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PRETACE

This report vas prepared in aceordance with the Memorandum of Understanding
vetween the Department of the Army, Deputy for Eavironment Safety and
Occupational Health (OASA(I&L)), and che U.S. Environmental Protection Agencw
(EPA), Office of Drinking Water (ODW), Criceria and Scandards Division, for
the purpose of developing drinking water Health Advisories (HAs) for selected
environmental contamipants, as requested by the Army,

Health Advisories provide specific advice on the levels of contaminants {(n
drinking wvater at which adverse health effects would not be anticipated and
which include a margin of safecy go as to protact the most sensitive members
of the population at risk. A Health Advisory provides health effects
guidelines, analytical methods and recommends treatment techmiquaes on 2
case~by-case basis. These advisories are normally prepared for One~-day,
l0-day, Longer-term and Lifetime exposure periods where availabla
toxicological data permit. These advisories do not condone the presence of
cootaminants in drinking water; nor are they legally enforceable standards.
They are not issued as official regulations and cthey may or may not lead to
the 1lsguance of national standards or Maximum Contamioant Levels (MCls).

This report is the product of the foregoing process. Available toxicological
data, as provided by che Army, on the munitions chemical 2,4,6-trinitrocoluene
(INT) have been reviewad and relevant findings are presented ir this report tn
a manner soO as to allow for an evaluation of the data without continued
reference to the primary documenta. This raport has besn submitted to
critical {internal and extsrnal reviev by the EPA,

A companion document, ""Data Deficiencies/Problem Areas and Recommendations for

Additional Data Base Development for Trinitrotoluene" is included in this
Teport.

I would like to thaak the authors, Ms. Lorstta Gordon and Dr. William Harcley,
who provided the extensive technical skills requized for the preparation of
this report. I am grateful to the members of the EPA Tox-Reviaw Panel who
took time to review thig report and to provide their invaluable input, and 1
would lika to thank Dr. Edward Chanian, Chief, Health Effects Branch, and Dr.
Joseaph Cotruvo, Director, Criteria and Standards Division, for providing me
wicth the opportunity and encourzgement to be a part of this project.

The preparation of this Advisory vas funded {(n part by Interagsncy Agreement
(IAG) 85-PP5869 betwsen the U.S. EPA and che U.S. Army Medical Rasearch and
Development Command (USAMRDC). This IAG was conducted with the technical

support of the U,S. Army Biomedical Research and Development Laboratory
(USABRDL) .

Krishan Khanna, Project Ofiicer
Office of Drinking Wacter
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: INTRCSLCTION

\
T~e realch Advisory (HA) Program, sponsored by the Office of Crinking ~ater
(COW), provides :iniormation on the health effects, analycical mecthogology a-:
treatzent technology that would be useful in dealing wich the conzacinacion ¢
drinking water. Health Advisories describe nonregulatory concentrations of
drirking water contaminants at which adverse health effects would not be
anticipated to occur over specific exposure durations. Health Advisories
concain a margin of safety to protect sensitive members of the population,

Health Advisories serve as informal technical guidance to assist Federal,
Scate and local officials responsible for protecting public health when
emergency spills or contamination situations occur. They are not to be
construed as legally enforceable Federal standards. The Advisories are
subject to change as new information becomes available.

Health Advisories are developed for One-day, Ten-day, Longer-cterm
(approximately 7 years, or 10Z of an i{ndividual's lifecime) and Lifetime
exposures based on data describing noncarcinogenic end points of ctoxicity,
Health Advisories do not quankitacivcly incorporate any potential carcinogenic
risk {rom such exposure. For those substances that are known or probable
human carcinogens, according to the Agency classification scheme (Group A or
B), Lifetime HAs are not recommended. The chemical concentration values for
Group A or B carcinogens are correlated with carcinogenic risk estimates -
employving a cancer potency (unit risk) value together with assumptions for
lifecime exposure and the consumption of drinking water. The cancer unic -isk
1s usually derived from cthe linear multistage model with 952 upper confidence
linics. This provides a low-dose estimate of cancer risk to humans that 1is
considered unlikely to pose a carcinogenic risk in excess of the stated
values. Excess cancer risk estimates may also be calculated using the
One-hit, Weibull, Logit and Probit models. There is no current understarding
of cthe biological mechanisms involved in cancer to suggest that any one of
these models 1s able to predict risk more accurately than another. Because
each model i{s based upon differing assumptions, the estimates that are derived
can differ by several orders of magnitude. ‘



PN GINERAL INFCSMATION AND PRCPERTIES
\

-rinitzccoluene (INT) or, more specifically, =T8T is the common desiznaciar
fot ¢,-,5-trinitrotolyene, tne most widely used ailicary high-explosxve
{Castcrwna, .380). For purposes of this HA, the synonym, TNT, will be used
througrout to refer to 2,4,6-crinitrotoluens. Along with TNT, the Symmetrica.
isomer, {ive meta or unsymmetrical trinitrotoluene isomers are found in the
crude product resulting from the nitration of toluene with nicric acid {n cze

presence of sulfuric acid. The nitration occurs in a step-wise fashion by a
batch or continuous process.

The continuous process as enployed at the Radford Army Ammunicion Plant
(RAAP), a prototype for Army Ammunition Plants (AAPs), utilizes 997 nitrie
acid and 4uZ oleum (1097 sulfuric acid, a solution of sulfur crioxide in
anhydrous sulfuric acid; Small and Rogenblate, 1974) to nitrate toluene in s:x
stages to crude TINT which is then subjected to purificacion with aqueous
sodium sulfice (sellite) (Ryon et al., 1984). This process has been further
modified to employ eight nitrator vessels fitted wich dynamic (centrifugal)
Separacors, chereby ensuring a greater degree of safety and efficiency. The
purification process consists of two acid washes, cthree sellice was

hes and two
post-sellite washes,

The crude TNT contains approximately 5% of the meta-isomers. These are
reduced to about 0.6% by che sellite purification. Crude TNT also contai=s
approximately 1% of the six dinitrotoluene (DNT) isomers, which are not
removed during purification, and slightly more than 12 oxidattion products,
which are reduced to <1% by purificacion. Three additional impuricies,
azouncing to <lZ, are introduced by the sellite process (Ryon et al., 1984).

Total impurities constitute not mors than 3.242 of che finished TNT (Pal and
Ryon, 1986).

The resulting monoclinic rhombohedric crystals, as described in Rosenblace et
al. (1971), when very pura, melt at 80.99°C, although a welting point as high
as 81.6°C has been reported and 80.65°C is a commonly accepted figure (80.1 -
81.6°C). The color is usually pale yellow, but a chromatographically purified
sample has been described as faintly yellow to pure white. A boiling pointc of
210° to 212°C at 10 to 12 m Hg has been determined. The specific gravity has
been variously reported over the range of 1.3 to 1.6 gm/cc. Although the
solubility of INT in wvater at 20°C is only 0.013Z (130 mg/L), this is
significant for pollution and health issues. Its solubility in organic
solvenrs runs much higher, e.g., 109 gm/100 g of acetone at 20°C.

Two grades of TNT are used for milicary purposes and their purities are
measured by the solidification point (also termed freezing point or setting
point), which is considered more reproducible than a melting point. Grade
III, che more highly purified grade, has a solidification point of 80.4°C,
oinimum, and exists as a fine crystalline form (Department of the Army, 196"

[I-1



General cnemicai and pnysical characteristics of TNT are presented in Tan.e
\

-1,
Trinitrotoluene 1s among the least impact- and friction-sensitive of tne rizn
explosives and the impurities formed during its production (except for
tecranicromechane) do not affect its sensitivity. It can be further
desensitized, however, by adding certain stabilizing substances in small
quantity (1% co 22) (Rosemblatt et al., 1971).

The chemical stability of INT i{s such that, even at 150°C, it undergoes ro
great decomposition in 40 hours. Molten TNT can be stored at 85°C for 2 vears
without any decrease in purity. TNT has been found to withstand storage at
magazine temperatures for 20 years without any measurable deterioration.
Furthermore, moisture has no effect on the stability of TNT, which is
unaffected by immersion in sea wvater (Department of the Army, 1967).

[1-2



TABLE II-.
\
GENIRAL CHIMICAL AND PHYSICAL 2RQPIRTIES
OF 2,4,6=-TRINITROTOLLENEY

\
CAS \Number 118-96-7

\Names TNT, o-trinictrocoluol, l-methyl-Z,s,
6-crinicrobenzene, trotyl, tolite,
tricon, tritol, trilice, a~INT

Molecular weight 227.13
Zapirical formula C7H5N306
Scructure

‘s

OZN NOZ

NO2
Color Yellow to white
Physical stace Monoclinic rhombohedral crystals
Specific gravity 1.654
Liquid density 1.6465 g/cm3
Vapor pressure 0.05) mm (85°C); 0.106 mm (100°C)
Solubility characteristics Wacer: 0,013 g/100 g (20°C)
: Carbon tetrachloride: 0.65 g/100 g

(20°C)

Toluene: 55 g/l00 g (20°C)
Acetone: 109 g/100 g (20°C)

Melting point 80.1 - 81.6°C

Boiling point 210°C (10 mm) = 212°C (12 mm)
Freezing point 80.75 ¢ 0.05°C

Flash point 240°C (explodes)

Conversion factor l ppm = 9.28 na/u3 (25°C; 760 mmHg)

| mg/m” = 0.108 ppm (25°C; 760 mmHg)

a/References: Clayton and Clayton (1981); Rosenblact ec al. (1973);

Department of the Army (1967); wWindholz (1976); Zakhari and Villaume
(1978)
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ol OCCLRR:ENCE
“riazcrotoluene was produced and used on an enormous scale during World “ar
and ~orld ~ar II and nay be considered cthe most lmportan:'military burst;-g
charge explosive. It has found wide application in shells, bombs, grenages,

cemolizion explosives and propellanc compositions (Department of the Aray,
1967).

Trinicrotoluene is manufactured primarily by the continuous process, as
described above, in Army Ammunition Plants (AAPs). Production from 1969~.97;
was reported as 45 million pounds/month with a capacity of 85 millien
pounds/month (Ryon et al., l984). It has been reported that as much as ore
half million gallons of wastewater have been generated per day by a singie
plant involved in the production of TNT (Harcley ec al., 1981).

Trinitrotoluene wastes have a unique terminology as described in Rosenblat: et
al. (1973). "Nitrobodies" include INT, ocher TNT {somers, products from cre
sellice purification process and by-products from the production process. The
spent sellite washings are high in solids content and are called "red wacer",
Rvon et al. (1984) have reporcted that "INT s the largest single non-poiar
component”. The major organie components identified are 2,4-dinitrotoluene-
3-sulfonate and 2.é-dinicro:oluene-5—sul£ona:e. vhich make up approximacte.ly
one-third of the polar organic fracction. Such wvater ig {ncensely red-colored
and eicher {s sold to Paper mills for sulfur content or {s concentrated o
evaporation and i{ncinerated. It {s not amenable to purification and, because

it is classified by EPA as a hazardous vascte, it cannot be discharged {acc
streams.

"Pink water' comes from both manufacturing plants and from load, assembie and
Pack (LAP) facilities. That from manufacturing plants can arise from Manon
fog filter effluents and nicrator fume scrubber discharges and is known to
consist of the DNTs. While not positively identified, these two sources of
"pink water" are also believed to contain all TNT {somers, mononitrotcolueres
(MNTs) and possibly dinitro-m-cresols arising from the displacement of a nizro
group on TNT isomars. Addicionally, "pink water" from manufacturing plancs
arises from "red vater" distillates (evaporator condensate from concentrac:za
process) and coasists of DNTs, while those from finishing building hood
scrubber and vash-down effluents are also believed to contain primarily 2\7s,
Spent acid recovery vastes may be an sadditional source of "pink water"
generacted during the manufacturing process (Dacre and Rosenblace, 1974). :-
the ocher hand, "pink water" from LAP facilities, resulcing primarily f{r-:cc
shell vashout operations, contains essencially pure TNT, usually contami-aze
with hcxahydro-l,J.S-crinicro-l,3.5-:riazino (RDX) or other additives. —e
Piok color -= pale straw to brick red - arises under neutral or basic

conditions, especially vhen the wastes ara exposed to sunlight (Rosenb.az: e-
al., 1973),

I1I-1



A numoer of photodegradat:ion produces of TNT nave been fdentif:ied in Orza-.:
sclvent extracts of "pink water".\ Those degradation products cthac are water
soluble (but nor excractable by organic solvents) have not been fully
characcerized; however, as many as thirty components of condensate wastewacer
(L.e. steam distillaces arising from the concencration of "red water" by
evaporation) obtained from the Volunteer AAP have been 1dentified and
quancified (Table III-1). Other constituents not derived from TNT degradat:icn
{include the toxicologically significant DNT isomers, particularly 2,4- and
2,6-DNT (Dacre and Rosenblatt, 1974).

It1-2



Table III-t.

90ch Percentile Corncentrations and Relac:..e
Concentrations Determined for Condensate Componercs

90cth Percenctls

Concentration”’ Cencentracics®

Condensate Comporent (mg/liter) ()

Toluene 0.200 0.390
l-Nitrotoluene (NT7) 0.030 0.089
4-Nitrotoluene 4/ 0.100 0.295
3-N1ctobenzonitriled/ 0.013 0.035
4-Nitrobenzonitrile C.009 0.027
Z-Amino-b-NTd/ 0.033 0.097
2-Amino-6-NTd/ 0.010 0.030
J-Amino=-4=NT 0.027 0.080
J=Mecthyl-2-nitrophenol 0.012 0.035
5-Mechyl-2-nitrophenol 0.032 0.064
l,3-Dinitrobenzene (DNB) 4,000 11.803
2,3-Dinitrocoluene (DNT) 0.400 1.180
2,4-DNT 14,700 43,377
2,5-DNT 0.400 l.180
2,6=DNT 7.300 21.541
J,4=DNT 0.500 1.473
3,5-DNT 4/ 0.520 1.53¢
3,5-Dinitroaniline 0.058 0.171
l,5-Dimechyl=2,4=-DNB (DNX) 0.390 L..350
2-Amino-3,6-DNT 0.030 0.089
J-Amino~4, §=DNT 0.020 0.039
J-Amino=2,4=DNT 1.500 4,426
J-Amino=-2,6=DNT 1.200 J.34l
4-Amino-2,6=DNT 0.600 1.770
4-Amino-J,5-DNT 0.200 0.590
S-Amino=2,4=DNT 4/ 0.700 2.066
2,4-Dinitro-5-methylphenol 4/ 0.085 0.251
1,3,5-Trinitrobenzene (TNB)d/ 0.153 0.451
2,3,6-Trinitrotoluene (TNT) 0.268 0.791
2,4,6=-TINT 0.400 1.180

b/

a/Refercncc: Spanggord et al.,

Determined by cluster analysis of data points from two studies via a

/specially developed computer program.
The 90ch percentile concentration of those compounds appearing in at least

102 of the samples/sum of the concentrations of all components.

Compounds were not present in 10X of the samplas.
the mean of the non-zero values.

11I-3
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. INVIROWMEINTAL TATE

Saveral studies have been consucced to ceterzine the environmental latea 27 T
=% wastewater. 3Based on a review of the available literature and che Shwse:
anc cnemical preperties of TNT, Spanggord et al. (1980a) indicated that
sedizent adsorption and volacilizacion were not likely to be significant fare
processes, but further investigation was recommended. Degradacion via
photolysis and blotransformation, but not hydrolysis, were considered
significanc.

i

Based on the weight of evidence in experiments conducted under a wide range of
condicions, Tucker et al. (1985) reported that adsorption in so{l would Se an
lmporcant process affecting the migration of TNT, with the cation exchange
capacity and organic carbon content most critical in determining the degree of
adsorption. Molecular diffusion was also considered an important faccor and
vas related largely to percolation rate while vapor phase diffusion woule onlw
be significant in arid climates where soil clay content wvas low.

in contrast, Sikka et al. (1980) showed that sorption of INT to pond sedizent
ls measurable but not extensive, {s correlaced to time and concentration and
Lls scongly, perhaps {rreversibly, bound. Sorption of TNT to sediment {s also

directly related to pH and temperature. The degradation products of TNT also
appear to be adsorbed to sediment.

The photolytic degradation of TNT wastevater is well known, as indicaced Sv
the formation of "pink wacer", and numerous degradation products of INT rave
been idencified. Laboratory scudies have determined that photolysis is che
primary process involved in the loss of INT from the environment, and that tae
concentration of INT in wastewater will decline rapidly within a shoret
distance of itcs discharge poinc. Furchermore, photolysis is accelerated by
the products formed during the photolytic process as well as by natural
substances. Using a computer model, Spanggord et al. (1980b) estimated
probable concentrations of TNT and its degradacion products in vater bodies.
Based on detailed kinetic investigations, an environmental half-li{fe of 3 :co
22 hours vas calculated. Burlison (1980) determined that the major
trangformation product in natural wacer vag 1,3,5-trinicrobenzene.

In contrast, Spanggord et al. (1980b) demonstrated a slow biotransformation of
TNT {n oatural vater, even in the presence of small quancities of organic
nutrients. The major process of transformation vas reported to be via
nicro-group reduccion with no ting cleavage detected. The 2-amino and
4-aminodinitrotoluenes were the major biotransformation products (Burlison,
1980). Half-lives of 8 to 25 days were experimentally estimated for TNT

Similarly, Spanggord et al. (1981) determined that volatilizacion of INT .as

very slow and that actual rates wvere consistently lower cthan chose esct:izaze:
by physical and chemical properties.

Iv-1i



QUARMACOKINETICS

\
Trinitcocoluene is absorbed by inhalation, {ngestion or skin contact, raci=:,
brocransiormed in the liver, excreted 1in the urine ang distributed t> :-e
organs; however, rapld clearance precludes extensive biocaccumulation. It s
retabolized primarily by reduction of the nitro group and, to a lesser excent,
by oxidation of the methyl group and ring hydroxylation. GClucuronide
conjugates have been found and 4-amino-Z,6-dinitrotoluene is the main
metabolite identified (Ryon, et al., 1984). Available data indicate that TNT
1s weil absorbed (more than 507 of the administered dose in mosc experimencs)
in a variety of test species. The major route of excretion is via urine wicn
some (generally the balance of the recovered dose) in the feces and
gastrointestinal (GI) tract plus {ts contents. Distribution to other tissues
is usually less than lZ. Only negligible amounts (0.l%) were recovered :in
expired air. Several metabolites have been {dentified in the urine of various

species including hydroxylated, mono- and dinictro and mono- and diamino
derivatives.

A, Absorption ]
Lee et al. (1975) studied the absorption of TINT in Charles River CD fema.e
rats (175 to 250 g) that were fasted overnight before being given a single
oral dose of approximacely one tenth the LD 0 of the test compound (i.e.,
82 mg/kg), spiked with 10 uCi of the C-labclied compound. The test material
was suspended in peanut oil and administered via intragastric intubation ac a
volume of | ml/100 g body weight. After dosing, each rat was placed in a
"Roth-Delmar" metabolism cage where feces and urine were collected separately.
At the termination of each experiment, each rat was anesthetized, and aorcic
blood was collected in a heparinized syringe. Liver, kidaeys, brain, lung,
thigh muscle, GI tract plus contents and the feces vere homogenized and
assayed for radioactivity at 24 hours after TNT adminiscracion.

Approximately 602 to 742 of the administered dose was absorbed in the 24~hour
period. Most of the absorbed radiocactivity was excreted in the urine,
averaging 53.3%2 of the administered dose, with about 262 of the radiocactivicy

found in the GI tract and the feces. A negligible amount of radiocactivity was
recovered {n the expired air.

From cthe same laboratories, Hodgson et al. (1977) and El-hawari et al. (1981)
reported onu the absorption of TNT adminiTEcrcd as a single oral dose at

100 mg/kg (spiked with 25 uCi/kg of the C-INT) to male and female Charles
River CD or Sprague-Dawley rats (200 co 300 g) using the same procedure as
described by Lee at al. (1975). Table V-l compares the results of these three
studies, About 53X to 652 of the administered radiocactivity appeared in che
urine within 24 hours. Most of the remaining radiocactivity was recovered in
the CI tract plus contents and {n the feces, averaging 26% to 38% of the dose.

The urine was bright red in color indicating the presence of metabolic
products.

V-1



Table V-
Fercentage of Orally Aaministered TNT2
Recovered in Rats in 24 Hours

/

Strain Charles River CD Charles River CD Sprague-Dawley CD
Dose 82 mg/kg 100 mg/kg 100 mg/kg
Female(3)b/ Male(4) Female(4) Male(4) Female(s)
Total Recovery 82.1 91.3 102.0 91.6 102.4
Feces 5.5 8.1 2.1 8.0 2.0%/
Gl Trace
plus contents 20.7 29.7 33.9 29.8 33.9
Urine 53.3 52.7 64.5 52,7 64.5%/
Expired Aflr 0.1 NAd/ NA NA NA
Other Tissues 2.5 0.8 1.5 1.1 2.0
Author Lee et al. (1975) Hodgson et al. (1977) El-hawari et al. (1981)

a/ring-U'L-MC; standard deviations omitced.
(n)=numbers of animals analyzed.
Significantly different (p<0.05) from malas.
Not analyzed.



S.z:.ar studies were congucred Dv these same autnors (Yodzson et al. T
fl-nawvari et al., i981) 1n aldano CI! mice, ‘ew Zealand raobits and ceag.e
2ogs. Results are compared 1n Tables V-2, V-3 and V-4, respectively .

As seen 1n Table V-I, about 427 to 607 of the raaloacriv:ity adminiscered to
@mice appeared 1n the urine within 24 hours. A range of 16% to 3557 of the dose
remained {n the GI tract plus contents and the feces. As in the rac, Zouse
urine was bright red.

In rabbits, Table V-3, about 667 to 797 of the adoiniscered radioactivicy
appeared in the urine within 24 hours. The radicactiviecy in the GI ctrace plus
contents and {n che feces averaged 6% to 137 of the dose. Unlike that of the
rat and mouse, rabbit urine did not contain a red pigment.

The results for dogs wvere similar to those for rabbics. as indicated in Table
V=4, about 56% to 60% of the adminisceced radioaccivity appeared {n the urine
within 24 hours. The GI tract plus contents and the feces contained 5% co
217 of the dose. Similar to the rabbic, the urine did not contain a red
pigmenc,

El-hawari et al. (1981) alse compared cthe 24=hour recovery of radiolabelled
INT in all four species folloving 3 single oral dose of 50 mg/kg to each. as
seen in Table V-5, rats, mice and dogs excreted relatively equivalent amounts
in the urine whereas, in rabbits, the urinary excretion of radiocactivicy was
higher with a proportional decrease in che percent of radioactivity recovered
from the GI tract plus contents and feces. Even at chis 10-fold higher qose,
red pigment was not detected in the urine of the trabbitc and dog. This red
pigment has been reported to occur in the urine of humans "poisoned" with INT
(Hassman, 1972 as cited in El-havari et al., 1981).

El-hawari et al. (1981) studied species differences in the absorption and
excrecion of INT as a function of the route of adminiscracion. Swiss albino
mice (20 co 30 g), Sprague-Dawley rats (200 to 300 8), New Zealand rabbics (3

to &4 kg), and beagle dogs (8 to L4 kg) were used in parallel oral and dermal
Studies.

In the oral scudies, test animals were fasced overnight before receiving
single doses of ~ C-INT dissolved in peanut oil. In the dermal study, the fur
on the back of the st: animals wvas removed with electric clippers and, on the
following day, the = C-INT in peanut oil wag spread over the depilated areas.

Rats and mice were dosed at 50 mg/kg and dogs and rabbits vere dosed at eicher
5 or 50 mg/kg. Animals wvers Placed i{n individual metabolism cages for the
Separate collection of urine and feces. At 24 hours after dosing, animals
vere anesthetized and killed, and blood, liver, kidneys, lungs, spleen, bratn,
skeletal muscle, fat (recropertitoneal), and the GI tract plus contents were
analyzed for radicactiviey,
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Table V-2
\

Percentage of Orally Acminiscered TNTa/
Recovered in Albino CDIl Mice in 2i Hours

(100 =g/kg)

Total Recovery
Feces

GI Tract
plus contents

Crine

Other Tissues

Male (7)b/ Female (8)
101.4 86.8
42.6 18.2
12.4 7.4
44,7 60.5

1.7 0.7

Male (7) FPemaie (%)

80.0 60. .
22.0 9.0/
13.4 7..¢7
41.9 42.9
2.7 L.t

Author

Hodgson et al. (1977)

El-hawari et al. (1981)

a/
b/

ring-UL-laC; standard deviations omitted.
(n)=numbers of animals analyzed.

c/Significancly different (p<0.05) from males.



Table V=3

Jercencage of Qrally Adminiscered T

!
a (3 mgs «3)

Recovered in Rabbits 1n 14 aours

wale (3)?/ Female (3)

Male (3) Fermale (1)

Total Recovery 78.1 94.7 77.6 88.9
Feces 1.8 1.8 1.8 1.3

G1 Tract

plus contents 7.5 10.8 7.5 6.7
Lrine 66.3 78.9 66.3 78.8
Ocher Tissues 2.5 3.2 2.0 3.6
Authet Hodgson et al. (1977) El-hawari et al, (1981)

&
g;ring-UL-l C; standard deviations omictted.

(n)=numbers of animals analyzed.
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Table V-

Percentage of Orally Adminiscered TNTa/ (5 ag/kg)
Recovered {n Dogs in 24 hours

Male (B)b/ Female (3J) Male (3) fFemale (3)
Total Recovery 79.5 87.5 77.4 88.2
Feces 5.4 16.7 5.4 16.8°
GI Trace
plus contents 9.9 4.3 10.0 4.4
Urine 59.1 60.0 55.9 60.2
Other Tissues 5.2 6.5 6.1 6.8
Author Hodgson et al. (1977) El-hawari et al. (l981)
a/

4
b/ring-UL-l C; standard deviations omitted.
,(n)=numbers of animals analyzed
‘Significancly different (p<0.05) from males
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Percentage of Qrally Adminiscered

Table Va3

™t (50 2g/4@)

Recovered in 24 hours

Rats (1) Mice (8)  Rabbits (3)  Deg (1)
Total Recovery 92.2(81.3)C/ 94,4 103.6 94,2
Feces 10.7 (2.1) 24,1 5.1 2.2
Gl Trace
plus conteats 20.2(35.3) 10.2 22.7 1.7
Crine 59.5¢42.5)% 59.0%/ 74.3 61.0
Other Tissues 1.8 (1.4) 1.1 1.5 ¢.3
Author El-hawari et al. (1981)
a/

b/
c/
d/

ring-UL-L“C; specific activicy 19.76 uCi/mg; single dose; standard

deviatlons omicted.

