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PREFACE

Health and Environmental Effects Documents (HEEDs) are prepared for the
Office of Solid Waste and Emergency Response (OSWER). This document series
is intenced to support 1istings under the Resource Conservation and Recovery
Act (RCRn) as well as to provide health-related 1imits and goals for emer-
gency ani remedial actions under the Comprehensive Environmental Response,
Compensation and Liability Act (CERCLA). Both published 1literature and
information obtalned for Agency Program Office files are evaluated as they
pertain io potential human health, aquatic 1ife and environmental effects of
hazardous waste constituents. The 1iterature searched for in this document
and the dates searched are included in "Appendix: Literature Searched."
Literature search materlal is current up to 8 months previous to the final
draft date listed on the front cover. Final draft document dates (front
cover) reflect the date the document s sent to the Program Officer (OSWER).

Several quantitative estimates are presented provided suffictent data
are aval able. For systemic toxicants, these include Reference doses (RfDs)
for chrcnic and subchronic exposures for both the inhalation and oral
exposures. The subchronic or partial lifetime RfD 1s an estimate of an
exposure level that would not be expected to cause adverse effects when
exposure occurs during a limited time 1nterval 1.e., for an interval that
does not constitute a significant portion of the 1ifespan. This type of
exposure estimate has not been extensively used, or rigorously defined as
previous risk assessment efforts have focused primarily on l1ifetime exposure
scenariot. Anima) data used for subchronic estimates generally reflect
exposure durations of 30-90 days. The general methodology for estimating
subchron’c RfDs is the same as traditionally employed for chronic estimates,
except that subchronic data are utilized when avallable.

In the case of suspected carcinogens, RfDs are not estimated. Instead,
a carcirogenic potency factor, or q1* (U.S. EPA, 1980a), 1is provided.
These potency estimates are derived for both oral and finhalation exposures
where prisible. In addition, unit risk estimates for air and drinking water
are presented based on inhalation and oral data, respectively.

Repoitable quantities (RQs) based on both chronic toxicity and carcino-
genicity are derived. The RQ is used to determine the quantity of a hazard-
ous substance for which notification 1s required in the event of a release
as specified under the Comprehensive Environmental Response, Compensation
and Liability Act (CERCLA)}. These two RQs (chronic toxicity and carcino-
genicity represent two of six scores developed (the remaining four reflect
ignitabyiity, reactivity, aquatic toxicity, and acute mammalian toxicity).
Chemical -specific RQs reflect the lowest of these six primary criteria. The
methodolngy for chronic toxicity and cancer based RQs are defined in U.S.
EPA, 1981 and 1986a, respectively.
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EXECUTIVE SUMMARY

1,3,6-Trinitrobenzene is a yellow crystalline solid at room temperature;
it 1s scluble in both polar and nonpolar organic solvents and sparingly
soluble ‘n water (Sax and Lewis, 1987; Windholz et al., 1983). Information
on curreat methods of production 3s lacking in the available literature.
Only Eastman Kodak Co. 1In Rochester, NY, produced this material 1in 1977
(TSCAPP, 1989)}. 1,3,5-Trinitrobenzene is used mainly in explosive composi-
tions {Six and Lewis, 1987; Windholz et al., 1983). It is also used in the
vulcanization of rubber (Barnhart, 1981) and as a pH indicator {Durst and
Bates, 1981).

Sufficient data do not exist in the available l1iterature to accurately
predict .he environmental fate of 1,3,5-trinitrobenzene but the following
processes are expected to occur in the environment: In the atmosphere,
1,3,5-trinitrobenzene should exist partially in the vapor phase, and
partially in the particulate form. Destruction by the gas-phase reaction
with pho-.ocheinically produced OH radical or by the reaction with ozone fis
not expected to be significant. Both wet and dry deposition may occur. In
water, neither volatilization to the atmosphere nor hydrolysis are expected
to be imjortant processes. Information sufficient to predict the importance
of microhial degradation of 1,3,5-trinitrobenzene were not located in the
avatlable 11terature; however, rapid anaerobic degradation may occur under
the proper conditions. 1,3,5-Trinitrobenzene adsorbs 1ight in the environ-
mentally significant range >290 nm (Burlinson et al., 1973; Spanggord et
al., 1980; Capellos and Suryanarayanan, 1973) but the light-induced trans-
formations of this compound are not well understood. Therefore, the photo-
lytic destruction of 1,3,5-trinitrobenzene in the environment cannot be

accurately predicted.
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1,3,f-Trinitrobenzene is a man-made organic compound that can enter the
environment as a component of wastewater effluent of plants that synthesize,
produce or demilitarize explosives or munitions. 1,3,5-Trinitrobenzene may
also ent2r the environment through the disposal of solid wastes (Ryon et
al., 198%, Spalding and Fulton, 1988; Spanggord et al., 1982a). Limited
monitorirg data are available on the concentration of this compound in the
environment. Sufficient monitoring data are not available to estimate the
exposure of 1,3,5-trtnitirobenzene to the general population.

Exisiing data 1indicate that trinitrobenzene 1s highly toxic to aquatic
fauna, tut the compound 3s not 1ikely to concentrate 1in them. Acute
toxicity data have been reported for four specles of fish (fathead minnows,
channel catfish, bluegills and rainbow trout) and one invertebrate, the
water fl:a. LC values for fathead minnows range from 0.49-1.1 ppm, and

50
the other three species displayed sensitivity to trinitrobenzene at LC

50
levels <1.0 ppm and ranging from C.38 to 0.85 (Bailey and Spanggord, 1983;
Liu et 1., 1983; Pearson et al., 1979; van der Schalie, 1983; van der
Schalie et al., 1988). The water flea, D. magna, was less sensitive,
showing 5050 values rangirg from 2.7-4.1 ppm trinitrobenzene (Liu et al.,
1983; Peirson et al., 1979; van der Schalie, 1983).

Chroric toxicity data are provided for fathead minnows, rainbow trout,
bluegllls, and the water flea. Early 1ife stage tests indicate that fathead
minnows .re highly sensitive to trinitrobenzene, with survival significantly
reduced at exposures >0.12 ppm for a perlod of 32 days. Rainbow trout were
similarly sensitive to trinitrobenzene, showing a LOEL of 0.17 ppm for
survival. fry length and fry welght (van der Schalie, 1983). Ventilatory
effects vere noted in bluegills exposed to treatment levels >0.128 ppm for 6

days (vin der Schalle et al., 1988). Signs of respiratory distress




(operculéir movement fincreases, excitability and violent swimming) were noted

in K. sardvicensus exposed to >0.1 ppm trinitrobenzene for short durations
(Hiatt el al., 1957).

A BC- of 65.36 has been calculated for trinitrobenzene by Liu et al.
(1983) from the estimated log value of 1.36. Bloconcentration data reported
by van d2r Schalte (1983) for fathead minnows, rainbow trout and the water
flea support the conclusion that trinitrobenzene does not significantly
bioaccumilate in aquatic animals.

Tox1c effects of trinitrobenzene in the alga, $. capricornutum, was

investigeted by van der Schalie (1983). Significant reduction in growth was
noted at all levels tested (0.01-17.32 ppm) after 5 and 14 days exposure,
concentretions of 1.18 ppm were algicidal, and Jower concentrations were
algistatic.

Data pertinent to the pharmacokinetic behavior of 1,3,5-trinitrobenzene
in mammalian systems are not availlable.

Information regarding the chronic or subchronic toxicity of 1,3,5-tri-
nitrobenzene following 1inhalation exposure 1s wunavailable. Information
regarding oral exposure of chroni¢ cr subchronic duration is limited to an
abstract of a Russian report (Korolev et al., 1977). ‘"Prolonged" oral
administration of 1,3,5-trinitrobenzene to mice, rats and guinea pigs
altered "he activities of peroxidase, alkaline phosphatase and ceroplasmin
in the blood, but further details were unavailable.

Published oral LD50 values for 1,3,5-trinltrobenzene 1inciude the
following: 600 mg/kg in white mice, 450 mg/kg in white rats, 730 mg/kg 1In
guinea pigs (Korolev et al., 1977) and 600 mg/kg in mice (Timosievskaya and
Rokionova, 1973).
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Administration of single oral (0.4 wmol/kg) or intraperitoneal (0.1
umol/kg) doses to rats increased blood levels of methemoglobin {Senczuk et
al., 1976; MWatanabe et al., 1976). Intraperitoneal administration of

jsomers of dinitrobenzene had a similar effect.

