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This study was conducted to evaluate the toxicity of the
munitions compound trinitrotolune (TNT); CAS Reg. No.
118-96-7) In Fischer 344 rats when administered In their diet
for up to 24 months. Groups of 75 rats per sex received TNT
at doses of 0, 0.4, 2, 10, or 50 mg/kg/day. Ten rats/sex/dose
were sacrificed following 6 and 12 months on test with
surviving animals sacrificed after 24 months of treatment.
Toxicologic endpoints Included clinical signs, body weights,
food consumption, hematology, clinical chemistry,

* ophthalmology, organ weights, and gross and tissue morphology.

The chronic administration of TNT to male and female F344
rats at doses up to 50 mg/kg/day did not alter survival rates
of these animals. Clinically, reductions In food consumption
and corresponding decreases In body weight gain were seen for
males and females given 10 or 50 mg/kg/day. No other clinical
signs of toxicity were apparent except for a greater frequency
of ocular discharge for high dose animals than for
corresponding control animals. Ophthalmic examinations and
histologic evaluation, however, failed to detect
treatment-related ocular abnormalities.

Anemia consisting of reduced hematocrit, hemoglobin and
RBC's was seen for males and females receiving 10 or 50

. mg/kg/day with male rats appearing to be more sensitive than
females. Increased production of reticulocytes was seen as a

*compensatory response to the anemic state. Bone marrow
appeared fibrotic for females but not males and splenic
lesions consisting of sinusoldal congestion, extramedullary d

• "hematopolesis, and Increased quantities of a hemosiderin-like
* pigment were seen. Thus, TNT appears to Induce anemia by a

hemolytic process. This Is further supported by the
" observance of Howell-Jolley and Heinz bodies and the presence
. of methemoglobin In the circulating blood, all of which

suggest the oxidizing nature of TNT and/or Its metabolites.

Liver Injury, primarily at 50 and to a lesser extent at
10 mg/kg/day, was Indicated by several observations.
Increased liver size was seen at these do-es, with
hepatocellular hyperplasia observed for males but not females
during the second year of the study. Hepatotoxicity was also
suggested by altered lipid and protein metabolism as evidenced
by Increased serum cholesterol, triglycerlde levels and
Increased serum albumin levels. Additionally, alkaline

*phosphatase activity was altered for TNT-treated animals.
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Blood urea nitrogen (BUN), and on occasion serum
potassium levels, were slightly elevated for animals receiving
50 mg/kg/day of TNT. Renal Injury was substantiated by organ
weight analysis and gross and tissue morphology examinations.
Kidney weights were elevated for animals of both sexes
receiving 10 or 50 mg/kg/day. Brown mottled kidneys were seen
at necropsy for high dose animals with Iron-negative
cytoplasmic bodies and nuclear hypertrophy of cortical
proximal convoluted tubular cells observed microscopically at
2 mg/kg/day or greater. Additional toxic effects on the
urogenital system, primarily seen for high dose animals,
Include hyperplasia of the renal pelvis, Inflammation with
lymphocytic Infiltration of renal tissue, and for females
only, urinary bladder hyperplasla, papilloma, and carcinoma. --

The observance of carcinoma of the urinary bladder
suggests that TNT is a carcinogen to F344 rats under the
conditions of the present study. Hepatocellular, renal and
urinary bladder hyperplasia support this concept. These
hyperplastic/neoplastic lesions were seen at doses of 10
mg/kg/day or greater. Additional toxic effects of TNT seen
primarily at 50 mg/kg/day Included Increased numbers of
circulating platelets, elevated blood calcium, and Increased
heart weights. Tissue morphology studies did not support
these observations.

In summary, the major toxic effects observed during the
administration of TNT to F344 rats for up to 24 months
Included anemia with secondary splenic lesions,
hepatotoxicity, and urogenital lesions. In addition,
hyperplastic and/or neoplastic lesions of the liver, kidneys
and urinary bladder were observed. Based on the observance of
splenic congestion, Increased amounts of pigment deposition In
the kidneys, and bone marrow fibrosis at doses of 2.0
mg/kg/day or greater, the no-effect level under the conditions
of the present study Is 0.4 mg/kg/day.
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The U.S. Army Medical Bloengineering Research and
Development Laboratory (USAMBRDL), Fort Detrick, Frederick,
MD, has been conducting a research program since 1973 for the
purpose of developing the scientific data base necessary for
recommending water quality criteria for compounds unique to
the munitions Industry. A water quality criterion (as defined
by the amended Clean Water Act, 1977) is a qualitative or 0
quantitative estimate of the concentration of a pollutant In
ambient waters that, when not exceeded, will ensure a water
qual ity sufficient to protect a specified mater use. The
criterion Is a scientific entity based solely on data and
scientific judgement. It does not reflect considerations of
economic or technological feasibility. Currently, a water •
quality criterion consists of two separate numerical limits,
one for the protection of human health and the other for the
protection of aquatic organisms. These numbers, when
translated by the appropriate regulatory agency, can be the
basis of enforceable discharge or effluent limitations in a
point source discharge permit issued under the Clean Water 0
Act.

Since a water quality criterion is to protect designated
water uses, a diverse, multidisciplinary research program was
developed by USAMBRDL that Includes "effects" studies on
laboratory and domestic animals, wildlife species, aquatic
organisms, plants, and economically important crops. In
addItIon, extensive chemical and biological fate and
persistence tests are conducted to provide information on the
behavior of a pollutant In the aqueous environment. These
kinds of data are especially useful for makIng site-specific
translation of criteria Into enforceable discharge limits.

This report represents a portion of the mammalian
toxicology data base being developed by USAMBRDL on
trinitrotoluene.

&aimgl L jxr-janijligj-j In conducting the research
described In this report, the investigator(s) adhered to the
"Guide for the Care and Use of Laboratory Animals," prepared
by the Committee on Care and Use of Laboratory Animals of the
Institute of Laboratory Animal Resources, National Research
Council (DHEW Publ ication No. (NIH) 78-23, Revised 1978).

Citations of commercial organizations and trade names In
this report do not constitute and official Department of the
Army endorsement or approval of the products or services of
these organizations.

15l
0



Sm

This report was prepared at IIT Research Institute, 10
West 35th Street, Chicago, Illinois, 60616, under U.S.
Department of Army Contract No. DAMD17-79-C-9120 (I ITRI
Project No. L06116) entitled "Oetermination of the Chronic
Mammalian Toxicological Effects of TNT". Mr. Jesse J.
Barkley, Jr., Environmental Protection Research Division,
USAMBRDL, served as the Contracting Officer's Technical
Representative for this program.

The work reported herein was conducted in the Toxicology
and Pharmacology Section of the Life Sciences Department and
represents a portion of the overall effort of the above named
research program. Paul M. Llsh, Ph.D., Scientific Advisor,
served as Principal Investigator. Barry S. Levine, D.Sc.,
Senior Toxicologist, and Eva M. Furedl-Machacek, DVM, served
as consecutive study directors and were responsible for the
overall conduct of the study and for final report generation.
Dr. :uredl-Machacek also served as study toxicologist and was
responsible for the supervision of the technical support
personnel. John M. Burns, DVM, Senior Veterinary
Pathologist, Bobby R. Collins, DVM, M.S., and Vladislava S.
Rac, DVM, M.S., were consecutively responsible for supervision
of gross necropsles. Carol A. Thompson, DVM, M.S., tabulated
the gross necropsy data. Ors. Burns and LevIne served as
consecutive heads of the the clinical pathology laboratory,
and Don Reitman, Samuel Terese, B.S., (ASCP-MT), and Debbie L.
Sava, B.S., (ASCP-MT), were responsible for generation of
clinical pathology data. Donovan E. Gordon, DYM, Ph.D.,
Consultant, Veterinary Pathology, was responsible for
tabulation and evaluation of histopathology data. Bobby R.
Collins, DVM, M.S., and Joseph B. Harder, DVM, served as
cl incal veterinarians and supervised animal care personnel.
Joann M. HInz, B.S., and Robert M. Renaud, B.S., were
responsible for the collection of test data. Dorothy Davis,
(ASCP-HT), was responsible for preparation of histology
slides. C. Susan West, DVM, performed the ophthalmic
examinations. Josephine M. Reed, M.M., M.S., Supervisor,
Quality Assurance, was responsible for the quality assurance
program. Robert Remaly, B.S., Senior Engineer, was
responsible for preparation of the test article premixes.
Hugh J. O'Neill, Ph.D., Manager, Analytical Chemistry and
Walter C. Elsenberg, Ph.D., Senior Chemist, were responsible
for chemical analyses of test articles, test article premixes
and test diets. Jean Graf provided the particle size
analyses. Kirit Parlkh B.S., was responsible for the Quality
Assurance program of chemical analyses. Robert Gibbons,
Ph.D., provided statistical and computational assistance.
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Biological laboratory inspections were performed on April

3, May 28, June 16, July 7, August 4 and 13, September 1 and

'" 29 and November 11, 1981; January 18 and 26, February 10,

March 11, April 15, June 2, July 8, August 12 and 24,

September 2 and November 10, 1982; January 26, March 1, 2,

* and 17, May 19, July 29 and August 2, 1983; and February 8,

Apr!l 6 and October 4, 1984. Data audits were performed

between January 26, August 2, November 29 to December 1 and

December 6 to 8, 1982; January 18 and March 17, 1983; and

January 23 to March 8, March 14 to 29, May 16, and June 7 to

July 10, 1984. The final draft report was audited between

April 14 and 22, 1986. Inspections and audits were performed

* by Josephine Reed, Julie McPhillips, and Kirit Parikh. The

study was found to meet Life Sciences Quality Assurance

criteria. Specimens and raw data generated during the study

w I ! be retained In the II TR I Life Sciences Archives as

specified in standard operating procedures.

Josephine M. Reed

Supervisor, Quality Assurance
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The U.S. Army Medical Research and Development Command %
(USAMRDC) has been directed to evaluate the potential hazards
to living systems of wastewater discharges from munitions
facilities. Of primary concern are the toxicologic effects to
mammalian systems of trinitrotoluene (TNT; CAS Reg. No.
118-96-7) . ThIs high explosive is routinely used in filling
shells and bombs. Washdown waters resulting from the loading
of this explosive into shells are discharged Into the
environment without significant treatment and are subject to
limitations Imposed by governmental regulatory agencies.
Evaluation of the potential hazards of these wastewaters to
human health Is, therefore, a necessary portion of the
data-base required to establish comprehensive environmental
criteria.