{n)=numbers of acimals analyzed,
Male{Female) values.

Bright red pigment in uriae.



Assorztion of TNT was confirzed by both the oral and deraal rcutes of
adqzinistracion. The authors repo?:ed that IMT 1s readily absorbed aizer oral
adainistration with rabbits and dogs appearing to absorb moras T\NT than rats
and zice. The extent of oral absorption {s reported as approximate based on
the recovery data since the extent of biliary excretion and enterohepac:ic
circulaction vas not evaluated. The dermal experiments confirmed the potencia.
absorption of INT chrough the skin with absorption being highest {n male
rabbits (57-687) followed by male mice (422), female rats (252), male racs
(23%), and male dogs (16-172). 1In all species, total eliminacion of the
adminiscered radiocactivicy was reported to be lower after dermal application
as compared to oral administration. Table V-6 compares the ctotal recovery as
a percent of the administered dose in rats, mice, rabbits aand dogs by bdoth
rouces. As in the previously described oral studies, red Pizment was presen:
io che urine of rats and mice treated dermally with a single application of

L*C-TXT but not in the urine of dogs and rabbits.

In an effort to simulate {nhalacion exposure, El-hawari et al. (1981)
instilled 50 mg/kg of TNT suspended in methyl cellulose into the trachea of
anesthetized, tracheotomized, male and female Sprague-Dawley rats. Concurrent
ezperiments were performed in rats treated orally with the same dose of

C-TNT under the same experimental conditions. Afcer 4 hours, both groups of
Tdts were sacrificed and tissues and bladder urine vere collected for analysis
of radiocactivity.

After intratracheal ingtillations, the authors reported that the rate of
absorption was fascter, and the extent of absorption greater and more uniform
with less individual variation as compared to orally treated rats. Urinary
excretion in intact male rats, 4 hours after intracracheal inscillation,
averaged 19.37 while, 4 hours after oral adminiscrations, the urinary
excrecion averaged 14.6%. Urinary excretion in female rats treaced
intracracheally or orally was somewhat lowver, averaging 13.2 and 10.0%,
respectively, The authors descriced the pharmacokinetic behavior of the TNT
after {ntratracheal imstillation as "comparable to the behavior usually
observed after intravenous administration of other xenobiotics." Direce
comparison between intratracheal and dermal routes was not studied As {n the
previous studies, the urine of rats treaced with a single dose of ~ C-TNT by
intracracheal {nstillation contained the characteristic red pigment.

Since the GI tracts of the rats treated by intracracheal instillation
contained considerable amounts of radioactivity, some of the rats in this
experimenc were bile-~duct cannulated for callection of bile. Table V-7
compares the recovery of the radiocactivity in cannulated and non-cannulated
rats four hours after oral or incracracheal treatment with C-TNT. Excreciz-
of radicactivity in the urine and bile vas higher after intratracheal
administracion but lower in the GI tract when compared to oral adminiscrac:(c-
The authors reported that enterohepatic recycling of INT and/or ics
metabolites was suggested by a higher recovery of radiocactivicy i{n che uri-e
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Table V-5
\ 1L
Total Recovery of C-TINT afrer Oral and Dermal
Administraction in Various Species

Dose Percent of Dose Recovered
Species sex  ag/ig oral Dernal
Rac (3/6)° Male 50 92.2 22.8¢/
Rac (3/6) Female 50 81.3 26.8%/
Mice (8/6) Male 50 94.4 “1.7¢/
Rabbit (3/4) Male 5 95.6 68.3%/
(2/2) 50 103.6 56.9%/
Dog (3/3) Male s 9.4 16.8%/
(/1) 50 94.2 15.99/

Based on El-hawari et al. (1981)

a/Scandalrcl deviations omitted; fat and skin (including sice of applicacion)
ps3re not included in recovery estimates.
C/(n/n) ® number of animals evaluated oral/dermal.

/Significantly different (p<0.05) from oral treatment,

Not statistically analyzed.
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Tabie Va7
?ercen:agea/ of Crally ahd Intratracheally Adminiscered l&C-TNT
(50 mg/kg) Recovered {n Sprague-Dawley Rats 1n & Hours

Intact Bile Duct-Cannulated
Oral (S)b/ Intracracheal (6) Oral (3) Intratracheal (4)°
Total Recovery 95.6 42.9¢/ 93.4 46.0%
Urine 12.3 16.3 9.6 15.1¢/
GI Tract 76.6 15.2%/ 66.2 2.4%/
Bile -- -- 10.6 17.1¢/
Other Tissues 6.9 1.4 7.0 11.4

Based on El-hawari et al. (1981)

a/Average recovery male and female; standard deviations omitted; fat not

b/included in recovery estimaces.
C/(n) = number of animals analyzed.
Significancly different (p<0.05) from oral treatment (males and females

analyzed separately).



¢l tre 1nCact rats and a radiloactivaey level :n tne bile 2I racs
greacer chan that excrected {n the urine.

€le3dL 7>

-

3. vistridhution
LA LA R TA LRI

Studies on che tecovery of radioactivity from various tissues 24 hours after
treatment indicate that retentfon of = C-TNT {n the tissues of rats, Dice,
rabbits and dogs is not extensive but that differences between species and
routes of administration did occur.

'2e et al. (1975) reported on the distribution of radiocactivity from
C-labelled TINT in Charles River CD female rats. Acr 24 hours afrer dosing,
small but significant amounts (0.2 to 1.02) of radiocactivity were found in rne
blood, liver, kidney, and skeletal muscle. Small amounts (<0.1%) were aiso

found in the lungs and brain. The tissue to plasma radiocactiviey racio
suggested some retention of radioactivity in the liver and kidney.

In the same study, another 8Toup of rats received a lethal dose of INT in
order to determine how much of this compound was discributed to the brain, in
these animals, only 0.1% of the administered dose vas found in the brain at 30
minuces. Small amounts (0.1% to 0.3% of the total administered dose) wera
also found in the liver, urine, kidneys, and whole blood of thesa animals.

Data on the discribution of lI‘C--‘I‘N‘I' in four animal speciles in the study bv
Hodgson et al. (1977) indicate that there vere no major species differences in
the disctribucion of Tadloactiviety {n the cissues analyzed. In mice and racs,
swall amounts (0.2 to 0.7%) of radiocactivity were found in the blood, &Lver
and kidneys. The other tissues contained only negligible amounes of - C.

In rabbits, small amounts (0.3 to 1.0Z) of radioactivity were found in the
blood and liver, while in dogs small but significant amounts of radiocactivity
were found in the blood, liver and nuscle (1.2120 2.2%). The other tissues
contained only negligible (2 0.22) amounts of "~ C.

In the sctudy by El-hawari et al. (1981), at 2% hours, bloed and tissue of dogs
contained a higher percencage of administered radioactiviey than did the blood
and cissue of rats, mice, or rabbics. Table V-8 compares the radioactivicy
fecovered from various organs, as a percentage of adminigtered dose, in al!
Eouikspccics 24 hours after the oral administration of a single 50 mg/kg dose
of ~ C-INT. Administration of different doses (100 mg/kg in rats and mice or
5 mg/kg ia dogs and rabbits) produced gencrall¥acomparablc tissue levels 24
hours after oral adainistracion, Recovery of ~ C-INT was greatest in liver,
skeletal muscle and blood.

Table V-9 compares the tissue~-to-blood concentration ratio (ug eq/g of tissue
per ug eq/ml blood) in rats, mice, rabbits and dogs at the same 50 wg/kg orail
dose. Higher tissue-to-blood racios (>1.0) vere noted in the liver, kidnevs
and lungs in rats, mice and rabbics and in che spleen of mice. Lower rac‘os
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Table V-3

A L ; . a/
Fercentage of Administered C-TST (50 ag/kg) Recovered :rom Var:cus
Orgars 1: Hours Afcter Oral Adminiscration {n Four Species

S

Racs (0% Mece (8)Y  mabbies ()¢ b (e

Liver 0.4 0.4 0.6 L.3
Kidneys 0.2 <0.1 <0.1 0.1
Spleen ‘ <0.1 <0.1 <0.1 0.3
ungs <0.1 <0.1 <0.1 0.1
3rain <0.1 <0.1 <0,1 <0.!
Skeletal Muscle 0.6 0.4 0.6 1.7
(as 40% body weight)

Whole Blood 0.3 0.2 0.3 5.4

(as 7% body weight)

basad on El-hawari et al. (1981)

g/SLngle dose of ring-UL-lac-TNT
(n)=numbers of animals analyzed
Average recoverv, male and females combined
Males only



- . - a/
-1ssue-to-3lcod Cogcentratzon Ratios

at 24 nours Alzer
Oral Adminiscration of '“C-INT (30 mg/xg) to Male animals

Rats Mice
Liver 4,1 5.2
Kidneys 3.3 3.3
Spleen 0.6 1.2
Lungs 1.2 1.7
Brain 0.3 0.4
Muscle 0.5 0.5
Fat 0.6 0.8
Blood 10179 1.0¢0.93)

Rabbits
3.8
1.6
0.5
t.1
0.2
0.3
0.8

1.0(2.26)

<0.1
<0.1
0.2

1.0(29.22)

Based on El-hawari et al. (1981)

:;43 eq/g tissue per ug eq/ml blood
(n)=ug eq/ml



(<..C) were generally notea in brain, nuscle and Zat ci a.l species, sp.ase-~ =
Tats and rabbits, and 1n all tisskes of the dog. The results of =-:5
ccIoariscon seem CO indicate thac the unusually high blood concentratons, ia

-2 eq/ml, zTay account for the distribucion pattern in dogs dosed at 50 ag. 3.
Wnen cosed at 5 mg/kg, the distribution pattern in various tissues of the deg
1ndicates a higher percentage of radioactivity in the liver (2..4I), but a
lower percentage (1.12Z) in the blood. Comparison of the tissue-to-blood
concentration ratios at this lower dosage level indicaces values similar to
those of the other species. Table V-10 compares these two dosing levels 1n

dogs.

Radicactivity remaining in most tissues was comparable after oral and dermal
adminigtration, however, residual radioactincy was higher {n the fat of a.}
species following dermal application. The  C content of the liver was
generally higher after oral dosing.

In general, radiocactivity {n most tissues of the rat was higher four hours
after intratracheal instillation than after oral adaministration. The highest
amounts of recovered radioactivity (1-8%) were found in muscle, blood and
liver. 1In this study, lavels in the muscle and blood of female rats were
about two times higher than in males for both routes.

C. Excretion

Lee et al. (1975) measured the excretion of !ac-labelled INT {n Charles River
CD female rats. At 24 hours after dosing, an average of 53% of the
administered dose was excreted in the urine while approximacely 212 was foun
in che GI tract plus contents and 6% in the feces. Only negligible amounts
were recovered in expired air.

Hodggon et al. (1977) and El-hawari et al. (198l) also studied the excrecion
of “C-labelled TNT in male and female Charles River CD or Sprague-Dawley
rats. About 53 to 65% of the administered radioactivity was recovered in tre
urine in 24 hours while an average of 302 to 34% of the dose wag found in the
GI cract plus contents. Males and females excreced approximately 8% and 2%,
respectively, {n the fecas.

In similar scudies in albino CD! mice, New Zealand rabbits and beagle dogs,
Hodgson et al. (1977) and El-hawari et al. (1981) reported that excrection ::
radiocactivity in mice was 42% to 60% in che urine, 9% to 432 in the feces anc
72 to 131 in the GI tract plus contents (Table V-2).

In rabbits, these same authors reported the 24 hour excretion of the majori:w
of the radioactivity in the urine (663 to 792) wicth much smaller amouncs :-
the GI tract plus contents (5% to L1%) and feces (<2%) (Table V-3).

Similar to rabbits, dogs excreted 56X to 60% of the radioactivity in the .-:-e
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Table V-0

\ A
Percentage of Orally Administered = C-T\T Recovered and

Tissue-co-Blood Concencration Ratios {n Male Dogs

% Recovery Tissue-to-8lood

Concentration Racios?

5_mg/kg 50 mg/kg 5_ag/kg 20 mg/kg
Liver 2.4 1.5 4.9 0.8
Kidneys 0.1 0.1 1.4 0.3
Spleen <0,1 0.3 0.8 0.7
Lungs 0.1 0.1 1.1 0.3
Brain <0.1 <0.1 0.2 <0.1
Muscle (407 of body wt.) 1.4 1.7 0.2 <0.1

Blood (72 of body we.) 1.1 5.4 1.0¢0.72)° | o¢z5.12
Fat - - 0.2 £.2

3ased on El-hawari et a]l. (1981)

a/ug eq/g tissue per ug ¢q/ml blood

b/(n)-ug eq/ml



l- kours after oral desing while che GI trace plus contents contained -7 o
-0% ars zne feces 3% iz 177 (Taplh V-u) (nodgson et al,, i§7-, Ei-rawar: ac
: 2EL0) .

~hen Zl-hawaril et al. (1981) compared the 24 hour recovery of radiclabeliecz
M 1n all four species following a single oral dose of 50 wg/kg to each,
rats, mice and dogs excreted relacively equivalent amounts in the urine,
averaging 602 of the dose while vecovery from the urine of rabbics was
approximately 752 of the dose. The percentage recovered from the feces and
the GI tract plus contents was somewhat more variable between the species as
shown in Table V-3.

El-hawari et al. (1981) also compared the excretion of TNT in rats, mice,
rabbicts and dogs as a function of route of administration. 1In all species,
total excretion 24 hours after administration was lowver after dermal
application as compared to the oral route. When the oral route was compared
to intratracheal inscillation, 4 hour recovery was highest {n the GI tracet
Plus contents of the orally treated rats (762) while similar amouncs
(approximately 15Z) were recovered in the urine and GI cract plus contents
after incratracheal instillacion. A direct comparison between the dermal and
intratracheal routes was not studied.

in this series of studies, El-hawari et al. (1981) reported the presence of s
bright red pigment i{n the urine of racs and mice treated by different rouces
of administracion while the urine of rabbits and dogs treated orally and
dermally contained no such colored pigment, even after doses up to 50 mg/kg.

D. Metabolism

The presence of four functional groups on the TNT molecule would permit a
variety of metabolic transformations to occur, to include oxidacion of the
methyl group, oxidation of cthe benzene nucleus, reduction of the nitro groups
and conjugation. Only minute quantities of unmetabolized TNT have been
identified {n the urice, and in viero experiments suggest that the liver is
the major sice of TNT biotransformacion.

In the study by Lee et al. (1975), a thin-layer chromatographic (TLC) analysts
of the radioactive compounds in the urine and in brain of rats using a solvent
system of ethyl acetate:petroleum echer indicated cthat all the radioactivity
in the 30-minute and 24-hour urine samples remained at the origin (point of
application), whereas TNT has an R value (ratio of movement from
origin:solvent front) of about 0.7§ in this gystem. The radiocactivity from
the J0-miguce brain extract had an R_ of 0.2, {ndicating the presence of one
mecabolite different from that im the urine. A 24-hour urine sample was also
developed in a butanol:methanol:water system. There wers one major and
several minor peaks of radioactivicy. Almost no radioactivity vas associated
with the TNT or the dinitrotoluenes which have Rf values of about 0.95 i{n chis
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s0.-ent system. No attempts were zade 11 tais sCudy to 1agentiiv INT
Tertasolites. \

~odgson et al. (1977) sctated that analysis of urinary metabolites recoverad
incicated that INT was metabolized extensively in all four specles studied and
similarly in rats, aice and dogs. The rabbit, on the other hand, had a
somewhat different metabolic profile, suggesting a species difference in tte
netabolism of TNT. The presence of a red pigment in the urine of rats and
mice, but not rabbits and dogs, also Suggests specles differences in
metabolism. Furthermore, glucuronide conjugation appears co play an imporcant
role in the metabolism of TNT in the rat and dog, but not the rabbait.

In this study, initial TLC analysis vas carried out on rat urine that had been
extracted wich CHCl_:MeOH (3:1, v/v) both before and after hydrolysis with 5\
HC1 (at 100°C for 1l hour) and then evaporated and assayed for radioactivicy,
Metabolites identifled in rat urine, with and without hydrolysis, included
trinicrobenzyl alcohol, 4-amino-2,6- dinitrotoluene, 2-amino~4,b6-dinitro--
toluene, diaminonitrotoluenes (not specified) and trinicrobenzoic acid (in
hydrolyzed urine only). Unmetabolized INT accounted for <l of urinary
radioactivity. Urinary mecabolites from other s$pecles were not presented.

in cthe sctudy by El-hawari et al. (1981), urinary metabolites of rats, mice,
ccgs and rabbits were extracted with ethyl acetate under mildly acidic
conditions and separatad by thin layer chromatography using two solvent
systems wich different polarity. Tentative identificacion of metabolites was
carried out by comparing solubility characteristics, resctions with specific
spraying reagents, and R, values of the metabolites with those of standard

reference compounds. Quantitacive determination of {ndividual metabolites was
not feasible in this study.

The authors stated that TNT vas metabolized extensively in all species
exzmined, whether treatment was oral, dermal or intratracheal. Large porcions
of the metabolic products vers conjugated with glucuronic acid, but no
conjugation with sulfates vas indicated by incubation with aryl sulfacase.
Yost of the metabolic products were reduction derivatives, including the 2-
and 4-hydroxylamines, the 2- and 4-monocaminodinitro and the 2,6- and
4,6-dlaminomononitro derivatives. The trinitrobenzyl alcohol and the
trinitrobenzoic acid seemed to be present, but confirmacion was not possible.
The parent compound, TNT, was detected in the urine of some species in minuce
quantities only. The extraction procedures used minimized the alterations of
the hydroxylaminas to azoxytoluene, but some of the latter vas present,
especially after fractionation of the urinary products in the presence of
NaOH. Glucuronide conjugation appeared to play an important role in TNT
metabolism, but whils the amount of extractable radiocactivity increased afcer
incubation with 8-glucuronidase, the TLC profiles remained unchanged. Other
products of TNT metabolism remained unidentified. The mecabolic profiles of
urine from rats, mice, and dogs differed only quanticacively.
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The urine of rats contained large amounts of the <,6-diamine (and, cto a lessza-
exctenc, tne 2,6-dlacine) and zcnoamines (che 4-amiro and/or l-amino). ThHe -
ana ‘-hydroxylamines and some azoxytoluene (probably formed during
fractionation) were present in small quanticies. Metabolic profiles of ur:ne
from male and female rats showed no significant differences. The amounts of
g2lucuronides in urine collected from bile duce cannulated rats were lower t-an
those collected from intact rats. In addicion, the 4=-hour urine from
cannulated rats contained more of the polar metabolites and more parent TNT.
Only minimal differences were apparent between orally and dermally treated
rats (more unchanged TNT eliminated after dermal application) and quantitative
differences between orally and intratracheally created rats. The source of
the red pigment was not identified.

Compared with rat urine, mouse urine contained smaller quancicies of the noiar
@ecabolites and the diamines and more of the monocamines and hydroxylamines.
Mouse urine also contained considerable amounts of the trinitrobenzyl alcohel
and trinicrobenzoic acid. The presence of azoxytoluene was demonscrated after
fractionacion by acid or base. Urine of mice contained the least glucuronide.
No major differences were evident after oral or dermal treatment except for
the presence of larger quantities of unchanged TNT after dermal exposure.

The metabolic profiles of dog urine indicated the presence of appreciable
amounts of diamines and monoamines. Only small amouncs of the 4=hydroxylamziae
and 2-hydroxylamine, and minute amounts of azoxytoluene (which seemed to %e
formed during fractionation) were present. Smaller amounts of polar
metabolites and larger amounts of pareant TNT were demonstrated in the urine of
dermally treated dogs when compared to those treated orally.

Rabbit urine showed a unique profile which differed quantictacively, and
probably qualitacively, from that of rats, mice, and dogs. The presence of
larger quantities of monocamines and hydroxylamines vas demonscraced, in
addition to either or both of the diamines. The presence of trinitrobenzv!
alcohol and etrinitrobenzoic acid was indicated by their R_ positions. TNT and
the azoxytoluene were absent from fresh urine, but some of the latter was
formed during fractionation with ether in the presence of NaOH. CUrine from
dermally treated rabbics differed quanticatively from that of orally treaced
animals with a sharp decrease in polar metabolites and some increases in the
moncamines, hydroxylamines and azoxytoluene in the dermal treatment group.

These studies by El-hawari et al. (1981) {ndicate that TNT is extensively
metabolized in all four species regardless of the route of exposure. The
majority of urinary metabolites ars of high polarity with very low
extractability in organic solvents and conjugation with glucuronic acid s
indicated. Most of the metabolic products are reduction derivacives and
include the hydroxylamines and mono/diamino-dinitro derivatives. The presence
of benzyl alcohol and acid are indicated but not confirmed. Parent TNT 1s
present in the urine of only some of the species but only in minuta
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quancicies, although derzal admin:scration seems to 1acrease rhe excracssn
wccranged INT. The azoxvctolueme appears to be Zormed during tne exzract:sn
procedure :n the presence of alkali. Identification of the source oI n

Lgzent in rat ard zouse urine was not successful. '
Pe5

e red

West differences in the metabolic profiles were quantitative in nature ard
were demonstrated both within and between species. Quantitative difiarences
between oral and dermal treatment groups were minimal, being largely evidenced
by an increased amount of unchanged INT present after dermal administrac:cr.
Conversely, major quantitative differences were demonstrated becween crall
and intratracheally treated animals.

y

Excretion pactterns from rabbit urine presented a somewhat unique profile which
was considered by the authors to most closely approximate thate reported in che
literature for humans. Even this dissimilarity from other animal species
appeared 2ostly quantitative in nature, differing primarily {n the amounts of
hydroxylamines, which are present in the rabbit urine in larger quantitcies
than in the other three animal species. Of significance may be the fact that
only the urine of rats and mice contained a red pigment similar to that found
in human urine after exposure to INT.
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~ea.tn effects data from human occupational exposure to INT and from
Lasoratory experiments with animals adminisctered TNT are summarized 10 thes
section. Lesions have been observed in Rany tissues and organ systems
tacluding brain, liver, blood, reproductive organs, kidneys, urinarv bladder
and eyes. Evidence is presented thac INT is both mucagenic and carcinogenyc
in bacterial and animal tests, respectively.

A. Health Effects in Humans

With the advent of the large scale manufacture of TNT during World war 1, mar
municions workers reportedly died of INT ioctoxication. During one 7 monch
period, 4/5 deaths (2.8%) occurred among 17,000 cases of TN poisoning. In
cre munitions plant alone, 105 facalities (l.52) occurred among 7,000 cases o
INT intoxication during a 20 month period (Zakhari and Villaume, 1978).
Overall, in the four year period between 1914 and 1918, 580 deaths (2.4%) were
reported in the United States out of 24,000 cases of known INT poisonings
(Rosenblatz, 1980). 1In British ammunition plants, 125 deaths (26.37) over a
25 year period were reported among 475 cases of toxic Jaundice resulting from
exposure to INT (Zakhari and Villaume, 1978).

With the increased awareness of the hazards of INT exposure, the number of
factalities significantly decreased during World War II, despite a dramacic
increase in the preoduction of this explosive. Only 22 factalities were
reported in cthe period between June, 1941 and Sepcember, 1945 among all
government-owned ordnance explosives plants. Eight (36%) ware dus to toxic
hepatitis and 13 (59%) were due to aplastic anemia (Zakhari and Villaume,
1978). Only gne-third of the 22 vere exposed to TNT at average concentrations
over 1.5 mg/m”, the exiscing workplace standard (OSHA, 1981). Among these
cases, hepatitis was reported to occur @ore frequently among younger persons
(average age, 30 years), with aplastic anemia being the cause of death among
older persons (average ags, 45 years). The pathologic findings in the
clinical hepatitis cases invariably included degenatrative damage to the liver,
usually accompanied by a great reductionm in size and wveight (NRC, 1982).

Since World War II, only occasional deaths due to TNT exposure have been
teported and very few problems relaced to TNT uge have been found in che
English-language literature (Morton et al., 1976).

In an extensive reviev of the literature, Zakhari and Villaume (1978) reported
on the various signs and symptoms of TNT toxicity and provided detailed
descriptions of the more specific effects of TNT on individual body systeams.
The following is a summary of this report.

Initial exposure to TNT in the atzosphere may result {n mild irricacion of :-e
respiratory passages (nasal discomfort, sneezing, epistaxis and rhinicis
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Poss:bl. assoclated wich headacbe? and skin (erycthema and papular eruptions
2rogressing to desquamation and exfollatior). Gastrointestinaj disorders, ¢
1nc.ude nausea, anorexia and constipation, sometiTes associated with
tightening of che chest, are among the first signs of possible intoxicarion.
Epigastric pain not associated with food ‘ntake is a cardinal symptom.

~-

Absorption of sufficient amounts of TNT through the skin or lungs can produce
signs of cyanosis (due to methemoglobin formation), toxic Jaundice (due co
severe liver damage), aplastic anemia (due to damage to the erythropoietic
system), cataract formation (possibly a direct effect of TNT vapor or dusec;
Day be first and only clinical manifestation), menstrual disorders (hypo- or
hypermenorrhea), neurological manifestacions (neurasthenia, nystagmus,
lrregularities of tendon reflexes and adiadochokinesia; only 2.2% of the cases
in one study manifested diffuse brain lesions; 502 of the persons examined i{n
anocther study shoved {rregularities i{n their thermoregulating reaction to heat
and cold (Kaganov et al., 1970 as cited in Zakhar{ and Villaume, 1978)) and’
nephrotoxicity (as evidenced by a significanc rise in glomerular fileration
race, sodium retention, urgency, frequent micturition and luambar pain).

Upon physical examinacion, the findings may {nclude a yellow discoloration of
the skin, nails and hair. This is usually due solely to staining with TNT and
ts not to be confused with the jaundice associated with liver toxicicy. More
significant would be a bluish discoloration of the mucosa indicative of
developing cyanosis. Other physical findings might include dermacitis with or
without rash (early appearing rashes may clear), epigastric pain, tenderness
and/or spasm, enlarged and palpable liver and changes to the electrocardiogranm
(bradycardia, decreased amplitude of QRS complex, flattened T-wave) and
electroencephalogram (decreased amplitude of biopotentials, slowed acciviey,
poor reaction to stimulil), funectional in nature, acd apparently due to
vascular disturbances i{n the brain (Ermakov et al., 1969 as cited i{n Zakhari
and Villaume, 1978).