Data regarding the carcinogenicity of 1,3,5-trinitrobenzene were limited
to a siigle study employing dermal and fintraperitoneal administrations.
Single torpical applications of 1,3,5-trinitrobenzene to the skin of mice
elicited responses (inflammation, epidermal hyperplasia and cell darkening)
similar to those caused by TPA, a demonstrated promoter of mouse skin
tumors. Direct evidence for the carcinogenic potential of 1,3,5-trinitro-
benzene .0 cause mouse skin tumors was unavailable (Slaga et al., 1985).
Multiple intraperitoneal injections of 1,3,5-trinitrobenzene (3 times/week
for 8 we2ks) did not cause lung tumors in mice, but neither did benzo(a)-
pyrene, ¢ known carcinogen in the positive controls in this study {(Slaga et
al., 1985).

1,3,5-Trinitrobenzene was mutagenic in assays for reverse mutations 1in
S. typhimurium strains, and the mutagenic activity was reduced (but not
abolished) by the presence of a metabolic artivating system (McGregor et
al., 1980; Spanggord et al., 1982b; Kawal et al., 1987).

Data regarding teratogenic and other reproductive effects of 1,3,5-tri-
nitrobenzene were not available.

As data regarding the carclinogenicity of 1,3,5-trinitrobenzene are
insufficient to assess the carcenogenic potential in humans, 1,3,5-trinitro-
benzene vas assigned to EPA Group D - not classifiable as to human carcino-
genicity. A subchronic oral RfD of 5x107¢ mg/kg/day and a chronic oral
RfFD of £x107% mg/kg/day were derived for 1,3,5-trinitrobenzene, based on
analogy to the RfD for 1,3-dinitrobenzene. An RQ of 100 for chronic

toxicity was derived, based on analegy to 1,3-dinitrobenzene,
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1. INTRODUCTION
1.1, STRUCTURE AND CAS NUMBER

1,3,5.-Trindtrobenzene is also known by the synonyms s-, sym-, symmetric
and syn-t-initrobenzene and by the acronym TNB (CAS, 1989; Chemline, 1989;
SANSS, 1989). The structure, CAS number, empirical formula and molecular

weight are as follows:

NO,

0,N NO,

CAS Registry number: 99-35-4
Empirical formula: CSHSNSOG
Molecular welght: 213.11
1.2.  PHYSICAL AND CHEMICAL PROPERTIES

1,3,5-Trinltrobenzene is a yellow crystaliine solid at room temperature
(Sax and Lewis, 1987). It is a dimorphous solid; the most common form melts
at 122.5°C and the rare form melts at 61°C (Weast et al., 1988; Windholz et
al,, 1983). It 1is soluble 1In polar organic solvents such as alcohol,
acetone, :ther and methanol and in nonpolar organic. solvents such as
benzene, carbon disulfide and petroleum ethers (Sax and Lewis, 1987; Weast
et al., 1388; Windholz et al., 1983). It s also moderately soluble in
water {(Windholz et al., 1983). Selected physical properties for 1,3,5-tri-

nitrobenzene are as follows:

Melting point:

Common form 122.5°C Windholz et al., 1983
Rare form 61°C
Boiling point: 315°C Weast et al., 1988
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Density: 1.688 g/cm? Sax and Lewis, 1987
Water solubility:

at 25°C 0.035 g/100 ¢ Windholz et al., 1983

at 20°C 0.034 g/100 g Spanggord et al., 1980
Vapor pressure:

at 20°C solid 3.2x107¢ mm Hg Spanggord et al., 1980

supercooled liquid 2.2x1074 mm Hg Spanggord et al., 1980
Log Koy: 1.18 Hansch and Leo, 1985
Conversion factors: 1 ppm = 8.66 mg/m?

1 mg/m?® = 0.115 ppm

1.3. PRODUCTION DATA

Data from the U.S. EPA TSCA production file (TSCAPP, 1989) indicate that
during 1977, only Eastman Kodak Co. in Rochester, NY, produced 1,3,5-tri-
nitrobenzene. More current United States production data were not located
in the available l1iterature cited in Appendix A.

Data on the commercial methods used in the production of 1,3,5-trinitro-
benzene were not located in the available literature. 1,3,5-Trinitrobenzene
can be sinthesized by treating benzene with a mixture of fuming nitric and
fuming sulfuric acids (Purcell, 1981}, by the action of alkalt on 2,4,6-tri-
nitrobenzaldehyde or the sequential oxidation/decarboxylation of 2,4,6-TNT
(Windholz et al., 1983). 1,3,5-Trinitrobenzene is also produced as a
by-product of the production of TNT (Spanggord et al., 1982a; Spalding and
Fulton, 1388).

1.4. USE DATA

1,3,5-Trinitrobenzene 1is used in explosive compositions. It is Tess
sensitive to impact than TNT but more powerful and brisant (Sax and Lewis,
1987; Wirdholz et al., 1983). It 1s also used as a vulcanizing agent for
rubber (Barnhart, 1981) and as a pH indicator (Durst and Bates, 1981).
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1.5.  SUMMARY

1,3,5-Trinitrobenzene s a yellow crystailine solid at room temperature;

it ¥s soluble in both polar and nonpolar organic solvents and sparingly
soluble in water (Sax and Lewis, 1987; Windholz et al., 1983). Information
on currert methods of production s Jacking in the availlable literature.
Only Eas-.man Xodak Co. In Rochester, NY, produced this material in 1977
(TSCAPP, 1989). 1,3,5-Trinitrobenzene is used mainly in explosive composi-
tions {(Sax and Lewis, 1987; Windholz et al., 1983). It is also used in the
vulcanization of rubber (Barnhart, 1981) and as a pH indicator (Durst and

Bates, 1931).

0188d -3- 07/31/89




2. ENVIRONMENTAL FATE AND TRANSPORT

2.1. AIR

Glver the available data on the vapor pressure of 1,3,5-trinitrobenzene
at 20°C, 2.2x1074 mm Hg (supercooled 1liquid) and 3.2x107¢ mm Hg (solid),
i1t is exrected that this compound will exist both in the vapor phase and in
the particulate form in the ambient atmosphere (Eisenrich et al., 1981).
2.1.1. Reaction with Hydroxyl Radicals. Using the method of Atkinson
{1985}, i rate constant for the gas phase reaction of 1,3,5-trinltrobenzene
with photochemically produced hydroxyl radicals 1in the atmosphere can be
estimatec to be 1.3x1072% cm®/molecule-sec. If an average atmospheric
hydroxyl radical concentration s 5x105 molecules/cm®, then the
half-11fe for the vapor-phase destruction of 1,3,5-trinitrobenzene in the
atmosphere would be 12,440 days. Consequently, this should not be an
environmentally significant process.
2.1.2. Reaction with Ozone. 1,3,5-Trinitrobenzene is not expected to be
susceptitle to atmospheric degradation by ozone (Atkinson, 1985; U.S. EPA,
1987).
2.1.3. Photolysis. 1,3,5-Trinitrobenzene 1s known to absorb light in the
environmentally significant range of >290 nm (Spanggord et al., 1980;
Capellos and Suryanarayanan, 1973). Sufficient information does not exist
in the available 1iterature to accurately predict the photolytic fate of
1,3,5-trinitrobenzene in the atmosphere (Section 2.2.3.}.
2.1.4. Physical Removal Processes, 1,3,5-Trinitrobenzene in the
atmosphere s expected to exist partially in the particulate form and dry
deposition may partially remove this compound from the atmosphere. The
water so ubility of 1,3,5-trinitrobenzene, 0.035 g/100 g at 25°C (Windholz
et al., 1983}, suggests that partial removal by wet deposition may also

occur.
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2.2. WATER
2.2.1. lydrolysis. 1,3,5-Trinitrobenzene 1s not expected to hydrolyze
under environmental conditions since it contains no hydrolyzable functional
groups (Ly/man et al., 1982).

2.2.2. )Jxidation. Oxidatton of 1,3,5-trinitrobenzene 1in water by
electrophilic alkoxy or akylperoxy radicals 1is not expected to be an
important fate process.

2.2.3. ‘hotolysis. 1,3,5-Trinitrobenzene is known to adsorb light in the
environmeitally significant range >290 nm (Spanggord et al., 1980; Burlinson
et al., "973); however, the photolysis of aqueous 1,3,5-trinitrobenzene 1in
the laboratory produced no reaction after 6 hours (Burlinson et al., 1973).
Capellos ind Suryanarayanan (1973) have shown that in the laboratory, photo-
lytic decomposition of 1,3,5-trinitrobenzene only occurs in the presence of
both oxygen and polar, nucleophilic reagents, such as methanol. Sunlight
photolysi: of 2,4,6-TNT in river water produced a 10X yileld of 1,3,5-tri-
nitrobenzi:ne after 8 days (Spanggord et al., 1980). Thus, the rate of
photolysi: for 1,3,5-tri-nitrobenzene must be sltower than for TNT, otherwise
it would not have been detected in this experiment.

The above data suggest that when 1,3,5-trinitrobenzene 1s exposed to
1ight, ptotochemical transformations unique to this compound may occur.
Thus, the photolytic fate of 1,3,5-trinitrobenzene based on analogies to
other nitro-aromatic compounds cannot be predicted. More information 1is
necessary to accurately predict what process may occur when 1,3,5-trinitro-
benzene 1n water is exposed to sunlight.