The present study was conducted to aid in this evaluation
by assessing the chronic toxicity and potential
carcinogenicity of TNT In Fischer 344 rats when administered
In the diet for at least 104 weeks. Information ultimately
derived from this comprehensive long-term toxicology study
will aid USAMRDC in developing criteria for the establishment
of effluent standards and in defining levels of treatment for
the Army t s pollution abatement program.

The study reported herein was conducted In accordance
with the IITRI Quality Assurance Program designed to comply
with FDA Good Laboratory Practice Regulations (1). Thus, all
terms used In this report, e.g. test article, raw data,
specimens, etc., are In agreement wIth the definitions set
forth In the aforementioned document.

A. fT.jj &rlifitJ "-

One hundred pounds of trinitrotoluene (TNT; CAS Reg.
No. 118-96-7), Batch No. VOL 11-011, was made available for
this study from stocks at the IITRI Kingsbury Ordnance Plant
(KOP) Explosive Facility, La Porte, IN. The test article was
stored at the facility In the dark and at ambient room
temperature and relative humidity. Upon initiation and at
termination of the treatment phase of the study, 30 g samples
were taken and stored under conditions similar to those for
Batch No. VOL I 1-01 .

17
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The purity of the test article was determined by high

performance liquid chromatography, as described in Appendix IA
(p. 116), with analytical standards provided by the Sponsor.
TNT purity was analyzed twice during this study and the
results were as follows: May 1982 (99.43 t 2.89%) and March
1983 (99.05 t 4.11%).

Particle size analyses were done in November 1979 and
November 1981 by the Fine Particles Research Section of the
Chemistry and Chemical Engineering Department of lIT Research
Institute. The results were as follows:

D.la &ua Nfuber 192 N mm 9 1

<22 187 38.4 38.4 68 13.6 13.6
22-44 101 20.2 58.6 143 28.7 42.3
44-66 69 1 4.2 72.8 87 17.4 59.7

66-110 57 11.7 84.5 86 17.2 76.9
110-220 44 9.0 93.5 73 14.6 91 .5
220-330 18 3.7 97.2 20 4.0 95.5
330-440 9 1 .9 99.1 14 2.8 98.3

>440 2 0.4 99.4 8 1 .6 99.9

Premixes for the test article, approximately 10% In
Purina Certified Rodent Chow No. 5002 (Ralston Purina Co.,
St. Louis, MO.), hereafter referred to as 5002, were prepared
on a monthly basis In 4 kg quantities at the KOP by IITRI db
Chemistry Department personnel. The 10% premixes and test
diets were stored at approximately 40C. Undiluted TNT was
handled in accordance with procedures for explosive and fire
hazards. The test article was ball milled with equal parts of
5002 without presifting and subsequently diluted with
additional 5002 In a twin shell blender to yield approximate
10% premixes. On and following Test Week 72, the diets that
were analyzed as described below were prepared from premixes
for which the 5002 was passed through a No. 45 sieve (355 um)
before ball milling with TNT. Procedres were changed because
homogeneity tests of some TNT diets prepared for this study
and for a parallel study with mice (I ITRI L06116 Study No.
11) showed large relative standard deviation.

Each TNT premix was tested for accuracy, homogeneity,
potency and recovery of the test article. Homogeneity testing
consisted of analyzing for test article concentration in each
batch of premix samples taken from six random container
locations. Premix stability was established for a period of

* * ..............................



seven weeks and later for a period of nine weeks by conducting
homgenelty tests at the Initial and the terminal points of the
7, as previously reported (2) or 9 week period (see below).
Recovery tests for the premix consisted of adding a known
quantity of test article to an aliquot of the premix extract.
The spiked sample subsequently underwent the Identical
analytical procedure as the actual premix. Toxicology Section
personnel received the test article as approximate 10%
premixes in 5002. These premixes posed little explosive or
fire hazard as previously demonstrated (2). Results of premix
analyses were as follows:

LOT NO. DATE PREPARED DATE ANALYZED % TNT + S.D.*

134-18 1-15-81 1-21-81 10.38 + 0.24
134-19 2-13-81 3-02-81 9.89 + 0.13
134-21 3-13-81 3-23-81 10.05 + 0.27
134-22 4-16-81 4-30-81 10.20 + 0.31
134-23 5-12-81 5-21-81 9.82 + 0.25
162-1 6-15-81 6-25-81 9.86 + 0.41
162-2 7-09-81 7-21-81 9.92 + 0.56
162-3 8-13-81 8-25-81 9.20 + 0.77
162-4 9-11-81 9-18-81 9.54 + 0.58
162-5 10-19-81 10-23-81 9.94 + 0.46
162-6 11-12-81 11-20-81 9.70 + 0.25
162-7 1 2-1 8-81 12-22-81 9.68 + 0.49
162-9 1-29-82 2-02-82 9.73 + 0.50
162-10 2-12-82 2-22-82 9.51 + 0.84
162-11 3-23-82 3-31-82 9.91 + 0.27
162-12 4-26-82 5-06-82 9.99 + 0.11
162-17 6-02-82 6-07-82 9.88 + 0.23
162-17** 6-02-82 8-18-82 9.47 + 0.43
162-19 7-13-82 7-19-82 9.04 + 0.33
162-20 8-16-82 8-19-82 9.58 + 0.29
162-21 9-10-82 9-16-82 9.87 + 0.20
162-22 10-18-82 10-22-82 9.85 + 0.56
162-23 11-22-82 12-01-82 9.74 + 0.68
162-24 12-20-82 12-30-82 9.93 + 0.21
162-25 1-20-83 1-25-83 9.78 + 0.37
216-01 2-24-83 3-01-83 9.84 + 0.37
216-03 3-23-83 4-01-83 9.52 + 0.18
216-04 5-03-83 5-09-83 9.49 + 0.25

* Six sampling locations

* Stability Study
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Following chemical analysis of the premixes to determine
test article concentration and homogeneity (Appendix lB and
ID), sufficient quantities were diluted with 5002 meal In a
twin shellI blender by toxicology personnel to achieve the
concentrations of the test article necessary to administer the
required dose levels on a mg/kg/day basis. The last two
periods' body weight and food consumption measurements for
each test group, by sex, were used to calculate the projected
weight gain and food consumption and afterward, the desired
dietary concentrations of the test article for the fol lowing
period. Twenty, and later, 16 kg of each test diet (in two
batches) were prepared on an approximate weekly basis. Unused
portions of 10% premixes were returned to KOP for disposal in
accordance with Instructions for safe disposal of explosives.
Surplus and uneaten portions of test diets were Incinerated.

Twenty-eight test diets (2 diets/sampling week) used In
Test Weeks 1, 12, 28, 36, 42, 48, 54, 60, 66, 72, 78, 84, 90,
95, 101 and 104 were analyzed for concentration and
homogeneity (Appendix IC and Appendix ID).* In addition, one
control and two test diets were monitored for stability under
animal cage conditions for one week. First, they were sampled
the day they were placed in the animals' cages and again one
week later from the uneaten portion of the diet. Recovery
studies of test diets consisted of adding a known quantity of
test article (spiking) to a weighed quantity of untreated 5002
In a measured volume of acetonitri le (the solvent used In the0
extraction procedure). The spiked samples subsequently
underwent the Identical analysis as the actual diet samples
and the percentage of recovery was calculated.

One sample of 5002, lot March 24 822G, was analyzed
during the course of the study by Trace Elements, Inc., Park
Ridge, IL (TEl) for those contaminants listed In the 5002
certification profile shown In Appendix 11. The analytical
resulIts are also shown In Appendix 11 except for the
chlortetracycline levels shown In Appendix VII. The
references to the procedures used by TEl are in Appendix Ill.
On the basis of the analytical results for chlortetracycline
content, aliquots from this and three additional reserve
s amplIes o f 5002 were sent to TEI for analysis . In addition,
al IIquots from these f o ur reserve samplIes were sent t3
S c Ien t If Ic Associates, In c ., S t Louis, MO, Woodson-Tenent
Laboratories, Inc., Memphis, TN, and Harris Laboratories,
Inc., Lincoln, NE for chlortetracycline analysis. Samples of
each 5002 lot used In the study were also analyzed for
nitrate, nitrite and mercury content by TEl.
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Fischer 344 rats, obtained from Harlan Sprague-Dawley,
Madison, WI, were used for this study. Four hundred and
twenty-six males and four hundred twenty-nine females were
received In good condition on February 12, 1981. They were 3
to 4 weeks old upon arrival, and random body weights (mean -
SD) recorded within three days of receipt were 46 ± 12 g for
mares and 44 + 11 g for females.

The shipment was hou-sed in two quarantine rooms, one for
each sex. The animal room conditions during qurantine,
pretest and test periods were as follows: 20-24'C, ambient
relatIve humIdIty (30-70%), and 12 hour light/12 hour dark
cycle. There were no other test animals in the rooms. The
animals were housed three per polycarbonate cage (16.5" x 8" x -

8") with Ab-sorb-dri bedding (Ab-sorb-dri Inc., Rochelle Park,
NJ) from arrival until their termination. Animals were
transferred to clean cages twice weekIy. Each animal was
Identified during the quarantine period by a combination of
cage number and ear punch. Test animal selection was done at
the onset of Test Week -2 (2 weeks prior to Initiation of
treatment). Animals placed on test were Identified by an ear
tag bearing a study-unique test animal number (N = 750) which
was Included with necropsy specimens. This number appeared on
the cage card that also contained the study number, dose level
and sex. In addition the cage cards were color coded as to
the dose level and sex.

