched for
infformation on pentaarythritol tetranitrate: TOXLINE, TOXUNE6GS, TOXUT, TOXLITeS,
CANCERLINE, DART, EMICBACK, CHEMFATE, ENVIROLINE, DTIC and RTECS. Secondary
sources were aiso used,

This Drinking Water Toxicological Profile summarizes information on pentaerythritol
tetranitrate (PETN). PETN is a class A explosive used as a component of the explosive charge
in small caliber cartridges and grenades (Sax and Lewis, 1989). Itis also used in detonators and
fuses and as a booster charge in other weaponry (Budavari et al., 1989; Stokinger, 1978), PETN
is storod shipped and handled wet (40% water) and is stable in storage up to 18 months at
65°C. Small amounts of free acid or alkall (0.01%) accelerate deterioration (Stokinger, 1978; Sax
and Lewis, 1589). When mixed with plasticizers and stabilizers in explosive composites, however,
it is reported to have a shelf life of 65 to 164 years (Asthana et al., 159Q).

PETN expiodes at 215°C and raleases toxic fumes of NO, upon decomposition (Sax and
Lewis, 1989). The struciure of pantaerythritol tetranitrate is shown below.
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Pentaerythritol tetranitrate
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2. SELECTED GENERAL INFORMATION

General information, physical and chemical data are presented in Table 23.

e R— e —— e ———

TABLE 23. PHYSICOCHEMICAL DATA

ritol tetranitrate —
Synonyms . -1,3-pro- Sax and Lewis,
panod&2 Y‘znwi'g'xy) 1989
anedlol ln ate; nitro- Budavari ot al., 1989
ol; panthrit' erinit; niperyt;
mtmm : h t.rap,cantn;!e wdo{ _ :
nitropenton; pen erpate; pentani-
trine, sublcard tranite b-(ay, vasggaatol
angcap, metranil
1 CAS registry no. 78-11-5
RTECS no. RZ22620000 RTECS, 1987
Chomical formula CsHgN(O:, ‘ Sax and Lewis,
Molecular weight 316.15 Stokinger, 1978
, Buc!zwgrlo et al., 1989
Physical state tetragonal holohedra crystals Budavari et al., 1989
Vapor pressure ND*
| Specific gravity 1,765 ' Stokinger, 1978
Moelting/Boll 138-140/160 at 50 mmH lodes at Stokinger, 1978 Sax
Flash polml%) 205-21560 , gexplc and Legv:u 8, 1989
Solubility in water 43.0 mg/L. at 25°C Stokinger, 1978
| Log Koy, ND
Bloconcentration factor | ND
(BCF) :
‘Conversion factors in ppm 5 12.90 mg/m° at 25°C Calculated®
air mg/m° = 0.077 ppm at 25°C
Odor/taste threshold ND
Henrys' law constant ND

25\D: no data

24.45
mol. wt. in grams

bFormula: ppm by volume = mg/m3
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3. SOURCES OF EXPOSURE

3.1. Occurrence in Water

Although PETN is only sparingly soluble in water, the compound has been found in waste
effiuents from munitions manufacturing. Expariments designed to test the toxicity of these
effluents to aquatic organisms have shown that the only effects observed were due to the high
pH resulting from the desensitization process and not from compound toxicity {Bentley et al.,
1975). .

| 3.2. Human Expdwu

Workers in the munitions industry are subject to acc.dental PETN exposure.  Possible
exposure could occur by oral, dermal or inhalation routes (Stokinger, 1978), PETN is used
mediically as a vasodilator in angina patients. R is usually given orally, but can be administered
sublingually or by injection (Lewis et al., 1981; AMA, 1983),

4. ENVIRONMENTAL FATE

No quantitative information is avallable, however, intestinal bacteria are known to remove the
nitrate groups from the molecule resulting in pentaerythritol and the mono- di- and trinitrate
dorivatives (Carter and Goldman, 1976), it is reasonable to expect the same process to occur
with similar bacteria 11 the environment.

5. TOXICOKINETICS

1. Absorption

. Accidental exposure can occur by oral, dermal or inhalation routes, although dermai

absorption has been reported to be minimal (Stokinger, 1978). No quantitative information on
Inhalation absorption is available, however, effects have been reported in workers exposed to an
atmosphere contaminated with PETN (Kuzelova et al., 1984). PETN is used medically as a
vasodilator in angina patients. It is usually given orally, but can be administered sublingually or
by injection (Lewis et al., 1981; AMA, 1983). Earller experiments indicated limited abso tion from
the gastrointestinal tract of rats (Lawton et al, 1944). Later experiments with ['*C] PETN
demonstrated that the molecule could be readily absorbed from the rat gastrointestinal tract, but
was rapidly degraded resulting in the presence of seven metabolites in the blood and margmauy
detectable levels of PETN (Crew et al., 1975; King and Fung, 1986). Studies utilizing ['*C] PETN
in humans show rapid gastrointestinal absorption; radioactive label appeared in the blood 15
min. after ingestion. Chemical analysis of the blcod detected only pealyerythritol, polyarythritol
dihydrate, and polyerythritol monohydrate (Davidson et al., 1971).
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5.2. Distribution

No quantitative distribution data was located, however, it can be inferred from effects on the:
. hervous and cardiovascular systems (See section 6) that PETN and metabolites are generally- ,
distributed by the blood throughout the body (AMA, 1983; Lewis et al., 1981). ' -

- 8.3. Metabolism

Given orally, PETN does not generate nitrites under the acidic conditions in the stomach
_(Boring et al., 1883). However, the intestinal flora is thought to remove nitrate groups from the-
molecule, and may play a critical role degrading the mononitrate derivative (Carter and Goldman,
1976). Oncs absorbed, PETN is rapidly degraded to polyerythritol trinitrate, polyerythritol
dinitrate, polyerythritol mononitrate and polyerythritol. The dinitrate metabolite was reported to
have peak blood concentration in 15 min. and the mononitrate metabolite in 180 min. followi
ingestion in humans (Neurath and Duenger, 1977). A number of human tissues have been:
shown in vitro to have PETN degradative activity including intestinal mucosa, kidney, liver, and.
blood. The PETN degradative activity in human intestinal mucosa was shown to be four times
higher than in liver (Posadas del Rio et al;, 1988). PETN and metaboiites bind to elements in the
plasma and erythrocytes (DiCarlo et al., 1965). Degradation of PETN in the rat has been shown
to be 10 times higher in the erythrocyte than in piasma: The half-ife of PETN in whole blood-
following arterial injection in rats was 15 min. (King and Fung, 1986). Glucuronide conjugates.
of PETN and its trinitrate metabolite were reported in rat biood following oral administration of
{'4C] PETN. . The presence of the conjugates may explain the extended half lives of 2 hour and-
3 hours for PETN and the trinitrate metabolite, respectively (Crew et al., 1975). -

5.4. Excretion

Experiments utilizing ['*C] PETN have shown that 92% of an oral dose (20 or 40 mg) was
excreted by humans in the feces and urine within 48 hours. The amount of label found in urine
accounted for 60% of the low dose and 50% of the high dose. The primary metabolites excreted
include polyerythritol, polyerythritol mononitrate, and polyerythritol dinitrate (Davidson et al.,
1971). Alarge percentage of the metabolites in humans were shown 1o be excrated in the urine-
as glucuronide conjugates (Neurath and Duenger, 1877).

6. HEALTH EFFECTS

6.1. Noncancer Effects

6.1.1. Qral Exposure -

6.1.1.1. Human. Some cases of mild iliness and dermatitis have been reported
as a result of industrial PETN exposure (Stokinger, 1978). PETN has been used medically for
its antispasmodic and vasodilatation action on smooth muscie of coronary bicod vessels. Itis
usually given orally but can also be injected. Oral doses range from 40 to 160 mg/day (0.6 to
2.3 mg/kg for a 70 kg human) (Murad, 1990). Adverse reactions reported among people taking
the drug have included headaches, gastrointestinal distress, dermatitis and hypotension. The
dermatitis can become severe requiring discontinuation of the drug. Alcohol aggravates the
hypotension and can cause collapse (Lewis et al., 1981).
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‘ 6.1.1.2. Animal. Anesthetized dogs given a single dose of 5 mg PETN in 10%

acetone solution/kg by gavage deveioped a 28% decrease in blood pressure, a slight increase
in venous pressure and an increased respiratory rate. All of the effects returned to normal within
.. 1.5 hours (von Oettingen and Donahue, 1944). No evidence of taxicity was seen in F344 rats
“or BEC3F, mice fed up to 10,000 ppm PETN in their diet for 14 days. Female rats had lower
weight gain after 13 weeks on a diet containing 5,000 or 10,000 ppm PETN. No toxic effects
were seen in mice (50/group) or male rats (50/group) on diets containing 5,000t0 10,000 ppm
PETN -or in female rats (50/group) given 1,240 to 2,500 ppm PETN for up to two years (Bucher
et al,, 1990). Donahue (1944) fed 2 mg PETN/kg/day to rats for 1 year and saw no effects on
growth, blood, vascular walls, lungs, liver, kidneys spleen, brain, or femurs.

6.1.2. Other Exposurs Routes

' 6.1.2.1. .Human. WoiRers exposed to air concentrations of 1 to 2 mg/m® of a
mixture of nitrate esters including PETN for a mean of 11.5 years reported inritability, sleep-
disturbance, digestive trouble and intolerance to alcohol. Altered EEG recordings were observed.
in 11% of the workers (Kuzelova 1984). Such long term expasure has aiso resuited in withdrawal
complications consisting of transient angina symptoms upon leaving the industrial environment
(Lewis et al., 1581). There is apparently no appreciable dermal absorption of PETN. Patch tests:
on up to 20 people have also shown no skin irritation or sensitization (Stokinger, 1978). PETN'
has been used medically for Its antispasmodic action on smooth muscie of coronary blood:
vessels, [tis usually given orally but can aiso be injected. A patient who had been taking PETN
and giycery! trinitrate by injection for angina symptoms for about 10 years developed a serious
dermatitis (Ryan, 1972). ‘

6.1.2.2. Animal. No information was located in the available literature.
6.2. Carcinogenicity
6.2.1. Oral Exposure-.

6.2.2.1. Human. No information on human carcinogenicity of PETN was located
in the available literature. ‘

6.2.2.2. Animal. PETN was given to F344 rats or BEGC3F, mice in their diets st
levels of 5,000 to 10,000 ppm (mice and male rats) and 1,240 to 2,500 ppm (female rats) in a

two-year carcinogenicity study. No evidence of carcinogenicity or toxicity was observed in any
of the animal groups. Neoplasms of the Zymbal gland were seen at iow incidences in both sexes
of rats, but were not attributed to PETN treatment (Bucher et al., 1990).