Laboratory findings {nclude an amber to deep red coloration of the urine and
various effects on the hematological parameters and blood chemistries. 1In
several cases where TNT exposure resulted in death, specific post-mortenm
findings included fatty changes in the liver and kidneys. Foulertonm (1918) as
cited in Zakhari and Villaume (1978) reported that {n 3 specific cases of
death due to TNT intoxication (exposure level and duration not specified), the
liver showed signs of advanced degeneration, disintegration of pareachyma,
fibrosis and advanced interlobular round-cell {nfiltration. Fat wvas
distribucted {n both parenchyma and fibrotic tissue. The kidney also shcwed
signs of fat accumulation along with cloudy degenaration of the spichelium of
the convoluted tubules. The glomerull wars, however, frae of fat globules.
Numerous fat granules were scattared throughout the interalveolar tissues of
the lungs. Masses of brownish macterial were found in all thrse organ systems

While there have been only limited reports {n the English literature of



cataract formation resulcing {rom industr:al exposure co INT, laghar:i arz
riileume (1978) descrioed sevetal setudies chac reported the findirg of
fartarac:ts acong furcpean and Russian dynamice workers. The cataracts Save
Seen reportec to often occur without other toxic manifestations (Manc:ilova,
1968) ~nile Tyukira (i967) described changes in the crystalline lens as
occurring in four stages and being characteristic of INT-1nduced opacicties,
easily d:istinguishable from those of different origins. Hassman and Juran
(1968) reporced the occurrence of cataraccs in 26/61 (42.62) workers, average
age of 44.5 years, exposed to TNT for an average of 8.4 years. The cataraccs
were described as V-shaped or lunar, white-grey in coler and located {n the
area of the lens equator. In some cases, the opacities had merged to form an
irregular ring. While atmospheric levels were not reported, the authors
indicated that cataract formacion was not associated with other toxic efieces,
and that repeated examinations indicated B0 other health effects in 26.97 of
the workers with INT-related cacaracts. In 1978, Hassman et al. confirmed the
occurrence of cataracts characteristic of TNT exposure in 877 of a group of 3e
TNT workers waith previously diagnosed or suspected TNT cataracts. Certrol
subjects were not included in this study. Average exposure duration was
approximately 14 years. Other TNT-related effects vere minimal, confirmed in
oniy 9% of the exposed group and reported as chronic INT intoxication,

More recencly, Harkonen et al. (1983) reported on the occurrence of equator:al
lens opacities in 6 of 12 occupationally exposed workers in Finland. The
opacities were described as bilateral and symmetrical. They had no effect cn
visual acuity or visual fields. They were detectable only in the periphery of
the lens, being either continuous ot discontinuous. Exposure duration was
approximately 6.8 years with workroom air concentrations averaging 0.3 mg/m)
with a range of 0.l4 to 0.58 mg/m”. Physical examination as vell as several
blood chemistry parameters were normal. The average age for the |2 workers
was 39.5 vears with the subgroup having positive cataract findings averaging
¢3.8 years vs 35.2 years in those wichout cataracts. In 1984, Makitie et al.
reported that 16/2! (85%) workers exposed to TNT for a mean of 12.3 years ir
the processing and packing of explosives had detectable equatorial lens
opacities, most frequently in che anterior cortex of the lens wich decreasing
density toward central areas. The mean age of the exposed _workers was 41.1
vyears wvhile atmospheric levels ranged from 0.1 to 0.4 mg/m”. Ten workers
showed varying degrees of central opacity, from minuce Spots to small
rosectes, but these opacities wvers so slight that no effect was decectable on
visual acuity. 1ln 502 of those with the peripheral lens opacities, the
density was so slight that no shadow vas seen in fundus reflex photography.
There have been no reports in the literature nor in occupational health

Surveys on the occurrence of cataraccs in munitions workers in the United
States,

The mechanism of INT-cataract formation is not clearly defined. While more
recent studies (Harkonen et al., .983) have investigated radical formation,
based upon the vulnerability of cthe peripheral lens fibers to effects of
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persxidation, as a pocsible cause of TNT-related cataracts, no definicive
conci.sions could be drawn from cthis investigation., Several studies impl:ca:e
direct contact and local absorption as the probable cause (Kroll and
Kolevatvkh, 1965; Yanoilova, 1967 as cited {(n Zakhari{ and Villaume, 1978),
basea upon tne absence of systemic effects {n the majority of the exposed
individuals with the positive cataract findings. The weak polarity of INT
also supports its ability to directly penetrate the lens.

[t has also been found that individuals deficient in glucose-6-phosphate
dehydrogenase (G6PD) may be particularly susceptible to TNT intoxication. In
one report (Djerassi and Vitany, 1975 as cited in Zakhari and Villaume, :978),
onset of hemolytic episodes occurred in 3 individuals within 2 to & days aiter
finitial exposure to INT. Based on these and similar findings, it was
recormended that determination of G6PD activity be made a pre-employment
requirement for INT workers.

Effects on the white blood cells (WBCs), as evidenced by an increase in :=ne
large mononuclear leukocyte count, may also be an early indicator of INT
poisoning. Hamilcon (1946) reported that increases in these cells usually
preceeded symptoms of illness and levels remained elevated for 2 to 3 monchs
following initial occurrence (cited in Zakhari and Villaume, 1978).

Toxic hepatitis and aplastic anemia have been reported as the principal cause
of death following INT intoxication. Zakhari and Villaume (1978) reportea
that several fatal cases of aplastic anemia were associated with earlier
eplsodes of non-facal toxic jaundice or hepacitis. They further indicaceq
that aplastic anemia can occur after & latent period of several years
following an attack of toxic jaundice. Hyperplasia of the bone marrow (s cthe
first reaction of the hemapoietic tissues to TNT poisoning.

In a report prepared by the Department of the Army, as guidance standards in
industrial medicine and hygiene (DARCOM, 1976), gastrointestinal syumptoms were
reported as often the first indication of toxicity. This report also
indicated the lack of a clear relationship between the occurrence of the
dermatitis often associated with exposure to TNT and the development of
systemic effacts; either may exist in the absence of the other.

Clder reports on the adverse health effeacts asgsociated with exposure to M7
generally did not include information on workplace comcentrations. In one
uncontrolled sctudy, Ermakov et al. (1969) as cicted {n NRC (1982), reported
that_122 (21%) of 574 employees exposed to an average TNT concentration of
mg/m~ vere chronically poisoned; work exposures ranged from 6 to 25 years

Most of those affected had functional disorders of the cantral nervous svscea,
with 222 (27) having chronic anemia and leukopenia, 20% (24) with catarac:s,
and 122 (15) vith symptoms of hepatitis. No comparisons were made with
unexposed control populations.
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Severa. zeports of cortro.led stugies nave provided some informaticn on :re
<ear.+ and subclinical effects of INT exposure (Stewart et al., '9i3, EL
Crawadl et al., 1974, and Hathaway, 1974 as cited in MRC, 1982; Morzon ec a.
.978). A s:igniiicant finding in these epidemiologic studies 1s the occurrenze
of tezatologic and hepatic abnormalicies at ENT concentrations well belov =-e
Permissible Zxposure Limic (PEL) of 1.5 mg/m” (OSHA, 1981). Among the =zost
persistent findings were mild reducticns in hematocrit (Hect), hemoglobin (¥gb)
concentrations and red blood cell (RBC) counts of exposed persons. These
f:ndings have been attributed moscly to the destruction of red cells by
hemolysis due to exposure to INT or to its metabolites (Voegtlin et al., 1512,
Cone, 1944, as cited 1n NRC, 1982; Hachaway, 1977).

In one study cited by Zakhari and Villaume (1978), a group of 62 undergraduace
students _vere exposad to atmospheric concentrations of TNT ranging from C.3 to
1.3 og/m” for approximately 33 days (Stevart et al., 1945). Observed changes
in 207 or more of the subjects included a decrease in Hgb and circulacing
bload cells, an increasa in the number of reciculocytes, a small but
significant decrease in plasma proteins and a significant increase in
bilirubin. The authors inaicated that Sales vers more susceptible to the
hemolytic effects of INT than were females.

Goodwin {1972) reported that, in a 195] scudy at the Lone Star Army Ammunizicn
Plant (LSAAP) in Texarkana, Texis. mean atmospheric contaminant levels Ior TL7T
(dust and fumes) were 2.38 mg/m~, with no exhaust vencilation syscems in cse.
In a series of tests conducted under a3 Physical Recheck Examination Prograz,
the Thymel Turbidity test, isdicative of liver cell irritaction, was used to
evaluate liver impairment. From a total of 1,537 testa run during one
screening period, 87.5% of the workers wers within the salected normal range
(to 2.9 Maclagen units) with no signs of liver toxicity. Of the remaining
workers with liver funcction tests above the normal range, from 2.9 to »>5
Maclagen units, 36 (<2.57) showed classical symptoms of liver damage. Liver
function values in the affected workers, initially >5 Maclagenm unfts, returmned

to normal limits within three veeks of their removal from the contaminatad
environment.

In an occupational health gtudy conducted by the U.S. Army Environmencal
Hygiene Agency (USAEHA) act a TNT washout facility at Letterkenny Army OJepot in
Pennsylvania, Friedlander et al. (1974) reported thac employees exposed Ict o
months to TNT at various work locactions. in the facility and at stmospheric
levels ranging from <0.02 to 3.00+ mg/m” displayed clinicslly and
scatistically significant decreases in Hgb and Hct levels when compared c2
pre-exposure values. Furthermore, a statisticsl comparison of these
pogt-exposure values with those of matched controls (non-exposed individuals:
at the same facility {ndicaced a higher rate of abnormalities in the exposed
individuals aod mean value differences betwean ths two groups.

In addition to significanc differences in the Hgb and Hct values (0.005 < - _
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C.0i), significant diiferences were also found {n R3C count and blood urea
nitrogen (BUN) (0.CC5 < p < 0.01) and in reticulocytes, eosinophils and
g-ucose (0.0l < p < 0.03). Yo significant differences could be demonstrazag
in several other laboratory parameters including serum glutamic-oxaicacer:c
transaminase (SGUT), lactic dehydrogenase (LDH), serum alkaline phosphatase
(Sa?), cholescterol and toctal bilirubin, among others. It could noc be
determined from this report {f the positive clinical findings were dose
dependent.

In ancther occupational health survey (Morton and Ranadive, 1¥74) conducted bv
USAEFA at che Newport Army Ammunition Planc (NAAP), Indiana, the distribucion
of abnormal values among workers correlated closely with both an increased
production rate (from_75% to >100% capacity) and an increase in INT dusc
levels (from 0.3 mg/m” to 0.8 »g/m"). Various paramecters wera tested
including Hgb, SGOT and LDH. Based on the measured values, 62.8% of che T\T
exposed individuals demonstrated abnormal findings. The detection rate
(ability to identify abnormal results) ranged from approximately 261 when onlv
hgb values were evaluated to 1007 when the values for all 3 paramecers (Egb,
SGOT and LDH) were assessed. Recovery to normal levels occurred upon removal
of the individual from sources of exposure but the time required for recovery
could not be decermined from the available data. No statistically significant
differences could be found {n the incidence of abnormalities when resulcs were
Compared as to sex, age or race, but sampling size may not have been
sufficient.

Further statistical analysis of these clinical parameters as measured prior to
the time of increased TNT production (atmospheric levels of 0.3 mg/m”) paired
with_those one month after production was increased (atmospheric levels of 0.8
mg/m”) indicated a statigscically significant increase in LDH levels (P <0.0059)
ang SGOT levels (P <0.01) following the increase in production rate. No such
correlation was seen in hamoglobin levels (Morton et al., 1976). This
increase {n both the number of individuals vith aboormal test results and the
degree of the abnormalicy vere correlated with the higher atmospheric levels
of TNT, leading the authors to question the suitabilicy of the Threshold Limit
Value (TLV) of 1.5 mg/m” recommended at that time (ACGIH, 1971).

In a follow-yp to the two Previously cited occupational healch BUTVEYS at Army
facilicies, USAEHA performed a cross-sectional epidemiological scg’y 1nvg}ving
626 employess exposed to one or more munition compounds (TNE RDX™', HMX ')
and 865 non-exposed employees from 5 Army Ammunition Plants (Buck and
Wilson, 1975). All {ndividuals vere evaluated for liver functiom (SAP, SGOT,
serum glutamic-pyruvic transaminase (SGPT) and bilirubin) and hematological

:jcyclocrimc:hylenc:rini:ranin. (1 hexahydro-l.3.S-trinotro-l.3.5-criazine)
cyclotetramethylenatetranitramine (OCtahydro-l.J.S.7-tetran1tro-l.3.5.7-
tetrazoline)
Joliet, lowa, Milan, Volunteer and Holston
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\-g2, Jct and reticulocvze count) abrormaLities. No evidernce of Liver
toxicity was indicatec¢ by tne ‘parameters studied. This result appears tg =e
-1 3SnIfast to the positive findings of liver toxicity in the NAAP study,
“cweyer, exposure .evels in this cross-sectional study were generaliy <(.3
Tg/m_ with only approximately l2% of che TNT workers exposed at levels >C.3
2g/m” wnile at MAAP, exposure levéls rose to appsoximacely 0.8 og/m”.
Accordingly, the authors indicated that 0.5 @g/m" may be considered a
reasorable no eifect level for hepatotoxicity.

On che ocher hand, a significant hematological effect was observed among T\T
wCTKers exposed 1n this cross-sectional study to atmospheric levels of <.}
mg/mJ. This positive effect was avidenced by a dose response relationship for
all three parameters and occurred more readily among males. These resulcs
suggested to the authors that low level TNT exposure (<0.5 @g/m’) may induce a
low grade hemolysis with a compensatory mild reticulocytosis. It was noc
possible ro determine a no effect level for hematological effects from the
Stuay. As a result of this study, USAEHA recommended that the TLV for TNT in
the work. place be lowered from the existing level of 1.5 mg/m” to a level of

0.5 mg/m” and that the U.S. Army adopt 0.5 mg/m” as their airborne exposure
standard for TNT.

B. Healeh Effects in Animal Experiments

l. Short-Term Exposure

As indicated by studies in rats, mice and dogs for periods up to four weeks,
dietary intake of INT resulted {n early but not persistent decreases in body
weight and food intake while the red pigmentation {n che urine persisted
throughout. Some anemia was evident but somewhat inconsistent while
hemosiderosis of the spleen was seen in all three species. Rats developed
testicular atrophy. Table VI-l summarizes these toxicity studiaes.

Lee et al. (1975) determined the acute oral toxicity of TINT in Charles River
CD rats and albino Swiss mice. Racs and wice were fasted for ac least 16
hours prior to dosing by intragastric intubation with a 4.12% saturated
soluction of TNT in peanut oil. After treatment, the survivors were observed
daily for l4 days for delayed mortality or toxic signs. The LD s

wva
calculated by a computer program based on the method of maximumsgikelihood of
Finney (1971).

The acute LD, values in male and female rats wvere 1,010 and 820 mg/kg,
respectively; in male and female mice they ware 1,014 and 1,009 mg/kg,
respectively. Symmetrical coordinated comnvulsions associated wicth respiracory
inhibicion occurred within S to |S minutes after dosing and continued for . to
2 hours. Death, when it occurred, was usually due to respiratory paralysis
vhile survivors appeared cyanotic and exhibited ataxia. Recovery was compleze
in 24 to 48 hours. No gross pathology attribucable to treatment was nocted.
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Table VI-1

Summary of Studles:

Short-term Exposure of Animals to

INT

Reference Species Dose Route Durition
mg/kg/ddya/ weeks
Lee et al. (1975) rat, mouse - oral ID¢.)0
rabbit 501 dermal, ocular 72 hours
gulnea pig 4.12% dermal -
Newell et al. (1976) rabbit 97 b/ dermal, ocular up to 7 days
mouse - oral 1D, g
Dilley et al. (1978, rat, mouse - oral LDbO
dog 0.2, 2.0, 20.0 oral 4
rat (male) 1.8, 8.8, 42.7, oral 4
190.4
(female) 1.7, 8.5, 41,2,
180.4
mougse (male) 1.5, 7.0, 35.3, oral 4
184.3
_ (female) 1.5, 7.2, 35.9,
176.9
Levine et al. (1984a) mouse 0.3, 2.0, 14, 100, oral 4

ul

L/

Unless uvtherwlise stated.

Approximate 2; wastewstler residue.



a.t-za 10 to <0 z:irutes after dosing, a brignt red pigment which stalred --e
fir a~d bedcing aopeared in the urine of doth species and continued 3 Se
excrezed for several hours after dosing.

Jilley et ai. (1276, 1982) also conducted acute toxicity tests of INT using
1mmature Sprague Dawley-derived rats and Swiss Webster mice. The acute oral
LD, s were determined in animals that were fasted for at least 16 hours befsre
thgy vere dosed. Four or five dose levels with 10 males and 10 females per
ccse were used. The test material was administered as a suspension in cora
oil via oral-dosing needles at a volume of | wl/100 g body weighe.

Cbservation of survivors continued for 2 weeks and any toxic signs were ncted.
All deaths were recorded and a gross examination was performed., The LD._ was
calcuiated by the same mechod of Finney (1971). ?

The acute oral LD5 s of INT were 660 ag/kg in both male and female mice and
1320 and 794 mg/kg io male and female rats, respectively. Ianitial toxic S13ns
{ncluded inactivicy and tremors within the first | or 2 hours, followed by
petit mal convulsions. Red urine was noced {n both species within 60 zi{nutes
after dosing. Death, when 1if occurred, wvas within 4 hours. Animals that

survived the convulsions recovered and were still alive at 14 days after
treatment,

The acute toxicological effects of actual and synthetic TNT wastewaters were
teported by Newell et al. (1976) and Sasmore et al. (1977) before and after
irradiation and at different pH values. The oral LD 0 values of the
lyopnilized, reconstituted residues were determined in fasted, adult male and
female Swiss-Webster mice (15-20 g). Authencic TNT wastewaters were obtained
from che Joliec Army Ammunitions Plant (JAAP) load and pack (LAP) operations
and inictially contained 125.5 ppm TNT and 30 ppm RDX plus several minor,
unidentified components. The LAP wastewater vas lyophilized and reccnscituted
with vater and TNT wvas added to give the expected 9% level (some TNT was lost
under condicions of large-scale lyophilization). The bulk of the lyophilized
residue (91%) wvas inorganic salts. The reconstituted solutions ware adjusted
for specific pH levels, photolyzed as specified and either lyophilized to
solid residues or extracted with benzene and lyophilized. The residues were
administered as corn oil suspensions/solutions. Table VI-2 compares the
results of this toxicological evaluation. For the synthetic preparation, che
degree, if any, of irradiation could not be accurately determined from che
available data; pH vas stated to be 7.0; lyophilized residues were
adminisctered ia corn oil. The pure TNT samples were originally dissolved in
disctilled wvater.

Toxic signs following oral administration included lassitude, cyanosis,
occasional mugcular twitching, coavulsions and red urine. Death occurred :-
the first 24 hours or not at all. Recovery was complete in 2-3 days. Vo

gross pathological lesions were reported for the surviving animals autops.e:
after the l4-day observation period.
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Table VI-2
\

Acute Cral LD (ng/kg) of TINT Wastewater 9esxdue
and Synthecic Preparaction in Mica°>

, o/
Percentage Irradiation

pH 0 50 100
JAAP residue 5.0 - 1500 <30G
(pink water) 7.0 1300 2600 >3000
9.4 - 1600 4200
JAAP residue </ 5.0 -—-
(benzene fraccion) 7.0 500
9.4 -
-AAP residue 5.0 - 4200 4700
(aqueous fraction) 7.0 2500 4700 >50C0
9.4 - 3900 4400
TNT 7.0 830 4/
Synthetic Wastewater 7.0 250-280

a/Reference: Newell et al.

(1976); residue administered as corn oil

suspensions/soluctions; LDSO calculated using method of Litchfield and

Wilcoxom.

Photolyzed until inmicial TNT concentrations decreased by 502 and nearly
100%.

C;TNI reported to be major component of this fractionm.

Result of 2 geparata determinacions; percent irradiacion, if any, not clear

for this evaluation.
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“rsc tnese studies, the authors corcluded that the toxiec component of z=e _a?
wastewaters obtained from JAAP'‘was mostly extractable with benzene and cma- .°

lrraci.ation also reduced tne wastewater toxicity. They further postulazed
that %7 may be tne principal toxic component as it constituted approxirace..
907 of ctne organic material {n the LAP water and was removed from wastewater

both by 1irradiation ard benzene extraction.

Oral LD,_, studies 1in other species were not available f{n the literature. <The
Eolloviag lethal doses for INT (oral LD, , lowest dose reported to have caused
death) were reported: rabbit, 500 mg/kg; rac, 700 mg/kg; cat, 1,850 mg/kg
(wyon, 1921 as ciced in NRC, 1982).

a. Skin and Eve Irritacion, Dermal Sengitizacion

The primary skin and eye {rritation tests in rabbits, using the modified
Draize method (Federal Register, 1974 as cited in Lee et al., 1975) indicated
that INT vas a mild irricant to the skin but did not irricace the eye. A red
stain, similar to that seen in the urine, appeared both on the skin and around
the eye after application of a 507 TNT-peanut oil paste (Lee et al., i975).

Topical application of a saturated 4.122 solution of TINT {n peanut oil to che
clipped skin of guinea pigs produced a 40T response and was considered a

moderate sensitizing agent (method of Maguusson and Kligman, 1969 as cited :n
Lee et al., 19795).

Newell et al. (1976) also evaluated the skin and eye irritation potential of
the JAAP LAP vastewater dry, powdered residues using the Draize method in
adult male and female New Zealand white rabbits (2-3 kg). No skin irritacion
was observed when either the 0% or 1002 irradiated neat (unextracted) residue
was applied to the prepared site; hovever, considerable red skin staining
occurred particularly when the 1003 irradiated residue was applied.

Mo eye irritation was observed vhen the nonirradiaced lyophilized wastewater
residue was instilled and wvashed 30 seconds or 5 minutes after instillacion.
Irritation, including iritis and corneal opacity, was observed for up to 3
days when this residue remained in the eye for 24 hours. Irritacion wvas

nearly absent &4 days after instillation and recovery was complete by 7 days
post-treatment.

b. Four-Week Studies

In a four-week range finding study, Levine et al. (1984a) fed INT (992 pure)
mixed in ground Purina chow to groups of L0 B6C3Fl mice/sex at levels of 0.0,
0.3, 2.0, 14, 100 or 700 mg/kg/day. Animals vere observed for clinical signs
of toxicity, and body weight and food consumption were measurad. Prior to
sacrifice during Test Week 5, the animals vere subjected to an extensive
hematological and clinical chemisty evaluation . Animsls were sacrificed ov
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carbor cioxide aneschesia, ma-or organs were welghed, and all orzans were
Iixed for histological examination; bore marrow smears were prepared.
Steciscical analyses were accomplished using Analysis of Variance tescs acd
Dunnezt's t-test when necessary.

No significant clinical signs of toxicity nor mortality were observed. Mice
receiving the 100 and 700 uwg/kg/day doses had red-stained bedding. High-aosed
wice showed a reduction in weight gain and/or loss in body weight throughout
the study but food intake was increased in males receiving this dietary level.
At 100 mg/kg/day, only occasional and slight decreases in body weight gain
were recorded with no alteration {n food intake.

The only significant changes in the hematological parameters were a decresse
in WBC in males and an increase in platelets in females receivingoche high
dose. A dose-related increase in bilirubin was apparent in both sexes wich
increases of 257 and 50% at the 100 and 700 ug/kg/day dose levels, '
respectively, Weights of che kidneys and testes wvere significantly decreased
in male mice at the 700 mg/kg/day level.

A diffuse increase in the relative amounts of yellow=brown pigment, resembling
hemosiderin, was present in the red pulp of the spleen. The increase was cf
ninimal severity at the 100 mg/kg/day level and of mild severity at the
high-dose level. Extramedullary hematopoiesis did not differ in incidence
from controls. No treatment-related lesions of the testes wvere evident in
this study. No neoplastic lesions were observed. This study identifies a
No-Observed-Adverse-Effect~Level (NOAEL) of 14 ug/kg/day for absence of
effects on body weight, serum bilirubin and tha Spleen.

In four-week oral toxicity studies conducted by Dilley et al. (1978, 1982) in
aogs, rats and mice, the appearance of red urine consistently occurred ac the
highest dose level in dogs and at che two highest dose levels in rats and
mice. A decrease in wveight gain accompanied by a decreased food intake
occurred during the first week or two of treatment with recovery toward rormal
levels often occurring thereafter. Mild to moderate anemia and increased
spleen weights, usually accompanied by hemosiderosis, at the high dose level
vere also common to all three species. Atrophy of the testes occurred in
rats, and {ncreased cholesterol lavels and decreased SGPT activity were
evident in dogs and racs.

[n the dog study, 40 beagle dogs, approximately six months in age at the scart
of the experiment, were divided into four groups of five males and five
females each. The treatment groups received a TNT/lactose mixture equivalent
to 0.2, 2.0 or 20.0 mg/kg/day by capsule. The control group recaived lactose
only, also by capsule., All dogs were observed for signs of toxicity and
veighed wveekly, and food intakes were recorded five days/week. Tests include
extensive hematology, clinical chemi{stry and urinalysis. At the end of ‘our
weeks, one dog/sex/group was sacrificed and subjected to a complete
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~istopathological examiracion. 4p additional dog/sex/group was Temoved fran-
£7e treatxment routine and placed on a recovery studv. The tenalning cogs wera

concinued on the treatment regimen, and results are discussed under l3-weeq
stucies.

No toxic sizns were reported for the dogs treated at 0.2 or 2.0 og/kg/day. a¢
{0 mg/kg/day, loose mucoid stools and diarrhea were frequently observed.
Orarge=-ctinted urine was evident by day six of treatment and continued to
termination. Sporadic periods of {nactivity occurred {n males receiving the
high~dose level. Both treatment and control groups lost weight during tne
first week of the study with the high-dose group showing the greatest degree
of loss and the slowest recovery rate, but no statistically significant
effects on body weight were detected. Food intakes were appreciably lower in
the high-dose group during Week | and slightly lower during the second and
third weeks. Organ veight analysis indicated an enlarged spleen in the @ale
and an enlarged liver in the female sacrificed after four weeks of creacment
wich TNT ac 20 wg/kg/day. Anemia, as t¢videnced by decreases in RBCs, Hgb, Hce
and mean corpuscular hemoglobin concentration (MCHC) and an increase in zean
corpuscular volume (MCV), vas .pronounced ac the high-dose level with Hgb and
MCHC values significantly decreased in both sexes. Clinical chemiscry scudies
revealed statistically significant {ncreases in cholesterol and bilirubin and
decreases in SGPT and fron in dogs receiving 20 wg/kg/day but not all
parameters were significant i{n both jexes, After the four week recovery
period, cholesterol in males and bilirubin in femalaes tended to remain
elevated while SGPT values returned toward normal. 1In contrast, i{ron levels
were greatly increased in both sexes after this recovery period.
Hiscopathological examination revealed no clear cuc treatment-related effects
except possibly the hemosiderosis of the spleen, seemingly related to the
anemia, in the female dog receiving 20 wg/kg/day for four weeks. A NOAEL of 2

mg/kg/day for absence of anemia and effects on the liver and spleen 1is
indicaced.