Upon arrival at the IITRI animal facility, the animals
were held In quarantine for 12 days. During this period, they
were observed for signs of disease, general unthrlftiness,
poor coat, discharges from body openings, abnormal feces, etc.
Any animals found to be unhealthy were eliminated from the
test animal selection process. At the end of the quarantine
period, fIve anImals of each sex were sacrIficed and extensIve
gross necropsies were performed under the supervision of the
pathologist. Blood samples were collected for measurements of
hematology and clinical chemistry parameters (see Section
II.D). Results of pretreatment health screen were within
limits for the rats of this strain and age. Microbiological
examination of the digestive and respiratory system for
pathogens, molds, yeasts, parasites and tZ&£E2 jMs p&DM1ai
was also performed for the above rats with negative results.
Serum antibody titer was determined for the following
diseases: GD-VII, H-I, Kilham Rat Virus, Adenovirus, Sendal
Virus, Rat Coronavirus-Sialodacryadenltls, Reovirus 3,
Pneumonia Virus of Mice (PVM) and Lymphocytic Chorlomeningltls
(LCM). These antibody titers were negative as measured by
Microbiological Associates, Bethesda, MD.
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Animals received 5002 rodent chow meal from arrival until

their termination, except during a 17 to 19 hour fast prior to
blood collection and/or scheduled sacrifice. The food was S
available from powdered diet feeders (Model HB-69B, Hoeltge,
Inc. Cincinnati, OH). Tap water was available .ei1ium
from glass or plastic bottles. Bimonthly analytical results
of drinking water of the City of Chicago were Included In the
monthly or bimonthly technical reports and a sample Is shown
in Appendix IX. .

D . Exar-Lmantai.2ig

Following the quarantine period, test-eligible animals
were assigned to five treatment groups for each sex by a
stratified randomization procedure (blocked by body weight). 0
Following assignment to treatment groups, all animals were
randomly assigned test animal numbers as shown below. The
animal cages were assigned permanent randomized locations on
racks without regard to dose level or sex. Mean body weight
values at randomization were 60 t 14 g for males and 55 ± 13 g

for females. This procedure was performed at the onset of
Test Week -2. The animals were approximately 6-7 weeks old
upon Initiation of treatment and body weight ranges recorded
during Test Week -1 (the most recent data prior to Initiation
of treatment) were 53-168 g for males and 73-128 g for
females. The first day of exposure to the test article was
March 11, 1981. Dietary administration continued until week
106 of study, March 1983.

Treatment Animals Dose Level Test Animal Test Animal
Group Treatment per Sex (mg/kg/day) No. (males) No.(females)

I. - 75 0.0 1- 75 76-150
I I. TNT 75 0.4 1 51-225 226-300

Ill. TNT 75 2.0 301-375 376-450 0
I V . TNT 75 1 0.0 451 -525 526-600

V . TNT 75 50.0 601-675 675-750

N

The dose levels for this study were selected on the basis
of results of the "Thirteen Week Oral (Diet) Toxicity Study of r
Trinitrotoluene (TNT), Hexahydro-1,3,5-trinitro-1,3,5-triazine
(RDX) and TNT/RDX Mixtures In the Fischer 344 Rat" performed
by I ITRI under Contract Nos. DAMD17-79-C-9120 and
DAMO17-79-C-9161 reported November 1981.
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The appropriate test diets were available to the test
animals ga LJJ&bJtum from Test Day 1 until their termination,
except during a 17 to 19 hour fast prior to either blood
collection In Test Weeks 14, 26, 52, 78 and 104 or scheduled
sacrifice In Test Weeks 27, 53 and 105-106. Thus, all animals
received the appropriate test diet until approximately one day
prior to their scheduled sacrifice. Weekly test diets were
prepared for each treatment group, by sex, on the basis of the
projected body weight and food consumption data.

Commencing with Test Week -1 until their termination, all
animals were observed once daily In the morning for any
pharmacologic and/or toxicologic signs. Afternoon mortality
checks were initiated on Test Day I. The presence or absence
of red bedding In animals's cages was recorded weekly from
Test Week I until termination. Physical examinations, which
included palpations for masses, were conducted weekly from
Test Week -1 until Test Week 13 and then biweekly until Test
Week 104. Food consumption was measured weekly for each cage
of test animals commencing with Test Week -2 through Test Week
13 and biweekly until Test Week 104. Mean dal(y food
consumption per animal was calculated from these data. Body
weight values were recorded weekly starting In Test Week -2
until Test Week 13, and biweekly thereafter until termination.

All surviving animals were subjected to ophthalmic
examinations during Test Weeks -2, 25, 51, 76 and 103. The
examination consisted of Indirect ophthalmoscopy and
blomicroscopy. Only animals found to be free of clinically
apparent lesions in the pretest examination were used in the
study. .

Serial blood collections were performed on the same
randomly selected 10 animals/sex/dose level during Test Weeks
14, 26, 52, 78 and 104 for measurments of clinical chemistry
and hematology parameters. If an animal died prior to Its
scheduled blood collection, It was replaced by another
randomly selected rat of the same sex and dose level.
Approximately 1.5-2.0 ml of blood was collected from each
animal via the orbital sinus. The samples were collected over
a 3 consecutive day period and analyzed In a randomized order.

The following parameters were measured:

Hematocrit (Hct)
Hemoglobin (Hgb)
Mean Corpuscular Volume (MCV)
Mean Corpuscular Hemoglobin (MCH)
Mean Corpuscular Hemoglobin Concentration (MCHC)
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Methemoglobin (METHGB)
Erythrocyte count (RBCs)
Platelet count (PLT)

Leukocyte count, total (WBC) and differential
Reticulocyte count (RETIC)
RBCs with Howell-Jolly bodies (qualitative) (HOWJOL)
RBCs with Heinz bodies (qualitative)

Glucose (GLU)
Blood urea nitrogen (BUN)
Serum glutamic-pyruvlc transaminase (SGPT)
Bilirubin, total (T-BIL) and direct (D-BIL)
Lactic dehydrogenase (LOH)
Creatine phosphokinase (CPK)
Alkaline phosphatase (A PHOS)
Triglycerldes (TRIG)
Total cholesterol (CHOL)
Total protein (T PRO)
Albumin (ALB)
Globulin (calculated value) (GLOB)
A/G ratio (calculated value)
Sodium (NA)
Potassium (K)
Chloride (Cl)
Calcium (CA)

Methods used to measure the above parameters are listed
in Appendix IV (hematology) and Appendix V (clinical
chemistry).

All animals which were sacrificed In a moribund state or
died on test were necropsled regardless of autolytIc state.
Ten randomly selected animals/sex/dose level, after exclusion
of animals designated for serial blood collection, were
sacrificed during Test Weeks 27 and 53. Three hundred
seventy-five surviving test animals were sacrificed and
necropsled In random order during Test Weeks 105 and 106.
Terminal body weights were recorded Immediately prior to
sacrifice following a 17 to 19 hour fast. Euthanasia was
accomplished with carbon dioxide anesttesia followed by
exsanguination from the abdominal aorta. The necropsy
procedure was a thorough and systematic examination of the
animal viscera and carcass with collection and fixation of the -
following tissues:

*Adrenals

Bone marrow smear
Bra in

Cecum

2 ,4
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Colon
Costochondral junction, rib
Duodenum
EpIdidymes
Esophagus
Eyes and optic nerves
Gross lesions

*Heart
Ileum
Jejunum

'Kidneys-

Larynx
*Liver
Lungs and mainstem bronchi
Lymph nodes (mandibular and mesenteric)
Mammary gland
Muscle
Nasal turbinates

*Ovar Iles
Pancreas
Pituitary gland
Prostate
Rectum
Salivary gland
Sciatic nerve
Seminal vesicles
Skin, abdominal
Spinal cord (cervical, thoracic, lumbar)

*Sp leen
Sternum, Including bone marrow
Stomach

*Testes
Thymus
Thyroids (parathyrolds)
Tissue masses
Trachea
Urinary bladder
Uterus

These organs were weighed during the scheduled necropsies.
Testes were not weighed during scheduled terminal sacrifice
(Test Weeks 105-106).

All tissues, except eyes, testes and bone marrow smears,
were fixed at a thickness not exceeding 0.5 cm In 10% neutral
buffered formalln (NBF) that was changed 24 hours later. Eyes
and testes were fixed In 3% aqueous glutaraldehyde and Bouln's
Solution, respectively, for 24 hours. They were transferred
to 50% ethanol for 24 hours, then placed In 70% ethanol. Bone
marrow smears were prepared from the femur using the "Paint
brush technique". They were alr-dried and fixed In absolute
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- methanol. Lungs and urinary bladder were Inflated with NBF
prior to Immersion in this fixative. The stomach was opened
and flattened on paper prior to fixation. All tissues"-
examined microscopically were cut at a thickness of 4 to 6
microns and stained with hematoxylln and eosIn. Selected
slides of kidneys and spleens were stained with Gomory stain
for Iron.

Tissues from all control animals and those receiving 50.0 0
mg/kg/day were subjected to comprehensive histopathologic
examination, defined as microscopic examination of the
following tissues and/or organs:

Adrenals

*Brain (3 sections)
Cecum
Colon

Duodenum
EpIdidymes
Esophagus
Eyes and optic nerve
Gonads
Gross lesions
Heart
Ileum
Jejunum
K Kidneys
Li ver

Lungs and mainstem bronchi
Mammary gland
Mesenteric lymph node
Pancreas
Pituitary gland (collected after the six month Interim
sacrIfIce)

Prostate
Rectum
Salivary gland
Skin, abdominal
Spinal cord (cervical, thoracic and lumbar)
Sp I een
Sternum Including bone marrow
Stomach
TIssue masses
Thyroids (parathyrolds)
Tissue masses
Trachea
Uterus
Urinary bladder

*(I) frontal cortex and basal ganglia; (2) parietal cortex
and thalmus; and (3) cerebellum and pons.
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Tissues from all animals receiving 0.4, 2.0, and 10.0
mg/kg/day were subjected to limited histopathologic
examination defined as microscopic examination of at least the
following tissues and/or organs: Brain (section of frontal
cortex and basal ganglia; section of parietal cortex and
thalmus and section of cerebellum and pons) gonads, heart,
liver, kidneys, spleen, spinal cord (cervical, thoracic and
lumbar) pituitary gland (see above) and, In addition, for the
females, urinary bladders and sternal bone marrow (only those
dying or sacrificed after two months).