6.2.2. Other Exposure Routes ,
6.2.2.1. Human. No information was located in the available literature.
6.2.2.2. Animal. No information was located in the avallable (iterature:

6.3. Genotoxicity

Pmmmmm«mmmmﬂmmmmmam;m
liver activation system (Whong et al., -1880). :
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7. EXISTING STANDARDS, CRITERIA, GUIDANCE

7.1. EPA RfDs, RfCs, CRAVE Classifications

RfD: None established
RIC: None established .
Oral siope factor: None established
Oral unit risk: None established
Inhalation slope factor: . None established
Inhalation unit risk: None estabiished

EPA CRAVE Cancer Classtfication: Not classified.
7.2. |ARC Carcinogenicity Classification
Not evaluated

7.3 ACGIH, OSHA, and NIOSH Standards and Criteria-

_OSHA (8-hr TWA): Noneestablishod
OSHA STEL: None established
OSHA Ceiling Limit: None established

ACGIH (8-hr TWA): None established -
NIOSH RELs: None established .
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1. INTRODUCTION

The Health Advlso:y (HA) Program, sponsored by the Office of Water, provides information-
on the health effects and other useful data that.can aid in dealing with the contamination of
drinking ‘water. Health Advisories -describe nonregulatory concentrations of drinking water
contaminants at which adverse health effects would not be anticipated to occur over specific
exposure durations. The EPA has an ongoing cooperative agreement with the Department of the
Army to prepare-drinking water Health-Advisories (HA) for munitions and other environmental
contaminants. :Drinking Water Toxicological -Profiles are short summaries of the pertinent
mammalian heaith effects literature, and are used by the Office of Water to determine if a data
base is sufficient to allow the.development of HAs. The following dala bases were searched for
information on resorcinol: TOXLINE, TOXLINEGES, TOXLIT,- TOXLIT65, CANCERLINE, DART,
EMICBACK, CHEMFATE, ENVIROLINE, DTIC and RTECS. Secondary sources were aiso used.

This Drinking Water Toxicological Profile summarizes information on resorcinol. Resorcinol
is a crystalline compound and is classified as a hazardous waste by the U.S. EPA (Sittig, 1985).
The chemical is used for the production of various adhesives, and in the preparation of dyes, uv
absorbers, and pharmaceuticals (Mark et al., 1978). Resorcinol is also a component of cigarette:-
smoke, skin casre products, and hair dyes (Sittig, 1985). The chemical structure of resorcinol is:
shown below.

OH

" Resorcinol
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2. SELECTED GENERAL INFORMATION

Physicochemical data and registry numbers for resorcinol are presented in Table 24.-

TABLE 24. PHYSICOCHEMICAL DATA '

RTECS, 1966

. | Chemical formula:

CeHeOp Budavarl ot al, 1989
| Molecuiar weight 110.11 ‘Budavar et al., 1969
{ Physical state crystal Budavari et at., 1989
Vapor pressure 5 mm Hg at 138°C Verschueren, 1983
Specific gravity 1.285 Verscheuren, 1983
Metting/boiling/flash point | 108-111°C/280°C/ND® Woeiss, 1980
Solubility in water ggggt.atooc: 2,290 gL at Verscheuren, 1983
Log Koy 0.80 Hansch and Leo, 1981
Bioconcentration factor Little or no potential for Weiss, 1980; -
{BCF) bioconcentration; rapidly Verschueren, 1983
degraded
Conversion factors in air 1 mg/m? = 0.222 ppm Calculated®
1 ppm = 4.5 mg/m
Odor threshoid Mark et al., 1978

ND; faint, aromatic odor

| Henrys’ Law constant

8ND: No data

bFormula: ppm by volume = mg/m® x

ND

24.45

mol. wt. in grams
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3. SOURCES OF EXPOSURE

3.1. Occurrence in Water

Specific data on the occurrence of resorcinol in water was not located in the searched

lterature. Based upon reports of its rapid degradation, resorcinol is not likely to be persistent
in surface or groundwater systems.

3.2. Human Exposure:
Hummoxposuretoresordnollsmostm(elytoomlnocwpaﬂonal situations and would
likely involve primarily inhalation and/or dermal exposure.
4. ENVIRONMENTAL FATE

Resorcinol undergoes auto-oxidation at 25°C with a hall-time of 1612 hours at a pH of 9.0
(Verscheuren, 1983). Degradation by a variety of species of soil microbes has been reported:.
(Larway and Evans, 1965; Chapman and Ribbons, 1976; Groseciosa and Ribbons, 1981). Based
upon data confirming its rapid degradation, resorcinol is not likely to be persistent in groundwater
or surface water systems. Degradation of resorcinol by soil microbes may result in maleylacetate
(Chapman and Ribbons, 1976) and pyrogallol (Groseclose and Ribbons, 1981).

5. TOXICOKINETICS

5.1 Absorption

no data were available regarding the absorption of resorcinol, its absorption may
- be inferred from the metabolism and exagﬁon data noted below.

5.2. Distribution.
No information was located In the available literature,
5.3. Matabolism ‘

Agluanonldeeonlugatoolmordnolhasbeenldenﬂﬁodascuﬂnaqexaeﬁon
(species not specified) thereby implying metabolism of the chemical (La Du et al,, 1981)

5.4. Excretion

La Du et al. (1981) noted that resorcinol may be excreted as a glucuronide conjugats in the
urine.
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6. HEALTH EFFECTS
6.1. Noncancer Effects
6.1.1. Oral Exposure

6.1.1.1. Human. Oral exposure to resorcinol may result in tachycardia, dizziness,.
hepatomegaly, jaundice, unconsciousness and coma (Sittig, 1985). RTECS (1 986) lists a human
LDLo of 29 mg/kg for resorcinol.

6.1.1.2. Animal. Approximate lethal doses of resorcinol for rats and guinea pigs
:sS?Omglkg.andforrabbibis?SOmg/kg(de\uefen.tsea) An oral LD, of 301 mg/kg has
been reported for rats (RTECS, 1986)

6.1.2. Other Exposure Routes

6.1.2.1. Human. Inhalation and dermal exposure are the most Itkely routes of
. exposure to resorcinol for humans. Contact dermatitis has been reported for pharmaceuticals
and skin care products containing resorcinol, especially in workers such as hairdressers
(Vilaplana et al., 1991), who have routine contact with the products. Occupational settings are
responsible for most long-term exposures to this chemical. Although quantifiable data are~
lacking, workers in tire manufacturing facilities have reported heaith effects following long-terny
exposure to resorcinol (Sittig, 1985). Health effects resulting from various routes of exposure
include dizziness, eye and respiratofy tract irritation, and dermatitis (Sittig, 1985).

6.1.2.2. Animal. Noncancer toxicity data resulting from other than oral exposure .
to resorcinol was limited to a dermal LD, of 3360 mg/kg for rabbits (RTECS, 1986).

6.2. Carcinogenicity
6.2.1. Oral Exposure
6.2.1.1. Human. No information was located in the available literature.

6.2.1.2. Animal. A gavage exposure study in male and female rats and mice
showed no evidence of resorcinol-induced carcinogenicity (NTP, 1992). However, at this time
no specific data were available from NTP regarding this study.
6.2.2. Other Exposure Routes .
6.2.2.1. Human. No information was located in the available iiterature.
6.2.2.2. Animal. No information was located in the available literature:.

6.3. Genotoxicity

, Gendto:dcacﬁvityﬁasbeenrepoﬂadtouesordnol. Resorcinot was shown to induce single-
strand breaks in the DNA of isolated hepatocytes (Walles, 1992) and was also mutagenic (with
activation) in Salmoneila typhimurium TAS8 and Escherichia coll B/r WP2 (Hosono et al., 1991).
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7. EXISTING STANDARDS, CRITERIA, GUIDANCE

7.1. EPA RfDs, RfCs, CRAVE Classifications

RfD: None established
RIC: ‘ None established
Oral Slope Factor: None established:
Drinking Water Unit Risk: None established.
Inhalation Slope Factor: None established
inhalation Unit Risk:. None established
U.S. EPA CRAVE Cancer Classification: U.S. EPA has not evaluated the
carcinogenicity of resorcine!

7.2. |ARC Carcinogenicity Classification

MRC(wenhasdetermimdmatrmdndbnotdasstﬁahbastonswdmgeﬂwm
humans.

7.3. OSHA, ACGIH, and NIOSH Standards and Criteria

OSHA (8-hr TWA): None established
OSHA STEL: " None established
ACGIH TLV (8-hr TWA): 10 ppm (45 mg/m®); skin notation.
(ACGIH, 1992)
STEL: 20 ppm (90 mg/m°)
NIOSH RELs: .None established
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1. INTRODUCTION

.. The Heaith Advisory (HA) Program, sponsored by the Ofﬂee of Water, provides information:
“on the health effects and other useful data that can aid in dealing with the contamination of
drinking water. Health Advisories describe nonregulatory concentrations of drinking water
.contaminants at which adverse heaith effects would not be anticipated to occur over specific
exposure durations. The EPA has an ongoing cooperative agreement with the Department of the
Army to prepare drinking water Health Advisories (HA) for munitions and other environmental
contaminants.. ‘Drinking water Toxicological. Profiles are short summaries of the pertinent
mammalian health effects literature, and are used by the Office of Water to determine if a data
base is sufficient to allow the development of HAs. The following databases were searched for
information on terphenyl: -CANCERLINE, CHEMFATE, DART, DTIC, EMICBACK, ENVIROLINE

RTECS, TOXLINE, TOXLINESS, TOXLIT, and TOXLITES. Secondary sources were alsa used.