In the rat studies (Dilley et al., 1978, 1982), five groups of Sprague-Dawley
rats, 20/sex/group, receivad 0z, 0.0022, 0.01%, 0.05% or 0.252 TINT mixed in
povdered Puring Laboratory Chow (or approximately 0, 1.8, 8.8, 42.7 and 190.4
mg/kg/day of TNT, respeccively, for males and 0, 1.7, 8.5, 41.2 and 180.4
ug/kg/day, respectively, for females, based on the auchors' data for average
intake of INT over the four vesk period). All animals wvere observed for toxic
signs; animal veight and food intake wers determined weekly. Tests included
hematology and clinical chemiscry. At the end of four veeks of treatmenct,
five rats/sex/level vers fasted for 16 hours, anesthetized with chloroform,
and blood was withdrawn by heart puncture. The animals wvere sacrificed, major
organs vere weighed and all organs were fixed for histological examinaticn.
Five additional rats/sex/level vere removed from the treatment regimen and
allowed to recover. The remalining rats vere continued on the treatment
regimen for 13 weeks, and resulcs are described under "Longer-Term Exposure".

VI-13



'S tox1s S1gNs vere apparent. Those rats receiving the two Pighest doses
(C.83% and 0.23%) developed a red coler in the urine from Day '2 conriavouslv
through t1e day of sacrifice. Body weights were significantly redyced {n t-=e
nigh-dose grouc, as were food intakes. In the high-dose male racs, a
significant 1ncrease was observed in che zbsolute and relative ljver and
spleen weights and a decrease in the weight of the testes. Only cthe spleens
of these females were similarly affected although the liver to body.weight
ratios, but not the absoluce liver weights, were increased. There were no
statistically significant differences in hematological paramecers after 4
weeks of treatment although RBC, Hgb, and Hee values wvere reduced in both
Sexes receiving the high dose. Only cholesterol wag significantly increased
in boch sexes at the high TNT dose. After four weeks of treatment, all males
act cthe high dose (0.25%) displayed testicular atrophy and hyperplasia of tre
intersticial cells. OUne male at the 0.05% INT dose also had testicular
atrophy. Hemosiderosis of the Spleen was present {n all rats receiving the
high dose and in one female receiving 0.05% INT. VNo wicroscopic lesions
associated wich che gross hepatomegaly were found. No octher lesions were
found to be related to INT treatment although the rats receiving che highest
dose appeared to have greater susceptibiliey eo respiracory disease, ag
evidenced by an increased frequency of alveolar collapse and dilation in the
high-dose females.

During the four week recovery study, the red color disappeared from the uri-e
in 15 days, weights increased tovard normal levels, and food consumption
increased in the high-dose groups. The weight of the testes from the
high-dose males remained low but the anemia was absent and cholesterol values
and SGPT activity were normal. Testicular atrophy and hyperplasia of che
intercstitial cells wers preseat in all five high-dose males along with
hemosiderosis of the spleen in four of the five females. Based on the absence
of testicular effects and lesions in the spleen, a NOAEL of 8.8 mg/kg/day is
{ndicated.

In the mouse studies (Dilley et al., 1978, 1982), 20 male and 20 female Swiss
Webster mice per §roup received TNT in the diet at 0.0, 0.001, 0.005, 0.025 o-
0.1252 INT by weight (equivalent to approximacely 0, 1.5, 7.0, 35.3 and 184.3
mg/kg/day, tespectively, in males, and O, 1.5, 7.7, 35.9 and 176.9 mg/kg/day,
respectively, in females). Weekly body weights and food consumption were
decermined. Hematological paramecers were measured. At the end of four veexs
of treatment, five @ice/sex/level were sacrificed by aneschesta, major organs
were weighed, and all organs weras prepared for histopathological examinacion
Five additional mice/sex/level vere placed on a four wveek recovery study: The
rezaining 10 mice/sex/level wers continued on the study for a total of 13
weeks. Results are reported under "Longer-term Exposurs".

No toxic signs related to TNT treatment were apparent. The urine of mice

feceiving the two highest dose levels (0.0252 and 0.1257) became red {n ‘5u-
to six days after che start of treatment and remained red throughout the
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treatzent period. The color disappeared Zroes :zhe urine iG cays after -2 =::a
“ere placed on the recovery stddy. 3ody weights were significancly lower z-z-
controis in both sexes receiving 0.:257 TNT after one week of treatmert Sy
Tecovery coward control levels occurcea over the next severa. ueexs.
vecreased weignt gain was also evident at the 0.C25% level but rot
signiitcantly so. Food consumption was decreased in both sexes at thre twvo
highest dcse levels during the firsc week but was not significancly different
from contro! intake; recovery to normal intakes occurred over the next two
weeks. During the recovery period, the mice at the high-dose level slaighele
{ncreased Zood consumption during the first week but body weights did net
change to any notable degree. The only treacment-related effect aon organ
weilght was a significant increase in the spleen-to~-body weight ratio i1n che
high-dose males. While not statistically significant, the mice receiving the
high dose of INT, particularly the females, showed signs of anemia, as
evidenced by z decrease in RBC count, Hgb and Hct, and smaller increases in
MCV, MCH and MCHC. After the four week recovery period, few signs of anemia
were evident. No treatment-related effects vere observad upon hiscological
examination. A NOAEL of 35.3 mg/kg/day i{s based on marginal effects at che
higher dose level on the spleen and hematopoietic system, both apparent target
organs for TNT coxicity.

2. Longer-Term Exposure

In studies conducted in rats, uice, dogs and monkeys for periods ranging Ircm
13 weeks to 2 years, dose-related reductions in body weight and food intake 2s
well as anemia and red pigmented urine vere evident in most species. Crgans
consisctently affected by TNT incake include the liver and spleen in dogs, racts
and mice as well as the testes in racs. No ophthalmic effects were evicert.

Evidence of carcinogenicity was established. Table VI-3 summarizes these
toxicity studies,

a. Thirteen~-Week Studies

In a continuation of the four-veek study described urnder "Short-term
Exposure", Dilley et al. (1978, 1982) exposed dogs, rats and mice to INT for a
total of 13 weeks. Groups of these animals vere removed from the test d:ec
anc allowed to recover for an additional four weeks. A rad coloratioun of che
urine wvas common to all chree species at the higher dose levels. Only ra:s
shoved a persistent negative effect of TNT treatzent on body weight gain.
Anemia was apparent im all three speciles vhile hemosiderosis of the spleen -as
seen predominantly in rats and mice. Liver weights vere increased in dogs a~d
@ice with some necrosis in the mics. Cholesterol levels vere increased arc
SGPT activity was decreased in dogs and rats; these parameters were not
measured in mice. Treatment with TNT for 13 weeks had no apparent effec: :-
survival ia any of these species.

In the dog study, three males and three females per group were administerez -
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Table V1-3

Sunmdry of Studfes:

Long-term Exposuie ol Animals to TNT

Reference Specles Dose Route ]
mg/kg/duya/ weeks'
Dilley et al. (1978, 1982) dog 0.2, 2.0, 20 ~ oral oo
rat (male) 1.4, 7.0, 34.7, 160 oral 13
(female) L&, 7.4, 36.4, 164.4
mouse (male) 1.6, 7.5, 35.7, 193 oral 13
(female) 1.6, 8.0, 37.8, 184.2
levine et al. (1981, 1984b) rat 1, 5, 25, 125, 300 oral 13 -
Marctin (1974) wonkey 0.02, 0.1, 1.0 oral 90 day h
Harct (1974) dog 0.02, 0.1, 1.0 oral 90 day B
Levine (1983) dog 0.5, 2, 8, 32 oral 26 S
Furedl et al. (19B4a, b c) rat ) 0.4, 2, 10, 50 oral 104 o
(1984d, e, f) mouse 1.5, 10, 70 oral 104

Unless otherwise stated.
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capsule 0.0, 0.2, 2.0 or 20 mg I)NT/kg/day mixed with lactose for a tota. o
teexs ac which tize two dogs/dex/level were fasted overnight. The anizal.s
were anesthetized, and blood was witharawn for hematological and chemical
anaiysis. ‘he anizals were sacrificed, major organs were weighed, and al:
organs were fixed {or histological examination. Body welights and food incakes
were measured weekly. The remaining dog/sex/level was removed from the test
tegimen and allowed to recover for an addicional four weeks.

“he only gross signs of toxicity inm the dogs were loose mucoid stools and
diarrhea in che 20 wmg/kg/day group. Periods of sporadic inactivity were
evident in these males throughout the study, becoming persistent by Week |2
through termination of the treacment. On one occasion, one male displayed
signs of nystagmus. Red colored urine appeared in all dogs on the high-dose
level, beginning on Day 6 and persisting as long as INT was administered. The
color returned to normal during the recovery period. During Week 12, one male
receiving 20 mg/kg/day became moribund and was sacrificed. Necropsy revealed
swelling of the ieft upper cerebral hemisphare, lung congestion, hemorrhagic
lvywph nodes and enlarged kidneys, liver and spleen. Anemia was marked, and
cholesterol and SAP wers incr¢ased. The aucthors indicated that the presence
of a duodenal nematode may have been a contributing factor in some of these
lesions. No other dogs succumbed to the treatment regimen.

No statistically significant effects on overall body weight were evident
although all groups lost some weight during the first week; high-dose females
lost appreciably more weight than controls. Of note is the observation that
the male and female placed in the recovery study after receiving TNT ac 20
ng/kg/day for 13 weeks lost weight during this period, with the reversal in
weight beginning around treatment Week 10 and continuing theresfter. This
prompted the authors to speculate on a possible delayed onset of coxicicy.
Food intake wag appreciably lower in the high=dose group during the firsc week

and remained somevhat lower throughout. No other differences in intake could
be related to treatment.

Absolute and relative liver and spleen veights vere increased in both sexes
receiving the high dose but both values vere within normal tange in the
recovery group. While anemia was pronounced in both sexes on the high-dose
level during the first four veeks of treatment (as indicated by significant
decreases in Hgb, Hct and MCHC, along with an apparent decrease in RBC count),
by Week 13, only the MCHC remained significantly depressed. These parameters
vere within normal range in tha femalq dog on the four-veek recovery regimen,
but they appeared depressed in the high-dose male. Clinical chemistry cests
showed a significant increase in bilirubin and creatinine and a significanc
decrease in SGPT and BUN io females receiving 20 mg/kg/day for 13 weeks. In
the males, no significant differences occurred; however, bilirubin and
cholesterol appeared appreciably increased while SGPT and BUN appeared
similarly decreased. All parameters vere within normal range {n the recover-

animals except for an apparently high cholesterol and low SGPT {n the
high-dose males.

vi-17



ixcepc Ior the notable pathology in che high-dose cale sacriiiced during aeac¢
+2 tas zreviously described), :he\only other lesions of possible sitgnifiicance
were an en.argerent and pigmentacion of che parenchymal macrophages in c-e
liver ¢l cthe remaining male and one of the two ferales. This scudy
establishes a NOAZL of 2.0 wg/kg/day for the absence of anemia along wicth t-e
absence of toxic effects on the liver and spleen.

In the rat study, essentially a continuation of the four-week study Sy Dilley
et al. (1978, i982) previously described, groups of 10 male and 10 ‘emsle
Sprague-Dawley rats were exposed to TNT in the diet at 0z, 0.002%, 0.0i7,
0.05Z or 0.25% for a total of 13 weeks. These doses were equivalent to
approximately 0, 1.4, 7.0, 34.7 and 160 wg/kg/day, respectively, for males and
0, 1.4, 7.4, 36.4 and 164.6 mg/kg/day, respectively, for females, based on an
average calculated by the authors. Body weights and food intake were recorded
weekly. At 13 weeks, five males and five females per dose level were
anesthecized with chloroform, and blood was withdrawn by heart puncture for
hematological and chemical analyses. The animals vere sacrificed, major
organs were weighed, and all organs were fixed for histological examinatiocn.
“he five remaining rats/sex/dose were removed from the test diets and allowed
to recover for four weeks.

No deaths occurred before scheduled sacrifices and no signs of toxicity were
observed at any dose level. All racs on the two highest dose levels (0.25%
anc (.05%) developed a red color in the urine beginning on the second dav of
treactment. A similar color appeared on Day 50 in the urine of rats receiving
0.01Z. This red color persisted through termination of treatment but
disappeared after 16 days on the recovery study. Signific:~. findings in the
rat study at che high-dose level (0.25%) included growth suzcression,
beginning during the first week and continuing throughout (possible "systemic
errors" in the weighing procedure was indicated for the two lowest dose levels
during week 9), accozpanied by a decreased food intake, a significant decrease
in the absolute weight of the kidney and absolute and relative weight of the
testes in males and an increase in absolute and relative splean weight in both
Sexes. Anemia, as evidenced by significant decreases in Hgb, Hct and MCHC, an
increase in MCH, and an accompanying but non-significanc decrease in RBC
count, was present in both sexes receiving the high dose. Clindcal chemiscry
values i{acluded a significanc increase in uric acid and cholesterol and a
decrease in glucose in males and females while males also showed significant
decreases in SGPT, SAP and ironm and an increase {n creatinine,

~
At the next highest dose level (0.052), signs of anemis were evidenced by
significant decreases in Hgb and Het in both sexes and RBC count {n females.
Female rats receiving 0.012 INT also showed similar signs of anemia. Iron
levels vere significantly decreased in males receiving TNT at 0.05% and 0.0.%
but not at the lowest dose (0.0022). Glucose levels wers significantly
decreased in males at the 0.05% test level and in females at the two lowes:
levels (0.01% and 0.002%). Hemosiderostis of the spleen and intersticial
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{ Tpnoc/ies in Cne kidney were the only lesions common to Hoth sexes ar --e
~.3i-dose level and, to some degree, at the next highest level (0.257 ard
2.03%7, respectivel;) that were attributed to treatment wica INT (although =
rats/sex at the control ievel also displayed some degree of hemosiceros:s,
This, however, Decame evident in controls only after four weeks on the
extended recovery stuay.) Male rats on the high dcse were reported to have
actrophy of the epididymis and testes accompanied by hyperplasia of the
intersctitial cells. No histopathology was done on rats at the two lowest aose
ievels afcer l3-weeks of treatment, despite significant findings at the rext
highest level.

wC

fter four veeks of recovery, most of the above described paramecers returred
toward norxzal level; however, the lgb, Hct and MCH in the high-dose males were
significanctly increased while the kidney and testicular weights remainec
significanctly decreased. The liver, spleen and brain weights were
significantly increased in females. Histological findings were similar to
those after the 13 weeks of treatment. An unexplained finding at the chree
nighest dose levels (0.01Z, 0.052 and 0.257) allowed to recover for four weeks
was a significant decrease in albumin (A) to approximately one half of control
levels and a significant and marked increase in globulin (G) levels to 6 to .0
times cthe control levels. This resulted ip a dramatic reversal of the A/G
ratio, 10 to 25 times higher than control levels. The authors discounted th:is
finding as "inconsistent". A NOAEL of 1.4 mg/kg/day is indicated by the
vceurrence of anemia at the next highest treatment level.

Dilley et al. (1978, 1982) also continued 10 Swiss-Webster mice/sex/level on
diets ctreated with TNT at levels of 0.0%, 0.001%, 0.0052, 0.025% or 0.125% :or
& total of 13 weeks. From intake and weight data, the average intake of TNT
was calculated to correspond to approximactely 0, 1.6, 7.5, 35.7 and 193.0
og/kg/day, respectively, for males and 0, 1.6, 8.0, 37.8 and 184.2 mg/kg/dav,
respectively, for females. Animals were observed for signs of toxicity; body
weight and food intake wvere recorded veekly. AC the end of 13 veeks, the mice
were fasted for 16 hours, anescthetized with chloroform, and blood was
withdrawn by heart puncture for hematology. The mice were sacrificed, major
organs vere veighed, and all organs vere fixed for histological examinacion.
Yo toxic signs attributed to treatment were reported. Red color appeared in
the urine of mice receiving the two highest doses (00,0252 and 0.125%) wichia
4-6 days from the start of treatment and remained throughout the dosing
period. Premature deaths included one male par group from the three highest
dose levels (0,005%Z, 0.025%Z, 0.125%) during Week 2 and one additionsl maie
each at 0.025% and 0.005% during Weeks 6 and 13, respectively. No TNT created
females died during the study but oune control died during Week 8. This
actrition rate was not considered significant by the authors.

A significant decrease in body weight occurred in both sexes on the high-<ose

level during Week !, but quickly returned to normal levels during the next ::v
weeks. A slight but not significanc decrease in food incake durimg this saze
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pericd was probably {md:cacive of an inicial aversion to the diec. It shculz
ce rczed that control females in this study exh:ibited an "abnormally low
growch pactern” with low intake throughout. No significant effects were
present 1n tematological parameters alchough males at the two highest levels
showed a slight decrease in Hct. Heart and heart-to-brain weight ratios were
significantly increased in males receiving 0.005% and 0.125% INT buc chis
finding did not correlate to any pathology. A slight but significant increase
{in absolute and relative spleen weight was evident in females receiving che
high dose; all females at this level displayed a hemosiderosis of the spleen
as did 3/5 males. The authors felt that this was the only treatment-relaced
effect in mice receiving TNT for 3 weeks. Dilation and/or hyperplasia or
edema of che uterus occurred in some TNT treated females at 13 weeks or after
four weeks of recovery but was not statistically sigaificant,

While chronic respiratory disease occurred in many mice at all levels i1n this
study, male mice on the two highest dose levels had a greater {ncidence of-
complicactions, such as alveolar dilacion and collapse, Significance of these
£indings is not known but could indicate an increased sensitiviey to this
condition.

In the mice treated for 13 weeks and allowed to recover for four addicional
weeks, the only significant findings were an increase in absolute and relative
kidney and liver weighe in high-dose males and in spleen wveights of the
females. Two of these males also displayed necrosis of the liver.
Hemosiderosis of the spleen was evident in 802 to L0OZ of the mice on the
high-dose level (0.125%) and 802 of the females receiving the 0.025% TINT levei
for 13 weeks with four weeks of recovery. A NOAEL of 1.6 mg/kg/day is
indicaced by premature deaths (2/10) along with effects on the heart weight irn
males at the next higher dose level.

Levine et al. (1981, 1984b) conducted a l3-veek study in which Figcher 344
rats (l0/sex/dose level) were administered TNT (~99% pure) in the diet ac |,
5, 25, 125, or 300 wg/kg/day. Thirty animals per sex were used as controls
and received the same rodent chow used to prepare the test diecs. Animals
were observed daily for pharmacologic and/or toxic signs; test diets wvere
changed weekly and prepared on the basis of weight and intaks for each sex:
clinical chemistry and hematology tests were performed following a 17-19 hour
fasc on all surviving snimals during Test Week l3. At sacrifice, the brain,
gonads, heart, kidneys, liver, and spleen vere wveighed, and all tissues were
collected and fixed for histological examination.

Sacrifice of the surviving animals vas accomplished over Wesks 14 and 15 of
the study with one rat/sex/test group and three rats/sex/control group
sacrificed each day. Test diets were administered up to approximately one day
prior to the animals' sacrifice by carbon dioxide anasthesia. Control and
high level test animals were subjected to a complete histopathological
examination with all other levels limited to examinacion of those major orgars
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t-at were routinely weighed. The autnors further noted that since cre za.e
Tits were receivea on site two weeks before the females, the study was
soncucted in two phases witn the males alvays two weeks ahead of the females.
Clinical ooservacions included lethargy and/or ataxia which were seen during
“eek | and to a lesser extent during subsequent test weeks for several an:zals
receiving TNT. At Week 6, some of the males teceiving TNT ac 300 mg/kg’day
were roted by palpation to have smaller than normal size testes. Red-staineq

vedding was seen at all INT dose levels except for the lowest (! cg/kg/day)
level.

Adminiscration of various levels of INT in the diet did not appear to have an
adverse effect on survival time. While one male and one female at cthe 300
xg/kg/day level died during Week 13 of the study, death occurred within davs
following blood collection and was postulated to be due to a combination of
INT induced anemia and the stress of a reduced blood volume.

Dose-related reductions in body weight gains were, {n general, observed for
male TNT-treated rats throughput the l3-week treatment period. These
reductions amount to approximately SI at che | ng/kg/day level, 102 at 5 and
25 mg/kg/day, 242 at 125 mg/kg/day and 467 at the 300 wg/kg/day level at Test
week 13. Alchough female body weight gains were largely unaffected at doses
up to 25 mg/kg/day at Test Week 13, an approximate 27% reduction in body
weight gain wag observed at 12§ mg/kg/day with approximately a 38% reducticn
at che 300 mg/kg/day level. These reductions {n weight gain were significant

(p<0.05) for both sexes at the 125 and 300 mg/kg/day treatment level
throughout most of the experiment.

Dose-related decreases in food consumption vere observed for TNT-treated rats.
Significanc reductions in food intake vere evident for males and females
receiving TNT at 125 or 300 mg/kg/day throughout most of the study. At Week
13, food incake for these two dose levels vas reduced in females by 28% as
compared to control intake, and in males by 6 and 232, respectively.

Analysis of hematologic parameters indicated a dose-dependent anemia
(decreased Hect, Hgh and RBC3) for TNT-treated rats. Males appeared to be
slightly more sensitive than females. with the 25 og/kg/day level and higher
resulting in sctaciscically significant reductions in these parameters. Only
marginal decreases were apparent for female rats at the 25 mg/kg/day dose
level with significant differences in chese parameters at the two higher dose
levels. Scacisctically significant methemoglobin production was observed in
males and females receiving 300 mg/kg/day. Compensatory responses to the
TNT-induced anemia included rteticulocytosis, macrocytosis and elevated levels
of nucleated erythrocytes. Mean corpuscular hemoglobin levels were slightly
elevaced at the 300 mg/kg/day level and Bacrocytic erythrocytes, seen only at
300 mg/kg/day, were marginally hypochromic.
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in clirical chemistry measurements, a dose-dependent elevation of serum
crolescerol levels was seen in TINT-created racs. Cholescerol values for boc-
sexes at 125 and 300 mg/kg/day were significantly increased (p<0.035) over
control animals. Addicionally, an indication of a TNT-induced elevation :n
serud triglycerides was seen in females at 300 mg/kg/day as evidenced by a
statistically significant increase in this parameter of 287 over control
values. While male rats receiving TNT at 125 mg/kg/day had a 347 elevation in
this parameter, this increase was not scatistically significanc nor was a
similar increase seen in males receiving 300 mg/kg/day of TNT,

A dose-trelated hepatomegaly was statiscically significant at the 125 and

300 mg/kg/day levels in both sexes as was an increase in absolute and relacive
spleen weights in females at both levels and in males at the 300 mg/kg/day
dose level. Significant testicular atrophy, first noted by palpation in weex
6 of cthis study, was cobserved at the 300 mg/kg/day and, to a much lesser
extent, at the 125 mg/kg/day dose level. Relative kidney weights exhibited a
slight but dose-related increase in both sexes while absolute heart weights
vere significantly decreased in both sexes at the 300 mg/kg/day treatment
level.

Histopathologic examinations revealed brain lesions consisting of focal
vacuolation and/or malacia of the white tracts of the cerebellar folia in six
males and three females at the highest TNT dose level (300 mg/kg/day). One cf
these females died spontaneously at Week 13 following hematological blood
sampling. The vacuolar lesions were described as small, oval, empty spaces of
sinimal severity and were observed in two animals per sex. The leukomalacia
was reported to consist of a demyelination and to appear as a progression of
the vacuolar lesions, manifested by aggregation of lipid-laden macrophages :n
the immediate vicinity of the vacuolas.

Varying degrees of either multifocal or diffuse hepatocellular hypertrophy
(hepatocytomegaly), manifested as an increase in the cytoplaszic mass of those
hepatocytes located in the centrilobular to midzonsl regions of che affected
lobules, vere found in six males treated at 125 mg/kg/day, {n all ten males
and in eight of the females given TNT at 300 mg/kg/day. One male and six
females at this high-dose level also exhibited a minimal degree of focal bile
duct proliferacion.

Most of the rats receiving 125 mg/kg/day of INT manifested an incresase in
yellowish brown pigmentation in the tubular epithelial cell cycoplasm of the
renal cortices. The kidneys of all animals at the 300 mg/kg/day dose level
exhibited similar but more severe and diffuse lesions.

The splenomegaly observed by gross examination in some of the animals
receiving 125 or 300 mg/kg/day and confirmed by organ weight data corresporded
with a mild to moderate diffuse sinusotdal congestion found at both of these
dose levels, as well as in one male ac che 25 mg/kg/day level. In addition,
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zin:zal to mild irncreazses in hemosiderin-like pigment were Zound 1a the
zacrcpnages of the splenic rea)pulp and liver at che high-dose level. These
observations, along wicth the dose-related anemia, suggested to the authors
tnat this TNT-induced anemia was hemolvtic in origin. This concept was
supported by a lack of bone marrow cytotoxicity and a slight zethemoglebines
at the 300 mg/kg/day dose level.

ia

Histologic examination of the testes revealed a dose-related degeneration of
the germinal epithelium lining the seminiferous tubules in one, six and =en
males at 25, 125 and 300 mg/kg/day, respectively. At the 300 ug/kg/gay dese
level the testicular iesions were diffuse, bilateral and marked in severicy,
The minimal to mild lesions ware characterized by a diminution of spermatozoa,
spermatids, and spermatocytes as a result of degeneration and necrosis.
Spermatocytic and spermatidic giant cells, present in the lumen of some
affected tubules, appeared to represent an early degenerative stage of cthis
lesion. Those animals with lesions of moderate severity exhibi{ted an absence
of spermatozoa and spermatids, with only a few spermatocytes remaining in-the
degenerative cubule. The Sertoli cells and spermatogonia appeared unaffected.
Atrophic seminiferous tubules lined with a few Sertoli cells and spermatogonia
characterized those lesions graded as marked in severity. All males at the
highest TNT dose (300 mg/kg/day) also exhibited a mild to moderate diffuse
hyperplasia of interstitial (Leydig) cells in both testes along with
lncertubular edema. A NOAEL of 5 mg/kg/day is indicated by the absence cf
testicular degeneration and effects on the spleen at this dosa level.