E. JJAiSiQs1J ±Z±

Those variables that were repeatedly measured, e.g. body
weight, food consumption, and clinical pathology parameters
were statistically analyzed by a multivarlate analysIs of
variance for repeated measurements model. Variables that were
measured a single time, e.g. organ weights, were analyzed by
both univarlate and multivariate analysis of variance
procedures. In the presence of significant ANOVA results, a
series of post-hoc analyses were conducted. Individual
between-group comparisons at each time-point were performed
after Tukey's b test for multiple comparisons. Frequency
data, such as Incidence of mortality, gross necropsy
observations and histopathologic lesions, were compared by log
linear analysis techniques where appropriate. Time-to-death
data were analyzed by the Kaplan-Meler and Cox regression
analyses. Individual animal data can be found In Appendix VI.

A" .*A. Tjj L.jftjI

Weekly doses received by test animals, based on their
body weight and food consumption, were very close to the
intended dose levels. Mean dose calculations across time were
within 98% of anticipated values for all treatment groups
(Tables 1 and 2).

Analytically determined concentrations of TNT in test
diets were found to be close to their Intended concentrations.
The homogeneity (relative standard deviation) of some of the
tested diets was not satisfactory, mostly at the low
concentrations and in the period between Test Weeks 36 and 54.
When test diets were sampled one week after being placed in
the animal room, a slight decrease In TNT concentration
occurred (Table 3). The known volatility of TNT may have
accounted for this change.

• - . . . . . . . . . .... . _ ..
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The analysis of a 5002 sample for those contaminants S.
listed in the 5002 certification profile Is shown in Appendix
I I. The results of repeated testing of 5002 samples for
chlortetracycline content are contained in Appendix VII. The
three reference laboratories that reanalyzed the 5002 samples
following TEl, generally reported negligible quantities of
chIortetracyclIne.

A sample from each 5002 lot was analyzed for nitrate,
nitrite and mercury content. The results are shown In
Appendix VIII. Analytical results obtained from a sample of
Chicago water are contained in Appendix IX.

TNT did not Induce lethality at the doses tested in this

study, as mean survival times were similar among control and
treatment groups. In addition, TNT-related clinical signs
were not readily apparent. Only the frequency of ocular
discharge during the second year of the study appeared to be
greater for high dose males and females than for corresponding
control animals. No other clinical observations were evident
as a consequence of TNT exposure (Table 4).

o. DQy.I WgliiL

Dose-related reductions In body weight gain were observed
for both male and female rats. Animals given 10 mg/kg/day

. showed an approximate 5-14% reduction at the termination of
the two year treatment period. At the 50 mg/kg/day dose
level, 30-33% decreases In body weight gain were seen, with
females appearing to be slightly more sensitive. No effect on

* body weight was seen at either 0.4 or 2 mg/kg/day (Tables
* 5-8).

Dose-related decreases in food Intake were apparent for
both sexes throughout the study. This was mostly seen for
rats at the 10 and 50 mg/kg/day dose levels. Sporadic
increases and decreases in food consumption were observed at
the other doses, but were not considered to be
treatment-related (Tables 9 and 10).

F. l~m=iQJ~Q "y

Dose-related anemia (reductions In hematocrit, hemoglobin
and RBC co nts) was seen in TNT-treated rats. These changes
were seen throughout the study for the male rat and during the
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first year for female rats administered 50, and to a lesser
extent, 10 mg/kg/day (Figures 1-2). Male rats appeared to be
more affected than female rats. Compensatory responses to the
anemic state were minimal, with marginal retlculocytosis
occasionally seen at the highest dose administered.
Macrocytosis was not observed. Additional erythrocytic
effects of TNT Included methemoglobinemla for males at 10 and
50 mg/kg/day (Figures 3-4) and the minimal occurrence of
HowelI-Jolley and Heinz Bodies at this latter dose level
(Appendix VI, Tables 4a-4e).

The only other hematologic effect of TNT seen in this
study was thrombocytosis for male and female rats administered
50 mg/kg/day primarily during the second year of the study
(Test Weeks 52 and 78 but not 104). All other hematologic
changes were random and not considered related to TNT
treatment (Tables 11-20).

Serum Ilpids appeared to be affected by the
administration of TNT. The highest dose given (50 mg/kg/day)
Increased serum cholesterol levels for males and females
whereas lower doses (2 and 10 mg/kg/day) caused a dose-related
elevation for males only (Figures 5-6). For serum
triglycerldes at Test Week 78, a dose-related trend for
hypotriglycerldemia was seen, although not statistically
significant, for female rats only. When rats were sampled
during Test Week 104, statistically significant reductions In
serum triglycerlde levels were apparent for females at the 10
and 50 mg/kg/day doses and hypertriglyceridemia for male rats
at the 50 mg/kg/day dose level. In addition, females at the 2
mg/kg/day appeared to have treatment-related
hypotrigliceridemia (Figures 7-8).

Serum total protein, albumin and globulin levels were, In
general, elevated for rats of both sexes administered 50
mg/kg/day. This was primarily observed for males during the
first year and for females during the second year. The
fractional Increase for globulin was apparently greater than
that occurring for albumin as the A/G rato was reduced for
these high dose animals (Figures 9-12).

Additional responses observed for high dose rats only
included slightly Increased BUN levels during the second year
of the study, elevated serum potassium values at Test Weeks 14
and 26, and Isolated Instances of hyperbilIrubinemia and
hyperca I cem I a.
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Dose-related reductions of serum alkaline phosphatase

activity were seen for males but not females during the first
sampling period (Test Week 14). This was not seen
subsequently for animals of either sex. However, this enzyme
was not measured after Test Week 52 as alkaline phosphatase
levels for aging animals Increase thus limiting the value of
the parameter. With the exceptions noted above, all other
changes In clinical chemistry parameters were random and not
considered to be treatment-related (Tables 21-30).

The ophthalmology narrative report Is contained In
Appendix X (attached) and the complete report is in Volume
I1*, Appendix Xa. All opthalmologic abnormalities seen 0

occurred in random fashion and were not considered to be
treatment-related.

Dose-related hepatomegaly and increased kidney weights 0

were seen during all three sampling periods (Test Weeks 27, 53
and 105). These effects were observed for rats given 10 or 50
mg/kg/day, with only one Instance of elevated relative renal
weights at the 2 mg/kg/day dose level. Additional
treatment-related alterations in organ weights Included
splenomegaly at Test Weeks 27 and 53 for both sexes
administered 50 mg/kg/day. Increased relative heart weights
were seen for females at Test Weeks 27 and 53 and for both
sexes at Test Week 105 at 50 and 10 mg/kg/day. RelatIve
testes weights were increased at both interim sacrifice
periods (Tables 31-42).

J. PjfL-QQ

The Pathology Narrative Report appears In Appendix Xi
(attached) and the complete report Is in Volume III*, Appendix
XIA. Histopathologic lesions fol lowing up to 12 months of TNT
treatment were confined to the spleen and kidneys. Grossly
enlarged darkened spleens were seen for rats at the 50
mg/kg/day dose level. At the microscopic level, Increased
extramedullary hematopolesis, sinusoidal congestion, and/or
increased amounts of a pigment resembling hemosiderin within
sinusoldal macrophages were apparent for males and females

* Requests for Volumes II and iII should be directed to Health
Effects Research Division, U.S. Amry Medical Bloengineering
Research and Development Laboratory, Fort Cetrick, Frederick, 0

Maryland 21701-5012.
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administered either 10 or 50 mg/kg/day. Renal damage,
observed grossly at this latter dose as a brown mottled
appearance, consisted of iron-negative cytoplasmic bodies and
nuclear hypertrophy of cortical proximal convoluted tubular
cells. These histologic changes were primarily seen at doses
of 2 mg/kg/day or greater (Table 43).

H'stopathologic lesions observed and dose levels affected
for rats during the 12 to 24 month TNT treatment period
Included those described above. Liver Injury occurring as
hepatocellular hyperplasla for -,ales but not females was also
evident at 10 and 50 mg/kg/cay. Bone marrow fibrosis,
observed for female rats, was apparent at doses of 2 mg/kg/day
or greater. In addition, the following treatment-related
lesions were apparent or increased to a greater extent
primarily for high dose animals: hyperplasla of the renal
pelvic epithellum, Inflammation with lymphocytic Infiltration
of renal tissue (chronic nephropathy), and for females only,
urinary bladder hyperplasla, papilloma, and carcinoma (Tables
44-45)

Iv. L s .

The chronic administration of TNT to male and female F344
rats at doses up to 50 mg/kg/day did not alter survival rates
of these animals. Clinically, reductions In food consumption
and corresponding decreases In body weight gain were seen for
males and females given 10 or 50 mg/kg/day. No other clinical
signs of toxicity were apparent except for a greater frequency
of ocular discharge for high dose animals than for
corresponding control animals. Opthalmic examinations and
histologic evaluation, however, failed to detect
treatment-related ocular abnormalities.

Anemia consisting of reduced hematocrit, hemoglobin and
RBC's was seen for males and females receiving 10 or 50
mg/kg/day with male rats appearing to be more sensitive than
females. Reticulocytosis but not macrocytosis was seen as a
compensatory response to the anemic state. Bone marrow
appeared fibrotic for females but not males, and splenic
lesions consisting of sinusoldal congestion, extramedullary
hematopolesis, and Increased quantities of a hemosiderin-Ilke
pigment were seen. Thus, TNT appears to Induce anemia by a
hemolytic process. This Is further supported by the
observance of Howell-Jolley and Heinz bodies and
methemoglobinemla, all of which suggest the oxidizing nature
of TNT and/or Its metabolites.

Liver Injury, primarily at 50 and to a lesser extent at
10 mg/kg/day, was Indicated by several observations.
Hepatomegaly was seen at these doses, with hepatocellular

31



hyperplasla observed for males but not females during the
second year of the study. Hepatotoxicity was also suggested
by altered lipid and protein metabolism, as evidenced by

*" hypercholesterolemla, hypotriglycerldemia (females only), and
Increased serum albumin levels. Additionally, alkaline
phosphatase activity was altered for TNT-treated animals.