2.2.4. Nicrobial Degradation. Insufficient data 1in the available
Titerature cited In Appendix A preclude the prediction of the microbial
degradation of 1,3,5-trinitrobenzene in water. 1,3,5-Trinitrobenzene did

not support growth of Nocardia V. cultures {(Rodriguez-Villanueva, 1960).
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Cell-free extracts of Veillonella alkalescens degraded 1,3,5-trinitrobenzene

to the amino compound n the presence of hydrogen at a rate equal to 288
nmol Hzlmin/mg protein, the most rapid rate obtained for the 40 nitro-
benzene derivatives studied {(McCormick et al., 1976). It is not possible to
directly extrapolate from these 1laboratory studies to the behavior of
1,3,5-tr'nitrobenzene in the environment, but ¥t 1s possible that anaerobic
biodegracation may occur under the proper conditions.

2.2.5. Bioconcentration. The BCF for 1,3,5-tri-nitrobenzene can be
calculated to range from 5-23 based on its water solubility, 0.035 mg/e at
25°C (MWindholz et al.,, 1983), and the Tlog Kow' 1.81 (Hansch and Leo,
1985)}. T'he respective regression equations, log BCF = 0.76 log Kow - 0.23
and log BCF = 2.791 - 0.564 log s, were used in this estimation (Lyman et
al., 1982). These values suggest that bioconcentration in fish and aquatic
organism¢ is not an important fate process.

2.2.6. Adsorption. Using the regression equations Tlog Koc = 0.544 Jog
Kow + 1,377 and 1log Koc = -0.55 log s + 3.64 (Lyman et al., 1982), the
Koc for 1,3,5-trinitrobenzene 1s calculated to range from 104-178 based on
the wate- solubility, 340 mg/e at 25°C (Windholz et al., 1983), and the
log Kow' 1.81 (Hansch and Leo, 1985), respectively. These values suggest
that adscrption to sediment and suspended organic matter are not expected to
be important fate processes.

2.2.7. Volatilization. Using the method of Hine and Mookerjee (1975), an
estimatec Henry's Law constant of 3.08x107® atm m3/mol at 25°C can be
calculated for 1,3,5-trinitrobenzene. This value suggests that volatiliza-
tion fron water to the atmosphere is very slow. The volatilizatlon half-

1ife fron a model river 1 m deep, flowing at 1 m/sec with a wind velocity of

3 m/sec 1s 47.5 years (Lyman et al., 1982).
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2.3.  SOIL
2.3.1. Microbia) Degradation. Sufficient data are not available to
predict the biodegradation of 1,3,5-trinltrobenzene in soil. Oxygen uptake
that was not significantly higher than endogenous respiration was obtained
when 1,3,5-trinitrobenzene was exposed to organisms obtained from soil,
compost or a waste lagoon and enriched using phenol as the carbon source
{Chambers and Kabler, 1964; Chambers et al., 1963; Tabak et al., 1964; Barth
and Bunct, 1979). The results of these studles suggest that 1ittle or no
aerobic Ltiodegradation took place; however, anaerobic degradation may occur
in soil under the proper conditions (see Section 2.2.4.).
2.3.2. Adsorption. Koc values for 1,3,5-trinitrobenzene can be esti-
mated to lie in the range from 104-178 (see Section 2.2.6.). These values
suggest tnrat 1,3,5-trinitrobenzene will display moderate to high mobility in
soil (Swain et al., 1983).
2.3.3. ‘lolatilization. The vapor pressure of 1,3,5-trinitrobenzene,
3.2x10"¢ mm Hg at 20°C (Spanggord et al., 1980), suggests that volatiliza-
tion from soil to the atmosphere is not a significant fate process.
2.4.  SUIMARY

Sufficient data do not exist in the available literature to accurately
predict the environmental fate of 1,3,5-trinitrobenzene but the following
processes are expected to occur in the environment: In the atmosphere,
1,3,5-trinitrobenzene should exist partially 1in the vapor phase, and
partially 1n the particulate form. Destruction by the gas-phase reaction
with photichemically produced OH radical or by the reaction with ozone is
not expec.ed to be significant. Both wet and dry deposition may occur. In
water, neither volatilization to the atmosphere nor hydrolysis are expected

to be mpurtant processes. Information sufficient to predict the importance
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of microt:ial degradation of 1,3,5-trinitrobenzene were not located in the
available 1literature; however, rapid anaerobic degradation may occur under
the proper conditions. 1,3,5-Trinitrobenzene adsorbs 1ight in the environ-
mentally significant range >290 nm (Burlinson et al., 1973; Spanggord et
al., 18t0; Capellos and Suryanarayanan, 1973) but the T1ight-induced
transformations of this compound are not well understood. Therefore, the
photolyti: destruction of 1,3,5-trinitrobenzene in the environment cannot be

accurately predicted.

0188d -8- 06/13/89



3. EXPOSURE

1,3,5-Trinitrobenzene 1s & man-made compound that 1s usually associated
with the production of munitions and armaments. Limited data are available
on the quantity of 1,3,5-trinitrobenzene in environmental media. Based on
the available data, it appears that 1,3,5-trinitrobenzene can enter the
environment in wastewater effluent from facilities that synthesize, produce
or demilitarize munitions, or from the disposal of sol1d TNT wastes (Ryon et
al., 1984; Spalding and Fulton, 1988; Spanggord et al., 1982a).
3.1,  WATER

1,3,5-Trinitrobenzene was lidentified 1in the condensate wastewater
effluent from the production of TNT. It was found in 3.8% of the samples
taken weec<ly throughout 1 year in concentrations ranging from 0.06-0.20 ppm
for the positive samples. 1,3,5-Trinitrobenzene was thought to be produced
from the sequential oxidation and decarboxylation of TNT, which can occur at
elevated temperatures during the distillation, condensation and subsequent
release of the wastewater (Spanggord et al., 1982a). 1,3,5-Trinitrobenzene
was qualttatively detected in groundwater samples contaminated with
by-produc-s from the manufacture of cyclonite and TNT near the Cornhusker
Army Ammunition Plant, Nebraska (Spalding and Fulton, 1988). 1,3,5-Tri-
nitrobenzene was identified as a by-product in wastewater effluent from the
synthesis of p-nitrobenzoic acid, an intermediate used for the synthesis of
pharmaceuiicals, at a concentration of <1% (wt/wt) (Wennersten, 1980).
3.2. FO(D

Pertirent data regarding the detection of 1,3,5-trinltrobenzene in food

were not located in the available literature cited in Appendix A.
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3.3.  INAJALATION

Pertiient data regarding the exposure to 1,3,5-trinitrobenzene through
inhalatioy were not located in the available 1iterature cited in Appendix A.
3.4. DEMMAL

Pertiient data regarding the dermal exposure to 1,3,5-trinitrobenzene
were not located in the available literature cited in Appendix A.

3.5.  SUMMARY

1,3,5-Trinitrobenzene is a man-made organic compound that can enter the
environmeit as a component of wastewater effluent of plants that synthesize,
produce ar demiiitarize explosives or munitions. 1,3,5-Trinitrobenzene may
also ente~ the environment through the d1sposa] of solid TNT wastes (Ryon et
al., 1984, Spalding and Fulton, 1988; Spanggord et al., 1982a). Limited
monitorinj) data are available on the concentration of this compound in the
environmeit. Sufficlient monitoring data are not available to estimate the

exposure >f 1,3,5-trinitirobenzene to the general population.



4. ENVIRONMENTAL TOXICOLOGY
4.1.  ACUATIC TOXICOLOGY

4.1.1.  Acute Toxic Effects on Fauna. The static acute toxicity of

1,3,5-tr'nitrobenzene to the fathead minnow, Pimephales promelas, was

evaluatec by Bailey and Spanggord (1983). Juvenile fish averaging 0.28 g
were dep-ived of food for 24 hours before and during testing. Tests were
conductec In 19 o pickle Jars containing 10 fish/jar and 15 ¢ of test
solution. Dissolved oxygen, temperature, pH and mortality were checked
daily. {ardness, alkalinity and conductivity of the diluent dechiorinated
tap water were also monitored regularly (interval not reported). The
96-hour 'CSO for fathead minnows was 1.7 mg/8. 0Dissolved oxygen concen-
trations ranged from 2.8-9.4 mg/e; pHs ranged from 6-9.2 mg/e (mean
1.6); ani mean temperatures ranged from 19.5-22°C (mean 20.3°C). Hardness
ranged from 12-43 mg/t as Caco3 and mean alkalinity ranged from 15-60
mg/% as (aCOa.