This Drinking Water Toxicological Profile summarizes information on terphenyl (CAS No:
26140-60-3). Terphenyls are aromatic hydrocarbons, members of the family of polyphenyis in-
which benzene rings are attached to one another in a chainike manner (Weaver et al., 1978).
Terphenyls occur naturally in.petroleum oil; commercial preparations consist of mixtures of three
isomers, the ortho-terphenyl (CAS No. 84-15-1), meta-terphenyt (CAS No. 92-06-8), and para-
terphenyl (CAS No. 82-94-4) (Sandmeyer, 1981; RTECS, 1987). Terphenyls are used as heat
transter fluids and reactor coolants (ACGIH, 1986). A Japanese patent describes terphenyl as:
one of the active ingredients in pest-repellant compositions (Narasaki and Morita, 1991).
Abstracts from the DTIC (1992) online data base suggest that the military may use terphenyis as .
laser dyes and heat transfer fluids, and in the synthesis of intermediates for the production of
heat-resistant explosives. The structures of the three isomers of terphenyl are shown below.

ortho-Terphenyt

’ S meta-Terphenyr

para-Terphenyt
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2. SELECTED GENERAL INFORMATION

Physicochemical data for terphenyl are presented in Table 25,

'5 TABLE 25. PHYSICOCHEMICAL DATA _

terphenyl (D-14)

, Common name .
Synonyms terphenyl; Delowax OM; Delowas S; RTECS, 1992
diphenylbenzene; diphenyl benzeness: ACGIH, 1986-.
triphenyls
CAS Registry no. 26140-60-3 RTECS, 1992
RTECS No. WZ6450000 RTECS, 1967
| chemical tomuia Cyehyg RTECS, 1982
Molecular weight- 230.32 RTECS, 1992 -
Physical state solid at room temp.. , Sandmeyer, 1981
'Vapor pressure 1.2 mm Mg at 149°C (commercial mbdure) Weaver &t al,, 1981
| speciic gravity - 1.14 (09, 1.16 (m), 1.24 (o) &t 25 °C Sandmeyer, 1981
Melting/Boiling/Flash point | 56.2°C (0-), 87.4°C (m-), 212.7 °C (p)/332- | ACGIH, 1986;
381°C/ 163°C (o), 135°C (M), 240°C () | Sandmeyer, 1981
ND/60-146°C/364°C (commercial mbture) | Weaver et al., 1981
Solubiity in water insokuble- 'ACGIH, 1988
Log Kow ND*
Bioconcentration factor ND
(8CF)
Conversion factors in air 1 mg/m® = 0.108 ppm Sandmeyer, 1981

1 ppm = 9.42 mg/m®

ND

Henry's Law constant

*ND: no data
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3. SOURCES OF EXPOSURE

3.1. Occurrence in Water

‘N

‘ Smith and Maher (1984) reported concentrations of m-terphenyt ranging from 0.2-0.3 x.g/L
in coastal waters of Australia. These presumably-resulted from oil spills.

3.2. Human Exposure-

According to the National Occupational Hazard Survey of 1983 (RTECS, 1992) 14,872
workers, employed in 299 facilities, were Tpolenﬂally exposed to terphenyis. Adamson and Weeks
(1973) reported that approximately 107 gmliter of HB-40' were present in the atmosphere at
a Canadian reactor site.

4. ENVIRONMENTAL FATE

No iMmmadonmbundhmewa!hbhm«mregudlngmemkmmmmofM~
terphenyis. Pseudomonas desmolyticum grows on m-terphenyl and degrades it (Catelant et ak,..
1970), suggesting that the mbdure may aiso undergo biodegradation.

5. TOXICOKINETICS

5- 1 [} %mm

The r-:a of percutaneous absorption, estimated for terphenyl applied to rat tail 3 hours/day
for 4-8 wswks, was 0.23 g/12 cm? skirn/3 hours (Verkkala and Savotainen, 1983). The rate could-
be altere:: by changing skin contact time.

Scc:.0a and Gerbaulet (1971) reported that, for rats and rabbits, an intragastric dose of *C-
labelec 3-terphenyl was rapidly absorbed, distributed and almost completely excreted within 48
hours. ]

5.2. Distribution

In the mouse, terphenyl! (form not specified) accumutated in the liver, peaking st 4.5 hours
(Adamson and Furiong, 1974).

5.3. Metabolism

No information was found in the available literature.

1HB-40 is a 40% hydrogenated terphenyl mixture that is usaed as a coolant for nuciear reactors. The
noniradiated coolant contains o-, m-, and p-terphenyis and a small concentration of higher polymers
-{Adamson and Weeks, 1973). Reactor conditions aiter the compasition of the coolant, and iradiated HB--
40 contains a reduced proportion of the terphenyl isomers, a small percentage of biphenyl and
phenyicyciohexane, and an increased concentration of high polymers.
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5.4. Excmlon

Scoppa and Gerbaulet (1971, cited in Sandmeyer. 1981) reported that an intragastric dose-
- of C-labeled o-terphenyl was aimest completely excreted within 48 hours. For the rat, excretion
was mainly via the bile andfoftho rabbit, mainly in the urine.

In the mouse, terphenyl (form not spociﬁed) was completely cleared in 1 week (Adamson and
Furlong, 1974).

6. HEALTH EFFECTS

6.1. Noncancer Effocis
6.1.1. Oral Exposure .
6.1.1.1. Human. No information was found in the available Iterature:.

6.1.1.2. Animal. Oral LD,, values and systemic effects from subacute and:
subchronic studies of orally administered terphenyls are summarized in Tables 26 and 27. The:
physiologic responses of test animals vary according to the individual isomer and whether or not
the test chemical was iradiated. (Toxicity data are presented for irradiated terphenyis to
represent coolants for nuclear reactors that have undergone changes in composition under
reactor conditions; see the discussion in the footnote on the preceding page.) The LDy, data
of Adamson and Weeks (1973) indicate that, for rats, the irradiated terphenyl is approximately
three times more toxic than the nonirradiated mixture, which appears to be practically nontoxic.
Also, the individual isomers are generally more toxic than the mbxture. Chronic oral studies in
mice and rats with noniradiated mixed and individual terphenyis, respectively, identified the
kidney and liver as potential target organs for cumulative toxicity (Adamson and Weeks, 1973;
Woeeks et al., 1970; Khromenko et al., 1972).

Adamson and Weeks (1973) administered nonirradiated and irradiated HB-40 to male JAX
mice by oral intubation at doses ranging from 20-2000 mg/kg body weight/day, 1-2 times/week
for up to 16 weeks. The animals were killed at various times up to 6 months after exposure;
changes were considered irreversible if they persisted for 6 months. Renal effects were dose-
related, and the irradlated compound appeared to be more toxic. Table 26 shows the doses at
which renal lesions were produced after 16 weeks of dosing. Both forms of HB-40 produced
ultrastructural effects in the liver at doses =250 mg/kg, but the severity of the effects did not
increase with dose or duration of exposure, and the changes were reversible. Thererfore, their
clinical significance was not clear.

'6.1.2. Other Exposure Routes

6.1.2.1. Human. The inhalation toxicity of the terphenyis appears to be relatively
low in humans (Sandmeyer, 1981; Table 28). Both acute and chronic effects are reversible-



terphenyi®

g

terphenyl Adamson and Weeks, 1873

(iradiated)"
o-terphenyl
m-terphenyl
p-terphenyt
hydroterphenyt
_terphenyl

terphenyt
(nonirradiated)

Cornish et al., 1962

Comish et al., 1962
Comish et al., 1962
Khromenko et al,, 1972
RTECS, 1992 X
' Adamson and Weeks, 1973 |

Adamson and Weeks, 1973

HIEHHAAE

terphenyl
(iradiated)
hydroterphenyl®

g

Khromenko et al., 1972 ' |

SChemicals called terphenyi or terphenyis are assumed to be a mixture of the three isomers
unless otherwise indicated.

BMixtures of terphenyls are used as coolants in nuclear reactors; the finding of terphenyis in the
atmosphere at a reactor site prompted the testing of irradiated, as well as nonirradiated
terphenyis.
Partially hydrogenated terphenyis are derivatives of terphenyi.
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(Weeks et al., 1970). Concentrations of terphenyls above 10 mg/m’ have been associated with
eye and respi:atocy irritation in workers (ACGIH, 1986).

. Weeks and Lentie (1970) conducted a clinical sutv%y of 47 workers constantly exposed to-
"HB-40 concentrations ranging from 0.094 to 0.89 mg/m"” and exposure durations ranging from
6 monthsto 7 years. With the exception of skin irritation, which was particularly apparent among
workers wearing protective clothing that increased the moistness of the skin, there was no.
evidence of adverse effects.

6.1.2.2. Animal. The effects of terphenyis admtn!stefed to rats via inhalation and
to the skin are summarized in Table 28. Short-term inhalation of 100 ppm for 1 hour resuited in
pulmonary pathology; 320 ppm (acute exposure, exact duration not given) caused death by
asphynxiation, attribtited to crystalline piugs in the trachea (Amdur and Creasia; 1966; Table 28).
Inhalation of p-terphenyl produced no adverse effects at 0.3 ppm (1 month), functional and
morphological changes at 3.7 ppm (1 month; target organ not identified) (Khromenko, 1972), and
cell debris in the lungs at 212 ppm (2 months) (Adamson, 1973). Terphenyl applied to the skin:
had neuromuscular effects in one study (Verkkala and Savolainen,. 1983). .

6.2. Carcinogenicity
6.2.1. Oral Exposure
6.2.1.1. Human. No information was found in the available literature.
6.2.1.2. Animal. No information was found in the available literature.

6.2.2. Other Exposure Routes

6.2.2.1. Human. In the study of Weeks and Lentle (1970; described above), 47
workers constantly exposed to HB-40 {(0.094 to 0.89 mg/m’) for 6 months to 7 years did not
develop skin tumors.

6.2.2.2. Animal. Sandmeyer (1981) briefly alluded to the finding of one papilloma

in a chronic skin study that suggested cocarcinogenic potential for terphenyls, similar to that of
tars (Henderson and Weeks, 1973). No other information was found in the available literature.