Blood urea nitrogen (BUN), and on occasion serum
potassium levels, were slightly elevated for animals receiving
50 mg/kg/day of TNT. Renal Injury was substantiated by organ
weight analysis and gross and tissue morphology examinations.
Kidney weights were elevated for animals of both sexes
receiving 10 or 50 mg/kg/day. Brown mottled kidneys were seen
at necropsy for high dose animals with iron-negative
cytoplasmic bodies and nuclear hypertrophy of cortical ON
proximal convoluted tubular cells observed microscopically at
2 mg/kg/day or greater. Additional toxic effects on the
urogenital system, primarily seen for high dose rats, Included
hyperplasla of the renal pelvis, Inflammation with lymphocytic
Infiltration of renal tissue, and for females only, urinary
bladder hyperplasia/ papilloma/carcinoma. 0

The observance of carcinoma of the urinary bladder
suggests that TNT Is a carcinogen to F344 rats under the

i" conditions of the present study. Neoplastic lesions in the
urinary bladder are very rare as reported by D. G. Goodman
at ai. (3). In a series of 1794 male and 1754 female F344 S
rat controls for 2 year chronic studies, six urinary bladder
tumors were found and consisted of: transitional cell
papilloma for one male (0.05%) and two females (0.11%);
transitional cell carcinoma for two females (0.11%) and
undifferentiated carcinoma for one male (0.05%). In addition
to the above mentioned neoplaslas, hepatocellular, renal and s
urinary bladder hyperplasia support this concept of
carcinogenicity. These hyperplastic/neoplastic lesions were
seen at doses of 10 mg/kg/day or greater.

Additional toxic effects of TNT seen primarily at 50
mg/kg/day included thrombocytosis, hypercalcemia, and
Increased heart weights. Tissue morphology studies did not
support these observations.

In summary, the major toxic effects observed during the
administration of TNT to F344 rats for up to 24 months
Included anemia with secondary splenic lesions,
hepatotoxicity, and urogenital lesions. In addition,
hyperplastic and/or neoplastic lesions of the liver, kidneys
and urinary bladder were observed. Based on the observance of
splenic congestion, Increased amounts of pigment deposition In
the kidneys and bone marrow fibrosis at doses of 2.0 mg/kg/day
or greater, the no-effect level under the conditions of the
present study is 0.4 mg/kg/day.

32

"..........................-..-. -'.- .",-,.%.. ..'* -*.-*- . .. -°- ' **-. . . "--,. ,- 
'

-. • ." ."-.-." ." , ..".- ...-. .- .-- "-."..-. • •.. -



1. Good Laboratory Practice Regulations. Fed Reg. 21
CFR Part 38. 60013-60020, 1978.

2. Levine, B.S., Furedl, E.M., Gordon, D.E., Burns, J.M.,

and Lish, P.M. Thirteen Week oral (diet) toxicity study
of trinitrotoluene (TNT), hexahydro-1,3,5-trinitro-1,
3,5-tilazine (ROX) and TNT/RDX mixtures 'n the Fischer
344 rat. Final Report No. L6116/L6121, Study No. I.

3. Goodman, D.G., 1t dI. Tox. Appl. Pharma. 48:237-244,
1979.
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TABLE 3

TWENTY-FOUR MONTH CHRONIC TOXICITY/CARCINOGENICITY STUDY
OF TRINITROTOLUENE IN THE FISCHER 344 RAT.

TEST DIET CONCENTRATION OF TNT

TEST DOSE INTENDED ANALYZED A x 100
WEEK (mg/kg/day) SEX (I) (A) REL. SD I

1 50.0 M 0.0511 0.0489 4.3 96
1 2.0 M 0.0021 0.00178 12.7 85

12 0.4 F 0.0007 0.00052 7.7 74
12 10.0 F 0.0172 0.0134 5.2 78 (85)*
28 2.0 F 0.0044 0.00401 21.7 91
28 50.0 F 0.1119 0.1046 3.6 93
36 10.0 M 0.0245 0.0226 4.6 92
36 0.4 M 0.0010 0.00067 17.9 67
42 50.0 M 0.1201 0.1227 5.3 102
42 2.0 M 0.0050 0.00497 10.7 99
48 10.0 F 0.0206 0.0211 25.1 102
48 0.4 F 0.0009 0.00062 19.4 69
54 2.0 F 0.0040 0.00424 34.0 106 (156)* O
54 50.0 F 0.0990 0.0979 6.7 99
60 10.0 M 0.0256 0.0240 2.9 94 (95)**
60 0.4 M 0.0010 0.00089 22 5 89
66 50.0 M 0.1321 0.1120 1.8 85 (73)***
66 2.0 M 0.0055 0.00454 5.5 82
72 10.0 F 0.0263 0.0241 6.2 92
72 0.4 F 0.0010 0.00078 20.5 78 (68)***
78 50.0 F 0.1096 0.0982 1.7 90
78 2.0 F 0.0044 0.00401 16.0 91
84 10.0 M 0.0268 0.0261 1.9 97
84 0.4 M 0.0011 0.00097 8.2 88
90 50.0 M 0.1260 0.1223 4.3 97
90 2.0 M 0.0056 0.00526 5.9 94
95 10.0 F 0.0233 0.0220 3.6 94
95 0.4 F 0.0009 0.00093 29.0 103
101 2.0 F 0.0046 0.00489 3.9 106
101 50.0 F 0.1118 0.1087 2.8 97
101 0.0 M/F 0.0000 0.0000"***
101 0.0 M/F 0.0000 0.0000***
104 0.4 M 0.0011 0.00108 5.6 98
104 10.0 M 0.0262 0.0246 2.4 94

* Sample stability tests
** Extract stability test.
*** Diet stability test after one week in the animal cages.
**** Control diet samples taken before given to the animals.
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TABLE 4

TWENTY-FOUR MONTH CHRONIC TOXICITY/CARCINOGENICITY STUDY OF
TRINITROTOLUENE (TNT) IN THE FISCHER 344 RAT

MEAN SURVIVAL TIME*

*DOSE MEAN SURVIVAL

0.0 M 99.4 +1.3

F 100.1 +1.4

00.4 M 96.8 +1.6

F 99.2 +1.6

2.0 M 96.1 +1.6

*F 100.8 +1.0

10.0 M 98.4 +1.4

F 102.8 +0.6

050.0 M 101.3 +1.0

F 102.9 +0.5

*No significant differences among control and treatment groups, p<0.05.
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TablIe 44

Twenty-Four Month Chronic Toxicity/Carcinogenicity Study of
TrInitrotoluene (TNT) In the Fischer 344 Rat

Statistical Evaluation of Histopathological Lesions for the
Terminal Sacrif iced Males and 12-24 Month MS/Soa

DOSE (mg/kg/day)

* TERMINAL SACRIFICE:
PRESENT 6 7 6 16** 27**
ABSENT 26 22 20 14 12

MS/SD:
PRESENT 3 3 1 7 7*

*ABSENT 19 22 27 17 9

TERMINAL SACRIFICE:
PRESENT 0 4* 3* 9** 36**

*ABSENT 32 25 23 21 3

M S/SO:
PRESENT 4 3 5 91 1*
ABSENT 18 22 23 1 5 5

TERMINAL SACRIFICE:
PRESENT 10 12 1 8** 1 0 29**
ABSENT 22 17 8 20 10

* MS/SD:
PRESENT 0 2 0 4* 0
ABSENT 22 23 26 20 16

8Moribund sacrifice or spontaneous death
4 * P < 0.05

**P < 0.01

0
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Table 44 (contd)

Twenty-Four Chronic Toxlclty/Carcinogenicity Study of

Trinitrotoluene (TNT) In the Fischer 344 Rat

Statistical Evaluation of Histopathological Lesions for the
Terminal Sacrificed Males and 12-24 Month MS/SD a

DOSE (mg/kg/day)

SLI HM01ifY.L LFE.QEiA

TERMINAL SACRIFICE: S
PRESENT 22 15 8** 19
ABSENT 10 14 18 11 38

MS/SD:
PRESENT 11 11 11 14 2*
ABSENT 11 14 17 10 14 I

SPLEENt - iNRE1ASEQ E.XIRAME.QULAR_ HMbIP0_EL

TERMINAL SACRIFICE:
PRESENT 0 1 1 5* 22**
ABSENT 32 28 25 25 17 S

JPNE.. AU LRE . R.NL pLamET..

TERMINAL SACRIFICE:
PRESENT 14 13 8 29** 39**
ABSENT 18 16 18 1 0 0

MS/SD:
PRESENT 8 7 7 18** 11*
ABSENT 14 18 21 6 5

TERMINAL SACRIFICE:
' PRESENT 31 27 26 29 39

ABSENT 1 2 0 1 0

MS/SD:
PRESENT 14 8 20 21 16**
ABSENT 8 17 8 3 0

a Moribund sacrifice or spontaneous death

* P < 0.05
** P < 0.01

* 98 2



TablIe 45

Twenty-Four Month Chronic Toxlcity/Carcinogenicity Study of
TrInitrotoluene (TNT) In the Fischer 344 Rat

Statistical Evaluation of Histopathological Lesions for the
Terminal Sacrificed Females and 12-24 Month MS/SD8

DOSE (mg/kg/day)u

TERMINAL SACRIFICE:
PRESENT 5 1 3 32** 35**
ABSENT 32 39 37 14 12

TERM INAL SACR IF ICE:
PRESENT 13 6 5 28* 36**
ABSENT 24 34 35 18 11

* TERM INAL SACR IF ICE:
PRESENT 7 8 15* 35** 37**
ABSENT 30 32 25 1 1 1 0

* TERMINAL SACRIFICE:
PRESENT 8 14 14 5 1**
ABSENT 29 26 26 41 46

* TERM INAL SACR IF ICE:
PRESENT 30 34 40** 46** 47**
ABSENT 7 6 0 0 0

MS/SO :
PRESENT 5 7 13** 5

ToABSENT 12 7 2 0i 0

Moribund sacrifice or spontaneous death

*P < 0.05
52P < 0.01

PRSNT 1 52*36*U
ABSEN 24 4 35 8 I "9'

...........