The acute static toxicity of trinitrobenzene to laboratory-reared
fathead riinnows, P. promelas, and water fleas, Daphnia magna, was determined
by Pearson et al. (1979). Dechlorinated water was used in tests of botp
species. Tests were conducted at 20°C, pH of 7.2-8.6 and an average hard-
ness anc alkalinity of 26 mg/t (as Cacos) and 45 mg/t {as Cacos).
respectively. The 96-hour LC for fathead minnows was 1.03 mg/t. The

50
48-hour ECSO for D. magna was 2.7 mg/e.
Liu et al. (1983) assessed the static acute toxicity of trinitrobenzene
to fatheid minnows, P. promelas, aged 90 (+2) days, and to water fleas, D.
magna, f'rst tnstars, obtained from laboratory-reared stocks and deprived of

food during testing. Tests were conducted in dechlorinated tap water at

20°C having an average hardness of 33.8 mg/t (SD=19.0) as calctum
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carbonate (Cacoa}. ph of 7.7 (SD=0.35), alkalinity of 38.0 mg/s
(SD=20.0) as CaCO3. and residual chlorine of 2.2 wug/t (SD=0.95). Water

temperatires were 20°C for minnows and 12°C for trout. The 96-hour LCSO
estimate of static acute toxicity (and 95% confidence levels) for fathead
minnows was 1.1 (1-1.2) mg/%, and for water fleas, 2.7 (2.4-3.1) mg/t.

Static acute toxicity of trinitrobenzene to the water flea, D. magna,

bluegill, Lepomis macrochirus, rainbow trout, Salmo gairdner), fathead

minnow, . promelas, and channel catfish, Ictalurus punctatus, was deter-

mined by van der Schalie (1983). Filtered, aerated and sterilized well
water wa; used in the tests and monitored weekly for pH, hardness, alka-
linity, .otal organic carbon, suspended solids and ammonia. Animals were
acclimated to the well water for <30 weeks, transferred to holding tanks and
held witliout food for 48 hours before starting the tests. The fish tests
were conducted in 19 & jars containing 14 2 of test solution. Three
Jars containing 10 fish, or two jars of 15 smaller fish, were used for each
treatment level.

The jars were held in a tank at 22 (+2)°C for the warmwater fish

species, and 12(+2)°C for the trout. The 96-hour LC values in mg/g,

50
(and 95% confidence 1imits) were reported as follows: bluegills, 0.85
(0.52-1.238); rainbow trout, 0.52 (0.32-0.8); fathead minnows, 0.49
(0.44-0.56); and channel catfish, 0.38 (0.34-0.43).

van cer Schalie (1983) conducted a static acute test of trinitrobenzene
in the witer flea, D. magna, ldentically to that described above for fish,
except that daphnids to be tested were obtained from females 1solated from

stock cultures <24 hours before starting the test. Trout chow and yeast

food were provided up to the time that the young were pooled for testing.
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Five neonates were transferred by eyedropper into six 200 me beakers/

treatment 1level. The 4B-hour ECSO level (and 95% confidence 1imit) was

2.98 (2.63-3.38) mg/e. A higher 48-hour ECSO value of 4.1 (2.6-7.7)

mg/e was determined for this species when fed vitamin-enriched algae,

Ankistrocesmus falcatus, twice daily (Section 4.1.2.1.).

van der Schalie et al. (1988) determined the acute flowthrough toxicity
of trinitrobenzene to bluegills, L. macrochirus. Filtered and sterilized
well water was used in the tests and was maintained at 22(+2)°C; dissolved
oxygen concentration ranged from 88-98% saturation, pH was 8.2-8.3,
alkalinily (as CaCOs) averaged 241 (range 227-250) mg/%, and hardness
(as Caccs) averaged 173 (range 170-174) mg/8. Ten fish were randomly
assigned to two test aquarila containing 7.6 ¢ of test solution. Six
treatmeni levels (0.0, 0.14, 0.34, 0.69, 1.29 and 3.07 mg/e, mean
measured concentration) were tested. Fish were not fed for 48 hours before
starting the tests. Approximately five tank volumes were delivered by a
proporticnal diluter to each tank per day. The 96-hour LCSO was 0.57 (95%
fiducial 1imits of 0.50-0.65 mg/n}.
4.1.2. Chronic Effects on Fauna.

4.1.2.1. TOXICITY -- Early 1ife stage tests of trinitrobenzene's
toxicity were conducted on fathead minnows, P. promelas, and rainbow trout,
S. gairdier), by van der Schalie (1983). The water source and treatment
were haniled simllarly to the method described in Section 4,1.1. Fathead
minnow e¢gs were obtained from adults that had been held in aquaria contain-
ing spawning substrates. Larvae <24 hours ol1d were used to start the test.
Approximé tely 450 eggs were pooled, then randomized into beakers containing

well water and egg cups. Each cup contained 35 eggs, with two replicate cups

for each of the five treatment levels (0.72, 0.32, 0.18, 0.12 and 0.08
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mg/h) ani controlx (0.05 mg/e). These cups were randomly placed in the

water baih, and a rocker-arm apparatus kept the eggs in motion. Temperature

was maintained at 25°C (range 23.8-26.3°C), dissolved oxygen levels were
between /.9 and 8.9 mg/t and pH ranged from 7.9-8.2. When >90% hatch had
occurred, fry were released into the test tank and fed twice/day. The test
duration was 32 days. No effects were noted on hatching rate, hatching
success Jr morphology of offspring at any treatment level. Significantly
reduced survival was noted for all but the lowest dose. Fry at all
treatmen! levels were less active than the controls. The LOAEL, based on
mor tality, is 0.12 ppm Ffor 1,3,5-trinitrobenzene. Effects noted on fry
length ard welight do not appear to be treatment-related.

van der Schalie (1983) obtained eyed eqggs of rainbow trout, S. gaird-
neri, from a national hatchery for early 1ife stage tests. Eggs were placed
in group; of 60 into egg baskets suspended in two 192 aquaria containing
15 & of test solution/treatment 1level. Treatment 1levels ranged from
0.09-0.71 mg/e, but because significant effects were noted at the lowest
concentretion, a second test was conducted. Treatment levels for the second
test wer: 0.17, 0.082, 0.045, 0.022, 0.015 and 0.01 mg/t trinitrobenzene.
Data discussed here are taken from the second test. Temperatures were
maintained within 1° of 12°C, dissolved oxygen concentrations averaged
8.5-9.0 ng/e and pH averaged between 8.0 and 8.2 (range 7.9-8.5). Feeding
(twice ditly) was initlated when fry swam out of the egg basket. Total
duration of the rainbow trout test was 71 days (61 days following the 50%
hatch day for controls). At concentrations of 0.17 and 0.082 mg/e, fish
showed erratic swimming patterns and were 1lighter 1in color than the
controls. Significant differences In survival, fry length and fry weight

were noted at 0.17 ppm, a LOAEL. No significant effects were reported on
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hatching success, time to hatch, time to swim-up or fry morphology at
treatmenf levels <0.71 mg/e. A NOEL of 0.045 ppm and a NOAEL of 0.082 are
thus identified for these study conditions.

Long-term effects on these same fish specles were noted in flowthrough
acute to:ticity tests conducted by van der Schalie (1983). The same test
conditions were used here as described in the static acute test {see Section
4.1.1.), except that fish were tested in 19 ¢ aquaria containing 15 2 of
test solition. These aquaria measured 40 x 20 x 25 cm and had a drain hole
at a heijht of 19 cm. For five treatment levels and a control, two repli-
cate tanks housing 15 fish/tank were used. (In the rainbow trout tests, two
replicates of 10 fish each were used.) For fathead minnows, a 10-day LC50
of 0.46 mg/% was obtalned (95% confidence 1imits = 0.42-0.53 ppm}. The
rainbow trout dynamic acute test results were an 18-day L050 {and 95%

confidence 1imits) of 0.4 mg/e (0.24-0.73) and a 10-day LC 0 {and 95%

5
confidence 1imits) of 0.52 (0.37-0.73) mg/1.

van er Schalie et al. (1988) determined the effects on ventilatory
patterns and whole-body movement rates caused by chronic exposure of
bluegilis, L. macrochirus, to trinitrobenzene. Five fish/group, except for
the highest treatment level in which three/group were tested, were exposed
to six t-eatment levels (at mean measured trinitrobenzene concentrations of
0.613, 0 279, 0.128, 0.061, 0.034 and 0.02 mg/% or below detection 1limit)
for 6 da¢s. Parameters monitored were ventilatory rate, ventilatory depth,
cough ré¢te and percent movement. The monitoring apparatus was that
described by van der Schalie (1980) but was modified from an anterior/
posterior electrode arrangement for monitoring fish ventilatory signals to a

dorsal/ventral pattern. A proportional toxicant diluter delivered test

solutions to the wventilatory chambers. Ventilatory parameters were

0188d -15- 06/13/89




monitored continuously by microcomputer and compiled every 15 minutes. No
significart differences 1n ventilatory signal minima were noted among
control «nd treated fish at any exposure level. €Effects were noted on
ventilato'y maxima for all parameters except ventilatory rate. Ventilatory
depth was the most sensitive parameter tested, showing significant responses
at conceitrations >0.128 mg/e. Significant effects on cough rate and
percent novement were noted at 0.613 mg/e. A concentration of 0.128 ppm
thus repr:sents a LOAEL and 0.061 ppm a NOEL.