Martin (1974) conducted a 90-day study to evaluate the toxicity of TNT
administered by gastric intubation as a suspension in a 1% aqueous solution of
methyl cellulose to cynomolgus monkeys at daily dosages of 0.02, 0.!, or 1.0
mg/kg/day. The animals ranged in age from 36 to 56 months and in veight froo -
2,0 to 4.2 kg for females and 2.6 to 4.6 kg for males, and groups consisted of

three males and three females each. Controls received the aqueous solution of
12 methyl cellulose.

Daily observations were made to detect clinical signs of toxicity; body
weights were recorded weekly. Prior to the start of the study and during
Weeks 5 and 9 and at the termination of the test period, the authors conduc:zed
hematological and clinical chemistry determinations, urinalysis,
bromosulfophthalein (BSP) clearance tests and determinations of plasma TINT
levels. Ophthalmoscopic examinations were conducted prior to the study and
again at the close. At necropsy, histological examinations of thyroid, hearc,
liver, kidneys, adrenal gland, sctomach, small incestine, lung, spleen, bone
marrov and brain vere made. Because only three animals of each sex ware used
in each dosage group, statistical analysis of results vas not coanducted.

No clinical signs of toxicity were attributed to TNT administration, nor vere

there any consistent abnormalities in any of the clinical laboratory tescs
conducted. Hi{stologic examination showed some incresses in numbers of
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necrocic megakarvocytes in high-dose females and determined that two of these

eza.es showed no normal :egaka:ybcv:es in bone marrow sections. This
concitzon was described as a toxic manifestation, possibly related .-
taroncocvctopenia, bdut the lack of platelet counts resulted in an irabiligy sz
confirz this suspicion. 1Increaged amounts of iron-posicive material in liver
cord cycoplasm was found at the highest dosage of TNT (1.0 mg/kg/aay). The
authors stated that the toxicologic importance of these two findings 1s
uncertain. A NOAEL or Lowest-Observed-Adverse-Effect-Level (LOAEL) could roc
be determined for this study due to the small numbers of animals evaluatad
along with the lack of statistical evaluationm.

Hart (1974) also conducted a 90-day toxicity study in purebred beagle dogs
adminisctered INT in the diet (consisting of ground dog chow supplemented witn
comnercial canned dog food) at dosage levels of 0.02, 0.1, or 1 mg/kg/day.
Three dogs per sex per dosage level were used. Controls received the normal
ground dog chow mixed with canned dog food. Daily observations of toxic and
pharmacologic effects were conducted, and animals were veighed weekly. Twice
prior to the start of this study and during the 4th, 8th, and terminal weeks
of the study, the authors conducted hematological and clinical biochemical
tests, and urinalysis. Examination by a veterinary ophthalmologist was done
prior to start and again during Week 13 of the study. At necropsy, gross and
histologic examinations of various organs were conducted.

Mo clinical signs of toxicity, body weight changes, diagnostic abnormalities
nor gross or microscopic lesions were noted at any dosage level.
Ophthalmoscopic examination revealed "some increased granularicy and mild
hyper-reflectivity of the fundus" in the high-dosage group, possibly
inaicating a mild retinopathy. It was not considered toxicologically
important. No cataracts were reported. A slight increase {n hemosiderosis of
the bone marrov in the high- dose group could not be properly assessed with
the group size in this study. The small aumber of animals evaluated precludes
the determination of a NOAEL or LOAEL for this study.

b. Tventy~-Six-Weak Study

Levine et al. (1983) studied the effects of TNT (approximately 992 pure)
adminisctered daily, by means of a gelatin capsule containing TNT mixed with
Purina Certified Rodent Chow to reduce the hazards of explosion, to groups of
six beagle dogs per sex ac 0.0, 0.5, 2, 8, or 32 mg/kg/day for 26 weeks.
(Scudy report indicates that dogs vere administered TNT capsules for 25 ueeks
with a blank capsule administered daily for one week prior to TNT
administration.) Animals wvere approximately six and one~half months old at
the start of the TNT dosing schedule and wvere maintained throughout om daily
racions of Purina Dog Chow. Animals were observed several times daily, betfore
and after dosing, for toxic signs and vere examined veekly by palpation for
detectable masses. Body weight and food intakes were recorded weekly. Other
toxicologic endpoints included a comprehensive clinical chemistry and
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~eratological evaluacion, urinalyses, and periodic ELecttocardicg:acnu IS5
ard scnthalmic examinacions. During week 27, all animais, following a 14~ 3
nour fast, were sacrificed by injeccion of fntraverous pentobarbital sodius;
@ajor organs were welghed and all organs were collected and fixed :or

Ticroscopic examination. Statistical analyses were performed,

At the highest dose tested (32 mg/kg/day), TNT was found to be lechal, wich
one female sacrificed in a moribund condition during Test Week 14 and another
found dead during Taest Week l6. Clinical signs in these two animals 1ncluced
dehydration, emaciation, jaundice, hypothermia, weight loss, diarrhea and
ataxia. Clinical signs of toxicity observed in dogs surviving this lethal
dose level included orange-brown urine and fecss (also observed, to a lesser
excent, at 8 wmg/kg/day), darkening of che tongue and/or gums, jaundice and
ataxia. in addicion, body weights were reduced in all TNT-created dcgs with
significanct losses evident at 8 mg/kg/day (males only) and 32 mg/kg/day.
High-dosed dogs also showed significantly reduced food intake throughout gost
of the study with similar losses evident at the 8 mg/kg/day level duriang Test
~eek l. Urine was a light to dark brown color in dogs at the 32 mg/kg/day
and, to a significantly lesseg extent, at the 8 ug/kg/day level throughout the

study. Additionally, during the final test week, urinary procein levels were
increasea in the two highest dose levels.

At the 32 mg/kg/day dcse level, the observed jaundice wvas accompanied bv
elevated bilirubin levels in serum and urine and trace levels of urobilinogen.
These findings were consistent with the observed anemic state (as evidenced by
significant reductions im Hct, Hgb, and RBCs) for both sexes receiving eicher
€ or 32 mg/kg/day. Compensatory responses to anemia included increased
numbers of reticulocytas, @acrocytosis, and elevated numbers of nucleated
R3Cs. Leukocytosis with neutrophilia was evident in a dose-related manner ac
the two highest doses along vith methemoglobinemia. These observations, alorg
with evidence of a hemosiderin-like pigment in macrophages of the spleen and
liver and sinusoidal congestion of the splenic red pulp with accompanying
increased spleen size, suggested to the authors that TNT-induced anemia was

hemolytic in origin. Reduced numbers of erythrocytes and their precursors in
bone marrov were also seen.

Other abnormalities in blood chenistry parameters included statistically
significant increases in serum globulin and LDH, dose dependent decreases in
SGPT, with females shcwing significant reductions down to the 2 mg/kg/day
level, and decreased glucose at 32 and 8 wg/kg/day (males only). Cholesterol
levels were variable with slight increases at 8 mg/kg/day (males oaly) and
slight decreases at 32 mg/kg/day (females only).

No definitive treatment-related effect was reported upon ophthalmic
examination although some vitreal stranding or haze was observed at all jevels
(controls, 17%) wich the two highesc levels showing a somevhat higher
incidence (421 to 50Z). No ocular lesions were observed. Likewige,
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electrocardiograpny ctracings did not reveal any IM -related effeacts.

\
Several indications of liver injury were observed upon gross and histologic
exazination. Male (8 and 32 mg/kg/aay) and female (52 mg/kg/dav) dogs had
signif:icant increases in relative and/or absolute liver weight accompanied 5y
zoderate to marxed hepatocytic cloudy swelling and hepatocytomegalia seen at
the high dose and, to a lesser degree of severity, at all dose levels with
lesions at the low dose (0.5 mg/kg/day) dascribed as trace to mild. Neo such
lesions were seen in the control animals. Microscopic evidence of cirrhosis
vas seen, primarily in males, at che 8 and 32 mg/kg/day dose levels and
hemosiderosis of the liver was seen in the majority of dogs at the two highest
levels as well as one female at the 2 mg/kg/day level. None of these
microscopic lesions were seen in the two females necropsied prior to
termination of this study.

The absolute and relative weight of the spleen of both sexes was significantly
increased at the high-dose level with a significant increase in the relative
veight in females at the 8 mg/kg/day level. This finding corresponded to a
marked to severe generalized congestion, primarily at the two high-dose
ievels. Hemosiderosis of the spleen was evident at all dose levels and
extramedullary erythropoiesis vas demonstrated primarily in the high-dose
group.

Absolute heart weights were significantly decreased in males at the two
highest dose levels but no corresponding pathology was reported. Increases
occurred in che absolute weight of the thyroid of females at the high cose and
was accompanied by bilateral C-cell hyperplasia in all groups, including
controls, but with a greater degree of severity in the high-dose group. The
testes of male dogs receiving any level of TNT were unaffected.

Ocher notable pathological findings apparently related to TNT intake included
membranous enteritis of the small intestine and erythroid hypoplasia at all
TNT-treatment levels of both sexes, possibly due to adminiscration of the TINT
as a bolus dose. Enlarged, pigmented lymph nodes with no apparent
histopathology were seem, primarily in the high-dose females. The 0.5
mg/kg/day test level appears to be a LOAEL for liver effects with
histopathology at this level indicated as trace to mild. No effects were seen
on the liver enzymes and organ weight at this low dose level nor on the
spleen, another consistent target organ for toxicity. Therefore, a LOAEL of
0.5 mg/kg/day 18 considered to be appropriates.

¢. Lifetime Exposurs

Data on the toxic effects of lifetime exposure to TNT are available in an
extensive series of studies by Furedi et al. using Fischer 344 rats
(1984a,b,c) and B6C3Fl hybrid mice (1984d,s,f).
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in the rat study, zrouss of TS5 animals Per sex (approx:imately 6-7 weexs o.d)
Tece:vead INT (™ 39X pure) mixed i1n a diet of Purina rodent chow meal at dcse
cevels of 0.0, C.4, 2, 10, or 50 wg/kg/day for 24 months. . Diecs were prepar:zs
weekly, by sex, on the basis of projected body weight and incake data. Al}
anima:s were observed daily for signs of toxicity; examination by palpation,
ana body weight and food intake determinations were evaluaced weekly threugh
“eek 13 and bi-weekly thereafter. Ten rats/sex/dose were sacrificeu at 6 and
¢ months of treatment wich the remaining rats sacrificed during Weeks
105-106, Blood was collected via the orbical sinus; animals were fasted for
17-19 hours and weighed prior to their sacrifice by carbon dioxide euthanasia.
Major organs were weighed, and all tissues were fixed for histoloegical
examination. Clinical evaluations included hematology, clinical chemistry,

ophthalmology, and gross and tissue morphology; statistical analyses were
periormed.

The chronic administration of TNT at doses up to 50 mg/kg/day did not alter
@ean survival ctimes. Dose-related reductions in food consumpetion and a
corresponding decrease in body veight gain were seen in both sexes at 10 and
50 mg/kg/day. At the high-dose level, these effects were statiscically
significant in the first few weeks of the study and remained so throughout,

At 10 mg/kg/day, the changes developed somewhat later and tended to be more
sporadic. ’

Anemia evidenced by a reduced Het, Hgb and RBC count was seen at 10 anc 3¢
mg/kg/day. The parameters were generally significant in both sexes receiving
the high dose, beginning at Week l4 and continuing through termination. At
the 10 mg/kg/day level, these same paramecters were significant in maleg
through Week 52 but were inconsistent in females. Methemoglobin values and/or
percent methemoglobin were significantly increased in males receiving the high
dose through their terminal sacrifice and in high-dose females at the Week 78
" analysis. At 10 wg/kg/day, these paramaters vere significant in males only
and only through the first year. Beginning at Week S2, a sporadic increase irn
Plactelets, lymphocytes and/or WBC wag significant in the high-dose females,
with an occasionally significant increase in all or some of these paramecers
in the high-dose males. In general, male rats appeared to be somewhat more
sensitive than females to the hematological effects of INT. An increased
production of reticulocyces vas seen as a compensatory response to the anemic
state. Related lesions detected at terminal sacrifice and/or in rats found
dead or sacrificed moribund included focal to multifocal ayelofibrosis of the
bone marrowv, mild to moderate in severity, and significantly {ncreased in
incidence in the females receiving TNT at lavels of 2.0 mg/kg/day and above
(See Incidence Table A2-l in Appendix 2.). At the high-dose level, this
lesion vas seen in 17/54 females (31.5%; p>0.01) but was not seen in males.
Splenic lesions consisting of sinusoidal congestion, extramedullary
hematopoie¢sis, and increased quancicies of a hemosidarin-like pigment were
seen in both sexas, generally at the two highest dose levels, with the
incidence and severity of the diffuse sinusoidal congestion also significar:.
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increased at the 2.0 ag/kg/day dose level in ‘emales. These lesions :n Tne
spleen were first dececced during the six-month scheduled sacrifice and
remalned significant through termination. The weight of the spleen was
signiiicantly 1increased in males and females through most of the sctudy (not
significant {n females at Week 104) at the high-dose level and was
sporadically increased in both sexes at 10 mg/kg/day. The authors suggested
that INT appeared to induce anemia by a hemolytic process. This suggestion
was further supported by the observance, minimal ia nacure, of Howell-Jolly
and Heinz bodies at the 50 mg/kg/day level and the presence of methemoglobirn
in che circulating blood, suggesting the oxidizing nature of TNT and/or its
metabolities,

Liver injury at 50 and, to a lesser extent, at 10 wg/kg/day was indicated upon
gross examination by focal and multifocal red to tan areas. Increases in
absolute and relative liver weight were evideat in both sexes at the two
highest dose levels. Upon histological examination, a dose-related increase
in che incidence of foci and areas of hepatocellular hyperplasia with cvscic
cdegeneration was observed for males but not females raceiving the 10 and 50
cg/kg/day dose during the second year of the study. Hepatotoxicity was also
suggested by altered lipid and protein metabolism as evidenced by increased
serum cholesterol, total protein and albumin levels and a more sporadic
increase in globulin levels. Albumin/globulin ratios were significancly
decreased. These chemical alterations were most predominant at the high-dose
level but cholesterol levels in males wvere also significantly increased at che
2.0 and 10.0 mg/kg/day levels.

Blood urea nitrogen was slightly elevated at 50 mg/kg/day, particularly among
females. Renal injury was indicated grossly as spotted, granular and cystic
kidneys. Histological examination revealed a dose-reslated increase in
incidence and severity of mild to moderate pigmentation, beginning at the 2.0
mg/kg/day dose level {n females and the 10 ng/kg/day level in males.
Inflammacion with lymphocytic infiltration was apparent in both sexes at the
high-dose level and {n females at the 10 mg/kg/day level. Hyperplasia of the
renal pelvis was also significancly increased in the femalas receiving the 50
mg/kg/day dose level. Kidney weights wers elevated for animals of both sexes
receiving 10 or 50 mg/kg/day. The brown mottled kidneys seen at necropsy for
high-doss animals contained iron-negative cytoplasmic bodies and, nuclear
hypertrophy of cortical proximal convoluted tubular cells vas observed
microscopically in males at 2 mg/kg/day or greater. Additional coxic effects
on the urogenital system, primarily seen in high-dose females, included
urinary bladder hyperplasia, papilloma, and carcinoma (discussed in section 5.
Carcinogenicity).

No effects, other than a significant increases in absolute veight, were seen

on the testas of males receiving the two high-dose levels. No other effects
related to TNT intake vere reported.
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Z«ceot IOT an increased frequency of ocular discharge in che nigh~dose
co treatzent-related adnormalities were dectected eicher by cphchalaic
exazination or nistological evaluation. A number of lesions were detacted
all ccose Levels, with increased frequency versus time, but were considered
Se re.ated to ocular trauma or penecration at the cime of orbical bleeaing.
An apparent NOAEL of C.4 mg/kg/day Ls based on the absence of effects of -\T

on the spleen, kidney, and bone marrow.

tats,

d

[ SIS ]

-n the Z4-monch study conducted by Furedi et al. (1984d,e,f) in B6C3IFi hybred
2ice, TNT (>99% pure) was administered in a diet of ground Purina chow to
groups of 75 mice/sex/group at dosage levels of 0.0, 1.5, 10, or 70 zg/kg/dav.
Animalss were observed daily for signs of toxicity. Examination by palpation,
Deasurement for weight changes and food intakes and examination of bedding for
red staicing were conducted Weekly through Week 13 and bi-weekly thereafter.
Periodic ophthalmic examination as well as measurement of heoacological and
ciinical chemisty parameters were conducted at defined intervals througnout
the study. Ten mice/sex/dose were killed at 6 and 12 months with surviving
animals killed after 24 months of treatment. Euthanasia was accomplished by
carbon dioxide aneschesia following a 2 to § hour fast. Major organs were
weighed, and all organs were fixed for histological evaluation. Tissues fror
control and high-dose mice undervent a comprehensive examination with those cf

the remaining levels undergoing a more limited examipation. Appropriace
statistical analyses were conducted.

The TNT did not cause deaths at the doses tested in this study; mean survivai
Cimes were similar among control and tresatment groups. Clinical signs re.aced
to TINT adminisctration were not readily appareant. Reductions in body weight
galns at che 70 mg/kg/day dose level were approximately 10Z for both sexes up
through the first 6 to 8 months of the study, with further reductions of about
L5% for females and 20X for males through the rezaining test period. an
approximate 5% to 7% reduction in body weight gain for males but not females
at cthe 10 mg/kg/day doss level for the majority of the study was not
statistically significant, Body veights were not affected {n mice given 1.5
mg/kg/day. Food intakes wers variable with significant decreases apparentc in
high-dose males through approximately Week 19 and significant increases over
control intakes beginning at Week 25. In females receiving the high aose,
diectary intakes vere significantly incressed through most of the study, vicn a
significant decrease in intake only during Wesk l. At other dose levels,
significant differences vere sporadic in nature and varied from increases o
decreases throughout.

Hematologic observations included anemia in both sexes administered TNT a:
mg/kg/day, as evidenced by generally significant reducticns in Het, Hgb anc
RBC counts from Test Week 27 through Test Week 79. The effect was mi.c, .as
no longer apparsnt in males and was apparent but not significant in feza.es :
Test Week 105. Normal physiologic compensatory responses to the anemic s-4--
(e.g. reticulocytosis, macrocytosis, etc.) wers not apparent. Lymphoc/zes .-
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~8C's were signilicantlv i{ncreased during Test Weeks 27 and 52. “ales
rece:ving 10 mg/kg/day also had increased lymphocyte counts at Test Week 27.
No comsistently significant changes in clinical chemistry parameters were
evident ia this study,

Occasional elevacions in relative liver, kidneys, spleen and heart we:ghts
were seen in mice receiving 70 mg/kg/day. Although statistically significarnc,
these changes were small, and no pactern with respect to sex or time was
observed, nor were absolute organ weights significancly differenc from
COntroLs.,

Ophthalmic abnormalities were random and not considered to be related to
treatment with TNT. A high incidence of cataracts in all test gTroups was
significant in low-dosed females only, was not dose-related and was considered
“spurious" and related to aging changes.

No TNT-induced gross lesions nor microscopic abnormalities were observed at
the 6 and 12 month interim sacrifices. Increased extramedullary hematopoiesis
of the spleen, cytoplasmic vacuolization of renal tubules (males), renal
lymphocytosis (females) and a variecy of inflammatory dermal lesions were
considered spontaneous and were observed in control and treated animals alike.
Enlargement of the spleen and lymph nodes in females receiving 70 mg/kg/day
was observed at the 24 month necropsy as well as in mice that died or were
sacrificed moribund becween 12 and 24 monchs. The study authors reported chac
the incidence of combined leukemia/malignant lymphoma {n the spleen of females
increased with dose. They reported that the incredse was statiscically
significant (p<0.5) at the 70 mg/kg/day dose level (high dose) and that che
iesions were considered to be treatment-related. This was an inappropriace
conclusion based upon current NTP guidelines (McConnell et al., 1986). These
guidelines indicate that it is appropriate to combine all types of malignant
lymphoma and lymphocytic leukemia, but not in s single organ. These types of
tumors occur throughout the hematopoistic system. Upon recounting these
tumors, by each sex or both sexes combined, in the whole animal, the
staciscical significance is lost ({.e., p>0.05) using the Fisher-Irwin Exact
Test to compare dosage groups and the Cochran-Armitage Test for Trend.
Therefore, based upon the staciscical analyses, this scudy is considered to be
negative with no tumors related to TNT exposure. The NOEAL for this scudy,
based on the absence of body weight reduction and other effects, was l.5
mg/kg/day.

3. Reproductive Effects

No data wvere available i{n the literature concerning the reproductive effects
of INT. It should be noted, howvever, that rats exposed to INT in the diec at
levels ranging from 25 to 300 mg/kg/day for periods of 4 to 13 weeks shoved
varying degrees of tescicular atrophy and hyperplasia as well as ocher
testicular effects. (These studies are fully described in Section VI.B. -
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Sqorz-term Exposure, Four-wee§ Studies and _onger-Term Exposure, Thirziee--waa-
S:.ci2s.) Tthese ellects were not evident :n the Lifecime Exposure st.d:ies,

~cr -5 the significance, i{f any, of these effects on the reproduccive canac:y:
of t-e rat kaowm.

“. Cevelopmental Effects

No data were available in the literature concerning the developmenta. effec:s
of INT.

5. Carcinogenicicy

The carcinogenic potential of INT was evaluated in 24-month studies in Fiscner

344 rats (Furedi et al., 1984a,b,¢c) and in hybrid B6C3Fl mice (Furedi ec a..,
1984 d,e,f).

In the study in rats, TNT was adminiscered ac 0.0, 0.4, 2, 10, or 50 =ag/kg.day
by diet to dosage groups of 75 rats per sex. Histopathologic lesions observed
in females dosed at !0 and 50 mg/kg/day during the 12 to 24 month TNT
treatment perlod included an increase in the incidence and severity of
hyperplastic, preneoplastic and neoplastic lesions of the mucosal epithelium
of the urinary bladder. Malignant neoplastic changes as well as benizn
neoplastic changes were present in the bladder epithelium. Based on these
observed changes, the authors considered INT a carcinogen to F344 rats under
condictions of the study. The incidence of urinary bladder hyperplasia among
females rats receiving che high dose was 12/55 (21.82; p<0.0l), for urinary
bladder papilloma, 5/55 (9.1%Z; p<0.05) and for urinary bladder carcinomas,
12/55 (21.8%; p<0.0l) (See Incidence Table Al-l in Appendix l.); metastases to
other tissues were not observed. Bladder papilloma and carcinoma were not
observed in the controls nor were these tumors obsarved in males.

In the mouse study, TNT wvas adminisgtered in the diet for up to 24 months.
Groups of 75 mice per sax received TINT at doses of 0, 1.5, 10, or 70
wg/kg/day. Ten mice per sex per dose were killed following 6 and 12 months on
test with surviving animals killed after 24 moanths of creatment. The major
systemic effects observed in the high (70 mg/kg/day) dose group included
anemia with hepatotoxicity. This indicates that the MTD was achieved. The
study authors reported that the incidence of combined lesukemia/malignanc
lymphoma in the spleen of females increased vith dose. They reported thatr che
increase wvas statistically significapt (p<0.0S) at cthe 70 mg/kg/day dose leve.
(high dose) and that the lesions were considered to be treatmentc-

related. This was an inappropriate conclusion based upon current NTP
guidelines (McConnell et al., 1986). Thease guidelines indicate that it {s
appropriate to combine all types of malignant lymphomsa and lymphocytic
leukemia, but not in a single organ. These types of tumors occur throughcut
the hematopoietic system. Upon recounting thesa tumors, by each sex or be:n
sexes combined, in the whole animal, cthe scaciscical significance is losc
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(z.e , 9>0.05) using the Fisher-Ipwin Exact Test to compare dosage Zrouss and
the CTocaran-Armitage Test for Trerd. Therefore, based upon the stacistizal
ana.yses, this study 5 considered to be negative with no tumors related to
TXT exoosure.

6. Genotoxicity

The strong mutagenic activity of TNT was reported by Ellis et al., (1978). as
licele as 10 ug/plate of TNT, dissolved in dimethylsulfoxide (DMSO), with or
without metabolic activation, was mutagenic in Salmonella typhimurium strains
TA-98, TA-1538, and TA-1537, indicators of frame-shift reverse mutations; at
30 ug/plate with or without metabolic activaction, mutagenic effects were noted
in TA-100 as well as in cthose three strains. Ac 300 ug/plate with mecabol:c
activacion, INT was positive in all five tester strains including TA-1535,
indicating thac INT is positive for both frame-shift reverse mutations and
base-pair substitucions.

Simmon et al. (1977) conducted studies using bacteria (S. typhimurium, strains
TA-1535, TA-1537, TA-1538, TA-98 and TA-100), with and without $9 metabolic
activation, and yeast (S. cerevisiae) to evaluate the mutagenic activity of
INT before and after application of chlorination or ozonation disinfection
techniques. Results were negative both before and after either disinfection
technique except for two experiments in which TNT wvas reported as appeariag
weakly mutagenic (<2-fold increase in revertants) in TA-100 without metabolic
activacion. Using the same standard f7r mutagenicity ag in the study by Ell:s
et al. (1978), i.e. a mutagenic ratio > 2.0 as positive, none of the
concentrations tested in the Simmon study would be positive. It is importanct
to note, however, that the concentracions tested in these experiments were,
generally below 10 ug/plate with 33.5 ug/plate being the highest concentration
tested in a single experiment. The increases seen {n this study, while
generally occurring at the highest concentration, were not alvays
"dose-relaced".

Dilley et al. (1978) reported that TNT dissolved in DMSO and incuybacted at 10
to 500 ug/plate increased reverse mutation rates in a dose-related manner in
S. tvphimurium strains TA-1537, TA-1538, TA-98, and TA-100, both in the
presence and absence of the $S-9 metabolic acctivation system. The toxicity and
mutagenicicy of TINT were reduced upon metabolic activation.