Table 45 (contd)

Twenty-Four Month Chronic Toxicity/Carcinogenicity Study of
Trinitrotoluene (TNT) In the Fischer 344 Rat

Statistical Evaluation of HistopathologIcal Lesions afor the
Terminal Sacrif iced Females and 12-24 Month MSISDa

DOSE (mg/kg/day)

KIDEYS INFLAMAIONt LYMPHQ.XjifJ'

* TERMINAL SACRIFICE:
*PRESENT 14 16 16 33** 32*
*ABSENT 23 24 24 1.3 1.5

TERMINAL SACRIFICE:
PRESENT 0 0 0 0 7*
ABSENT 37 40 40 46 40

SUEUMEK1~&~.R~ R~Ai

TERM INAL SACRIF ICE:
PRESENT 0 0 0 2 12**
ABSENT 37 40 40 44 35

TERM INAL SACR IF ICE:
*PRESENT 0 0 0 1 4

ABSENT 37 40 40 45 43

MS/SD:
*PRESENT 0 0 0 0 1

ABSENT 17 14 15 9 7

TERMINAL SACRIFICE:
PRESENT 0 0 0 1 11*
ABSENT 37 40 40 6 36

M S/SD:
*PRESENT 0 0 0 01

ABSENT 17 14 15 9 7

* TERMINAL SACRIFICE:
*PRESENT 4 6 1 0 1 2 1 5**

ABSENT 33 34 30 34 320

aMoribund sacrifice or spontaneous death
* * P < .05

** P < .01 41 k
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TEST ARTICLE ANALYSIS
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APPENDIX 1A

ANALYSIS OF THE TNT TEST ARTICLE

SCOPE 0
1.1 The procedure describes the analysis of the TNT test article for

purity.

1.2 This method is recommended for use only by experienced analysts fami-
iar with Hich Performance Liquid Chromatography (HPLC) or under close
supervision of such qualified person.

INTERFERENCES'

2.1 Solvents, reaoents, qlassware and other sample processing hardware may
yeild discrete artifacts and/or elevated baselines causing misinter-
pretation of chromatoarams. All -of these materials must be shown to be
free from interferences under the conditions of the analysis by running
method bland.

EQUIRENT

3.1 Higher Performance Liquid Chromatography

" constant flow, isocratic pumping system

" reverse phase column, 10 - 3.9 mm x 30 cm i-Bondpak C1 8 column

" ultraviolet detector capable of monitoring X = 254 nm

" strip chart recorder and electronic inteorator capable of measurina
peak areas and performing an internal standard calculation

REA 10ENTS1

4.1 Benzophenone, an internal standard, Aldrich Chemical Company (Purity 99.)

4.2 Methanol, Acetronitrile, and Water HPLC Grade or equivalent

4.3 S.A.R.M. 2,4,6-TNT, Supplied by sponsor (Purity 99.8%)

CA L T!PP I0,1:

) 5.1 Calibration standards were prepared from stock solutions containinc)
200 ua TNT, and benzophenone per ml acetonitrile so as to bracket

1.1.6. ...... ................
- . . . .



the workina rance of the chromatonraphic system. These concentrations

were: 2 .ia/ml, 10 liq/ml, 20 pg/ml, and 40 vig/ml.

5.2 A constant injection volume of 10 vI was employed for all measurements.

5.3 In order to determine the precision of the HPLC system, a series of 6
replicate injections of the 20 vjo/ml solution were made.

5.4 Retention times should remain relatively constant (within + 5' day to
day) with TNT being 5.1 minutes, and benzophenone 8.2 minutes under
the specified conditions. If the retention times are not within + 5%,
supervisina chemist should be informed prior to the analysis and cor-
rective actions should be taken.

QUALITY CONTROL

6.1 Before processing any samples, the analyst should demonstrate through
the analysis of a blank that all glassware and reacents are interfer-
ence free.

6.2 In a typical sample set, a minimum of one blank and five samples will
*be analyzed.

6.3 The analyst will follow each step in an analytical protocol without
deviation or improvisions in order to accurately assess the perfor-
mance of the method. Prior to making any changes in the procedure,
analyst will consult the supervising chemist and the supervising
chemist and Q.A. officer will review and approve all the chanqes.

SAMTLE PR7ARATIOn/." "

7.1 The test article will be spread on a sheet of paper, and five samples
will be taken from different areas. Each sample shall have a weight of
<150 mg. The samples will be collected in amber vials and stored at
refrigerator temperatures in the dark until analysis.

7.2 A portion of the sample (100 mg) will be weighed and transferred to a
100 ml volumetric flask. The internal standard will be added and it
will be added and it will be diluted to volume. It will be further
diluted to a concentration of 20 kig/ml and analyzed by high performance
liquid chromatoqraphy.

7.3 If the sample is not analyzed immediately it will be stored at refria-
erator temperatures in the desk.

HIGH PFOFRANCEr LT.1I CH-1O-0 H HPCCH~~~aV'-o (-rA'TY P I

8.1 Each samole was analyzed by reverse phase HPLC using the conditions
K- described below: Colurn 2.9 m x 30.0 cm u-Bondpak C18 ; Solvent

System, mentanol:water (70':30g , v/v); Flow Rate, 1.0 ml/min;

011 -r. 7-
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Detection, UV at 254 nm; Sensitivity, 0.1 AUFS. The retention times
of TNT and benzophenone were 5.1 and 8.2 minutes, respectively. The
limit of detection was 2 jig TNT/ml acetonitrile and is defined as 5x O
the background noise. The representative chromatogram is Figure 1A..

8.2 The chromatographic system was calibrated daily with a minimum of two
injections of our standard representative of chromatographic range.

8.3 An injection volume of 10.0 ,l was used for each sample. If the peak
area exceed the linear range of a sample it was diluted and reanalyzed. •

CALCULATITONS

9.1 Determine the concentration of TNT using the formula:

% TNT in Sample = (Ax) (Wis) x D x 100 "

(Fx) Ais (Ws)

where

Ax = Area (X) where x is TNT

Ais = Area (internal standard)

Fx Area (X) x weight (is)
," = Area (is) x weight (Wx)

Wis = Weight of the internal standard

Ws = Weight of the sample

D = The dilution factor

Wx = Wt of component x is TNT

9.2 The results should be reported in percent TNT in the sample. Where
replicate samples are analyzed, all data should be reported. All
results were recorded in standard IITRI logbooks and these plus
chromatograms and data tapes were retained in the Chemistry Division
Q.A. files.

1) on
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APPENDIX B

ANALYSIS OF TNT IN DIETS

SCOPE AND APPLICATION-

1.1 This method covers the determination of TNT in diets from the 0.0005' to
0.1% level.

1.2 The sensitivity of this method is dependent on the level of inter-
ferences present in the samples, rather than the instrumental limitations.

1.3 This method is recommended for use only by experienced analysts familiar
with High Performance Liquid Chromatography (HPLC) or under close super-
vision of such qualified persons.

SUA XRY OF THE METHOD

2.1 A weighed quantity of the sample was stirred with 50 ml of acEtonitrile
for 30 minutes. The suspension was filtered through a porous glass
filter and the filtrate was transferred with washings to a volumetric
flask. Benzophenone, the internal standard was added to the filtrate or

C a portion, thereof and this solution was diluted to its final volume.
The samples were analyzed using reverse phase high performance liquid
chromatography. Each was eluted on 3.9 mm x 30.0 cm p-Bondapak C16
column with methanol:water (70%:30%) and the eluant was monitored with
an ultraviolet absorption detector at X = 254 nm.

IN7RFERENCES

3.1 Solvents, reagents, glassware, and other sample processing hardware may
yield discrete artifacts and/or elevated baselines causing misinter-
pretation of chromatograms. All of these materials must be shown to be
free from interferences under the conditions of the analysis by running
method blanks.

3.2 Interferences coextracted from the samples will vary considerably from
source to source, depending on the type of animal feed used in the study.

MATER.ALS

4.1 Erlenmeyer flasks, 125 ml.

4.2 Filtering apparatus, vacuum flask, 125 ml; fritted glass filters,
porosity M, ASTM 10-2C microns.

-0.



EQUIPAENT

5.1 Mettler Grammatic Analytical Balance, No. 1-910

5.2 Corning Hot Plate Stirrers, BC 351

5.3 Buchi Evaporator, Model R

5.4 Sample Clarification Kit, Organic (Water's Associates)

5.5 Higher Performance Liquid Chromatography

* constant flow, isocratic pumping system
* reverse phase column, 10 p - 3.9 mm x 30 cm p-Bondapak C18 column 7

• ultraviolet detector capable of monitoring X = 254 nm

- strip chart recorder and electronic integrator capable of measuring
peak areas and performing an internal standard calibration.

REAGENTS

6.1 Benzophenone, an internal standard, Aldrich Chemical Company (Purity 99%)

(6.2 Methanol, Acetonitrile, and water, HPLC Grade or equivalent

6.3 S.A.R.M. 2,4,6-TNT, Supplied by sponsor (Purity 99.8%)

CALIBRA TION
.5.

7.1 Calibration standards were prepared from stock solutions containing 0
200 pg TNT, and benzopheone per ml acetonitrile so as to bracket
the working range of the chromatographic system. These concentrations
were: 0.5 pg/nil, 2 pg/ml, 10 pg/ml, 20 pg/ml, and 40 pg/ml.

7.2 A constant injection volume of 10 pl was employed for all measurements.

7.3 In order to determine the precision of the HPLC system, a series of 6 0
replicate injections of the 20 pg/ml solution were made.

7.4 Retention times should remain relatively constant (within ±5% day to
day) with TNT being 5.1 minutes, and benzophenone 8.2 minutes under the
specified conditions. If the retention times are not within ±5', super-
vising chemist should be informed prior to the analysis and corrective
actions should be taken.

(9 0
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QUALITY CONTROL

8.1 Before processing any samples, the analyst should demonstrate through
the analysis of a blank that all glassware and reagents are interfer-
ence free. Each time a set of samples is extracted or there is a
change in reagents, a method blank should be processed as a safeguard 

0*1

against laboratory contamination.

8.2 Standard quality assurance practices were used with this method. A
minimum of six replicate spiked samples were analyzed to validate
the accuracy of the method. If doubt should arise concerning the
identity of the peak on a chromatogram, confirmatory techniques
such as mass spectrometry should be used.

8.3 In a typical sample set, a minimum of one blank and scheduled samples
will be analyzed. A control sample will be prepared by adding a known
concentration of TNT to the sample. The concentration will be in the
working range of chromatographic system as determined by calibration
experiment.