6.4. Genotoxicity:
No information was found in the available Iiterature.
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7. EXISTING STANDARDS, CRITERIA, GUIDANCE

7.1. EPA RfDs, RfCs, CRAVE Classifications A .
RfD: None established

RIC: None established
Oral slope factor: None established.
‘Drinking Water Unit Risic : None established:
inhalation Slope Factor: None established:
Inhalation Unit Risk: None established
EPA CRAVE Cancer Classification: Not established

7.2. IARC Carcinogenicity Classification
Not established

'7.3. OSHA, ACGiH, and NIOSH Standards and Criteria

OSHA (8-hr TWA):  None established
OSHA STEL: None established

OSHA Cailing Limit: 0.5 ppm (=5 mg/m°) (OSHA, 1999)

ACGIH (84w TWA): None established
ACGIH Ceiling Limit: 0.5 ppm (=5 mg/m?) (ACGIH, 1986}

NIOSH RELs: None established.
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- 1. INTRODUCTION-

" The Health Advisory (HA) Program, sponsored by the Office of Water, provides information

on the health effacts and other useful data that can aid in dealing with the contamination of
drinking water. Health Advisories describe nonregulatory concentrations of drinking water
contaminants at which adverse health effects wouid not be anticipated to occur over specific-
exposure durations. The EPA has an ongoing cooperative agreement with the Department of the-
Army to prepare drinking water Health Advisories (HA) for munitions and other environmental:
contaminants. Drinking water Toxicological Profiles are short summaries of the pertinent.
mammalian health effects literature, and are used by the Office of Water to determine if a data:
base is sufficient to allow the development of HAs. The following databases were searched for
information on titanium tetrachioride: CANCERLINE, CHEMFATE, DART, DTIC, EMICBACK,
ENVIROLINE, RTECS TOXLINE, TOXLINE65; TOXLIT, and TOXLITES. Seoondaty sources were-
also used.

This Drinking Water Toxicological Profile summarizes information on titanium tetrathotide;
a metal halide in the +4 oxidation state. A commercially important compound,. titanium:
tetrachloride is used as a polymerization catalyst and in the production of titanium metal and:
pigments (such as titanium dioxide and titanous chloride) (Stokinger, 1981; Nordman and Berlirn:
1986). Titanium tetrachioride is the starting material for the substitution of chioride by alcohols. -
to give polymeric alcoholates or mixed substitution products with amines (Wennig and Kirschy;
1988) and has been used as a mordant dye, and in the manufacture of iridescent glass and
artificial pearls (Budavari et al., 1988). Titanium tetrachioride fumes in moist air, forming a dense,.
persistent white cloud (Budavari et al., 1989); the military uses the chemical in smoke screens -
and smoke trails (DTIC, 1992). The military has also used titanium tetrachloride in experimental-
slectro- and photodeposition studies, and as an intermediate in the synthesis of organic titanium-
"compounds (DTIC, 1992)., The structure for titanium tetrachloride is shown below.

o
c—ti—c
&
Titanium tetradﬂqddc



2. SELECTED GENERAL INFORMATION

Physieodmemieal data for titanium tetrachloride are presented in Table 29. Heated to-
" decomposition, it liberates toxic fumes of CI" and HCI (Sax, 1984).

- TABLE 29. PHYSICOCHEMICAL DATA

Common name. titanium tetrachloride Budavari et al., 1989
Synonyms ia titanium chloride RTECS, 1987

CAS Registry No. 7550-450 RTECS, 1967

RTECS No. XR1925000 RTECS, 1967
Chemical formula TiC, RVECS, 1987
Molecuiar weight 189.70 RTECS, 1987
Physical state - colorless liquid Budavari et al., 1969-
Vapor pressure 10 mm Hg at 21.3°C Sax, 1984

Specific gravity 1.772 at 25°C/25°C* Sax, 1984..
Melting/boiling/flash point_ | -26°G/136.4°C/ND Stokinger, 1981
Solubility in water | soluble in coid water Budavari et al;, 1989 -

' - (quantitatative data not

found)

Log Koy NO®

Bioconcentration factor ND

(BCF)

Conversion factors in air

1 mg/m® = 0.1289 ppm
1 ppm = 7.76 mg/m

Calculated®

Odor threshold

ND; penetrating acid odor

Budavari et al., 1989

| Henry's Law constant

ND

‘Denstlyotllquidat25°Ctelaﬂvetothedensnyofmat25°c

5ND = no data

® Formula: ppm by volume = mg/m® x

24.45
mol. wt. in grams
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3. SOURCES OF EXPOSURE-

3.1. Occurrance in Water

Titanium tetrachloride hydrolyzes rapidly in water (U.S. EPA, 1988) therefore, it would not
beexpectedtoommddnldngormbiemm

3.2. I-Iuman Exposure-

Titanlum Is not an essential element for humans (Stokinger et al., 1981). However, itis a. .
ubiquitous element and its distribution in the body is general in ail organs and tissues, but in low -
concentrations (Stokinger et al., 1981). The body burden for titanium is approximately 15 mg, .
most of which is stored in the lungs, probablymaresunofmhalaﬂonexposure(soyemsae,
Wennig and Kirsch, 1988).

Exposureofworkatsto&mesandvaponoiﬁtaﬂumteﬁaehbﬂdecanomduﬂngﬂw
handling of titanium tetrachloride and in the chlorinating department during production of titaniuny
dioxide (Stokinger et al., 1981; Nordman and Berlin, 1986; Sax, 1984). However, U.S. EPA (1988)
assumes that, because titanium tetrachloride hydrolyzes rapidly in water and fumes in the:
presence of moist air, inhalation exposure would be limited primarily to its hydrolysis products.
Splashing of the skin and eyes with the liquid titanium tetrachloride has occurred in the-
workplace (Nordman and Beriin, 1986).

Smokes comprise ancther potential source of exposure to titanium tetrachloride. The
compound is a product of the combustion of titanium dioxide-hexachioroethane mb:tures that are
used to make smokes (Karisson et al., 1968)

4. ENVIRONMENTAL FATE

Mumtetaehbrwohydfdyzesmﬂdlthatumdfumesmmepfesemdmoistak its

proposed hydrolysis products include 110(22 and HCI (Stokinger, 1981; Sax, 1984, respectively).
Nodataweretomdtoesﬂmatemeresldencetimefamaniumtevmmaeinwaterovaw

5. TOXICOKINETICS

5.1. Absorption:

No data were found for the absorption of titanium tetrachloride. ﬂtaniumeompoundsak
generally considered to be poorly absorbed via ingestion and inhalation (Nordman and Berlin,
1986); apptoxlmatelya%dmaaldosooiﬁtarmmisa_bsorbod(Goy«.isaer.‘w.smdiea
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in mice that were exposed to 5 mg/L. potassium titanium oxalate in the drinking water for up to-
‘268 days suggest that soluble titanium compounds are readily absorbed from the G.I. tract
(Schroeder et al., 1963).

5.2. Distribution:

No data were found for the distribution of titanium tetrachloride. In the general population,
it appears that low concentrations of titanium are distributed to all organs and tissues; titanium
accumulates in the lungs with age, but has no special affinity for other internal organs (Stokinger
et al., 1981). An estimated one-thicc, of inhaled titanium is retained in the lungs (Goyer, 1986).
The experiments (described above) with soluble potassium titanium oxalate in mice showed that,
compared with controls, titanium levels in the exposed animals were 4 times greater in the lungs -
and heart, 16 times greater in the kidney, 7.5 times greater in the liver, and 4.7 times greater in-
the spleen (Schroeder et al., 1963). Ferrin (1971) reported that the amount of titanium dioxide:
(unlike titanium tatrachloﬂde this compound is insoluble in water) deposited in the lungs of rats
was dose-related.

5.3. Metabolism:

No information was found in the avallable literature. Generally, soluble salts of Group V
maetals such as titanium undergo hydrolysis and subsequent olation at tissue pH leveis (Luckey
- and Venugopal, 1977). Based on this and the rapid hydrolysis of titanium tetrachloride in water,
the compound (if it remains intact long enough) would be expecied to undergo hydrolysis in
biological tissues.

54. Excntién.

No information specific to titanium tetrachloride was found in the available litorature. About
3% of an oral dose of titanium is absorbed; the bulk of the absorbed dose is excreted in the
urine (Goyer, 1986). About one-third of inhaled titanium remains in the lung, probably for iong
periods of time.

6. HEALTH EFFECTS

6.1. Noncancer Effects

The high acute toxicity of titanium tetrachloride is attributed to the hydrod\lodc acid liberated
by the hydrolysis of the chemical (Wennig and Kirsch, 1988). -

6.1.1. Oral Exposure-

6.1.1.1. Human. No information was found in the available iiterature:
6.1.1.2. Anim_al. No information was found in the available literature:
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6.1.2. Other Exposure Routes- ' ‘ -

6.1.2.1. Human. Titanium tetrachloride is highly irritating to the skin, eyes, mucous:-
membranes and by inhalation (Sax, 1984).

A worker inhaled the vapor from a cloud that formed when a glass pipe broke, releasing
titanium tetrachioride to the air (Park et al., 1984). He developed progressive carbon-dioxide
retention and respiratory insufficiency; bronchoscopy revealed 35-40 flashy polyps on both sides:
of the bronchial tree, some occluding the bronchi upon inspiration. Biopsy of the lesions:
demonstrated granulation tissue with acute inflammation: The authors concluded that the polyps:
were part of the response to the titanium tetrachloride-induced tracheobronchial injury.

Workers producing titanium tetrachloride exhibited hyperemia and thinning of the mucosa:
of the respiratory tract as weil as bronchitis (Kokorev et al., 1960). The investigators presumed
that exposure to titanium tetrachloride and its hydrolysis product had caused these effects. Ten-
workers exposed to low concentrations of titanium tetrachioride for 4 or more years did not

appear to have developed any progressive pulmonary lesions or dysfunction (Lawson, 1961 ).:

An epidemiological study examined lung cancer mortality and other respiratory parameters .
in workers exposed to titanium tetrachioride (Fayerweather et al., 1992). The resuits of the
cancer study ase discussed in Section 6.3.1. A total of 2477 employees from two titanium dioxide
plants comprised the study. The titanium tetrachioride workers showed no statistically significant
increase in fatal respiratory diseases (cohort analysis) and no statistically significant association:
between cancer, chronic respiratory disease, and chest x-ray abnormalities (nested case-control
analysis). There were no cases of puimonary fibrosis.