Dilley et al. (1978) performed in vivo cytogenstic analyses on bone marrow
cells from two groups of five young male Sprague-Davley rats, each treated ::r
<8 days with TNT at 0.25% (190.4 mg/kg/day) or 0.002% (1.8 mg/kg/day) in the

1/
number revertants in test/number revertants in control
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ieec ard Irom two adecitional groups of five rats, each similarly creazed and
allcwed to reccver :or 28 days. The evaluaction procedure used was a
zoc:iicacion ol tne method outlined by Nichols et al. (1972) in wnich cae
treactec rats were injected, one and one-half hour prior to sacrifice, with
C.75 ag/xg cf colcnicine to obtain a high number of cells 1in retaphase. The
bone marrow cells were obtained by aspiration from the distal end of che
femur. Alcthough the high dose was considered the highesc tolerable dose, no
rats died prematurely. Mitotic indices wvere depressed in the rats exposed to
the high dose, but no cytogenetic abnormalities were observed. Following 8
cays for recovery, the proliferative capacity of the bone marrow cells
recurned to normal levels as indicated by cthe mitotic indices. The authors

concluded that, bacea on their assay, genetic damage induced by TNT was not
evident.

In vicro measurement ¢f unscheduled DNA synchesis (UDS) in human diplotia
fibroo.asts (WI-38 cells) was also conducted by Dilley et al. (1978) in che
presence and absence of a metabolically active system obtained from che l:ver
of adult male mice. A dilution of INT in DMSO was added to the culture czedium
to viela concentrations ranging from O to 1000 ug/ml. Results in this systen,
without metabolic activation, indicated that (DS was suggested at che higher
concentrations. A definitive evaluation, however, was obscured by
discoloration of the samples at the two highest concentrations, 500 arnd .0CO
-g/ml, thus incerfering with the colorimetric determinatior ot DNA concenc.

in the presence of metabolic activation, at ccacentrations ranging irom C to
6600 ug/ml, DS was not observed, howvever, the sclubilicy of TNT was a

limicing factor in this test (a precipitate was observed at all concentracions
of INT).

Ashby et al. (1985) reported that TNT gave a negative response in a mouse bdone |
Zarrow micronucleus assay in which the mice vere adminiscered TNT by
intraperitoneal injection at levels up to 80 mg/kg (described as 8021 of che
Maximun Tolerated Dose, MID) and evaluated at 24, 48 and 72 hours aiter dosing
for an increase in the presence of micronuclei.

In an {o vivo/in vitro rat liver assay for UDS, conducted by Ashby et al.
(1985), the hepatocytes of TNT treated rats were evaluated in an in vitro
system following administration of TNT to the intact animal at dose levels up

to 1000 mg/kg. A negative response was also observed in this syscem, which :s
used €O measure geanotoxic-carcinogenic response.

7. Other Effects

Male and female adult Sprague-Dawvley rats were fed INT {n the diet at 0.l53
for chree weeks (Dilley et al., 1978) for the purpose of evaluating the
ability of TNT to stimulate the hepstic microsomal enzyme system. Anizals
were killed by decapitaticn, and the livers were removed and prepared fcr
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analysis by standard rethods. Substrates used represented three petabol::
catrways: N-demechvlac:ion, O-dererhylation and aromatic ring hydroxylac:oa,
Resuics 1ndicated cnat TINT showed no stimulacory activities in two of che
taree svstems, with a limited positive response in the O-demechylacion svstem
as indicated by a stimulaction of the metabolism of o-nitroan{sole. However,
zetabolism of INT 1tself {s not altered by pre-treatment of the rat with
phenobarbical, TNT or RDX, indicating to the authors that the decreasea
toxicological manifestations to repeated dosing of TNT cannot be explained en

the basis of an increased metabolic disposition of TNT.
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o PEALTY ASVISORY DIVILOPMENT

avarlacle toxicity studies {n wvarious animal species, for »eriods ranging I-z-
3 single oral dose (LD_ ) to continuous 24-month feeding studies, along wictn
data on che healch effécts in humans exposed to INT :n the atmosphere have
Seen evaluated. Several toxicity endpoints considered relevant to a HA for
INT in drinking water have been identified. Numerous signs and symptoms of
TNT toxicity in humans exposed in the workplace have been reporcted (Zakhary
and Villaume, 1978), to include such relatively mild effects as respiratorv
irrication, skin lesions, and gastrointestinal disorders and progressing to
more severe symptoms such as methemoglobinemia, jaundice, aplastic anemia,
cataract formation, menstrual disorders, neurologic dysfunccion and
nephrotoxicity. Of cthese disorders, the most consiscently reported effects of
TNT exposure in humans, including those which have been reported as the
principal cause of death when such exposure resulted in mortality, are
hepacictis and aplastic anemia (Zakhari and Villaume, 1978).

Human exposure data gathered through occupational healch surveys conducted at
various Army Ammunition Plants have {ndicated that atmospheric exposure to TNT
at .evels ranging from <0.02 to >3.0 mg/m” for periods generally up to 6
mwonths consistently caused abnormalities in Hgb, Het, and RBC count (estimated
absorbed dose could not be determined from the available data). Abnormalities
in other hematological parameters and such clinical chemistry parameters as
8LN, SGOT, LDH and bilirubin have also been reported (Friedlander et al.,

1974; Morton and Ranadive, 1974; Buck and Wilson, 1975). In almost all cases,
removal of the affected individuals from the source of exposure has resulcted
in a return of these parameters to normal levels, alchough the time required
for recovery could not be determined. A consiscent sign of TNT exposure has

been a red discoloration of the urine, apparently due to unidentified INT
metabolites.

In animals, significant and consistent findings following feeding of INT in
the diet include hemolytic anemia with compensatory responses suych as
reticulocytosis and macrocytosis; methemoglobinemia; increased spleen weight
usually associated with hemosiderosis and, in lifetime studies, congestion and
excramedullary hematopoiesis; and an {ncrease in liver veight generally
associated with increased cholestercl, decreased SGPT, pigmentacion,
hyperplasia and hepatocytomegaly (Dilley ec al., 1978, 1982; Levine et al.,
1981, 1983, 1984a,b; Furedi et al., l984a-f). Reported effects of INT on the
tesces (atrophy and hyperplasia) have been lass consistent as have effects on
other hematological and clinical chemistry parameters. Consisctent decreases
in body weight gain at high dose levels seem to be associated with a
corresponding decrease in food intake. Red color appeared in the urine of

rats, mice and dogs fed TNT in the diet at levels of approximately 5 mg/kg/cay
or greater, depending upon species.

Anemia in dogs, rats and mice fed TNT, evidenced by decreases in Hgb, Hct and
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720 count, first appeared (n dogs‘aiter four weeks of feeding ac 20 =g xg dav
(Dillev et al., 1578, 1982) and remained evident <hen INT was fed at doges a:
8 mg/kgsday or more for up to 26 weeks (Levine et al., 1983). Heratologica:
signs of anemia also appeared in rats when TNT wvas fed at doses ranging froc
<5 to 300 mg/kg/day for periods of 4 to 13 weeks (Dilley et al., 1978, 198:;
Levine et al., 1981, 1984b). In a two-year rat study (Furedi et al., !9843),
the anemia was associated with a statistically significant increase in fecal
to multifocal myelofibrosis of the bone marrow along with an enlarged spleen
and splenic lesions consisting of sinusoidal congestion, extramedullary
hematopoiesis and hemosiderosis. These effects were significant {n females at
2.0 mg/kg/day and above and in males at 10 and 50 mg/kg/day. Mice were less
sensitive to the ei:»::s of TNT on the hematological parameters for anemia
with only slight or no effects at doses up to 700 wg/kg/day for periods up t»
13 weeks (Dilley et al., 1978, 1982; Levine et al., 1984a). When mice were
fed diets containing 70 mg/kg/day TNT for up to two years, anemia was
evidenced by decreases in the Hgb, Hct, and RBC counts by Week 79, but these
changes were evident but no longer significant by Week 105 (Furedi ec al.,
1984d).

The hepatomegaly reported in dogs and rats fed TNT for periods up to 13 weeks
wvas generally not associated with histological abnormalities except for a
aultifocal or diffuse hepatocellular hypertrophy (hepatocytomegaly) in two
groups of rats fed TNT at 125 or 300 mg/kg/day for 13 weeks (Levine et al.,
1981, 1984b). When TNT was fed to dogs at lower levels (0.5, 2, 8, or 32
mg/kg/day) for a longer duration (26 weeks), the hepatomegaly was accompanied
by moderate to marked hepatocytic ¢loudy swelling and hepatocytomegalia at all
treatment levels, but of only trace to mild severity at the lowvest dose
(Levine ec al., 1983). In the two-year feeding study f{n rats (Furedi et al.,
1984a,c), the liver injury was further evidenced by a dose-related increase in
the incidence of foci and areas of hepatocellular hyperplasia with cystic
degeneration in the males, but not females, fed TNT at L0 and 50 wg/kg/day.
Clinical chemistry parametars, while not slvays significant, were generally
indicative of altered liver functiocn as indicated by increased cholesterol,
total protein, albumin and globulin levels. These alterations in liver
morphology were not evident in the mouse (Furedi et al., 1984d,f).

Testicular atrophy and hyperplasia, seen in high-dose rats (160 wg/kg/day)
receiving TNT {n the diet for up to 13 weeks, vere first detscted in those
animals sacrificed after four weeks of treatment (Dilley et al., 1978, 1982)
Similar dose related effacts wvers seen in racs fed TNT at doses of 25, 125 or
300 mg/kg/day for 13 veeks (Levine et al., 1981, 1984b). The testicular
atrophy in this study was first noted by palpation in the highest-dosed grous
during Week 6. No testicular effects were evident at § mg/kg/day. Similar
testicular effects vere not evident in rats fed TNT for up to two years. -
conctrast, significant findings in the two-year study (Fured!i et al., 1984a,c
indicated an increase in the absolucte veight of the testes at the two highest
dose levels (10 and 50 mg/kg/day) with no treatment-relacted histopathology
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fema_e rats led TLT at levels ap to 30 @g/kg/day for two years ‘Turegi et 3.
.~%+a,2, showed a sigrnificant {acrease in incidence and sever:ty of
"nperplastic, preneoplastic and neoplastic (papilioma and carcinoma) les:cns
ci tne nucosal epithelium of the urinary bladder at the 50 @g/kg/day cose
ievel (Table Al-y, Aprendix l). This carcinogenic efiect was noc evident :a
males and was not reported 1in any other species.

While the development of cataraccs has been reported in humans exposed
chronically to INT (Zakhari{ and Villauzme, 1978; Hassman, 1968; Harkonen e:
al., 1983), no such lesions were found in rats and nice exposed to INT ac
doses up to 50 and 70 wg/kg/day, respectively, for Up to two years and
periodically subiected to a comprehensive ophthalmological examination
throughout the two-year study (Furedi et al., 1984b,e). No lesions or
cataracts vere found in dogs fed TNT at lavels up to 32 mg/kg/day for 26 weeks
(Levine et al., !983) nor in dogs and monkeys treated with TNT ac doses up to
l ogrskg/day for 90 days (Hare, 1974; Martin, 1974). Cacaract development
Observed in some human epidemiological studies does not provide sufficient
data to estimate a hezlth advisory,

Based on the foregoing data, the dog appears to be the species most sensitive
to the toxic effects of INT in the diet/bolus dose. In this specles, systemic
effects were assoctated with the liver, the organ system most commonly linked
wich INT toxicity, and were apparent at a level of 0.5 mg/kg/day as evidenced
by hepatomegaly with hepatocytic cloudy swelling and hepatocytomegalia of
trace to mild severity (Levine et al., 1983). The dog also appears similar to
©an in its metabolism of TNT, with differences being largely quantitative 1in

fature, and is considered the most appropriace animal model for estimacion of
a human healcth advisory.

A. Quantification of Toxicological Effects

Health Advisories are generally decermined for One-day, Ten-day, Longer-term
(approximately 7 years) and Lifetime exposures if adequate data are available
that identify a sensitive noncarcinogenic end point of toxicity. The Has for
noncarcinogenic toxicants are derived using the following general formula:

(NOAEL or LOAEL) x (BW)
HA = UF) x (__ L/day) « __ mg/L (__ ug/L)

where:

NOAEL or LOAEL = No- or Lovest-Observed-Adverse-Effact Level
(in @g/kg bw/day).

BW = agsumed body vetght of a child (10 kg) or
an adulc (70 kg).
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"
By

-¢ = uncertaincy ‘factor in accordance wich NAS/OD%
guilcelines,

_L/day = assumed daily water consumption of a child
(1 L/day) or an adule (2 L/day),

l. One-Day Health advisory

No data were located in the available literature that were considered syitable
for the calculation of a One-day HA. Short-term studies were limited to
dssessments of acute oral LD 0 values. It i3 suggested that the DWEL (20
-g/L) be used as a conservaczve esctimate for the One-day HA.

2. Ten-Day Health Advisorv

No appropriate data of less than 30 days duration wvere located in the
dvailable literature for the calculation of a Ten-day HA. The four-week
Studies of Dilley et al. (1978, 1982) in dogs, rats and mice evaluated only a
small numbers of the available animals with the remaining animals being
continued for a total of l3-veeks. A four-veek range-finding study in mice
(Levine et al., 1984a), the least sensitive species, ysed dosas that increased
by a factor of 7 and were not considered adequately sensitive for
toxicological evaluation. It 1s, therefore, suggestad chac the DWEL (20 .g/L)
be used as a conservative estimate for the Ten-day HA.

3. Longer-Term Health Advisory

Several studies were of appropriace duration to be considered for calculacing
a Longer-Term HA. Thirteen-wesk sctudies were conducted in dogs, rats and mice
(Dilley et al., 1978, 1982; Levine et al., 1981, 1984b) and a 26-week study
was conducted in dogs (Levine et al., 1983),

Mice vere least sensitive to the toxic effects of TNT, showing only minimal
but significant increasas in Spleen veight with hemosiderosis and slighe buc
not significant decreases in Hct at the higher dose levels. No significant
eflects were evident on the liver. This species vas not considered
appropriace for HA development.

Dogs treated with TNT for l3-veeks at dosas up to 20 mg/kg/day displayed
evidence of anemia and liver toxicity indicated by changes in the clinical
Paramecers. However, no clear-cut NOAEL could be determined as only two
dogs/sex/level vere available for analysis, with only one male surviving on
the high-dose level.

In che 13-week study {n rats, conducced by Dilley et al. (1978, 1982), anec:a
vas evident at the three highesc dose levels (7, 35 and 160 ag/kg/day) and wvas
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accorpanied Dy signifizant eifects on the spleen along with toxic effecss =-
tie liver, kidney and testes. however, several limitations in this studv,
inc.uding the small number of available animals. possible *''systemic' errors .-
weizning procedures and a lack of histological data at the two lowest dose
levels cesoite s:gnificant findings at the next higher level, precluded ics
use for calculacing a Longer-term HA. The remaining l3-week study in racs
(Levine et al., 1981, 1984b) was generally well conducted with good
dose-response data but was considered to have too broad a dose range, with
doses decreasing by a factor of five, to provide adequate evaluation of the
lower levels. The lowest dose, 5 mg/kg/day, while apparently a NOAEL {a th:s

study, was higher than doses producing positive effects in other strains anc
specles.

The 26-week study {n dogs (Levine et al., 1983) remains as the most
appropriate from which to derive a Longer-term HA. This study produced
clearly toxic effects to the target organs for TNT, specifically the l:ver,
spleen and hematopoietic system, at levels of 2 mg/kg/day and above, and trace
to mild effects on the liver, described as hepatocytomegalia with hepatocytic
clouding swelling, at the 0.5 wg/kg/day level (LOAEL). Based on NAS/ODW
guidelines, use of a study of appropriate duration with a LOAEL in animais
would require an uncerctainty factor of 1000, Calculation of the Lifetime UaA
wicth cthese factors would produce a value equivalent to the calculated DWEL
(Lifetime Health Advisory). It s, therefors, suggested that the DWEL (20

-g/L) be used as a conservative estimate for the Longer~-tearm HA for both cne
10 kg child and che 70 kg adult,

4, Lifetime Health Advisory

The Lifetime HA represents that portion of an individusl's total exposure Inat
is actributed to drinking water and 18 considered protective of
noncarcinogenic adverse health effects over a lifetime exposure. The Liferime
HA {s derived in a three step process. Scep | decermines the Reference Dose
(RED), formerly called the Acceptable Daily Intake (ADI). The RfD {s an
estimate of a daily exposure to the human population that is likely to be
without appreciable risk of deleterious effects over a lifetime, and ‘s
derived from the NOAEL (or LOAEL), identified from a chronic (or subchroric
study, divided by an uncertainty factor(s). FROM THE RfD, A DRINKING wATEIR
EQULIVALENT LEVEL (DWEL) CAN BE DETERMINED (STEP 2). A DWEL IS A
MEDIUM-SPECIFIC (I.E., DRINKING WATER) LIFETIME EXPOSURE LEVEL, ASSUMING  :62%
EXPOSURE FROM THAT MEDIUM, AT WHICH ADVERSE, NONCARCINOGENIC HEALTH EFFECTS
WOULD NOT BE EXPECTED TO OCCUR. The DWEL {8 derived from the multiplicacisn
of the RED by the assumed body weight of an adult and divided by the assuzec
daily water consumption of an adult. The Lifatime HA is determined in Sces .
by factoring in other sources of exposure, the relative source contriduz:.:-
(RSC). THE RSC FROM DRINKING WATER IS BASED ON ACTUAL EXPOSURE DATA CR, °°
DATA ARE NOT AVAILABLE, A VALUE OF 202 IS ASSUMED. If che contaminanc ‘s
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classiiied as a Group A or 3 carcinogen, according to thae Agencyv's
class:fication screme of carcinogenic potent:al (L.S. £pa, 1586), cthen cayr::-
shuuld be exercised in dssessing the risks associated with lifeczze exposyre
to tnis chemical.

The two-year studies in Fischer 344 rats and B6CIFIl mice (Fured! et al.,
1984a-f) were well conducted lifecime exposure studies. The rat study clearlw
defined a NOAEL of 0.4 wg/kg/day for bone marrow, spleen, and kidnev effects.
At this dose level, there was no evidence of the splenic congestion, increased
deposition of pigment in the kidneys or myelofibrosis of the bone BATTOW Seer,
primarily in females, at 2.0 wg/kg/day. Other effects seen at the higher
doses (10 and 50 mg/kg/day) and generally {n both sexes included anemia,
increased pigmentation and extramedullary hematopoiesis of the spleen,
inflammation of cha kidney and hyperplasia of the renal pelvis, liver and
urinary bladder. Urinary bladder papillomas and carcinomas were presenc atc, a
significant level {n the high-dosed (50 wg/kg/day) females.

Similar effects reported in the two-year studies conducted in mice {ncluded
anemia and hepatomegaly without microscopic alterations at the high-dose level
(70 mg/kg/day), and a dose-related lymphocytosis at the 10 and 70 mg/kg/day
levels. The study authors reported that the i{ncidence of combined
leukemia/malignant lymphoma in the spleen of females {ncreased with dose.

They reporcted that the increase was statiscically significant (p<0.05) dt che
70 mg/kg/day dose level (high dose) and that the lesions were considered to be
treatment-related. This was an inappropriate conclusion based upon currTent
NTP guidelines (McCotrell et al., 1986). These guidelines indicate thac it {s
appropriate to combine all types of malignant lymphoma and lymphocytic
leukemia, but not ia a single organ. These types of tumors occur throughout
the hematopoietic system. Upon recounting these tumors, by each sex or both
sexes combined, in the whole animal, the statistical significance is lost
(t.e., p<0.05) using the Figher-Irwin Exacet Test to compare dosage groups and
the Cochran-Armitage Test for Trend. Therefore, based upon the statistical
analyses, this study {s considered to be negative with no tumors related to
TINT exposure. The NOAEL for this study was 1.5 mg/kg/day.

The 26-week study in dogs (Levine et al., 1983) might also be considered ‘or
development of a Lifetime HA. This study resulted in clearly toxic effects to
the target organs for TNT, specifically the liver, spleen and hematopoietic
system, at levels of 2 mg/kg/day and above. At the 0.5 mg/kg/day level, chis
study produced hepatocytomegalia with hepatocytic cloudy swelling of trace to
nild severity. No accompanying effects to the liver enzymes and organ weight
were seen at this dose level. The 0.5 uwg/kg/day level may, therefore, be
considered a LOAEL for hepatic effects {n the dog.

Based on the foregoing studies, 1t appears that the dog (Lavine et al., 1982
1s somevhat more sensicive to the hepacic effects of TNT than either rats or
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2:ce and may be censidered thevmost appropriace SPecies for calculat:iry a
-iiecire HA. When the study is viewed in relation to che cuo-yéar study 4n
rats (fured{ et al., 1984a-c) wich a NOAEL of 0.4 og/xg/day, 1t is felt :-ar
the dose of 0.5 mg/kg/day in dogs {s close to the actual threshold dose ar¢
that an uncertainty factor of 1000 will
for humans.

provide a sufficient margin of safercy

INT s classified EPA Group C, possible human carcinogen based on ur

{nary
bladder papilloma and carcinoma in female Fischer 344 racs.

Step l: Determination of Reference Dose (R£D)

RED = (0.5 ?lé;o;day) = 0.0005 mg/kg/day (0.5 ug/kg/day)

Where:

0.5 mg/kg/day = LOAEL, based on trace to mild effects on the liver
of dogs exposed to INT in the diet for 26 weeks.

1000 = Uncertainty factor: It is based on the primarv srudv
of Levine et al., 1983 and the strong supporting
study of Fyredi et al., 1984a-c. The LOAEL of 0.5
ng/kg/day in the Levine et al., 1983 study appears to
be close to the actual threshold doge for liver
effects. It approximates the NOAEL of C.4 mg/kg/day
in the Furedi et al., 1984a-¢ study in rats.

Reproduccive toxicity data are not curreatly
available.

Step 2: Determination of a Drinking Water Equivalent Level (DWEL)

DWEL = (0.0005 ng/kg/dav) (76 kg) = 0.0175 ng/L
(2 L/day) (rounded to 20 ug/L)

Where:

0.0005 mg/kg/day = RED

70 kg = assused body veight of an aduyle

2 L/day = assumed daily water consumption of an adult
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Szen 3: Decerdination of the L:ifetime Health Advisory
\

The L:lerize HA Is derived from the DWEL by factoring in other sources of
exposure. The relative source concribucion (RSC) is the percent of the zccal
exposure to the chemical from drinking water. Actual data may be used when
availlable. Hence, RSC may potentially vary from | to 100 percent. A value of
207 for RSC from drinking water is assumed in the absence of actual exposure
data. Additionally, it is EPA policy that an additional uncertaincy factor of
be used for Group C carcinogens. A valid quantitative cancer risk assessment
was developed from the Furedi et al. (1984a, c) study and is provided in
Section VII B. This quanctitative cancer risk assessment indf{cates that a
@inimal additional uncertainty factor is necessary to account for cancer -isk.
Hence, the additional uncertainty factor of 2 i{s applied to the Lifetime HA.
For TNT che lifetime HA is as follows.

Lifetime HA = 0.01l75 mg/L (0.2) = 0.00175 wg/L (rounded to 2 ug/L)
2

Where:
0.0175 mg/kg/day = Drinking Water Equivalent Level (DWEL)
0.2 = Relative source contribution (RSC) assumpciorn c: 117

2 = Uncertainty factor for Group C classificacion, ZCw
policy

B. Quantification of Carcinogenic Poctential

INT i{s classified EPA Group C based oan urinary bladder papilloma and carcinoma
that were observed in female Fischer 344 rats. Mutagenic activity vas
observed in the Ames test with and without metabolic activation. The risk
manager must balance agsessment of carcinogenic potential againstc the
likelihood of occurrence of health effects related to noncarcinogenic
endpoints of toxicity.

In order to assist the risk manager in this process, drinking water
concentracions associated with canger risks over the range of one excess :zumer
in popula:iggl of ten thousand(l0 ') to one excess tumor in populations of one
@illion (10 ) for the 70-kg adult, drinking 2 liters of vater per day, are
provided.

In the lifetime feeding study conducted by Furedi et al. (1984s,c), the hig--
dosed female rats exhibited a statistically significamc (p<0.0l) increase ‘-
the combined incidence of transitional cell papilloms and transitional ce..
carcincma of the bladder. Tha combined :ac{dence of bladder papilloma and
carcinoma used to calculate the carcinogenic risk assessment are 0/54, C :.
0/55, 1/55 and 17/55 for female rats at doses of 0.0, 0.4, 2.0, 10.0 and ::
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T3 xg,cay, respectively. The wultistage zodel was used for hign-to-low dose
e<travolacion (Crump and wWatson, 1979; Howe and Crump, 1982). Globald) was
usec to i1t cthe data in the experimental dose range and tc" obtain upper 939
coniicence limits on the combined incidence of bladder papilloma and
carcinoma. The multistage model conforms to a biological model of tumor
initiaction and promotion (Crump et al., 1977) and provided an adequate fit to
the dose-response data for TNT. The relationship of the concentracion (.g./2)
of a chemical in drinking water to cancer risk is expressed as follows:

35000

x R=C

q,* - (mg/kg/day)'L

-4 - -
R = rigk (10 , 10 5, 10 6, etc.)
C = concentration of chemical in ug/L

35000

conversion factor for mg to ug and assumption that a 70
kg adult drinks 2L of water/day

The animal doses were converted to equivalent human exposures using a surface
area correction assuming a 0.30 kg rat, and a 70 kg human. The human slope
factor (q.*) is 3 x 10~ (mg/kg/day)” ~ for che linearized multistage model.

The slope, q.*, {s takean as an upper bound of potency of the chemical to

induce cancer at low doges below the experimental dose range. Assuming that a
70 kg human adult consumes 2 liters of water a day over a 70 year lifespan the
estimated cancer risk is as follows:

Level of Dose in
Human Risk ug/L
10-; 100
10 6 10
10 1

For comparison purposes, g:inking wvater concentrations associated with an
excess cancer risk of 10 = were 0.7 ug/L, 20 ug/L, 700 ug/L, 20 ug/L and 1O
»8/L for the one-hit, multihit, probit, logit and Weibull models,

respectively. The parameter escimates for these models vere calculated wich
RISK8l (Kovar and Krewski, 1981).