8.4 The analyst will follow each step in an analytical protocol without
deviation or improvisions in order to accurately assess the perfor-
mance of the method. Prior to making any changes in the procedure,
analyst will consult the supervising chemist and the supervising
chemist and the Q.A. officer will review and approve all the changes.

8.5 The typical analysis will consist of the following samples, one blank
sample, 6 diet samples as is, 3 feed samples spiked for recovery
determination at the diet concentration.

SAMPLE COLLECTION

9.1 Samples are collected and stored prior to analysis according to
SOP 81 sample collection (T J and RDX diet samples).

6.

121i
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SAMPLE EXTRACTION

10.1 The appropriate amount of sample is weighed into a 125 ml Erlenmeyer
flask using standard operating procedures. The sample amount for the
diet mixture is ten grams. Approximately 50 mls of acetonitrile is
added to the flask and it is stoppered. The sample is extracted by 0
stirring for 30 minutes only at room temperature.

10.2 Following extraction, the sample was filtered through a medium porosity
fritted glass filter. In this operation the extraction mixture was
swirled to form a uniform suspension and immediately poured into the
glass funnel. A stirring rod was used to drain the last drop of liquid
from the flask.

10.3 The extraction flask was rinsed with three portions of acetonitrile of
approximately three mls each and the rinses are poured into the funnel.
The vacuum is reapplied and the washing process is completed.

10.4 The filtrate is transferred via a short-stem funnel into a volumetric
flask. The filtering flask is rinsed three times, with approximately
5 ml portions of acetonitrile and the rinses are added to the volumetric
flask. The size of the volumetric flask and the subsequent treatment
of the sample depend on the initial TNT concentration in the sample.
The dilution for various sample levels is shown in Table 1B.I. Diet
samples will be diluted to a volume that places them in the working range
of the chromatographic system.

10.5 An aliquot (approximately 10 ml) is filtered using a Water's Organic
Sample Clarification Kit using 0.5 pm filter. The sample is now ready
for analysis for HPLC.

TABLE 1P.1 DILUTION SCHEME FOR TNT DIET SAMPLES

Diet Extract Extract Final
Level Volume Diluted Benzophenone (IS) Volume

(%) (ml) (ml) Added (ml)

0.0005 100 -- 1 ml 50 Pg/ml 100

0.0050 100 -- 1 ml 500 pg/ml 100

0.010 100 -- 1 ml 1000 Pg/ml 100

0.050 100 10 1 ml 500 pg/ml 25

0.100 100 10 1 ml 1000 Pg/ml 50

122



STORACE OF SANPLES 

11.1 All samples including diet and blank feed will be stored in the dark 
at refrigerator temperatures. 

11.2 If the sample preparation procedure is stopped at any point during the 
working day, the samples should be stored in stoppered vessels in th~ 
dark at refrigerator t~mperatures. 

11.3 Samples that are ready for HPLC analysis will be stored in the dark 
at refrigerator temperatures. 

11.4 TNT and benzophenone standards and all standard solutions will be 
stored in the dark at refrigerator temperatures. 

HIGH PERFOP.N.ANCE LIQUID CHROMATOGRAPHY (HPLC) 

12.1 Each sample was analyzed by reverse ph~sc HFLC using the 
conditions described below: Column, 3.9 mrn x 30.0 ern 
pBondapak c18 ; SoJ.vent System, Methanol:Water (70%:30%, v/v); 
Flow Rate, I.Oml/min; Dection,UV at 254 nm~ The r~tention 
times of TNT and benzophenone were 5.1 and 8.2 minutes 
respectively. The limit of detection wno 0.2 p~ TNT/ml 
acetonitrile and is defined as 5x the background noise. The 
rcprcscnto.t:.vc chromator,ram is Figure· 1. For levels at and 
below 0.005% TNT, the chromatographic conditions have been 
cha~ged. The eluting solvent in these cases is Methanol:Water 
(6o%:l,o%, v/v) at a flow rate of 1.5 ml/rnin. 

12.2 Tne chromnto&raphic system was calibrated daily with a minimu~ 
of t~o injections of one standard representative of the 
chromatographic range. 

12.3 An injection volume of 10.0 pl was used for each sample 
except at or below the 0.005% level them 25.0 pl was used. 
Each ir.jection at the 0.000~ level was followed by lOOpl 
of acetonitrile to speed along the long retai-ning impurities. 
If the peak area exceeds the J.inear range of a Sample it was 
diluted and reanalyzed. 

12.4 For the' di<:">ts at and below the 0.005% level the retention 
times are 4.6 and 9.9 minutes for TNT and benzophenone 
respectively. 

12.5 Follo~in~ the completion of an analysis or set of analyses 
a gradient going from intial solvent to 100% methanol in 15 mi~ 
will be used to elute nonpolar compounds from the column: 
Elution a~ 100% methanol will be continued for at least one hou: 
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CAL CULATIONS

13.1 Determine the concentration of TNT using the formula:

% TNT in Sample (Ax)(Wis) x D x 100
(Fx) Ais (Ws)

where

Ax = Area (X) where x is TNT

Ais = Area (internal standard)
Fx =Area (x) x weight (is)

Area (is) x weight (Wx)

Wis = Weight of the internal standard

Ws = Weight of the sample S

D = The dilution factor

Wx = Wt of component x is TNT

13.2 The results should be reported in percent TNT in the sample. Where
replicate sanlples are analyzed, all data should be reported. All
results are recorded in standard IITRI logbooks and these plus
chromatograms and data tapes are retained in the Chemistry Division
Q.A. files.

SA:- Y

14.1 Safety regulations will be followed at all times especially with regard
to the handling of toxic materials. When the diet samples are being
handled, a lab coat and gloves will be appropriate attire. When
solutions or extracts are being handled, a lab coat and gloves should
be worn when there is the chance of direct contact with these materials.
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* APPENDIX IC

ANALYSIS OF TNT IN DIET PREMIXES

SCOPE AND APPLICATION

1.1 This method covers the determination of TNT in diet premixes at 10% and 40n
50% level.

1.2 The sensitivity of this method is usually dependent on the level of inter-
ferences present in the samples, rather than the instrumental limitations.

1.3 This method is recommended for use only by experienced analysts familiar
with High Performance Liquid Chromatography (HPLC) or under close super- 9
vision of such qualified persons.

SUMMARY OF THE METHOD

2.1 A weighed quantity of the premix was stirred with 50 ml of acetonitrile
for 30 minutes. The suspension was filtered through a porous glass filter
and the filtrate was transferred with washings to a volumetric flask.
Benzophenone, the internal standard was added to the filtrate or a portion,
thereof and this solution was diluted to its final volume. The samples
were analyzed using reverse phase high performance liquid chromatography.
Each was eluted on 3.9 mm x 30.0 cm p-Bondapak C18 colu.;,n witi methanol:
water (70%:30%) and the eluant was monitored with an ultraviolet
absorption detector at X = 254 nm.

IN7TERFEREVCES

3.1 Solvents, reagents, glassware, and other sample processing hardware may
yield discrete artifacts and/or elevated baselines causing misinter-
pretation of chromatograms. All of these materials must be shown to be
free from interferences under the conditions of the analysis by running
method blanks.

3.2 Interferences coextracted from the samples will vary considerably from
source to source, depending on the type of animal feed used in the study.

MATERIALS

4.1 Erlenmeyer flasks, 125 ml.

4.2 Filtering apparatus, vacuum flask, 125 ml; fritted glass filters,

porosity M, ASTM 10-20 microns.

1
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5.1 Mettler Grammatic Analytical Balance, No. 1-910

5.2 Corning Hot Plate Stirrers, BC 351

5.3 Buchi Evaporator, Model R

5.4 Sample Clarification Kit, Organic (Water's Associates)

5.5 Higher Performance Liquid Chromatography

" constant flow, isocratic pumping system

0 * reverse phase column, 10 - 3.9 mm x 30 cm 1-Bondapak C18 column

* ultraviolet detector capable of monitoring X = 254 nm

" strip chart recorder and electronic integrator capable of measuring
peak areas and performing an internal standard calculation.

REAGENTS

6.1 Benzophenone, an internal standard, Aldrich Chemical Company (Purity 99%)

6.2 Methanol, Acetonitrile, and Water, HPLC Grade or equivalent

6.3 S.A.R.M. 2,4,6-TNT, Supplied by sponsor (Purity 99.8%)

CALIBRATION

* 7.1 Calibration standards were prepared from stock solutions containing
200 pg TNT, and benzophenone per ml acetonitrile so as to bracket the
working range of the chromatographic system. These concentrations were:
2 pg/ml, 10 pg/ml, 20 pg/ml, and 40 pg/ml.

7.2 A constant injection volume of 10 41 was employed for all measurements.

* 7.3 In order to determine the precision of the HPLC system, a series of 6
replicate injections of the 20 4g/ml solution were made.

7.4 Retention times should remain relatively constant (within ±5% day to day)

with TNT being 5.1 minutes, and benzophenone 8.2 minutes under the
specified conditions. If the retention times are not within ±5%, the

* supervising chemist shoulJ be informed prior to the analysis and

corrective actions should be taken.
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QUALITY CONTROL

8.1 Before processing any samples, the analyst should demonstrate through the
analysis of a blank that all glassware and reagents are interference
free. Each time a set of samples is extracted or there is a change in
reagents, a method blank should be processed as a safeguard against •
laboratory contamination.

8.2 Standard quality assurance practices were used with this method. A
minimum of six replicate spiked samples were analyzed to validate the
accuracy of the method. If doubt should arise concerning the identity
of the peak on a chromatogram, confirmatory techniques such as mass
spectrometry should be used.

8.3 In a typical sample set, a minimum of one blank and scheduled samples
will be analyzed. A control sample will be prepared by adding a known
concentration of TNT to the sample. The concentration will be in the
working range of chromatographic system as determined by calibration
experiments. S

8.4 The analyst will follow each step in an analytical protocol without
deviation or improvisions in order to accurately assess the performance
of the method. Prior to making any changes in the procedure, analyst
will consult the supervising chemist and the supervising chemist and
the QA officer will review and approve all the changes.