Hiatt et al (1957) exposed marine fish, Kuhlla sandvicensis, to
1.3.5-trinitrobenzene concentrations of 10, 50, 100, 1000 and 10,000
wg/% (0.C1, 0.05, 0.1, 1 and 10 ppm, respectively) for short durations
(time period not specified} and noted slight irritant effects (excitability,
violent swimming and opercular movement increases), suggesting respiratory
distress it the 0.1 ppm exposure level. These reactions were violent at the
higher ex)josure levels and were not noted with exposures of <0.05 ppm. Lack
of informition on duration of this study precludes identification of effect
Tevels for risk assessment purposes.

Chron ¢ data were generated by van der Schalie (1983) for D. magna
exposed t> trinitrobenzene. Animals used in these tests were raised in an
in-house culture untit In 2 ¢ tanks with 10 daphnids/tank. Aerated well
water was maintained at 20°C (range 19-21 days), and 1ight intensity was
150-350 lux. Daphnids were fed twice daily with =2 mg/¢ (dry weight)

vitamin-ernriched alga, Ankistrodesmus falcatus. Daphnids were exposed to

trinitrobenzene for 21 days. Ten daphnids were placed in four replicate
tanks for each treatment level of 2.68, 1.32, 0.75, 0.47, 0.24 and 0.025
(control). Endpoints monitored were immobilization, young/replicate tank,

young/fem: le/reproductive day (total young divided by total days alive after
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onset of reproduction in the test tank) and growth. Significant effects
were noted at the three highest concentrations (mean total young/tank and
total lergth). At concentrations >1.32 ppm, number of young/female/repro-
ductive day differed significantly from that of controls. Daphnids subjected
to 2.68 ppm exhibited a marked spinning motion when swimming. No signifi-
cant differences were noted for any treatment level on survival. A concen-
tration of 0.47 ppm represents a chronic NOEL and 0.75 a chronic LOEL.

4.1.2.2. BIOACCUMULATION/BIOCONCENTRATION -- Liu et al. (1983) calcu-
lated a <teady-state BCF for trinitrobenzene of 6.36 from the estimated log
Kou valu2 of 1.36. This value suggests that trinitrobenzene will not
'significantly bioaccumulate in aquatic organisms,
4.1.3. Effects on Flora.

4.1.3.1. TOXICITY -- van der Schalle et al. (1983) tested the

toxicity of trinitrobenzene 'n the alga, Selenastrum capricornutum. Algae

were expised to solutions of trinitrobenzene in 100 me of algal assay
medium ccntatned in 500 my Erlenmeyer flasks. Triplicate flasks for each

treatment level were inoculated with 20,000 cells of S. capricornutum/me/

flask anc¢ reared under 4300 lux of cool white fluorescent 1ight for 14 days
at 26°C (range 25-27°C). Cell counts were made using an electronic particle
counter. Growth, measured in cells/mg, was monitored. Significant reduc-
tion in growth compared with that of controls was noted at all treatment
levels o1 days 5 and 14 of the test. Concentrations >1.18 ppm were
algicidal, and concentrations <1.18 ppm were algistatic.

4.1.3.2. BIOCONCENTRATION -- Pertinent data regarding the bioaccumu-
lation/bioconcentration potentilal of trinitrobenzene in aquatic flora were

not located in the avallable 1iterature clted in Appendix A.
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4.1.4, :iffects on Bacteria. Pertinent data regarding the effects of
exposure of aquatic bacteria to trinitrobenzene were not located in the
availabije Titerature cited in Appendix A.
4.2. TERRESTRIAL TOXICOLOGY
4.2.1. :iffects on Fauna. Pertinent data regarding the effects of
exposure of terrestrial fauna to trinitrobenzene were not located in the
available literature cited in Appendix A.
4.2.2. :ffects on Flora. Pertinent data regarding the effects of
exposure of terrestrial flora to trinitrobenzene were not Jocated in the
available literature cited in Appendix A.
4.3. FI:LD STUDIES

Pertitent data regarding the effects of trinitrobenzene on flora and
fauna in the fleld were not located in the available l1iterature cited in
Appendix 1.
4.4. AQJIATIC RISK ASSESSMENT

The lack of pertinent data regarding the effects of exposure of aquatic
fauna and flora to trinitrobenzene precluded the development of a freshwater
criterion by the method oFf U.S. EPA/OWRS (1986) (Figure 4-1). Additional
data required for the development of a freshwater criterion include the
results of acute assays with benthic crustaceans, an insect, a nonarthropod
and nonciordate specles and an 1insect or species from a phylum not
previously represented. The development of a freshwater criterion also
requires data from acceptable chronic toxicity tests with two species of
fauna and at least one bloconcentration study.

The lack of pertinent data regarding the effects of exposure of aquatic
fauna and flora to trinitrobenzene also precluded the development of a

saltwater criterion by the method of U.S. EPA/OWRS (1986). Additional data
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TEST TYFE

Famaly GMAye GMCYs ECFe
(ppm) (ppm)
1
Chordate (Salmocrnid-fish) O, 52° NA NA
#e
Cherdate (warmwater fish) Q. 0. 884" NA NA
#3
Chordate (fisth or amphibian) O, 57 NA NA
%4
Crustaczarn (planktonic) 3. 072 Q.47 NR
*S
{rustaczar (bernthic) NA NA NR
#c
In:ectan NA NR NA
7
rior—Artivopod/-Chordate NAQ NA NE
2z
New  nesectari or phylumn NA NR NA
representative
#3 XXXXXXXXXXXX
&. gae XXXXXX XXX XXX 0,103 NA
#10 XXXXXXXXXXXX
Vagcular plant XXXXXXXXXXXX NA NA

sNA=Nct fivailatbles:*9€-nr LGy
*Mear, FE-hr LCyge for
br LCse for bluegill sunfish,
ECae for the water flea,

flea. D. magna:
tum,

fathead mirrows,
Lepcmis macrochiruss

Daphriia magnas
® j4-day LOEC for the alpga,

for rainbow traut, Salme gairdreris
(Pimephales promelas); *9€-
*Mean 48-hr

re 1~day NOEC for the water
Selerastrum capricorriu-—

FIGURE 4-1

Organi:ation Chart for Listing GMAVs, GMCVs and BCFs Required to Derive
Numerical Water Quality Criteria by the Method of U.S. EPA/OWRS (1986) for
the Protaction of Freshwater Aquatic Life from Exposure to Trinitrobenzene
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required for the development of a saltwater criterion include the results of
acute assays with two chordate spectes, a nonarthropod and nonchordate
species, a mysid or panaeid crustacean, two additional nonchordate species
and one other species of marine fauna. The development of a saltwater
criterior also requires data from chronic toxicity tests with two species of
fauna anc one species of algae or vascular plant and at least one bioconcen-
tration <tudy.

4.5.  SLMMARY

Existing data indicate that trinitrobenzene is highly toxic to aquatic
fauna but that the compound is not 11kely to concentrate in them. Acute
toxicity data have been reported for four species of fish (fathead minnows,
channel :catfish, bluegills and rainbow trout) and one invertebrate, the
water fina, LC50 values for fathead minnows range from 0.49-1.1 ppm, and
the othe- three species displayed sensitivity to trinitrobenzene at LC50
levels <" .0 ppm and ranging from 0.38 to 0.8-5 {Bailey and Spanggord, 1983;
Liu et ¢1., 1983; Pearson et al., 1979; van der Schalie, 1983; van der
Schalie et al., 1988). The water flea, D. magna, was Jess sensitive,
showing ECSO values ranging from 2.7-4.1 ppm trinitrobenzene (Liu et al.,
1983, Pearson et al., 1979; van der Schalie, 1983).

Chronic toxicity data are provided for fathead minnows, rainbow trout,
bluegills and the water flea. Efarly 11fe stage tests indicate that fathead
minnows ¢re highly sensitive to trinitrobenzene, with survival significantly
reduced uat exposures >0.12 ppm for 32 days. Rainbow trout were similarly
sensitive to trinitrobenzene, showing a LOEL of 0.17 ppm for survival, fry
length and fry weight (van der Schalie, 1983). Ventilatory effects were
noted in bluegills exposed to treatment levels >0.128 ppm for & days (van

der Schalie et al., 1988). Signs of respiratory distress (opercular
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movement 1increases, excitability and violent swimming) were noted in K.
sandvicensus exposed to >0.1 ppm trinitrobenzene for short durations (Hiatt
et al., 1357).