Twa Russian studies reported systemlc effects resulting from occupational exposure to
titanium tetrachloride. In the first study a group of workers exposed to the chemical for 3to 5 -
years exhibited increased levels of urinary defta-aminolevulinic acid and coproporphyrin levels;
the results in humans were supported by studies in experimental animals exposed for 120 days:
(concentrations were not given) (Beloslyudtsava, 1974). Another group of workers experienced
chronic respiratory tract disorders (such as bronchitis), myocardial dystrophy, metabolic
disorders, and blood and nervous system changes (Beloskurskaya, 1976) No other details were
available.

6.1.2.2. Animal. TheLCu, for titanium tetrachioride in the mouse is 10 mg/m3
foraaohourinhalaﬁonexposure(Stoldngefetal 1981),andu\nueamdrats,Lc values were
100 mg/m®/2 h and 460 mg/m?/4 h, respectively (RTECS, 1987) Sprague-oawleyram“posod
to titanium tetrachioride at concentrations of 370-2900 mglm for, 10 minutes showed signs of
irritation, butdidnotdie(Karlssonetal 1886). o

DogshhaﬂngMumMa&bddohnmbrthmpwday.famwn
spread over several days (concentration not measured), showed respiratory distress

vomiting during and after each exposure (Zapp, 1949a). Onedogcollapsed(butrecovemd)aﬂer
the second exposure and one died after the third exposure (4 days after the second exposure).
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Death resulted from severe bronchitis and edema, attributed to the inhalation of HCl. Another
" dog, sacrificed 4 days after the third exposure, had focal congestion and hemorrhage of the
lungs and deposits of titanium particles in the alveoll. A continuation of this study examined the
chronic effects from inhaling titanium tetrachloride (Zapp, 1949b). Four dogs were exposed 6
hours/day, § days per week for 9 weeks to average atmospheric titanium concentrations of 8.4
ppm and volatile chioride levels averaging 6.8 ppm. The dogs had increased leukocyte.counts.
:and ‘microscopic lesions of the lungs. These lesions consisted of titanium and monocytes
grouped around the bronchi. The foci contained masses of necrotic ceils associated with'
proliferation of connective tissue cells, a lesion that results in scar tissue formation, reduced
‘puimonary capacity, and increased susceptibility to infection over extended exposure.

In a chronic toxicity study, Lee et al. (1986) exposed Charles River (CD) rats to vapors of the
hydrolysis products of titanium tetrachioride. These products formed when titanium tetrachloride-
vapors, directed by a nitrogen stream into exposure chambers, reacted with the air in -the-
chambers. The animals (100 males, 100 females/group) inhaled 0, 0.1, 1.0 or 10.0 mglm3 ofthe
hydrolysis products 6 hours/day, S days/week for 2 years. Dose-related effects of the treatment:
included the following: degeneration of alveolar macrophages (significant at 10 mg/m’);
increased cholesterol granulomas (significant at 10 mg/m”); damage to type | alveolar
pneumocytes, thought to have triggered hyperpiasia of type Il pneumocytes in the alveclar walls
(significant at all concentrations); transformation of ciliated columnar celis into epithelial cells
{significant at 10 mglma):, increased lung weights (statistically significant at 10 mg/ma);
appearance of yellow foci on surface of lungs (significant at 1.0 and 10 mg/m%); and
lymphocytopenia and erythrocytosis (statistically significant at 10 mg/m°).

Liquid titanium tetrachloride applied to the clipped skin of albino guinea pigs twice per day '
for threa successive days resulted in the destruction of the outer layers of the skin, comparable-
to a second-degree thermal bum (Zapp, 1949a).

6.2. Carcinogenicity:

" 6.2.1. Orsl Exposure

6.2.2.1. Human. No information was found in the available literature.
6.2.2.2. Animal. No information was found in the available literature.

6.3. Other Exposure Routes

6.3.1 . Human

An epidemiological study examined tung cancer mortality in workers exposed to titanium
tetrachioride (Fayerweather et al., 1992). . A total of 2477 employees from two titanium dioxide
plants comprised the study. Of those, 969 employees wera observed for cancer incidence frony
1856 through 1985 and for mortality from 1835 through 1983. In comparison 1o the reference
group, the titanium tetrachloride workers showed no statistically significant increase in lung
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._cancer (cohort analysis) and no statistically significant association between lung cancer, chronic
respiratory disease, and chest x-ray abnormalities (nested case-conttol analysis).

6.3.2. Animal

Lee et al. (1986) exposed Charles River (CD) rats (100/group) to vapors of the hydrolysis-
products of titanium tetrachloride. The animals (100 males, 100 females/group) inhaled 0, 0.1,
1.0 or 10.0 mg/m3 of the hydrolysis products 6 hours/day, 5 days/week for 2 years. Squamous‘
cell carcinomas developed in the alveoli of 2/69 male and 3/74 female rats exposed to 10 mg/m®,
U.S. EPA (1988) questioned the relevance of these tumors, which may result from chronic tissue-
irritation from dust cells and cellular debris, to titanium tetrachloride-induced lung tumors in
humans. Squamous cell carcinomas develop in the bronchi of humans, not in the aiveoti, and
cystic keratinizing squamous cell carcinoma is a unique chemically-induced fung tumor in rats
that does not usually occur spontaneously in other animals or humans. Lee et al. (1986)
recommended additional studies to determine if the lesions were neoplastic or metaplastic:

6.4. Genotoxicity Ny
Titanium tetrachloride was negative in the rec-assay with Baclllus subtilis (Kada et al.,.
- 1980). ‘ :

7. EXISTING STANDARDS, CRITERIA, GUIDANCE

7.1. EPA RfDs, RfCs, CRAVE Classifications _
‘RD: - ' " None established

RIC: : - None established
Oral siope factor; None established
Drinking Water Unit Risk: None established
Inhalation Slope Factor: _ None estabiished
" Inhalation Unit Risk: None established
. EPA CRAVE Cancer Classification: Not established
Chronic Reportable S ‘
Quantity(RQ): ' 100 (U.S. EPA, 1988) (for' hydrolysis
: ' products; found no evidence that this is a

final value)
© 7.2. 1ARC Carcinogenicity Classification } -
Not established
. 7.3. OSHA, ACGIH, and NIOSH Standards and Critaria
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OSHA (8-hr TWA): None established

OSHA STEL:. , None established
OSHA Ceiling Limit: None established
ACGIH (8-hr TWA): None established
ACGIH Calling Limit:. - None established .
NIOSH RELs: None established.
B Rel 2208
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1. INTRODUCTION: -

The Health Advisory (HA) Program, sponsored by the Office of Water, provides information -
on the health effects and other usefut data that can aid in dealing with the contamination of
drinking water. Health Advisories describe nonregulatory concentrations of drinking water
contaminants at which adverse health effects would not be anticipated to occur over specific
exposure durations.. The EPA has an ongoing cooperative agreement with the Department of the
Army to prepare drinking water Health Advisories (HA) for munitions #nd other environmental
contaminants. ‘' Drinking Water Toxicological Profiles are short sun.i.ries of the pertinent
mammalian health effects literature, and are used by the Office of Water to determine if a data:
base is sufficient to allow the development of HAs. The following data bases were searched for
information on 2,4,6-tribromophenol: CANCERLINE, CHEMFATE, DART, DTIC, EMICBACK,.
ENVIROLINE, RTECS, TOXLINE, TOXLINEGS, TOXUT, AND TOXLITES. Secondarysourceswere
also used.

This Drinking Water Toxicological Profile summarizes information on 2,4, s—tﬁbfomophenok
an organic bromine compound, prepared by controlled bromination of phenol (Budavari et ak;. -
1989). It is soluble in alcohol, chloroform, ether, and caustic alkaline solution, and has a sweet'
taste and penetrating bromine odor (Sax and Lewis, 1987). When heated to decompeosition, it
-emits toxic fumes of bromide ion (Sax, 1984). 2,4,6-Tribromophenol is used as a fire retardant,
antiseptic, germicide, and fungicide (Stenger, 1978). The structural formula for 2,4,6-
tribromophenol is shown below. :

or. sr

sr

2,4,6-Tribromophenol
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2. SELECTED GENERAL INFORMATION

Physicochemical data for 2,4,6-tribromophenol are presented in Table 30.

TABLE 30. PHYSICOCHEMICAL DATA ‘

Common name

2,4,6,-tribromaphenol

Synonyms: tribromophenol, bromol RTECS, 1992

CAS Roegistry No. 118-796

RTECS No. SN1225000 RTECS, 1992
Chemical formula CgH,BraOH Budavari et al., 1989
Molecular weight 330.83 Budavari et al., 1989~
Physical state- crystalline solid Budavari et al., 1969
Vapor pressure ND* T

Specific gravity 2.55 at 20°C/20°C° Sax and Lewis, 1967
Meiting/Boiling/Flash point | 96°C(sublimes)/244°C/ND Sax and Lowis, 1987
Solubility in water. almost insoluble; ‘ Sax and Lewis, 1987;

soluble in 70 mgA at 15°C Budavari et al., 1989

| Log Koy | 3.34 \‘Iglssgol Chem. Corp.,
?Bi%e;sncentraﬁon factor 203 (calculated) Lyman et al., 1982

I Conversion factors in air

1 ppm = 13.53 mg/m®
1 mg/m® = 0.074 ppm

calculated®

ND

| Odor threshold
[ ’ Law constant

aND: no data

®Density of liquid at 20°C relative to the density of water at 20°C'
® Formula: ppm by volume = mglm’ X -

ND

24.45
mol. wt. in grams
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3. SOURCES OF EXPOSURE

3.1. Occurrence in Water

2,4,6-Tribromophenol is a potential dﬁnking pollutam {Devillers and Chambon, 1988;
Sithole and Williams, 1986). Low levels of the compound have been detected in estuarine.
sediments of the river Rhone in France (Tolosa et al., 1991) and in river and marine sediments:
in Japan (Tolosa et al., 1991; Watanabe et al., 1985). The observed seaward negative gradient.
of conoentraﬁons in the river Rhone suggested a land-based discharge as the prin~nal source,
probably originating in automotive emissions washed out to the river by urban runoii (Tolosa et
-al, 1991). There were no data regarding the concentrations of 2,4,6-tribromophenol in U.S.
suﬂaoe or drinking water.