The estimated excess cancer risk associaced wvitch lifoctgg exposure to drirking
water containing TNT at 20 ug/L i{s approximacely 2 x 10 ~. The estimaced
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\
excess cancer risk assoclated with lifetime exposyre to drinking wacer
-0

concairing INT at 1 .g/L {s approximately 2 x i0 . This represents che upper

957 coni:dence lizi: on risk from extrapolation using the linearized
Bultistage model. The actual risk is unlikely to exceed chis value.
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VIIIL CTHIR ZRITI2IA, GUIDANCEI AND 57ANDAPDS
\

The ACGIH (1986) 3-hour ti:e-weﬁghted average threshold limic value (TwWA-T_.®
for exposure to TNT s 0.5 mg/m~. The l5-minute short-term exposure l:m
(STEL) has been eliminated pending additional toxicolcgical data. The G3=A

(1981) Permissible Exposure Limit (PEL) remains ac 1.5 mg/m".

as summarized by NRC (1982), the following workroom standards have been
adopted for INT by various countrigs: Czechoslovakia, 0.l ppm or | 2g/3”;
west Germany, 0.l5 ppm or 1,5 mg/m”; East Germany, 0.15 ppm or 1.5 zg/m ; and
U.5.5.R., 0.1 ppm or | mg/m” (Verschueren, 1977). The U.S. Navy Sureau of
Medicine and Surgery (BUMED, 1980) as cited in NRC (1982) has escablished a
target interim Taximum contaminant level (TIMCL) of 0.05 wg/L (50 ug/L) for
TINT i{n drinking water. Dacre (1980) calculated an interim criceria for T\™
for the protection of human health of 44,24 ug/L. Earlier, the U.S. Aray had
established limies of | mg/L (1000 .g/L) in drinking water and § mg/L (5000
ug/l) in water used by fish and wildlife (Smock et al., 1976, as cited in NRC
1982). USAMBRDL (1980), as cited in NRC (1982), has recommended a TNT limit
of 0.0l mg/L (10 ug/L) in wastewater, and the U.S.S.R. has set | mg/L (1000
ug/L) as the maximal permissible concentration in surface water (McKee and
wolf, 1963, as cited in NRC, 1982).
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. AMALYTIZAL METHODS

\
Several methods have been published for INT analysis in water (70T wasces). A
sicp.e, quick and reproducible mechod using high performance liquid
chromatograpny (HPLC) {s described.

The following methods for the determination of INT in INT wastes have been
listed by Zakhari and Villaume (1978):

l. Colorimetric or spectrophotometric determination at 500 nm following
treacment of wastes with sodium sulfite and sodium hydroxide solucioms.

2. Colorimetric measurement of a Meisenheimer complex at 440 nm
following treatment with 152 potassium hydroxide solution, usable to 80 ppm
-=TINT (2,4,6-TINT).

3. Gas chromatographic detection of ppb to ppt in sea water using a
nickei-63 electron capture detector,

4. Liquid chromatographic characterization after adsorption of nitro
compounds on a styrene-divinylbenzene copolymer type resin.

The HPLC method described by Brueggeman (1983) utilizes a trace enrichment
sauple preparation technique to keep preparation time co & minimum and afiords
analysis to be conducted at ambient temperature without loss of efficiency of
separation or speed of analysis. The detection limits were reported as 0.2
.g/ml. Several military explosives were analyzed by this method.

In the HPLC method, separation of the explosives is achieved by using a
reverse phase column (C .) and a mobile phase of methanol and water. A linear
_ gradient elution progranm is used in which the eluent is changed from 95 Pump
A (252 MeOH/H_0) to 502 Pump B (80% MeOH/H O) im 30 minutes at a flow rate of
1.7 al/min ané a pressure of 500 psi. The column effluent is monitored at 240
nm. Separation vas accomplished in <28 minutes.

Prior to analysis of the aqueous samples, the Cl cartridge (s activaced with
tvo to four milliliters of methanol followed by ?5 ml of glass-distilled
water. This procedure removes organic impurities, displaces the methanol and
activates the cartridge. Concentration of the sample is achieved by passing
20 ml of esch sample, containing 200 ppm of the internal standard
(1,3-dinttrobenzene), through the SEP-PAK cartridge at approximately

10 ml/min. followed by the sequential injection of 10 ml of air, & ml of a 3%
acetonitrile/vater solution and an additional 10 @l of air. The combined
elements are collected in a screv-cap test tube and centrifuged at 2000 rpa
for 15 minutes. The supernatant is analyzed by HPLC as described.

The ratio of peak area of TNT to peak area of che internal standard was
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ted versys concentration of TNT. 8y examining the RZ correlaticn
Iic.ents, it was demonscra:qd\tha: INT showed a linear relat{on over :se
oncentration range analyzed (R™ - 0.998) over a 4-day period. <The lower
ececcion limit was 100 ng.

An
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Recovery studies done with laboratory-spiked wastewater indicatced a recovery
Tange of 707 to 762 for TNT. The peak areas of the SEP-PAK-trapped rater:ais
were ccmpared with standards having idencical concentrations of the compourd.
Recovery of the intermal standard over a 5-day period was considered
teproducible (S.D.22%). Separation of a synthetic wastewater influent and
effluent showed good resolution for all compounds tested. This method, as
described, is considered by the author to be suitably precise, accurate,
sensitive, and selective for the determination of INT and various other
explosives {n wastewater.

“he analysis of actual wastewater samples were not reported by the Brueggmann
procedure; however, Spanggord et al. (1978) reported on the analysis of
several AAP wastewater samples (LAP discharges) using ansimilar HPLC
procedure. Using a C Bondpak Reverse-Phase column, a 60:40 methanol:water
solvent at a flov rate of 1.6 @l/min. and uv detection at 254 nm, the
recenction time for TNT was 209 seconds in LAP discharge samples. Peak areas
wvere determined by digital integration and quancitation was by the internal
standard method using benzophenone. The lower limits of detection were

0.1 ppm and these limits could be lowered by a factor of two at 210 am. This
procedure did not utilize any special sample preparations or concentration
techniques.
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“RZATYINT TEIENOLCGIES
\
Yetrsds for wastewater treatment for che removal of INT and irg products are

ciscussed. The current treatments of choice for hoth “red" and "pink" water
are descridbed in greater detai].

~aste vater discharges from AAP's involved in the production of TINT are ol two
unique types:

L. "Red water" {s the spent sellite waste solution formed during che
INT purificacion process. It contains INT and its {somers, sodium carbonate,
sodium sulfate, and sodium sulfite, along with complex chemicals resulting
from the degradation of the INT isomers. Many of the components of red water
are toxic and/or carcinogenic and it has been classified as a "hazardous
substance' by the EPA (Ryon et al., 1984).

1. "Pink vater" is the aqueous effluent generated during TVT
nanufacture from plant c¢lean-up and scrubbing processes, LAP operations and as
3 condensate from the evaporative concentracion and {ncineration of red water.
[t contains varying amounts of INT and its meta-isomers and photodegradacion
products of INT to tnclude water-soluble, organic-insoluble anions, organ:c
solvent-extractable products and DNT isowers (Ryon et al., 1984),

Treatmenc methods for these two major types of TNT waste require different
procedures which are treated separately below,

A. Red Water

Disposal of the wastes generated during the sellite purificacion process {s
the one of most serious concern. During cthe period between World War II and
the Korean War, red water wastes vere dumped into streams as a means of
disposal. Later, after evaporative concentration of the red watar at the AAP
facilicy, the concentrates were either sold to paper mills for incinerac:on
and recovery of the sodium sulface needed for che pulping process or
incinerated at the AAP, followed by landfilling of che ash. Transportation of
the concentrate {s no longer feasible dua to its hazardous classificacicn and
stricter pollution regulations have decreased the secondary market for :-e
recoverable sodium sulfate. Incineration of the concentrata {s not on.«
expensive but, more importantly, adds to the existing air and solid wasce
polluction problem. Current techniques are aimed at the recovery of the su.i.r

o e wa

and sodium present in the red vater. Several companies and their processes
are listed below:

L. Molten salt bath reduction process - Atomics International
2. Carbonate process - Tampella Smelt

3. Pyrolysis reduction process -~ SCA Billerud

4. Sulfite recovery process - SONOCO
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0f tnese, che SCNOCC gprocess appears to be the most technically and
eccrnexzicaily feasible. Ryon et al. (1984) described che suilite recovers
process (SRP) as adapted for use at the Radford AAP as follows: red watér 15
mixed with aluminum hydroxide and reduced in a furnace to sulfur dioxide and
soluble sodium aluminate. The sulfur dioxide is scrubbed with sodium
carbonate to form sodium sulfite, which is reused to purify TNT. The sodiur
aluminace is converted to aluminum hydroxide, which is recycled for the
treatment of the red water feedstock. In summarv, the Radford adapcaticn ¢f
the SRP, essentially a closed-loop process, converts red water to sellite
which is reconverted to red water when used in the TNT purificacion process.
[mpurities from INT itself are converted to water, nitrogen and carbon dioxide
and released to the atmosphere. A more detailed description along with a flow
diagram of this process 1s contained in Pal and Ryon (1986). Problems arising
from this adaptation are currently under accive invescigacion.

B. Pink Water

Under condition of full productiom of TNT, it has been escimated (Forsten,
1980 as cited in Ryon et al., 1984) that cthe amount of pink water generated
could be as high as 100,000 gal/day/line and may contain 140-160 mg TNT/L
along with other contaminants and explosives. The current method of choice
for pink water abatement i3 adsorption by activated carbon (Ryon et al.,
1984). While this method has been long and widely used, it i{g limited by a
242 drop in efficiency of the carbon with the first regeneration with
successively lower losses at each subsequent regenaration (Castorina, 1980).
To increase the efiiciency and reduce the cost of carbon regeneration, a new
thermal carbon regeneration process using a rotary kiln has been developed and
put into use at the Iowa AAP. Ryon et al. (1984) described the process as
follows: the explosive-laden carbon is dewvatered and calcined at 110°C. In
the second step, spent carbon is pyrolyzed at 300°C to remove the adsorbed
explogsives. Sceam ac 20 kg/hr and carbon dioxide at 25 L/min are fed at this
stage to maintain a reducing atmosphere. In the third step, the carbon is
subjected to a reactivation temperature of 861°C. An average regeneration
efficiency of 921, decreasing significantly with time, has been achieved
(Forsten, 1980 as cited in Ryon et al., 1984). The carbon can be regenerated
four ctimes using this process after which it is discarded by open burning (Pal
and Ryon, 1986).

A study conducted at the Holston AAP (Burrows, 1982) {ndicated chat while
adgorption on granular activated carbon (GAC) i{s a viable treatment method for
removal of TINT from deionized water when present alone, this would not be a
method of choice for mixtures of amunition compounds as competition for
adsorption sites and reduced overall efficiency has been demonstrated. Other
munitions are progressively displaced i{n favor of TNT adsorption.

A hydroperm microfilcration system has been proposed as an alternate means cf
treating pink wvacer (Sundaram et al., 1981 as cited in Pal and Ryon, 1986)
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This zethod 1s based cn cross-flow filtraction with thick-walled, sorces
z.astic tubes (hyaroper:a tubes) which nave been demonscrated zo remcve
signiiicant levels of high-molecular-weight dissolved solias and, 17 cne zase
of pink water, the color associated with these constituents. <The eff.uent
from the systez can be recycled in LAP operations or d:ischarged .ato natural
streams aIter Creatzent with carbon. The feasibility of this system 1s ve: zo
be decermined.

C. Other Methods

Whila open burning of waste munitions is still practiced at AAP's,
incineration {s becoming the praferred method. 1In the treatment of TNT
wastes, open burning or incineration of the red water concentratce and the
spent carbon from pink water treatment has been practiced at various AAP's.
In many cases the incineraction process, despite its potential for the release
of new and unmonitored chemicals to cthe atmosphere, is preferable to scor age
in landfills or elsewhere. New hazardous waste disposal furnaces are bexﬂg
developed and tested at various facilities. Pal and Ryon (1986) have
described the following:

!, Rotary Kiln Incinerator - propellant slurries are incinerated by a
continuous process at 1000°C in refractory lined cylinders rotating at a slow
speed, Capital and maintenance costs are high in this system.

2. Fluidized Bed Incinerator - incorporates a slurry feed system (for
the aqueous explosive slurries), a cyclone particulate collector and a stack
gas analyzer. The addition of 6% (by weight) of nickel oxide to the aluminum

bed has produced a drastic reduction in the emissions making this method safe,
efficient and economical.

3. Pyrolytic Incineration - a two step, continuous process system
combining pyrolysis and combustion in a conventional incinerator {a one step
with a pyrotherm system (pyrolytic system with heat racovery) in the second
step. This system has wmany advantages for the treatment of sludges or wet

solids including the fact that it is totally enclosed thereby eliminacing
fugitive emigsions.

4. Simplified Incinerator Technology for Pollution Abatement (SITPA
#11) System - consists of an unlined rotary kiln, a combustion chamber heaced
by oil burnmers and a cyclone particulate collector, bag house filcer and wec
scrubber. While this system is simple and low in cost, it is basically a dry
feed system, making it more hazardous for disposal of explosives.

Bilodegradation has also been considered as a means of disposing of munitions
vastes including those encountered {n the INT manufacturing process. The
microbial transformation of TNT has been extensively sctudied with conflicting
reports concerning the degradation of the aromatic ring (Pal and Ryon, 198%)
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T+e toxicity of the ring cczpounds that mighe form during this process .s

targe.s unknown but similar compounds are knowm to be toxic (Castorina, 133C;
Turz=er research has been contracted to Atlantic Research Corporation o stud-
che effectiveness ¢f composting TNT waste. (Renard, 1984 as cited in ?al and
2w0n, 1986)

The primary physical mechod for the breakdown of TNT involves photalysis.
Exposure to sunlizht or any other source of UV light results {n a rapid
breakdown of ITNT and its by-products, including 2-4- and 2,6-DNT, to a pink
residual. Ring cleavage to CO_ and volatile organics has been shown (Andrews
and Osmon, 1976 as cited in Ryon et al., 1984)., Treatment of TNT and RDX in
an aqueous solution by exposure of a 1000 gal/day pilot test sample to LV
light i{n the presence of ozone resulted in a reduction of dissolved INT and
RDX to <l mg/L. By coanvercing the TNT rapidly to CO_, HNO, and H,O0, ro
bty-products requiring disposal are formed (Roth and ﬁurphy. 1978 as cited i(n
Castorina, 1980). Further study of this process awaits the development c:
more cost-effective equipment.

Several bench-scale models have undergone testing at the Holston AAP
Industrial Liquid Waste Treatment Facility for their abilicy co degrade INT,
alone or in combination with other munition chemicals, in aquecus solutions.
These models irn.:..de:

l. Corona Oxidation (Innova Process) =~ uses electrolysils and graphice
fiber particles; resulcts in degradatiom, both singly and in mixtures;
degradation products rot identified; both oxidation and reduction processas
seem to occur (Kobylinski and Burrows, 1983).

2. Combined UV Radiation-Ozone Treatment - apparently useful for remova.
of TNT from relatively small and clean process streams (Burrows, 1983).

3. UV Radiation with Hydrogen Peroxide - results {n an i{ncreased rate of
destruction of INT when (.01% hydrogen peroxide is added to mixaed municion
vastes (Noss and Chyrek, 1984).

Pilot scale testing of authentic wastewaters would be the next step in
evaluating those models considered most promising as tertiary Creatmentc
methods.



v, o CONCLUSICNS AND 2ECOMMENTATICNS

\
Zased on the availaole animal toxicity and human epidemiological darta, the -~
for One-day, Ten-days and Longer-term exposures i{s 20 .g/L. The DWETL Zor =\~
15 20 g/l for lifetime exposure and the Lifetime HA, assuming 207 relative
source contribution, is 2 ug/L. TNT is classified EPA Group C, possible huran
carcinogen. The classification of TNT {n EPA Group C {s based upon li=ited
animal data. A quantitative cancer risk assessment, based on the limiced
data, is provided to support selection of uncertainty factors for the
recommended lifetime HA.

As indicated in the companion report, '"Data Deficiencies/Problem Areas and
Recommendations for Additional Data Base Development for Trinitrotoluene"
(Appendix 3), standard reproductive and developmental toxicity studies were
not available and should be considered in future medical research plans.
Also, ophthalmological evaluation of workers in occupational settings should
be routinely performed.
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APPENDIX |

Incidence of Tumors in Animals
Fed TNT in the Diet for 2 Years
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Table Ai-i. Incidence of Lrinary 3.adder Legxo:s
ln Female Rats Fed TNT for up to 14 zmontas™’
\

Dose (mg, xg/day)

Lesicn 0.0 0.4 2.0 10.0 3C.C
Mucosal 1/56 0/54 0/55 2/55 12/35¢
Hyperplasia

Transitional cell 0/54 0/54 0/55 1/55 s/55°"
Papilloma

Transitional-squamous  0/54 0/54 0/55 0/55 12,55
Cell Carcinomas

Combined Papilloma 0/54 0/54 0/55 1/55 17732

Carcinoma

Reference: Furedi et al. (l984a,c)

al Number with lesion/number necropsied. 1Includes those rats sacrificed at
the end of the study along with spontaneous deaths and moribund
sacrilices (12«24 months)

b/

</ p<0.05
p<0.01
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APPENDIX 2

Incidence of Myelofibrosis in Rats
Fed TNT 4in che Diet for 2 Years
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~able Al-i. Incidence of 3cne Marrow Myelofidros:s
{n Female Racs fed TNT for up 20 24 monchs®
\

Dose (mg/kg/day)

Lesion 0.0 0.4 2.0 10.0

b/

Myelofibrosis of 5/56 6/53 13/55 2/56

Sternal 3one Marrow

References: Furedi et al. (1964 a,c)

a/

sacrifices (l12-24 months)
p<0.05
p<0.01

b/
c/

Al-2

Number wicta lesion/number necropsied. Includes those rats sacrificed at
the end of the study along with spontaneous deaths and moribund



APPENDIX 3

Data Deflciencies/Problexz Areas and Reccmmendations For
Additional Data Bagse Development For Trinitrotoluene
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ne Jif.ce of Drinring ~ater (ODW), Environmental Protection Agency \IPA), ir
corjunction witn tahe Departxment of the Army, has reviewed :he avarlaole dara
on 2,4,0-trinicroccluene (TNT) for the purpose of developing a Health aAdvige--
tnA) useful {n dealing with contamination of drinking water, to include
"state-of-che-art" information on healch erfects, analytical mechodology ard

treatment technology.
CBJECTIVES

The objective of this appendix is to provide an evaluation of data
deficiencies and/or problem areas encountered in the review process for TINT
and to make recommendztions, as appropriate, for additional data base
development. This document s presented as an independent analysis of the
current status of TNT toxicology, as relates to its possible presence in
drinking water, and includes a summary of the background informacion used in
the development of the HA. For greater detail on the toxicology of INT, the
Pealth Advisory on Trinitrotoluene should be consulted.

BACKGROLND

Trinitrotoluene, a pale yellow to whice crystalline substance, is the most
widely used military high-explosive with applications in shells, bombs,
grenades, demolition explosives and propellant compositions (Department aof the
Army, 1967). It is produced at cercain selected Atmy Ammunition Plants
(AAP's) and loaded at other AAP's. Production in the United States becrween
1969-1971 was approximately 45 million pounds per month with a total capacicy
of 85 million pounds per month (Pacterson et al., 1976 as cited {n Ryon et
al., 1984)

[t has been reported that as much as one half million gallons of wastewater
have been generated per day at a single plant involved {n TNT production
(Kartley ec al., 1981). The pollutants of gTeatest concern are in wastewater
discharges from manufacturing, purificatiom and load and pack (LAP) processes
act the AAPs, and are primarily designated "red water" and "pink water" (Ryon
et al., 1984). These two major types of wastes diffaer substantially both {n
composition and tresatment techniques.

Red vacter arises from che sellite purification process for crude TNT, {is high
in solids and, in one recovery study, contained approximately 0,.6% TNT by
veight as well as other substances, largely as suspended solids (Ryon et al.,
1984). Pink vater results from plant c¢lean-up and scrubbers processes, LAP
operations and red wvater treatment procedures and contains, in addition to
approximately 1% 2,4,6=-TNT, the ocher TNT {somers and numerous degradation
products (Spanggord et al., 1978). Continyous flow raw wastevater from ore
AAP, prior to its final treatment by neutralization and sedimencacion, was
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estizated to contain an average of 10 mg/L of w=-INT (Nay et al., 1974 a5 citea
;2 Ryon et al., 138d). These values varied from <0.G5 to 210 mg/L depending
on the site of sampling, production levels and stage of production and/or
treatrent (Spanggord et al., 1978). ’

Treatment technology for red and pink waters differs consideradbly. While cne
volume of pink water generated is considerably higher, the handling of red
waters poses the greatest health risk. A sulfice recovery process (SONOCO
Process; Ryon et al., 1984) dppears most promising for ctreatment of red water
via recovery of sellite and conversion of impurities to natural products.
Currant treatment of pink water i{nvolves adsorption on asctivatad carbon. A
process co regenerate the spent carbon, i{f successful, could increase the
efficiency and efficacy of this process.

Various laboratory studies (Jerger et al., 1976; Spanggord et al., 1980)
indicate thac the persiscence of TNT in the aquatic enviroument, while varying
somewhat due to physical and blological conditions, s conaidered low due ‘to
degradation both by photolysis in the water column and bacterial species in
sediments. Persistence in soil and groundwater is lengthier with one study
(Sanocki et al., 1976 as cited {n Ryon et al., 1984) indicating a level over
3000 mg/kg in a former waste lagoon now filled with sediment and coal wastes,
20 years after its active use 4s a disposal sits. Bioaccumulation in
organisms i{s not considered a significant problem (Ryon et al., 1984).

The pharmacokinetic properties of TNT have been studied in dogs, rats, mice
and rabbits. Available data indicate that it is well absorbed by inhalation,
ingestion or skin contact, detoxified by che liver with a low discribucion to
other tissues, and is excreted primarily in the urine. It 13 metabolized
largely by reduction of the nitro group, extensively in all four speciles and
similarly in rats, wmice and dogs (Hodgson et al., 1977).

Metabolites include the hydroxylanines, the monoaminodinitro and
diaminomononitro derivatives. Little unchanged TNT was found. Quantitative
differences in metabolites were evident vhen different treatment routes vere
used. Rabbits appeared to metabolize TNT 4t least quancitatively different
than other species. A red pigment in the urine, believed to result from a
metabolite of TNT and evident in humansg exposed to TNT in the workplace, was

also found 1in rats and mice but its source could not be idenctified. (El-hawari
et al., 1981),

While numerous effects of INT in humads exposad during the wanufaccturing
process have been reported, the most persistent effects involve the
hematopoietic system and the liver (Zakhari and Villaume, 1978). Occupational
health surveys (Friedlander et al., 1974; Morton and Ranadive, 1974; Buck and
Wilson, 1975) fndicate that these effects are generally detectable by changes
{in the hematological and chemical parameters of the blood and are readily
teversible upon removal of the individual from the source of exposure.
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Cataract cdevelopmenc in occupaticnally exposed workers has Seen reported
(rasspan ard Juran, 1968; Hassman'et al., 1978; Harkonen et a>., 1983; Maksz:e
et al., -984), but not among U.5. munitions workers.

Acute toxicity studies were conducted in rats and mice with =D s ranging Ircz
approximacely 800 to 1320 mg/kg in male and female rats and from 660 to 1015
og/kg i1n male and female mice (Lee et al., 1975; Dilley et al., 1978, 1982).
Toxic signs included inactivity with tremors, proceeding to symmetrical
coordinated convulsic~: sith death usually due to respiratory pardlysxs.
Survivors showed signs : ataxia and cyanosis. Red urine was noted in both
species within 10-60 minuces of dosing.

In skin and eye f{rritation tests, TNT produced no to mild i{rritation of rabbic
skin but did not {r-izate the eye when washed within five minuces. Lorger
periods of contact resulted in iritis and corneal opacity. In the guinea pig,
INT was a moderate semnsitizing agent (Lee et al., 1975; Newell et al., 1976).
Red staining of the skin and tissues surrounding the eye was evident.

Four-week feeding stuaies conducted by Levine et al. (1984a ag Appendix IV 1in
furedi et al., 1984d) {n B6C3Fl mice at levels up to 700 wg/kg/day produced no
mortality and few toxic signs. At the high dose, body weight was low,
bilirubin was increased, kidneys and testes of males were significancly
decreased in weight and white blood cell counts were low. Females had
increased platelet levels. The only significant pathological lesion found in
this study was a diffuge {ncrease in the amount of hemosiderin-like plgment -n
the red pulp of the spleen. At 100 mg/kg/day, body weights ware only
occasionally and slightly decreased, bilirubin was {ncreased and hemosiderosis
of the spleen was of minimal severity. Red urine was evident at high dose
levels.

Dilley et al. (1978, 1982) conducted four-week feeding studies in dogs, rats
and mice ac levels up to 20, 100 and 185 mg/kg/day, respectively. Red urine
appeared in dogs at the high dose and in rats and mice at the two highesc
levels. Significant findings in all three species included a decrease in Sodv
weight with an accompanying decrease in food intake, mild to moderate aneamia,
and increased spleen weights with hemosiderosis. Rats also showed signs of
testicular atrophy and increased liver weights while dogs and rats had
increased cholesterol levels and decreased serum glutamic pyruvic-acid
transaminase (SGPT) activity. In the one dog/sex/level allowed to recover :sr
four weeks, iron levels were greatly increased i{n both saxes. In the rat
study signs of testicular atrophy and hemosiderosis of the spleen were also
seen at cthe next highest treactment level, approximately 42 mg/kg/day. Effects
of TNT on mice were minimal.

This four-week feeding study was continued in surviving animals for an
additional nine weeks (Dilley et al., 1978, 1982)., Rats shoved a persiszen:
negative effect on body weight while anemia remafined evident in all three
species. Racs and mice had hemosiderosis of che spleen and dogs and mice -ac
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elevated liver weight wicth some necrosis evident in mice. Cholesterol level.s
were increased and SGIT activiey was decreased in dogs and rats but were notc
studied in mice. Only one.death occurred {n these studies Wlth one acg dving
during week ll. Signs of anemia were minimal in dogs. In the rats, anem:a
and hemosiderosis of the spleen were also evident ac the 35/mg/kgiday lave!l.
Iron levels were decreased in males at all but the lovest dose and glucose was
decreased in the two lowest dose levels. High-dosed male rats fed TNT for 13
weeks were reported to have testicular atrophy and hyperplasia of che
intersctitial cells. The only eifect reported as treatment-related for mice
fed INT for 13 veeks was hemosiderosis of the spleen. Some necrosis of the
liver was seen in the mice allowed to recover for an additional four weeks.