A BCH of 6.36 has been calculated for trinitrobenzene by Liu et al.
{1983) firom the estimated log Kou value of 1.36. Bioconcentration data
reported by van der Schalie {(1983) for fathead minnows, rainbow trout and
the water flea support the conclusion that trinitrobenzene does not signifi-
cantly bijaccumulate in aquatic animals.

Toxic effects of trinitrobenzene in the alga, S. capricornutum, was

investigated by van der Schalle (1983). Significant reduction in growth was
noted at all Tevels tested {0.01-17.32 ppm)} after 5 and 14 days exposure;
concentrations of 1.18 ppm were algicidal, and lower concentrations were

algistati:.
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5. PHARMACOKINETICS

5.1.  ABSORPTION

Pertinent data regarding the absorption of 1,3,5-trinitrobenzene were
not located in the available Titerature cited in Appendix A.
5.2.  DISTRIBUTION

Pertinent data regarding the distribution of 1,3,5-trinitrobenzene were
not located in the available Viterature cited in Appendix A.
5.3.  METABOLISM

Pertinent data regarding the metabolism of 1,3,5-trinitrobenzene were
not located In the available 1iterature cited in Appendix A.
5.4. EXCRETION

Pertinent data regarding the excretion of 1,3,5-trinitrobenzene were not

located in the available literature cited in Appendix A.
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6. EFFECTS
6.1.  SYSTEMIC TOXICITY

6.1.1. Inhalation Exposure. Data regarding the subchronic and chronic
toxicity of 1,3,5-trinitrobenzene following inhalation exposure were not
located 11 the avatlable 1iterature cited in Appendix A.

6.1.2. Jral Exposure. Data regarding the subchronic and chronic toxicity
of 1,3,5-trinitrobenzene following oral exposure were not located in the
available 1iterature cited in Appendix A.

6.1.3. Jther Relevant Information. Korolev et al. (1977) reported oral
LDSO valtes of 600 mg/kg in white mice, 450 mg/kg in white rats and 730
mg/kg in guinea pigs. Toxicity was characterized by central nervous system
and resp’ratory disorders and cyanosis. Ten rats were given dally oral
doses of 90 mg/kg (in an unspecified vehicle) for 30 days, and two died. In
a Tonger-term study (in the English abstract, the experimental period was
referred to only as "prolonged"), orally administered 1,3,5-trinitrobenzene
(0.02-2 ing/kg)} altered peroxidase, alkaline phosphatase and ceroplasmin
activities in the blood. A 5 mg/kg dose reportedly had weakly allergenic
propertie;. Further details were unavailable.

Timof levskaya and Rodionova (1973) cited oral LD values of 572 mg/kg

50
for 1,3,5-trinitrobenzene in mice. Exposure to air saturated with trinitro-
benzene for 24 hours was not toxic to mice, but detalls regarding measured
endpoints were unavallable. Timoievskaya and Rodionova (1973) also reported
that app ication of trinitrobenzene to the shaved skin of mice caused
hyperemia, edema and hemorrhages and that instillation of 50 mg of trinitro-
benzene into the eyes of rabbits caused irritation. Further details,

however, 'vere unavallable.
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Watarabe et al. (1976) compared the ability of various nitrobenzenes to
cause me hemogliobin formation in the blood of rats. Groups of five male
Wistar rits were glven single intraperitoneal doses of 100 umols/kg of the
compounds dissolved in polypropylene glycol. Five hours after 1injection,
biood wis examined for methemoglobin level. 1,3-Dinitrobenzene and
1,4-dinitrobenzene caused greater formation of methemoglobin than 1,3,5-tri-
nitrobenzene, but the difference was statistically significant only for
1,4-nitrcbenzene. Data for control animals were not reported. In an in

vitro assay, 1,3,5-trinitrobenzene, in addition to the three isomers of

dinitrobenzene, caused greater formation of methemoglobin than controls.
Senczuk et al. (1976) reported that single oral doses of trinitrobenzene

(6.4 umols/kg) also caused methemoglobin formation 1in Wistar rats.

Further detadls were unavailable.

6.2. CARCINOGENICITY

6.2.1. Inhalation. Pertinent data regarding the carcinogenicity of

inhated °,3,5-trindtrobenzene were not Jlocated in the available literature

cited in Appendix A.

6.2.2. DOral. Pertinent data regarding the carcinogenicity of ingested

1,3,5-trinitrobenzene were not located in the available 1iterature cited in

Appendix A.

6.2.3. 0Other Relevant Information. Single applications of 10 or 50 mg

1,3,5-trinitrobenzene (dissolved 1n acetone) to the skin of mice iIncreased

the 1incicence of inflammation, epidermal hyperplasia and dark cells (Slaga

et al., 1985). The response elicited by these dose levels was similar to

the maximum response obtained with TPA, a potent promoter of two-stage

carcinogenic tumors 1in the skin of SENCAR mice. 1,3,5-Trinltrobenzene

01884d -24- 06/13/89




tested niegatively 3In assays for initiation of TPA-promoted skin carcino-
gentcity. Postinitiation assays for the promotion of skin cancers were not
conducted with 1,3,5-trinttrobenzene.

Intraperitoneal administration of 1,3,5-trinitrobenzene dissolved 1in
corn oil (0, 600, 1500 and 3000 mg/kg 3 times weekly for 8 consecutive
weeks) d'd not cause lung tumors in male A/Jax mice (Slaga et al. 1985).
The lungs of five mice/dose were examined 16 weeks after the last injection.
These results provided equivocal data regarding the carcinogenic potential
of 1,3,5-trinitrobenzene because demonstrated carcinogens [benzo(a)pyrene
and 4-nitroquinoline-N-oxide] did not produce lung tumors in the assay.

6.3.  MUTAGENICITY

1,3,5-Trinitrobenzene produced reverse mutations 1in Salmonella typhi-

murium strains in three separate studies (McGregor et al., 1980; Spanggord
et al., 1982b; Kawal et al., 1987) (Table 6-1). In each study, the presence
of the S$-9 activating system reduced, but did not abolish, the mutagenic
activity of 1,3,5-trinitrobenzene. Evidence for 1,3,5-trinitrobenzene-
induced genetic toxicity was not found in DNA repair assays with Escherichia

coly strains or in mitotic recombinatien assays with Saccharomyces

cerevisiaz D5 (McGregor et al., 1980).
6.4. TERATOGENICITY

Pertitent data regarding the teratogenicity of 1,3,5-trinltrobenzene
were not located in the available 1iterature cited in Appendix A.
6.5. OTJER REPRODUCTIVE EFFECTS

Pertiient data regarding other reproductive effects were not located in
the availible 1iterature cited in Appendix A.
6.6. SUMMARY

Infornation regarding the chronic or subchronic toxicity of 1,3,5-tri-

nitrobenz2ne following 1inhalation exposure 15 wunavallable. Information
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regarding oral exposure of chronic or subchronic duration is limited to an
abstract of a Russtan report (Korolev et al., 1977}). *"Prolonged" oral
administration of 1,3,5-trinitrobenzene to mice, rats and gquinea pigs
altered ihe activities of peroxidase, alkaline phosphatase and ceroplasmin
in the blood, but further details were unavailable.

Published oral L050 values for 1,3,5-trinttrobenzene 1include: 600
mg/kg in white mice, 450 mg/kg in white rats, 730 mg/kg in guinea pigs
(Korolev et al., 1977) and 600 mg/kg in mice (Timosievskaya and Rokionova,
1973).

Administration of single oral (0.4 wumol/kg) or intraperitoneal (0.1
umol/kg) doses to rats increased blood levels of methemoglobin (Senczuk et
al., 1975; MWatanabe et al., 1976). Intraperitoneal administration of
isomers of dinitrobenzene had a similar effect.

Data regarding the carcinogenicity of 1,3,5-trinitrobenzene were limited
to a single study employing dermal and intraperitoneal administrations.
Single tupical applications of 1,3,5-trinitrobenzene to the skin of mice
elicited a response (inflammation, epidermal hyperplasia and cell darkening)
similar to that caused by TPA, a demonstrated promoter of mouse skin tumors.
Direct evidence for the carcinogenic potential of 1,3,5-trinitrobenzene to
cause motse skin tumors was unavailable. Multiple intraperitoneal injec-
tions of 1,3,5-trinitrobenzene (3 times/week for 8 weeks) did not cause lung
tumors in mice, but neither did benzo{a)pyrene, a known carcinogen {(Slaga et
al., 1985).