Bench-scale experiments showed that chiorination of distilled water containing bromide ion
and phenol resulted in the formation of 2,4,6-tribromophenoct (Sweetman and Simmons, 1980).
Low leveis of brominated phenois, including 2,4,6-tribromophencl, were are-aiso formed under:
normal chiorination conditions of drinking water or wastewater (Ventura and Rivera, 1986;
Watanabe et al., 1985; Watanabe et al.,, 1984).

3.2. Human Exposure

The extent of occupational or environmental exposure to 2,4,6-tribromophenol is not known,
aithough its potential use a flame retardant and as a component of germicides or fungicides
suggests the likelihood of environmental release.  Automotive emissions from leaded gasoline
containing additives such as dibromoethane are another potential source of 2,4,6-tribromophenol
exposure. Radical halogenation of aromatic phenois during combustion may result in the
formation of 2,4,6-tribromophenol and other halogenated compounds (Muller and Buser, 1986).

4. ENVIRONMENTAL FATE

Bacteria encountered in & sewage treatment plant were ineffective in biodegrading 2,4,6-
tribromophenal (Veisicol Chem. Corp., 1990b). However, the compound was biodegraded by
Pseudomonas at a concentration of 200 mg/L at 30°C, with 14% ring disruption occurring in 120
hours (Verschueren, 1983). Progressive dehalogenation was the primary degradation process
in anoxic marine sediments incubated with halogenated phenols, including bromophenols
(Abrahamsson and Klick, 1991),

Photodegradation of 2,4, s-tﬂbromphenol in aqueous solution was biphasic, with half-lives
of 1 hour and 11.5 hours for the first and second phases, respectively. 3,5-Dibromo-1,2-
dihydroxybenzene was a major degradation product, other degradation products included
monobromodihydroxybenzene and carbon dioxide (Veisicol Chem. Corp., 1990c).

A screening study for potential flame retardants showed that thermal decomposition of 2,4,6-
tribromophenol occurs-at temperatures far above ambient levels, 1.e., 600°C, resulting in the
releases of benzenes and dibenzodio:dns (Thoma and Hutzinger, 1989)
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5. TOXICOKINETICS

5.1. Absorption

Quantitative data on absorption of 2,4,6-tribromophenc! were not available: The
is rapidly absorbed from the gastrointestinal tract (Deichmann and Keplinger, 1981) and is aiso
absorbed through the skin (Sax, 1984). Absorption of 2,4,6-tribromophenol following inhalation
exposure may be inferred from toxicity and excretion data (intl. Res. and Dev. Corp., 1990b;
indust. Bio-Test Labs., 1990b). '

5.2. Distribution

Rats administered oral doses of 4-5 mg/kg of 2,4,8-tribromophencl retained only 0.005% of -
the dose after 48 hours, with residues occurring in the kidneys, liver, and lungs. The retentiorr:
halfife in blood was 2 hours and ranged from 1.45 to 2.3 hours in other tissues (Veisicol Chem:
Corp., 1990d). 2,4,6-Tribromophenol was detected in fatty tissue of rats fed 1000 ppm for. 1-3. .
weeks, but was not detected after a 14-day recovery period (Ind. Biotest Labs., 1990a).

5.3. Metabolismy .
No information was found in the avallable lterature:
5.4. Excretion
Following oral administration, rats excreted 50-92% of the dose in the urine and 4-14% in
feces (Velsicol Chem. Corp., 1990d).”
6. HEALTH EFFECTS

6.1. Noncancer Effects

601 010 o'd Exmm
" 6.1.1.1. Human. No information was found in the available literature.

6.1.1.2. Animal. Oral LD., values for rats range from 200 mg/kg (Sax, 1984) to
5012 mg/kg (intl. Res. Dev. Corp., 1990&"5? Acute exposure produced increased respiratory rate:
and amplitude followed by loss of muscle tone, collapse, and death (Deichmann and Keplinger,
1981). Pathological changes were most marked in the lungs as manifested by congestion and
hemorrhages. Large doses of 2,4,6-tribromophencl also produced inflammation of the mucous.
membranes of the pylorus and fundus of the stomach with corrosion and hemorrhages.

in a teratology study, six groups of five pregnant rats were treated by gavage with 2,4,6-
tribromophenol at dose leveis of 10, 30, 300, 1000, or 3000 mg/kg/day on days 6 through 15 of
gestation (Velsicol, 1990e). There were no treatment-related effects on maternal body weights,
food consumption, number of corpora lutea, viable or nonviable fetuses, resorptions, or
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implantations at doses of <300 mg/kg. Exposure to 1000 mg/kg/day produced decreased
-weight gain, increased postimplantation losses, and a slight decrease in the number of viable
fet:'sas. increased mortality occurred at 3000 mg/kg. Terata were not observed at any dose
level.

6.1.2. Other Exposure Routes

6.1.2.1. Human. 2,4,8-Tribromophenol is a strong irritant to skin, eyes, and
mucous membranes (Sax, 1984). : ,
6.1.2.2. Animal. Decreased motor activity, eye squint, slight dyspnea, erythgma.,

and ocular porphyrin discharge was observed in rats exposed by inhalation to 50,000 mg/m® for
4 hours (intl. Res. and Dev. Corp., 1990b). inhalation exposure of male and female rats to 100
or 1000 mg/m” of 2,4,6-tribromopheno! dust (6 hours/day, 5§ days/week) for 3 weeks produced
h ily, salivation, lacrimation, and red nasal discharge. Compared with controls,. lower
bodyweigrggainswereseen in females exposed to 100 mglm’andlnboﬂtsoxesexposedto-
1000 mg/m" (Indust. Bio-Test Labs., 1990b). o i

Intradermal ls!ecﬁon of a 0.1% solution of.2,4,6-tribromophencl in saline induced siight:
sensitization in guinea pigs (Intl. Res. and Dev. Corp., 1990¢). Appliication of 100, 300, or 1000
mg/kg of 2,4,6-tribromophencit to the skin of rabbits (5 days/week) for 4 weeks produced slight
skin irritation, but no other adverse effects (Indust. Bio-Test Labs., 1890¢).

6.2. Carcinogenicity
6.2.1. Oral Exposure
6.2.1.1. Human. No information was found in the available literature.
6.2.1.2. Animal. No information was found in the available literature.
6.2.2. Other Exposure Routes
6.2.2.1. Human. No information was found in the avalilable literature.
6.2.2.2. Animal. No Information was found In the available iiterature.

6.3. Genotoxicity:

2,4,6-Tribromophencl was not mutagenic in several Saimonelia strains in the presence or
absence of metabolic activation (Zeiger et al., 1987).



_ 2,4,6-TRIBROMOPHENOL | . . ™

7. EXISTING STANDARDS, CRITERIA, GUIDANCE-

7.1. EPA RfDs, RfCs, CRAVE Classifications A
RfD: ' None established:

RiC: None established:
Oral slope factor: None estabiished
Drinking Water Unit Risk: None established
inhalation Slope Factor: None established .
inhalation Unit Risk: None established

7.2. 1ARC Carcinogenicity Classification-
Not evaluated
7.3. OSHA, ACGINM, and NIOSH Standards and Criteria.
OSHA (8-hr TWA):  None established:
OSHA STEL: ~ None established
OSHA Celling Limit: ~ None established -
ACGIH (8-hr TWA):  None established-

NIOSH RELs: None estabiished
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1. INTRODUCTION

The Health Advisory (HA) Program, sponsored by the Office of Water, provides information
onmehealuuﬂectsandomeruseﬁddaumatcanddmdeanngwmmoconmmmonof
drinking water. Health Advisories describe nonregulatory concentrations of drinking water
contaminants at which adverse heaith effects would not be anticipated to occur over specific
exposure durations. The EPA has an ongoing cooperative agreement with the Department of the.
Army to prepare drinking water Heaith Advisories (HA) for munitions and other environmental

contaminants. Drinking water Toxicological-Profiles are. short summaries of the pertinent
mammalian health effects literature, and are used by the Office of Water to determine if a data-
.base is sufficient to allow the development of HAs. The following data bases were searched for-
information on triethylene glycol dinitrate: TOXLINE, TOXUNESES, TOXLIT, TOXLITES,
‘CANCERLINE, DART, EMICBACK, CHEMFATE ENVIROLINE, DTIC and RTECS. Seoondary
sources were also used. -

This Drinking Water Toxicological Profile summarizes information on triethylene’' glycolk:
dinitrate (TEGDN). TEGDN, one of the more versatile glycol nitrates, has & variety of mi :
uses. nappeamtobemostcommonlyusedasanenergeﬁcplasﬁciz ef in warheads and solid
rocket propelient mixtures (Macy and Saffitz, 1847; Weills, 1977), and it is also used as a
component of lluminating flares (HandlerandSbrocea, 1872) and can also be used as the-
ptimary explosivo charge in mines (Heathcote, 1976). The structure ottrlothylene glycol dinitrate -

3*%*3% ~3

" Triethylene glycol dinitrate

O
-0=-N

:n-a’:-tn
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2. SELECTED GENERAL INFORMATION
General information, physical and chemical data are presented in Table 31.

ethylene glycol dinitrate-

e — — S— n =
TABLE 31. PHYSICOCHEMICAL DATA .

1 ethanediylbis(oxy)]bis-
dinitrate

{ TEGDN; ethanot, 2.2(1,2-

Sax and Lewis, 1989
Rowe and Wolf, 1978

| 111-22-8

{ YE5500000

| RTECS no.