A |3-wveek feeding study conducted by Levine et al. (1981, 1984b) in Fischer
344 rats fed TNT at levels up to 300 ng/kg/day produced similar results.
Lechargy and ataxia were observed early in the study. Small testicular size
was nocted by palpation during Week 6 in the high-dosed males. Reductions in
Sody weight were seen at most dose levels {n males and in females at 125 and
300 mg/kg/day. Other dose-relaced findings included anemia, elevated serum
cholesterol levels, hepa:omeggly, testicular atrophy, and tncreased spleen and
kidney weights, Histopathology revealed brain lesions, hepatocytomegaly,

increased pigmentation of the spleen and the kidney, splenic congescion and
testicular lesions.

In a 90-day feeding study in monkeys (Marctin, 1974) and dogs (Hart, 1974), the
only effects reported as possibly treatment-related were necrotic or abnormal
magakaryocytes in high-dosed female monkeys (1.0 mg/kg/day) with increased
iron-positive material in the liver cord cytoplasm and a slight increase (n
hemosiderosis of the bone marrov in high-dosed (1.0 mg/kg/day) dogs.

Levine et al. (1983) also studied the effacts of TNT on dogs doeed over a 26
week period. Two deaths occurred at the highest dose level (32 mg/kg/day).
Cther effects at this level included dehydration, veight loss, jaundice,
hypothermia, diarrhea, ataxia, anemia, elevations in bilirubin, serum globulin
and lactic dehydrogenase (LDH), and decresses in SGPT and glucosa.
Histological examination revealed hemosiderosis of the spleen and liver,
splenic congestion, increased spleen and liver veights, hepatocytomegaly with
hepatocytic cloudy swelling and cirrhosis. Effects on the liver vere evident

act all dose levels (0.5 to 32 mg/kg/day), although minimally so at the lowesc
dosas.

Lifetime feeding studies were conducted by Puredi et al. (1984a=f) in Fischer
344 rats and B6CIFL mice at levels up to S0 and 70 mg/kg/day, respectively.
Significant adverse effeacts in rats fed INT for two years included decreases
in veight gain and food consumption, anemia, methemoglobinemia, myelofibrosis
of the bone marrow, congestion, exctramedullary hematopoiesis and hemosiderosts
of che spleen, increases in liver, kidney and spleen veights, hepatocellular
hyperplasia with cyscic degeneration, alterations in lipid and protein
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Tetano..sm, spotted ang cystic kidneys with pigmenctation, taflamration ancg
syTobcerric wniiltracion, hyperpldsia of the renal pelvis and uyrinary Yladdar
Ffvperplasia, papilloma and carcinoma. Several effects were significant at =-a
2 ngs/kg/cay dose level.

in the study {n mice, effects related to TNT intake included m1ld decreases :in
weight gain, anemia, occasional elevations in relative weights of the liver,
kidneys, spleen and heart, extramedullary hematopoiesis of the spleen,
cytoplasmic vacuolization of the renal tubules (males), renal lymphocytosis
and enlarged spleen and lymph nodes (females). Effects in mice were seen in
animals receiving 10 mg/kg/day or more.

Trinitrotoluene vas reported to be strongly amutagenic in Salmonella
typhimurium in all test strains at various dose levels (Ellls et al., 1978).
In vivo cytogenic analysis on bone murrow cells from rats revealed no evidence
of genetic damage induced by TINT while an in vitro measurement of unscheduled
DNA synthesis (UDS) i{n human diploid fibroblascs suggested a positive response
at higher dose levels (Dilley et al., 1978).

Ashby et al. (1983) reported a negative tesponse in a mouse bone marrow
@icronucleus assay while am in vive/in vitro rat liver assay for LDS was also
negacive.

Intake of TNT in the diet for two years at levels up to 50 mg/kg/day in rats
was reported to cause cancer in the female animals. Femals ratg fed TNT at .C
and 30 mg/kg/day showed an increase in the incidence and severity of
hyperplastic, preneoplastic and necplastic lesions of the mucosal epithelium
of the urinary bladder (Furedi et al., 1984a-f).

No studies on the possible reproductive or developmental effects of TNT were
found. However, potential reproductive effacts were noted in 13-week feeding
studies (Levine et al,, 1981, 1984b).

Several methods of chemical analysis for TNT in water have been reported with
a high performance liquid chromatography (HPLC) method apparently guitable for
detection of TNT in LAP discharge wastevatar samples. The lowver limit of
decection vas reported to be 0.1 ppm (Spanggord et al., 1978).

Treatment of "red water" and "pink water" wastas is accomplished differently.
A sulficte recovery (SONOCO) process appears most feasible for treating red
vater waste and has been adapted for use at the Radford AAP (Ryon et al.,
1984).

Granular activated carbon (GAC) adsorption is the current method for treating
plok water wastes. A mechod to regenerate the spent carbon is under
development (Pal and Ryon, 1986) but the presence of other munitions in the
wastewater places limitations on the GAC method (Burrows, 1982). An alternace
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nydroperm microfiltration system s under development (Sundaram et al.,
as cited in Pal and Ryon, i986).

GE.
3ased on the significant findings of che foregoing studies; HA values ‘for
One-day, Ten-days and Longer-Term were established ar 20 -8/L, the Drink:ing
water Equivalent Level (DWEL). A DWEL is defined as the medium-specific (:n
this case, drinking vater) exposure which ig interpreted to be protective Zor
non-carcinogenic endpoints of toxicity over a lifetime of exposure., This DWEIL
ls calculated for a 70 kg adult consuming 2 liters of water per day. The
Lifecime HA {s 2 ug/L and assumes 20% relative source contribution. TINT is
classified as EPA Group C, possible human carcinogen.

The estimated excess cancer risks associated with lifetime exposure to
drinking water con:aéning INT ac 20 ug/L and 2 wg/L have been calculated to be
2 x 107 and 2 x 10 7, respectively.

DISCUSSION

Available data on the pharmacokinetics, health effects, analysi{s and treacment
of TNT have been reviewed.

The pharmacokinstic properties of INT have been studisd in various species and
resules indicace that it {s easily absorbed, and that metabolism is
qualitatively similar, if quanticatively different, i{n all three species.
Lictle data (s available on the metabolism in humans; however, humans as well
as rats, mice and dogs (at high-dose levels) produce a metabolice, as yet
unidentified, that causes a red color to appear in the urine. Identificacion
of this color-producing metabolite could be significant to the metabolic
profile of TINT but does not necessarily impact on the development of a HA.

The available studiss on the toxicity of TNT include LD_.s in rats and mice,
short-term (four-weeks in dogs, rats and mice) and longer-term (ll-wveeks in
dogs, rats, mice and monkeys; 26-veeks in dogs; and 24-months in rats and
nice) studies including assessments for carcinogenic potential. Results of
these studies produced similar results in most species with effects on the
hematopoietic system (anemia with related effects in the spleen) apparent from
the shortest term through lifetime studies. Effacts on the hepatic and renal
systems became apparent with increasing length of exposure. Available data
following human exposure to TNT in the workplace indicate similar effects in
the various human systems. The only seeming inconsistency in these studies
was the testicular atrophy apparent in the several studies in rats fed TNT for
up to ll-weeks but not evident in a lifetime study in chis species. Data
suitable for One-day, Ten-day and Loanger-tera HAs are unavailable but the
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SATL of 20 g, b {s corsicered ro be a conservative estimate Ior safe excosiza
t2-e.s5 for nom-carcincgenic endpoints of toxicity over a li::tetime of exposure
T-ese cata are supported by consistent effects 1 the various longer-terz
sgudles.

Ta view of the testicular effecrs in rats, the need for a three-generat:ion
repraduction s=<-. .ong with developmental studies, both of which are
currently lac' - -5 of primary importance.

While the various mutagenic assays differed somewhat {n their results, most
negative data occurred at low doses with positive results for mutagenic
activity predominating at the higher doses. The results of in vivo and in
vitro assays for cytogenetic effects were somewhat uncertain, largely due to
limitacions based on solubility of TNT in the various systems and to
interference from discolorations in the samples. Nevertheless, mutagenicirty
studies are adequate,

ividence has been presented that TNT is :arcinogenic to rats. The carcinomas
of the bladder in female rats fed TNT for 2 years were not previously
indicated by short-term toxicities (but identification of the red
color-producing metabolite of TNT becomes of possible significance). la the
mouse study, TNT was administered in the diet for up to 24 months. Groups of
75 mice per sex received INT at doses of 0, 1.5, 10, or 70 mg/kkg/day. Ten
mice per sex per dose were killed following 6 and 12 months on test wich
surviving animals killed after 24 months of treatment. The major systemic
effects observ-: .2 the high (70 mg/kg/day) dese group included anemia wich
hepatotoxicity. {nis indicates the MTD was achieved. The study authors
reported that the incidence of combined leukemia/malignant lymphoma {r the
spleen of females increased with dose. They reported that the increase was
statiscically significant (p<0.05) at che 70 mg/kg/day dose level {high dose)
and that the lesions vers congidered Cto be treatment--related. This vas an
inappropriate conclusion bsssd upon current NTP guidelines {McConnell et al.,
1986). These guidelines icdicate that it is appropriate to combine all types
of paligrnant lymphoma and lymphocytic leukemia, but not in & single organ.
These types af tumors occur throughout the hematopoietic system. Upon
recounting these tumors, by each sex or bocth sexes combined, ia the whole
animal, the statistical significance is lost (i.e., p>0.05) using the
Figsher-Irwin Exact Test to compare dosage groups and the Cochran-Armitage Tesc
for Trend. Therefors, based upon the statistical analyses, this study is
considered to be negative with no tumors related to TNT exposurs.

It has been reported in the literature cthat TNT may be associated with
cataract formation in humans (Hassman and Juran, 1968; Hassman et al., l978:
Zakhari and Villaume, 1978; Harkonen et al., 1983; Makicie et al., 1984).
Similar findings have not been reported among munitions workers in the Untize:z
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Staces nor has this fiading been supported by data in rats and wice subjecced
zo extensive ophthaimic examiracions at various periods chroughout the l-vear
feeding studies.

Several methods of analysis for TNT in wastewater have baeen reported. Omne
method utilizing HPLC appears to be capable of being adapted to a sensitivity
lavel suitable Ior detecting those levels of TINT that may be considered
hazardous to health. The lowver limits of detaction for this method wera
reported as 0.1 ppm, lowerable by a factor of 2 at 210 nm (equivalent to 50
g/l for this lower limit of detectabilicy (Spanggord et al., 1978)).

Methods for treating both "red" and "pink" waters are available. Since red
water has been declared a "hazardous waste" by the EPA (Ryon et al., 1984),
fts disposal by concentration, incineration and landfilling of the ash is no
longer consideresd suitable. Alternate methods of treacment are under active
invegtigacion (Ryon et al., l984) and an adaptation of a sulfite recovery
process (SONOCO) currently being used at the Radford AAP appears to be a safe
and effective treatment method for this toxic waste.

Treatment of pink water, vhile not presenting as hazardous a waste disposal
problem, does present problems of economic feasibilicy due to the quancicies
of pink watsr wastes generated during the variocus production processes.
Adsorption by activated carbon has baen and remains a viable treatment method.
Methods to regenerate the spent carbon are undergoing active f{avegtigatcn
(Forsten, 1980 as cited in Ryon et al., 1984) and their developmant should
telieve some of the economic burden of this wasts trsatment method. An
hydroperm microfiltration system is also undergoing active study and may
provida an alternate treatment method (Sundaram et al., 1981 ag cited in Pal

and Ryon, 1986). Both analysis and treatment methods for TNT in wastewvaters
are adequats,

. CONCLUSIONS/RECOMMENDATIONS

Based cu the above discussion, the following conclusions/recommendations are
made:

1. The available studies on the toxicity of TNT are generally
considered adequate for development of & HA useful in dealing with
the potential contamination of drinking vater.

2. No daca are available on tha reproductive and developmental effeccts
of TNT. 1Ian viev of the testicular sffects seen in rats fed INT for
periods up to l3-weeks, a three-generation raproduction study acd a
study to decermine possible developmental effects, utilizing
currently accapted protocols, 18 recommaendad.
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Available data on the occurence of cataracts in European workers
clearly ind:icate that TNT does produce this effect. However, actua.
air levels, absorbed dose, and mechanisms of toxicity are not clear.
These difficulcies are compounded by the fact that cataracts have rot
been noted irn U'.S. TNT-workers. Cataract development is an effect
that must be clarified by further studies to decermine the dose and
mechanism producing this effect. Additional scudies in individuals
exposed to INT {n occupational settings should be considered. In
particular, thorough ophthalmological examinations should be
routinely performed.

Aside from the aforementioned data gaps, no further studies on TNT,

as relates to its possible presence in drinking water, are deemed
necessary at this cime,

A3-10



XEFZRENCES

\
Ashby J, Burlinson B, Lefevre Pa, Topham J. 1985. Non-genotoxicity of
¢y4,6-crinitrotoluene (INT) to the mouse bone marrow and che rat liver:
laplications for {its carcinogenicity. Arch. Toxicol. 58:14-19.°

Buck CR, Wilson Jr. SE. 1975. Occupational Health Special Study No.
32-049-75/76. Adverse healch effects of selected explogives (TNT, RDX),

January-November, 1975. U.S. Army Environmental Hygiene Agency, Aberaeen
Proving Ground, MD, ADB-010943 L.

Burrows WD. 1982, Tertiary creatment of efflur-t from Holston AAP Induserial
Liquid Wacer Treatment Facilicy. I. Batch carbon adgorption studies: INT,
RDX, HMX, TAX and SEX. U.S. Aruy Medical Bioenginearing Research and
Development Laboratory, Technical Report 8207, Fort Detrick, MD, AD-Al2l 244,

Department of the Army. 1967. Mil{tary Explosives. Trinitrocoluene.
Department of the Army Technical Manual T 9-1300-214, P. 7=35 to 7-45.

Dilley JV, Tyson CA, Newell GW, 1978. Mammalian toxicological evaluation of

INT wastevaters. Volume II. Acute and subacute mammaliar toxicity of TNT and
the LAP mixture., Final Report. SRI International, Menlo Park, CA.
DAMD17-76-C~6050. AD-A080 957.

Dilley JV, Tyson CA, Spanggord RJ, SAsmore DP, Newell GW, DAere JC. 1982,
Short-cerm oral toxicity of 2,4,6-trinitrotoluene in mice, rats, and dogs. J.
Toxicol. Environ. Health 9(4):565-585.

El-hawari AM, Hodgson JR, Winston JM, Savyer MD, Hainje M, Lee C-C. 1981.
Species differences in the disposition and metabolism of 2,4,6-trindicrotoluene
as a function of route of adninigcraction. Final Report. Midwest Research

Instituce, Project No. 4274-B, Kansas City, MO, DAMD17-76-C-6066.

Ellis HV 11, Hodgson JR, Hwang SW, Halfpap LM, Helton DO, Andersen BS, van
Goethem DL, Lee C-C. 1978, Mazmalian toxicity of munitions compounds, Phase
I: Acute oral toxicity, primary skin and eye irritation, dermal
sensitization, disposition and metabolisa, and Ames tests of additional
compounde. Progress Report No. 6. Midwvest Research Institute, Project Vo
390G-B, Kansas City, MO. DAMD-17-74-C-4073, AD-A069 333.

Forsten I. 1980. Disposal of hazardous toxic munition waste. Natl. Coan?
Eaviron. Eng. Proc. ASCE Environ. Eng. Div. Spec. Conf., 1980:440-452, as
cited i{n Ryon et al., 1984.

Al-11



Fr.ed.ander 3R, Vorpahy Kw, Glean RE, crdan PT. 1974, Occupational sHea.:zn
Specia- Study No. 93-0iC-74. Ape' 13C0 Wasn-out Fiant, Letcerkenny Aray depo:,
Chaampersourg, Pennsylvantia, 14=15 March [§74. U.S. Arzy Environmental Hvgiere
Agency, Aberaee~ Proving Ground, MD, AD-919 037L.

furedi EM, levire BS, Gordon DE, Rac VS, Lish PM. 1984a. Detercination of
the chronic mammalian coxicological effects of INT (Twentv=-four month chron:c
toxicity/carcinogenicicy study of trinitrotoluere (TNT) in the Fischer 3J4s
rat). Final Report - Phase III, Volume 1. IIT Research Instictute, Project
No. L6li6-Scudy No. 9, Chicago, IL., DAMDL7-79~C-9120. AD-Al68 637.

Furedi EM, Levine BS, Gordon DE, Rac VS, Lish PM. 1984b. Determination of
the chronic mammalian toxicological effects of TNT (Twenty-four month chren:c
toxicity/carcinogenicity study of trinitrotoluene (INT) in the Fischer 344
rac). Final Report - ?hase III, Volume 2. IIT Research Institute, Project
No. L6li6-Study No. 9, Chicago, IL. DAMDLI7-79-C=-9161. AD-al68 637.

{
Furedi EM, Levine BS, Gordoun DE, Rac VS5, Lish PM. 1984c. Decermination of
the chronic mammalian toxicological effects of INT (Twenty-four month chronic
toxicity/carcinogenicicy scudy of trinitrotoluene (TNT) in the Fischer 344
rac). Final Report - Phase III, Volume 3. IIT Research Iastitute, Project
No. L61l6-Scudy No. 9, Chicago, IL. DAMD17-79=-C-9120. AD-Al68 637.

Furedi EM, Levine BS, Sagartz JW, Rac VS, Lish PM. 1984d. Determination o?

the chronic mammalian toxicological effects of TNT (Twenty-four month chronic
coxicity/carcinogenicity study of trinitrotoluene (TNT) in the B6C3Fl hybrid

mouse). Final Report - Phase IV, Volume !. IIT Research Institute, Project

No. L6l16-Scudy No. ll, Chicago, IL. DAMDI7-79-C-9120, AD-Al68 754,

Furedi EM, Levine BS, Sagartz JW, Rac VS, Lish PM. 1984e. Determination of
the chronic macmselisn toxicological effects of TNT (Twenty-four month chronic
toxicity/carcinogenicity study of trinitrotoluene (INT) in the-B6C3Fl hybrid
mouse). Final Report - Phsse IV, Volume 2. IIT Kesearch Institute, Project
No. L6116~-Study No. i1, Chicago, IL. DAMD17-79«C-9120. AD-Al68 754.

Furedi EM, Lavine BS, Sagartz JW, Rac VS, Lish PM. 1984f. Determination of

the chronic msmmalian toxicological effects of TNT (Twenty-four month chronic
toxicity/carcinogenicity study of trinitrotoluene (TNT) in the B6C3IF! hybrid

mouse). Final Report - Phase IV, Volume 3. IIT Resesrch Inscitute, Project

No. L6116-Study No. 11, Chicago, IL. DAMDL17-79-C-9120., AD-Al68 754.

Harkonen H, Karki M, Lahti A, Sevolainen H. 1983, Early equatorisl cataraccs
in vorkers exposed to trinitrotoluene. Am., J, Ophthalmol. 95(6):807-810.

Hart ER. 1974. Subacuce toxicity of RDX and TNT in dogs. Final Reporc.

Litcon Bionectics, Inc., Project No. 1399, Kensington, MD., NOOO14=-73-C-01%2
AD-AQ35 717,

A3-12



Hartley WR, Anderson AC, Reimers RS, Abdelghari AA. 198]. Separation asrd
decermination of dinicrotolueme i1somers in water by gas chromatography .
froceedings of University of Missouri's LSch Annual Conference on Trace
Substances in Environmental Health. Columbia, MO, p. 298-302.

Hassman P, Hassmanova V, Borovska D, Preiningerova 0, Hanus H, Juran J, Sverak
J. 1978. [(Health condition of workers chronically exposed to trinicrocolyene
from a neurological and psychiatric standpoint.) Cesk. Neurol, Neurochir.
61(6):372-379. (Czech).

Hasswan P, Juran J. 1968. [Cataract in persons working with trinitrotoluene
(INT).] Int. Arch. Gewerbepath. Gewerbehyg. 24:310-318. (Ger.)

Hodgson R, Winston .M, House WB, El-hawari AM, Murrill EE, Wiegand WwJ,

Burton W, Lee C-C. 1977. Evaluation of difference in mammalian metabolism of
trinicroctoluene (INT) as a function of route of administracion and
carcinogenesis testing. Annual Progress Report No. 1, Midwest Research
Inscitute, Project No. 4274-B, Kansas Cicy, MC. DAMD 17-76-C-6066.

-erger DE, Simon PB, Weitzel RL, Schenk JE. 1976. Aquatic field surveys at
lowa, Radford, and Joliet Army Ammunicion Plants. Volume III,
Microbiological investigation, lows, and Joliet Army Ammunitiom Plants. Final

Report. Environmental Control Technology Corporation, Ana Arbor, MI.
DAMDL7-75-C-5046. AD AQ36 778.

Lee C-C, Dilley Jv, Hodgson JR, Helton DO, Wiegand WJ, Roberts DN, Andersen
BS, Halfpap LM, Kurtz LD, West N. 1975, Macmalien toxicity of municion
compounds: Phase I. Acute oral toxicity, primary skin and eye irritacion,
dermal sensitization, and disposition and mecsboliswm. Report No. 1, Midwest

Research Institute, Project No. 3900-B, Ransss City, MO. DAMD 17=74=C~4073,
AD-BOLl1 150,

Levine BS, Furedi EM, Burns JM, Lish PNM. 1984a. Four week subchronic
(explora:ory/ranao-finding) oral (diet) toxicity study of trinitrotolucne
(INT) {n the B6C3Fl hybrid mouse. Finsl Report. 1IT Research Institute,
Project No. L6116, Study No. 8, Chicsgo, IL, Contract No. DAMD-17-79-C-9120 as
Appendix IV {n Furedi et al., 1984d.

Levine BS, Furedi EM, Gordon DE, Burms JM, Ligh PM. 1981. Thirteen week oral
(diec) toxicity study of trinicrotoluene (TNT), hexahydro-l,3,S5-trinitro-
1,3,5-triazene (RDX) s#nd TNT/RDX mixtures in the Fischer 344 rst., Finsl
Report. IIT Ressatch Institute, Project Nos. L6116/L6121, Chicsgo, IL. DAMD
17-79-C-9120/DAMD 17-79-C=9161. AD=ALl08 447,

Levine BS, Furedi EM, Gordon DE, Lish PN, Barkley JJ. 1984b, Subchronic
toxicicy of trinitrotoluene in Fischer 344 racs. Toxicology. 32:253-265.

Al-13



~evine 35, Rust JH, Burns M, Lish PM. 1983. Decterzination of -he chraor::
—az=zal.ar toxicological effecczs of INT. Iwenty-six week subchronic oral
ioxzcoz, study of trinicrotoluene (INT) 1in the Beagle dog. Phase 1T, F:inal
Repcrz, 117 Research Insctzcuce, Report No. L6116, Study No. 3, Chicago, IL.
ZaMD 7-73-C-9120. AD-Al37 082,

Yakitie J, Harkonen d, Someroja S, Ahonen R. 1984. Trinitroctoluene 1acuced
lens opacities and the use of retroilluminacion photography., ACTA Ophthalaol.
WSuppl.) 164:40.

Marcin DP. 1974. Subacute toxicity of RDX and TNT in monkeys. Final Repor:.
Litcon 3ionetics, Inc., Project No. 1366, Kensington, MD. NO0O14-73-C-C162,
NR 108-985. AD-A044 650/0.

McConnell EE, Solleveld HA, Swenberg JA and Boorman GA. 1986. Cuidelines fer
cozbining necplasms for evaluation of rodent carcinogenesis sctudies. .. Nacl.
Can. Ins. 76(2) 283-289,

Morton AR, Ranadive MV. 1974. Occupaticnal Health Special Sctudy No.
32-093-74/75 Newport Army Ammunicion Plane, Newport, Indianas 47966, 6 August
1973 - 10 April 1974. Final Report. U.S, Army Environmental Hygiene Agency,
Aberdeen Proving Ground, MD., D92328SL.

Nay MW, Randall CW, King PH. 1974, Biological treatability of
trinitrotoluene manufacturing water. Water Poll. Control 46: 485-497 as c:ted
in Ryon et al., 1984,

Newell GW, Dilley JV, Spanggord RJ. 1976. Mammalian toxicological
evaluations of TNT wvascewater ("pink water"). Final Report. Stanford Research
Instictuce, Menlo Park, CA. DAMD 17-74=C=4115. AD=AO4LL 78S.

Pal BC, Ryon MG. 1986. Database assessment of pollucion control in the
military explosives and propellants industry. Finsl Report. Oak Ridge
Mdational Laboratory, Osk Ridge, TN., AD ORNL-6202.

Patterson J, Shapira IN, Brown J, Duckert W, Polsos J. 1976.
State-of-the-art: Military explosives and propellsnts production industrv.
Volume I-III., EPA-600/2-76=213a=c. U.S. Environmental Protection Agency as
cited in Ryon et al., 1984,

Ryon MG, Pal BC, Talmage SS, Ross RH. 1984, Dstabase assessmant of cthe

healcth and eavironmental effects of munition production waste products.
Final report. Oak Ridge National Laboracory, Osk Ridge, TN., AD ORNL-6018

Al-l14



Sancck: SL, Simon P8, weitzel RL, Jerger DE, Schenk JE. 1976, Aquatic flels

b a

surveys at lowa, Radford, and\Joliet Army ammunition Plants. Voluze I. rTowua
aray aAmmuncion Plant. Final Report. Eavironmencal Control Technolog:
Corporacion, Ann Arbor, MI, DAMDL7-75-C-5046. AD A036 776 as cited in Rvon et

al., 1984,

Spanggord RJ, Gibson BW, Keck RG, Newell GW. 1978. Mammalian toxicological
evaluation of TNT wastewaters. Volume I, Chemistry Studies. Annual Repore.,
SRI International, Menlo Park, CA. DAMD 17-76-C-6050. AD-AOSY 434,

Spanggord RJ, Mill T, Chou T-W, Mabey WR, Smith JH. 1980. Envirormental fate
studies on certain munition wasctevater constituents - Phase II, Laboracory
studies. Final Report. SRI International, Menlo Park, CA. AD-A099 56.

Sundaram TR, Santo JE, Tatyrek AF. 1981. Hydroperm microfiltration syscem for
treatment of TNT pink wastewater, Part I, No pretreatment. Report

AD-B056 940L. U.S. Army Armament Research and Development Command. 70 pp. as
cited in Pal and Ryon, 1986.

Zakhari A, Villaume JE. 1978. A Literature Review - Problem definition
studies on selected toxic chemicals. Volume 3 of 8, Occupational healch and
safety aspects of 2,4,6~-trinitrocoluene (TNT). Final Report, Science
Information Services Organization, Philadelphis, PA. DAMD 172-77-C-72320,
AD=-055 683.

Al-15