1,3,5-Trinitrobenzene was mutagenic in assays for reverse mutations in
S. ityphirwrium strains, and the mutagenic activity was reduced, but not
abolished, by the presence of a metabolic activating system (McGregor et

al., 1980; Spanggord et al., 1982b; Kawai et al., 1987).
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Data regarding teratogenic and other reproductive effects of 1,3,5-tri-

nitrobenzene were not avallable.
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7. EXISTING GUIDELINES AND STANDARDS
7.7, HLMAN

A chronic oral RfD for 1,3,5-trinitrobenzene of 0.05 ug/kg/day was
adopted dy the U.S. EPA (1988). This value was based on the RfD for
1,3-dinitrobenzene because of the structural similarity between the two
molecules and the insufficient data on the toxicity of 1,3,5-trinitrobenzene.
7.2.  ACUATIC

Pertinent data regarding additional gquidelines and standards for

1,3,5-trinitrobenzene were not located in the available literature cited 1in

Appendix A.
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8. RISK ASSESSMENT
8.1.  CARCINOGENICITY

8.1.1. Inhalation. Pertinent data regarding the carcinogenicity of
1,3,5-trinitrobenzene to animals or humans by inhalation exposure were not
located in the available literature cited in Appendix A.

8.1.2. Oral. Pertinent data regarding the carcinogenicity of 1,3,5-tri-
nitrobenzene to animals or humans by oral exposure were not located in the
available Titerature cited in Appendix A.

8.1.3. Other Routes, Single topical applications of 1,3,5-trinitro-
benzene :10 and 50 mg) to the skin of mice caused inflammation, epidermal
hyperplasia and cell darkening. This response was similar to the maximum
response caused by TPA, a demonstrated promoter of mouse skin tumors.
1,3,5-Trinitrobenzene did not initiate TPA-promoted mouse skin tumors, but
tests of the ability of 1,3,5-trinitrobenzene to promote skin tumors in the
presence of a known Initiator were not conducted. Multiple intraperitoneal
injections of 1,3,5-trinitrobenzene (600, 1500 or 3000 mg/kg, 3 times/week
for 8 weeks) did not cause lung tumors in mice (Slaga et al., 1985).

8.1.4. Weight of Evidence. The available data regarding the carcinogen-
icity of 1,3,5-trinitrobenzene are insufficient to adequately assess the
carcinogenic potential of 1,3,5-trinitrobenzene in humans. The negative
results for 1,3,5-trinitrobenzene in the only avallable study (Slaga et al.,
1985) are inconclusive because 1) direct tests of the ability of 1,3,5-tri-
nitrobenzene to promote mouse skin tumors 1in the presence of a known
initiator were not conducted, and 2) intraperitoneal administration of
benzo(a)pyrene, a known carcinogen included as a positive control, did not
produce nouse 1lung tumors. Applying guidelines for carcinogenic risk
assessment adopted by the U.S. EPA (1986b), 1,3,5-trinitrobenzene 1s

assigned to EPA Group D - not classifiable as to human carcinogenicity.
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8.1.5. Juantitative Risk Assessment.

8.1.5.]. INHALATION -- Data regarding the carcinogenicity of
1,3,5-triritrobenzene by inhalation exposure are not available; therefore,
estimates of carcinogenic potency cannot be derived.

8.1.5.2. ORAL -- Data regarding the carcinogenicity of 1,3,5-tri-
nitrobenz:ne by oral exposure are not available; therefore, estimates of
carcinogeiic potency cannot be derived.
8.2.  SYSTEMIC TOXICITY
8.2.1. [nhalation Exposure.

8.2.1.1. LESS THAN LIFETIME EXPOSURE (SUBCHRONIC) -- Data regarding
Subchroni: inhalation toxicity of 1,3,5-trinitrobenzene are not available;
therefore, an RfD for subchronic inhalation exposure cannot be derived.

8.2.1.2. CHRONIC  EXPOSURE -- Data regarding <chronic inhalation
toxicity of 1,3,5-trinitrobenzene are not available; therefore, an RfD for
chronic 11halation exposure cannot be derived.
8.2.2. Jral Exposure.

8.2.2.1. LESS THAN LIFETIME EXPOSURE (SUBCHRONIC) -- Data regarding
subchroni: or chronic orat toxicity of 1,3,5-trinitrobenzene are insuffi-
cient for derivation of an oral RfD. The U.S. EPA (1988), however, has
adopted a chronic oral RfD for 1,3,5-trinitrobenzene derived from the RfD
for the structurally similar 1,3-dinitrobenzene. Justification for this

derivationy included the fact that the LD value for 1,3-dinitrobenzene

50

(83 mg/kg) in rats (Cody et al., 1981) is much lower than the LD_, value

50
for 1,3,5-trinitrobenzene (450 mg/kg) 1in rats (Korolev et al., 1977).
Additional justification is provided by the observattion that administration
of either 1,3-dinitrobenzene or 1,3,5-trinitrobenzene to rats caused similar

increases in blood levels of methemoglobin (Watanabe et al., 1976).
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The cerivation of the oral RfD for 1,3-dinitrobenzene is based on the

results ¢f rat studles by Cody et al. {1981). Carworth Farm rats (20/sex/
dose) were exposed to 0, 3, 8 or 20 ppm 1,3-dinitrobenzene in drinking water

for 16 weeks. The highest concentration caused decreased body weight 1in
females, decreased hemoglobin concentrations, testicular atrophy 1in males,
splenic e¢nlargement and splenic fibrosis with hemosiderin deposits in both
sexes. In rats of both sexes treated with 8 ppm, increased spleen weights
were alsc observed. No treatment-related effects were noted at the lowest
dose in this study, but in a separate behavioral study of male rats given 3
and 8 ppn 1,3-dinitrobenzene in drinking water for 90 days, treated rats
showed s gnificantly increased activity on a running wheel (Cody et al.,
1981). “he concentration of 3 ppm 1s thus a NOAEL, and 8 ppm a LOAEL.
Based on water consumption and body weight data, Cody et al. (1981) calcu-
lated that the 3-ppm level corresponded to an average dose of 0.40 mg/kg/day
in male rats.

Adjusting for molecular weight differences, the NOAEL of 0.4 mg/kg/day
for the subchronic toxicity of 1,3-dinitrobenzene corresponds to a
1,3,5-tri1itrobenzene dose of 0.51 mg/kg/day. f subchronic oral RfD of 0.5
uwg/kg/day for 1,3,5-trinitrobenzene is derived by dividing by an uncer-
tainty factor of 1000 (10 for derivation of an RfD by structural analogy to
reflect the lack of confidence in the data base, 10 for 1interspecies
extrapolation and 10 for sensitive members of the human population).
Confidenc2 in the RfD s low as discussed in Section 8.2.2.2.

8.2.2.2. CHRONIC EXPOSURE -- A chronic oral RfD of 0.05 ug/kg/day
s derived by dividing the subchronic oral RfD of 5x107¢ mg/kg/day by an

additional factor of 10 to extrapolate from subchronic to chronic exposure.
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Confidence tn the key study for the RfD derivation is medium because
both a PMOAEL and LOAEL were identifled; adequate numbers of animals were
tested; «nd multiple endpoints were examined. However, the lack of toxico-
logical ind pharmacokinetic data on 1,3,5-trinitrobenzene makes confidence

in the dita base and RfD very Jow.
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9. REPORTABLE QUANTITIES
9.1. BJSED ON SYSTEMIC TOXICITY

As discussed in Chapter b, data regarding the subchronic and chronic
toxicity of 1,3,5-trinitrobenzene are not avatlable. Oral RfDs were derived
by analogy from the RfD for the structurally similar 1,3-dinitrobenzene.
following the same logic, a provisional RQ for 1,3,5-trinitrobenzene can be
derived from subchronic toxicity data for 1,3-dinitrobenzene from the rat
study by Cody et al. (1981). Increased spleen welght and increased running
wheel activities were noted in rats provided with drinking water containing
1,3-dini robenzene at concentrations >8 ppm. Based on water consumption and
body weijht data, this concentration corresponded to an average intake of
1.13 mg/:g/day. An equivalent daily intake of 1,3,5-trinitrobenzene 1s 1.44
mg/kg/dayv, from which a human equivalent dose of 0.25 mg/kg/day is derived
by multi>lying by the cube root of the ratio of the reference body weight
(0.35 kg) for rats (U.S. EPA, 1980a) to the reference human body weight
(70 kg).