RTECS, 1987

| Chemical formula aH1oN>0p

Rowe and Wolf, 1978

| Molecular weight 1 240.20

Sax and Lewis, 1989

Physical state

Forbes and Coleburn,
1973

: ‘Vapor pressure

Specific gravity

:Jl%n)inglbotllnglﬂash point

| Solubility in water

Macy and Saffitz, 1947

1 1 ppm §9.80mg/m3 .
| 1 mg/m” = 0.102 ppm__

| Conversion factors in air

caleulated®

| Henrys' law constant D

~ % ND: No data

2445

® Formula: ppm by volume = mg/m® X

mol. wt. in grams
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3. SOURCES OF EXPOSURE

3.1. OQccurrence in Water _
No information was located in the available literature.

3.2. Human Exposure

e to TEGDN is primarily limited to workers in the munitions industry where the
compound is increasingly being used (Hiatt and Korte, 1989). Possible exposure routes are oral,
inhalation and dermal. . '

4. ENVIRONMENTAL FATE

TEGDN is slightly soluble in water where it is hydrolyzed to the mononitrate (Macy and-
Saffitz, 1947). it has been shown to undergo biodegradation resuiting in the sequential cleaving
of the nitrate groups in the presence of an activated siudge inoculum containing mineral salts
and ethanol as an additional carbon source (Comell et al.,, 1981).

5. TOXICOKINETICS.

5.1. Absormption

Specific studies on the absorption of TEGDN were not avallable. The effects observed in
animal studies (see .section 6), however, indicate that it is readily absorbed from the
gastrointestinal tract (Hiatt et al., 1989; Morgan et al., 1989) and by respiration’(Mattsson et al.,
1977). Systemic effects were also seen with repeated dermal exposure (Andersen and Mehi,
1973) indicating that TEGDN can also be absorbed through the skin (see section 6).

5.2. Distribution N

Specific studies on the distribution of TEGDN were not available, however, the presence of
systemic neurological effects would indicate widespread distribution of TEGON after absorption
(see section 8)(Andarsen and Mehi, 1873). .

5.3. Metabolism:-

' TEGDN oxidizes hemoglobin and in tum is converted to the mononitrate and nitrite
(Andersen and Mehi, 1973; Andersen and Smith, 1973): K
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5.4. Excretion .
Specific studies on the excretion of TEGDN were not available. .

6. HEALTH EFFECTS

6.1. Noncancer Effects:
6.1.1. Oral Exposure
6.1.1.1. Human. No information was located in the avallable literature.

6.1.1.2. Animal. Andersen and Mehi (1973) reported 24-hour oral LD, of 1000
mg/kg in male Sprague-Dawley rats. Hiatt et al. (1989) gave male and female Sprague-Dawley
rats single doses of TEGDN by gavage and determined median lethal doses of 1330 and 1116
mg/kg for male and female rats, respectively. The clinical signs observed were hunched posture;
inactivity, tremors, twitching and hypotonia. The signs appeared within two hours of treatment-
and the animals either died or were free of the clinical signs in 72 hours. Morgan et al. (1389).
determined median lethal single gavage doses of 2036.5 and 1866.3 mg/kg for male and female-:
ICR mice, respectively. Signs of toxicity, which appeared within two hours of dosing, included
hunched posture, squinting, increased startle reflex, depression of grasping and righting reflexes,
tremors, jumping, twitching, and convuisions. Guinea pigs fed 0, 100, 200, or 400 mg TEGDN/kg
for 15 days had dose related decreased weight gain that was related to a concurrent decrease
in food intake (Andersen and Meht, 1973). _ .

Certain symptoms are reported that are independent of route of administration and test -
species. A hypotensive response, typical of glycol dinitrates, is seen with comparatively low-
doses (see section 6.1.2.2)). Nervous system toxicity is reported that appears to be caused by
a blockage of cholinergic neurctransmission in treated animals (Andersen and Mehl, 1973;
Andersen et al., 1976). TEGDN also oxidizes hemoglobin resulting in methemogiobinemia.
Dea:tsr)t is thought to be caused by a combination of these toxic effects (Andersen and Mehl,
1973). :

6.1.2. Other Exposure Routss.
]
6.1.2.1. Human. No information was located in the availabie literature,

6.1.2.2. Animal. Andersen and Mehl (1973) determined LD, values of 945, 700
and 796 mg/kg by intraperitoneal injection for male mice, male guinea pigs and male rats,
respectively. The same authors also reported an LD,, of 2520 mg TEGDN/kg by subcutaneous
injection in male rats. Much lower doses (2.4 mg"ﬁ(g)  intravenously into male rats
resulted in a hypotensive response. The blood pressure dropped from 90 to 49 mm Hg
immediately and siowly recovered over the next 15 min. to 96 mm Hg. o

TEGDN was tested for dermal sensitization and irritation. No evidence of sensitization was
reported after repeated dermal appilications of TEGDN to male guinea pigs (Brown and Korte,
198%a). A siight erythema was reported in rabbits treated with a single application of 2 mi

- TEGDN/kg to the skin under a semi-occlusive wrap for 24 hours. The erythema cleared in seven
of eight animals by 72 hours, and no evidence of systemic toxicity was observed (Brown and
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Korte, 1983b; Morgan and Korte, 1989). Repeated daily application of 21 mmole/kg TEGDN:
(about 5 mg/kg) 1o the skin of rabbits resulted in the death of nine .of eleven animals in an
-average treatment time of 17 days. The TEGDN-ireated rabbits lost 20 to 30% of their
weight during the treatment (Andersen.and Mehl, 1973): TEGDN was tested for eye irritation by
a modified Draize method using New Zealand White rabbits. A slight conjunctival vasodilation
indicative of mild inflammation was reported. The authors concluded that TEGDN is not a
primary eye irritant (Hiatt and Korte, 1989). ‘Mattsson et al. (1977) treated one male rhesus
monkey for two and four hours with a 2.4 ppm TEGDN aerosol and reported changes in behavior
as measured by an increased response rate and by the Sidman task.

N 6.2. Carcinogenicity

¥ 6.2.1. Oral Exposure-
6.2.2.1. Humean. No information was located in the available literature. -
6.2.2.2. Animal. No information was located in the available iiterature:

6.2.2. Other Exposure Routes ' |
6.2.2.1. Human. No information was located in the available literature:
6.2.2.2. Animal. No information was located in the available literature..
' 6.3. Genotoxicity " |

No information was located in the avallable Iiterature.

7. EXISTING STANDARDS, CRITERIA, GUIDANCE:

7.1. EPA RfDs, RfCs, CRAVE Classifications. A
RfD: None established

Oral siope factor: None established

Oral unit risk: ' ‘None established

inhalation siope factor: None established-
inhalation unit risk: None estab

EPA CRAVE Cancer Classification: Not classified .
7.2. 1ARC Carcinogenicity Classification. '
' Not evaluated: "

V4
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7.3 ACGIH, OSHA, and NIOSH Standards and Criteris

OSHA (8-hr TWA):  None established
OSHA STEL: None established
OSHA Cailing Limit: None established

ACGIH (8-hr TWA): None established
NIOSH RELs: None established

~
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1. INTRODUCTION

The Healtly Advisory (HA) Program, sponsored by the Office of Water, provides information-:
"'on the health effects and other useful data that can aid in dealing with the contamination of
drinking water. Health Advisories describe nonregulatory concentrations of drinking water
contaminants at which adverse heaith effects would not be anticipated to occur over specific
exposure durations. The EPA has an ongoing cooperative agreement with the Department of the
Army to prepare drinking water Health Advisories (HA) for munitions and other environmental.
contaminants. Drinking Water Toxicological Profiles are short summaries of the pertinent
mammalian health effects iiterature, and are used by the Office of Water to determine if a data -
base is sufficient to allow the development of HAs. The data bases were searched for-
information on Vat Yellow 4: TOXLINE, TOXLINEGS, TOXUT, TOXLITES, CANCERLINE, DART,
EMICBACK, CHEMFATE, ENVIROLINE, DTlg and RTECS. Secondary sources were also used.

This Drinking Water Toxicological Profile summarizes information on Vat Yellow 4, a
commercially produced anthraquinone vat dye (Chung and Farris, 1979). Vat Yellow 4 is.
produced and used as a mixture of chemicals, with dibenzo(b,def)chrysene-7,14-dione as the-
principal color component. The dye has been used by the military to color smoke screens and.
as a signalling agent (IARC, 1990). Itis also used as a dye for cotton, silk, wool, and paper (NCI,.
1978). The structural formuia for Vat Yellow 4 is shown below. ) R

o

cocad

o «

Vat Yellow 4

. e
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2. SELECTED GENERAL INFORMATION

Commercial grade Vat Yellow 4 contains approximately 18% dibenzo(b,defjchrysene-7,14-
dione, 31% sorbitol, 6% dispersant, 3% glycerin, and 43% water. Impurities include dibenzochry-
sene, dibenzochrysenedione, benzanthrone, and three ketones: U.S. military specifications limit
‘the content of dibenzochrysene in Vat Yellow 4 used for smoke screen formulations to a maxi-
mum of 0.1% (IARC, 1990). Physicochemical data for Vat Yellow 4 are presented in Table 32.

TABLE 32. PHYSICOCHEMICAL DATA

—
Synonyms dlbenzo b, RTECS, 1992
; } ﬁiom%nzo[a.b]m
Yellow; C... Vat Yellow 4;: C..
: 59100: Indanthrene Golden Yellow:
CAS Registry No. 128-66-5
| RTECS No. HO7030000 RTECS, 1992
Chemical formula | CagHy20, SRC, 1988
Molecular weight 332.36 SRC, 1988
Sical state solid_
Vapor pressure ND*
Specific gravity ND __
| Molting/Boiling/Flash Point | 385°C (dye )IND/ND IARC, 1990
Solublity in water 0.08 mg/L at c SRC, 1988
og K. 5.339 SRC, 1988
Bioconcentration factor 3.83 SRC, 1988
{log BCF)
- 3 b
Conversion factors in air } mg!nms =3°58721%/pn'|“ calcuiated
Odor threshold: ND
Henrys' Law constant D

SND: no data
® Formula: ppm by volume = mg/m® x

24.45
mol. wt. in grams
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3. SOURCES OF EXPOSURE.

3.1. Occurrence in Water
No information was found in the avallable literature,

3.2. Human Exposure:

During the 1940s and 1950s, military personnel were exposed to chemical smoke screens
containing Vat Yellow 4. Data on exposure levels were not available (IARC, 1990). The dye is
also used to color cellulose fibers, some callulose synthetics, wool, silk and paper (NCI, 1579).
lmwmdmmuemmmwmdhmwe

4. EN\_IIRONMENTAL FATE

No information was found in the available literature.

5. TOXICOKINETICS:

5.1. Absorption

No quantitative information was found in the available iiterature, however the results observed
in mice and rats fed Vat Yellow 4 during carcinogenicity studies indicate that some absorption.
from the gastrointestinal tract does occur (see sections 6 and 7)(NCl, 1979).

5.2. Distribution.

No quantitative information was found in the available literature, however a dose-related

increase in lymphomas and hepatocellular carcinomas was reported in male mice (see section 7).
This indicates that Vat Yellow 4, a componentormetabolitohas at least a limited distribution in

mice.
" 5.3. Metabolism.
No hfo:maﬂon was found in tho availab!o literature.

54. Excroﬂon. T

¥

Noimonnaﬁonwasfoundmmeavailablelitermo
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.8. HEALTH EFFECTS

6.1. Noncancer Effects
6.1.1. Oral Exposure
6.1.1.1. Human. No information was found in the available literature.

6.1.1.2. Animal. Male and female Fischer 344 rats were fed diets containing 3500
or 7000 ppm commercial Vat Yellow 4 for 104 weeks in a carcinogenicity study. Decreased body
weightsweretepomdhalltreatedrab however no effact was seen on survivak. No effect was.
seen on survival or body weight nain in male mice fed diets containing 25,000 or 50,000 ppm
commercial Vat Yellow 4 or in iamale mice fed diets containing 12,500 or 25,000 ppm.
Commercial Vat Yellow 4 contains appfoximately 18% dibenzo[b,def]chrysene-7,14-dione (NCI .
" 1979).

6.1.2. Other exposure routes
6.1.2.1. Human. No information was found in the availabie fiterature.
6.1.2.2. Animal. No information was found in the available literature.

6.2. Carcinogenicity
6.2.1. Oral Exposure
6.2.1.1. Human: No Information was found in the avaliable literature.-

6.2.1.2. Animal. The tumor incidence in 50 male and 50 female Fischer 344 rats:
fed a diet containing 3500 ppm or 7000 ppm of commercial Vat Yellow 4 for 106 weeks was not
higher than that of controls. Commercial Vat Yellow 4 contains approximately 18%
dibenzo(b,def)chrysene-7,14-dione (NCI, 1978). Groups of 50 B6C3F; mice were fed diets-
eontairungstOOor.‘aDOOOppm(males)mdlz.sooorzsoooppm(femalos)eommmva
Yeilow 4 for 106 weeks. Male mice exhibited a significant dose-related increase of
and an increase of hepatoceiiular carcinomas compared with controls. The tumor incidence in
female mice was not significantly increased (NCI, 1979).

6.2.2. Other Exposure Routes
6.2.2.1. Human. No information was found in the available iiterature.
6.2.2.1. Animal. No information was found in the available literature.,
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Vat Yellow 4 was not mutagenic in four Sa/monella typhimurium strains in the presence or

. absence of metabolic activation (Zeiger et al., 1987), but gave a weak positive response in the

mouse lymphoma assay with metabolic activation, possibly due to mutagenic contaminants
(Harrington-Brock, 1991).

7. EXISTING STANDARDS, CRITERIA, GUIDANCE

7.1. EPA RfDs, RfCs, CRAVE Classifications:

RID: None establishad
RIC: : None established
Oral slope factor: None established
Drinking Water Unit Risk: None estabiished
Inhalation Slope Factor: None established
Inhalation Unit Risk: None established
EPA CRAVE Cancer Classification: Not evaluated

7.2. 1ARC ngoddty Classification
" Group 3 (not classifiable as to its carcinogenicity to humans) IARC, 1990
. 7.3. OSHA, ACGIH, and NIOSH Standards and Criteria-
OSHA (8-hr TWA):  None established
OSHA STEL: None established
OSHA Ceiling Limit: None established
ACGIH (8-hr TWA): None established
NIOSH RELs: None established
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1. INTRODUCTION

The Health Advisory (HA) Program, sponsored by the Office of Water, provides information:
on the health effects and other useful data that can aid in dealing with the contamination of
drinking water. Health Advisories describe nonregulatory concentrations of drinking water
contaminants at which adverse heaith effects would not be anticipated to occur over specific
exposure durations. The EPA has an ongoing cooperative agreement with the Department of the
Army to prepare drinking water Health Advisories (HA) for munitions and other- environmental
contaminants. Drinking Water Toxicological Profiles are short summaries of the pertinent
mammalian health effects literature, and are used by the Office of Water to determine if a data -
base is sufficient to aliow the development of HAs. The following data bases were searched for
information on zinc naphthenate: CANCERLINE, CHEMFATE, DART, DTIC, EMICBACK,
ENVIROLINE, RTECS, TOXLINE, TOXLINEGS, TOXLIT, AND TOXLITES. Secondary sources were
also used.

This Drinking Water Toxicological Profile summarizes information on zinc naphthenate, an.
organic zinc salt that is derived by fusion of zinc oxide or hydroxide and naphthenic acid, or by
precipitation from a mixture of soluble zinc salts and sodium naphthenate. it exists as an ambesr,
viscous, basic liquid containing 8-10% zinc or as a basic solid containing 16% zinc. it is soluble
In hydrocarbons and acids (Uoyd, 1984) and very soluble in acetone (Sax and Lewis, 1987).
Zinc naphthenate presents a slight fire hazard when exposed to heat or flame (Sax, 1984). itis
used as a drier and wetting agent in paints, varnishes, and resins; insecticide, fungicide, and
mildew preventive; wood preservative; waterproofing agent for textiles; and in insulating materials
(Sax and Lewis, 1987). The structural formula for zinc naphthenate, a naphthenic acid salt, was.
not available. The structure of naphthenic acid is shown below. .

off / CHs—CH(CHs)aCOOH
\CH:—CH:

Naphthenic acid



ZINC NAPHTHENATE

176

2. SELECTED GENERAL INFORMATION.

Physicochemical data for zinc naphthenate are presented in Table 33.

TABLE 33. PHYSICOCHEMICAL DATA

Common.name

Synomyms. naphthenic acid, zinc salt; zinc. | RTECS, 1992;
uversol; Fungitrol zinc 8% Bioresearch, Iinc., 1980:
‘ fungicide - :
| CAS Registry No. 12001853
| RreCS No. QKI275000 RTECS, 1992
Chemical formula Zn(C§E§COO)2 Sax and Lewis, 1987
Molecular weight 307.61
Physical state- fiquid or solid Sax-and Lewis, 1987
Vapor pressure .| ND*
Specific gravity ND
Melting/Boiling/Flash Point | ND
Solubility in water insoluble Lioyd, 1984
Log Koy ND
Bioconcentration factor ND
(BCF)
Conversion factors in air 1 ppm = 1258 mg/m® calculated®
1 mg/m® = 0.08 ppm <
Odor threshoid ND
Henrys’ Law constant ND
®ND: no data
® Formula: ppm by volume = mg/m® x 2445

mol. wt. in grams
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3. 'SOURCES OF EXPOSURE

3.1. Occurence in Water. No information was found in the available literature.

3.2. HumahExpom
The extent of human exposure 1o zinc naphthenata is not known; although its potential uses

as a component of wood preservatives, paints, insecticides, fungicides, waterproofing agents,
anduwulaﬁngmataﬂalssuggestmeﬁkeﬁhoodotemironmenwm ‘

4_l-. ENVIRQNMENTAL FATE
No information was found In the available literature.
5. TOXIC_OKINETICS~

5.1. Absorption
" No information waofound in the available literature:
5.2. Distribution- . )
No information was found in the available literature:.
§.3. Metabolismy
No information was found in the available literature.
" 5.4. Excretion:

No information was found in the available (terature.
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6. HEALTH EFFECTS

6.1. INoncancor Effects.
6.1.1. Oral Exposure
6.1.1.1. Human. No information was found in the available literature.

6.1.1.2. Animal. Oral LD, values for rats are 4.82 g/ko (Bushy Run Research
Center, 1953)and>509/kg.lndieaﬁngmatmcompound is only slig: .y toxic via the oral route
according to the Gosselin et al. (1984) scale. ’

Rats fed 0.5% zinc naphthenate for an unspecified time period experienced a significant.
weight loss. This weight loss had no effect on mating or viability of offspring over two
generations of rats (Michie et al., 1988). Tests on the potential developmental or teratogenic
haudsassodatedwmmuseoimnaphmm”amdmmwaﬁvomm
administration of 94 or 188 mg/kg/day during the period of organogenesis did not adversely:
affect dams or developing fetuses (Angerhofer et al., 1991). A dose of 938 mg/kg/day produced
transient maternal toxicity, a higher incidence of resorptions, and lower fetal body weights.

6.1.2. Other exposure routes:

6.1.2.1. Human. No information was found in the available literature. -
6.1.2.2. Animal. The inhalation LCgj, for rats is 11.6 mg/L for exposure to a 50%
w/v suspension in mineral spirits over a 4-hour period. The acute dermal LD in rabbits is >2.0

g/kg. The compound is a primary skin irritant in rabbits and guinea pigs, and possibly a
sensitizing agent in guinea pigs. Itis not a primary eye irritant in rabbits (Bioresearch, Inc., 1980).

6.2. Carcinogenicity
6.2.1. Oral Exposure
6.2.1.1. Human. No information was found in the available literature.
6.2.1.2.. Animal. No information was found in the available fiterature.
6.2.2. Other Exposure Routes
6.2.2.1. Human. No information was found in the available literature,
6.2.2.2. Animal. No infovmaﬁon was found in the available literature.
6.3. Genotoxicity. No information was found in the available literature.
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7. EXISTING STANDARDS, CRITERIA, GUIDANCE

'7.1. EPA RfDs, RfCs, CRAVE Classificatons:

RID: - None established
‘RIC: ' None established
Oral slope factor: None established
Drinking Water Unit Risk: None established
inhalation Slope Factor: ‘ None estabiished’
Inhalation Unit Risk: , None established

EPA CRAVE Cancer Classification: Not evaluated
7.2. 1ARC Carcinogenicity Classification

Not evaluated
7.3. OSHA, ACGIN, and NIOSH Standards and Criteria

OSHA (8w TWA):  None established.

OSHA STEL: None established

OSHA Cailing Limit: None established:

ACGIH (84w TWA): None established

. NIOSH RELs: None established
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