A ch-onic human MED of 1.7 mg/day is derived by multiplying the human
equivalent dose of 0.25 mg/kg/day by 70 kg to express the dose in mg/day for
a 70 kg human and dividing by 10 to approximate chronic from subchronic
exposure. The MED of 1.7 mg/day corresponds to an RVd of 5.15. An Rve
of 4 s assigned to the noted effects (increased running wheel activity and

spleen weight); when 1t 1s multiplied by the RV, of 5.15, a CS of 20.58 is

d
derived. The CS of 20.58 corresponds to an RQ for 1,3,5-trinitrobenzene of
100 (Table 9-1). This RQ, however, 1s based on analogy to 1,3-dinitro-

benzene ¢nd should therefore be considered provisional.
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TABLE 9-1
1,3,5-Trinitrobenzene

Minimum Effective Dose (MED) and Reportable Quantity

Route:
Species:
Dose*:
Duration:
Effect:
RVy:

RVa:

Cs:

RQ:

Reference.

oral

rats

1.7 mg/day
16 weeks

Increased spleen weight

Cody et al., 1981

*Equivalent human dose, based on analogy to 1,3-dinitrobenzene
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APPENDIX A
I LITERATURE SEARCHED

This HEED 1is based on data identified by computerized 1literature
searches of the following:

CHEMLINE

TSCATS

CASR online (U.S. EPA Chemical Activities Status Report)
TOXLINE

TOXLIT

TOXLIT 65

RTECS

OHM TADS

STORET

SRC Environmental Fate Data Bases
SANSS

AQUIRE

TSCAPP

NTIS

Federal Register

CAS ONLINE (Chemistry and Aquatic)
HSDB

. These seirches were conducted in May, 1989, and the following secondary

sources were reviewed:

ACGIH (American Conference of Governmental Industrial Hyglenists).
1986. Documentation of the Threshold Limit Values and Biological
Exposure Indices, 5th ed. Cincinnati, OH.

ACGIH (American Conference of Governmental Industrial Hyglenists).
1987. TLVs: Threshold Limit Values for Chemical Substances in the
Work Environment adopted by ACGIH with Intended Changes for
1987-1988. Cincinnati, OH. 114 p.

Clayton, G.D. and F.E. Clayton, Ed. 1981. Patty's Industrial
Hygiene and Toxicology, 3rd rev. ed., Vol. 2A. John Wiley and
Sons, NY. 2878 p.

Clayton, G.D. and F.E. Clayton, Ed. 1981. Patty's Industrial

Hyglene and Toxicology, 3rd rev. ed., Vol. 2B. John Wiley and
Sons, NY. p. 2879-3816.
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IARC (International Agency for Research on Cancer). IARC Mono-
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Humans. IARC, WHO, Lyons, France.

Jaber, H.M., W.R. Mabey, A.T. Lieu, T.W. Chou and H.L. Johnson.
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NTP (National Toxicology Program). 1987. Toxicology Research and
Testing Program. Chemicals on Standard Protocol. Management
Status.
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APPENDIX C
DOSE/DURATION RESPONSE GRAPHS FOR EXPOSURE TO 1,3,5-TRINITROBENZENE
C.1.  D:SCUSSION

Dose,'duration-response graph(s) for 1nhalation and oral exposure to
1,3,5-tr' nitrobenzene generated by the method of Crockett et al. (1985},
using the computer software by Durkin and Meylan {(1988), and developed under
contract to ECAO-Cincinnati 1s presented in Figure C-1. Data used to
generate these graphs are presented in Section C.2. In the generation of
this figure, all responses are classified as adverse (FEL, AEL or LOAEL) or
nonadver:e (NOEL or NOAEL) for plotting. For oral exposure, the ordinate
expresses dosage as human equivalent dose. The animal dosage in mg/kg/day
is multiplied by the cube root of the ratio of the animal:human body weight
to adjust for specles differences 1in basal metabolic rate (Mantel and
Schneiderman, 1975). The result s then multiplied by 70 kg, the reference
human body weight, to express the human equivalent dose as mg/day for a 70
kg human.

The Dhoundary for adverse effects (solid 1ine) 1is drawn by identifying
the lowe:t adverse effect dose or concentration at the shortest duration of
exposure at which an adverse effect occurred. From this point, an infinite
line 1s 2xtended upward, parallel to the dose axis. The starting point 1is
then connected to the lowest adverse effect dose or concentration at the
next loncer duration of exposure that has an adverse effect dose or concen-
tratton equal to or lower than the previous one. This process s continued
to the lcwest adverse effect dose or concentration. From this point, a 1ine
¥s exteniled to the right, paraliel to the duration axis. The region of

adverse effects 1ies above the adverse effects boundary.
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8.01

Dose/Duration - Response Graph for Inhalation Exposure to 1,3,5-Tri-
nitrobenzene Envelope Method {expanded experimental concentration)
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Usin¢ the envelope method, the boundary for no adverse effects (dashed
11ne) s drawn by 1dentifying the highest no adverse effects dose or concen-

tration. From this point, a line parallel to the duration axis is extended
to the dise or concentration axis. The starting point s then connected to
the next lower or equal no adverse effect dose or concentration at a longer
duration of exposure. When this process can no longer be continued, a line
§s dropped parallel to the dose or concentration axis to the duration axis.
The no adverse effects region 1les below the no adverse effects boundary.
At both e¢nds of the graph between the adverse effects and no adverse effects

boundaries are regions of ambiguity. The area (1f any) resulting from the

‘intersection of the adverse effects and no adverse effects boundaries 1s

defined as the region of contradiction.

In the censored data method, all no adverse effect points located in the
region of contradiction are dropped from consideration and the no adverse
effect boundary 1s redrawn so that it does not intersect the adverse effects
boundary and no reglon of contradiction is generated. This method results in
the most conservative definition of the no adverse effects region.

The lack of data for oral exposure to 1,3,5-trinitrobenzene is reflected
in the large area of ambiguity defined in Figure C-1. The boundary for
adverse ¢ffects for oral exposure to 1,3,5-trinitrobenzene 1is defined in
Figure C-1 by two data points. Starting from the upper left, these points

represent the LD value (730 mg/kg/day, Rec. #3) in guinea pigs (Korolev

50
et al., 977) and the lowest L050 value (572 mg/kg/day, Rec. #4) from the
study by Timofievskaya and Rodionova (1973). The boundary for no adverse
effects for oral exposure to 1,3,5-trinitrobenzene is defined in Figure C-1
by the NCAEL for methemoglobin effects (86 mg/kg/day, Rec. #5) from the rat

study by senczuk et al. (1973).
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C.2. DATA USED TO GENERATE DOSE/DURATION-RESPONSE GRAPHS

€.2.1. Inhalation Exposure

Chemical Name:
CAS Number;
Document Title:

1,3,5-Trinitrobenzene
99.35-4

Health and Environmental Effects Document for

1,3,5-Trinitrobenzene

Document Number:

Document Date:
Document Type:

- el - — e > - - - e - e = - —————

RECORD #1:

Comment:

Citation:

Species: Mice

Sex: NR

Effect: FEL

Route: Oral (NOS)

Number Exposed: NR
Number Responses: NR
Type of Effect: OEATH
Site of Effect: BODY

Severity Effect: 10
LDgg value for white mice.

Korolev et al., 1977

Dose:
Duration Exposure:

Duration Observation:

600.000
1.0 days
1.0 days

T e e T A I

RECORD #2

Comment:

Citation: Korol

Speclies:  Rats

Sex: NR

Effect: FEL

Route: Oral (NOS)
Number Exposed: NR
Number Responses: NR
Type of Effect: DEATH

Site of Effect: BODY
Severity Effect: 10

LDgg value for white rats.
ev et al., 1977

Dose:
Duration Exposure:

Duration Observation:

450.000
1.0 days
1.0 days

v o v o A = . . e v W R > W A 0 e R A e e e - T T —— — ————————— ——— -
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RECORD #3:

@

Comment:

Citation:

RECORD #4:

Q Comment:

Citation:

RECORD #5:

Comment :

Citation:

Species: Guinea pigs Dose:
Sex: NR

Effect: FEL

Route: Oral (NOS)
Number Exposed: NR
Number Responses:  NR
Type of Effect: DEATH
Site of Effect: BODY

Severity Effect: 10
LDgg value for guinea pigs.

Korolev et al., 1977

Species: Mice Dose:
Sex: NR

Effect: FEL

Route: Oral (NOS)
Number Exposed: NR
Number Responses: NR
Type of Effect: DEATH

Site of Effect: BODY
Severity Effect: 10

LDgg value for mice.

Timofievskaya and Rodionova, 1973

Species: Rats Dose:
Sex: NR

Effect: NOAEL
Route: Oral (NOS)

Number Exposed: NR
Number Responses: NR
Type of Effect: ENZYM
Site of Effect: BLOCD
Severity Effect: 2

Single oral dose (0.4 umol/kg).

Duration Exposure:
Quration Observation:

Duration Exposure:
Duration Observation:

Duration Exposure:
Duration Observation:

730.000
1.0 days
1.0 days

e ———— At i p Sk Ak A L A A R R e A - - ——————— - - -

572.000
1.0 days
1.0 days

- . - B e Al L e e e - ———— - e = . - ——————

86.000
1.0 days
1.0 days

Increased methemoglobin

formation in blood. Degree of 1increase not specified 1in

English abstract.

Senczuk et al. 1976
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