8.5 The typical analysis will consist of the following samples shown in the
diagram, one blank sample, 6 premix samples as is, 3 spiked samples.

o ' Saripn cs5

Samplc Sam p es

TEhec PPmix Tkke Pt emix
Sa-pes S1a mm Sr""~~ a ty ed A naztyz ed :

I' s A 6s 1 ] o

ri 0 2"'

I I Im 0L O 4Lo6iZ Ex l -"

C~ ~ Exttact PZu5 .

+ I Ymt Spjc ,

50 m"
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SAMPLE COLLECTIO:.'

9.1 Samples are collected and stored prior to analysis according to SOP 81
Sample Collection and Storage (TNT and RDX Premix).

SAAVPLE EXTRACTIO.

10.1 The appropriate amount of sample is weighed into a 125 ml Erlenmeyer flask
using standard operating procedures. The sample amount for both the
10 percent and 50 percent premix is one gram. Approximately 50 mls of
acetonitrile is added to the flask and it is stoppered. The sample is
extracted by stirring for only 30 minutes at room temperature.

10.2 Following extraction, the sample was filtered through a medium porosity
fritted glass filter. In this operation the extraction mixture was
swirled to form a uniform suspension and immediately poured into the
glass funnel. A stirring rod was used to drain the last drop of liquid
from the flask.

10.3 The extraction flask was rinsed with three portions of acetonitrile of
approximately five mls each and the rinse is poured into the funnel.

( The vacuum is reapplied and the washing process is completed.

10.4 The filtrate is transferred via a short-stem funnel into a volumetric
flask. The filtering flask is rinsed three times, with approximately
5 ml portions of acetonitrile and the rinses are added to the volumetric

* flask. The size of the volumetric flask and the subsequent treatment of
the sample depend on the initial TNT concentration in the sample. The
dilution for samples is shown in Table 1C.1 .

10.5 An aliquot (approximately 10 ml) is filtered using a Water's Organic
Sample Clarification Kit using 0.5 pm filter. The sample is now ready
for analysis for HPLC.

TABLE 1C.1 DILUTION SCHEME FOR SAMPLE EXTRACTS

Premix Concentration 10% C 50%

Original Extract Volume 100 ml 500 ml

Secondary Dilution 1 ml extract plus 1 ml 1 ml extract plus 1 ml I.S.
I.S. to volume of 50 ml to volume of 50 ml with
with acetonitrile j acetonitrile

1. I.S. solution concentration is 1000 pg/ml.

2. In the case of a sample analyzed by the method of standard addition 1 ml of 
the original extract was diluted with 50 ml acetonitrile, and 1 ml of the
extract added to 1 ml of the spiking solution of known concentration was
diluted with acetonitrile as above.

129 .
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STORAGE OF SAPLES 0

11.1 All samples including premixes and blank feed will be stored in the dark
at refrigerator temperatures.

11.2 If the sample preparation procedure is stopped at any point during the
working day, the samples should be stored in stoppered vessels in the
dark at refrigerator temperatures.

11.3 Samples that are ready for HPLC analysis will be stored in the dark at
refrigerator temperatures.

11.4 TNT and benzophenone standards and all standard solutions will be stored
in the dark at refrigerator temperatures.

HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC)

12.1 Each sample was analyzed by reverse phase HPLC using the conditions
described below: Column, 3.9 mm x 30.0 cm p-Bondapak Ci8 ; Solvent
System, methanol:water (70%:30%, v/v); Flow Rate, 1.0 ml/min;
Detection, UV at 254 nm; Sensitivity, 0.1 AUFS. The retention times of
TNT and benzophenone were 5.1 and 8.2 minutes, respectively. The limit(of detection was 2 pg TNT/ml acetonitrile and is defined as 5x the
background noise. The representative chromatogram is Figure 1C.1.

12.2 The chromatographic system was calibrated daily with a minimum of two -
injections of one standard representative of chromatographic range.

12.3 An injection volume of 10.0 il was used for each sample. If the peak

area exceed the linear range of a sample it was diluted and reanalyzed. .-

12.4 Following the completion of an analysis or set of analyses, a gradient
going from initial solvent conditions to 100% methanol in 15 minutes
will be used to elute polar compounds from the column. Elution at 100,^..
methanol will be continued for at least 1 hour.

CALCULATIONS

13.1 Determine the concentration of TNT using the formula:

% TNT in Sample (Ax)CWis) x D x 100
(Fx) Ais (Ws)

where 9-

Ax = Area (x) where x is TNT

Ais = Area (internal standard)

F Area (X) x weight (is)
Area (is) x weight (Wx)
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Wis =Weight of the internal standard

Ws =Weight of the sample

D = The dilution factor

Wx = Wt of component x is TNT

13.2 The results should be reported in percent TNT in the sample. Where
replicate samples are analyzed, all data should be reported. All results
were recorded in standard IITRI logbooks and these plus chromatograms
and data tapes were retained in the Chemistry Division Q.A. files.

SAFE.TY

14.1 Safety regulations will be followed at all times especially with regard
to the handling of toxic materials. When the premix samples are being
handled, a lab coat, gloves, and a mask will be appropriate attire. 0
When solutions or extracts are being handled, a lab coat and gloves
should be worn when there is the chance of direct contact with these
materials.

0
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APPENDIX ID

SAMPLE COLLECTION AND STORAGE
(TNT AND/OR RDX PREMIX SAMPLES)

Scope

1.1 This procedure covers the collection and storage of TNT and RDX

premix samples prior to analysis.

Materials and Equipment

2.1 Small scoop

2.2 Powder funnel

2.3 Amber vials with plastic screw cap

Sample Collection

3.1 Personnel of the Life Sciences Division will inform the supervising

* chemist and the analyst when they receive TNT or RDX premixes. The analyst

will collect 6 samples from the Velostat ban container, one from each of four corners

and two from the middle. At least 5.0 gram quantities of premix will be

collected in order to permit the extraction and analysis steps to be per-

* formed in duplicate. All samples will be identified according to the

Chemistry Division identification system. All detailed informration will

be placed in the sample identification logbook inrediately.

The sampling procedure for the premix will be performed as follows:

One sample is removed from the center of the storage bag with a small

scoop which will permit the removal of a 5.Og quantity. The second

sample will also be removed from the center of the container in the same

* manner as the first sample but at a deeper level.

eQi
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After center sampling, the surface of the premix is restored by leveling and

four additional samples will be removed with a small scoop from each of the

four corners of the bag at gradually increasing depths by lifting the

corners of the bag. The 6 samples will be labeled and placed in amber vials

with plastic screw caps. The label will contain Date Sampled, Sample O

Number, Premix Identification, Lot Number and Sampled by Initials.

Sample Storage

4.1 All samples will be stored at refrigerator temperatures in the

dark prior to analysis. This includes feed that will be used for blanks

and control samples. Every three months (from manufacturing date) feed

-( " will be changed. This manufacturing date will be supplied by Life Science

Transmittal Record

5.1 Transmitted record will be completed by responsible personnel.

A copy of Test Article Premix (T.A.P.) and/or T.A.P. Sample Transmittal

(or custody) record is attached. .

Sampple Disposal

6.1 Samples or parts of samples will be returned to the Safety

Officer for disposal. O

- .. *
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Figure ID.1

TEST ARTICLE PREMIX (T.A.P.) AND/OR T.A.P. SAMPLE TRANSMITTAL

(OR CUSTODY) RECORD

Project No. Stud' No(s). T.A.P. ._--._

Lot No. T.A.P. Prepared (K.O.P.) Date/By: .--_',..,.._.

Intended Corcentration: _ Quantity (kg): 5002 Lot No.: ____"_

Logbook No.,Page No. Storage Conditions of T.A.P. (KO.P.):__-___

T.A.P. Received (L.S.R.) Date',,: Logbook No./Page No.:

Storaie Cr.<i:iors el T.A.P. in L.S.R.:

7. a -a~ e a ' E.. __,__ _ __,-_ _ Logbook No./Page No.: __ _

W r e: i- .te- Storaqe Conditions of T.A.P. Sample by Chemistry

CP
Extrat-c' ,  e, or-et E,'Date: Logbook No./Page No.:

Ara 1 sis Per'or-e4 Ev Late" Logbook No./Page No.: -_

Data Reviewed & A-, rroved By/Date: _._:_ _

.rajvtiC81 Pe o t Pre-ared B,'D/ate: Checked By/Date: .,

Qjalit, Assu-arce Check By/Date: .-_.,

Analytical Report Received (L.S.R. Supervisor) By/Date: --_

T.A.P. First Used B,',Date: T.A.P. Last Used By/Date:

Excess T.A.P. Subritted to K.O.P. Personnel for Disposal by Burning By/Date:

Quantity (kc)_ _ _ __ __ _

Excess T.A.P. Received By/Pate: _.__._

~~Key

K.O.P. = Kinqsburv Ordinance Plant, La Porte, IN.
5002 = Purina Certifieo Rodent Chow 5002-

loan



APPENDIX 11

5002 CERTIFICATION PROFILEIANALYSIS
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Ch w 0 hiioan . ...... 5 ppm NFE (by difference) %- 551C o eEthiorn ........ S ppm Gross Energy KCaligm 4 1

#5002 Tritrror.... ........ Ah%..........5pm Ah 58
Drugs and Estrogens - This product is Phospcus % 7 .... 0
manufactured in a plant where artibiotics Potassium % 86

Certified RoetCo 5sacnrle and snhicetonsaetrtlMgeiu %21
constan: nutrient rodent dlet recommended Prohibited Routine monitoring for over a Sodium % . . 30
or hife cycle feeding ot rats, mice and decade Ihas riot shown arty detectaoile Caorine % .. ... 47
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achievedoby pre-analysis mnintoring o1 key avoid any contamination of Lab Cos Manganese. ppm ... . 630
nutients and certain contaminating diets Copper, p . .... _ _ 133
subsances Diet control helps minimize Other Contaminants - "f additional Cobat, ppm . .... . 6

*variables in researct studies contaminants assays are needed, these Iodine, ppmrn 1 2

Guaranteed Analysis can, be obtained by oroienrg such analyses Vitamins
prior to manufacture. Cost of these Carotene, ppm ..... 56

Crude protein. mm........ 200% -additional assays will be charged based on Meaie(addpm-
Crude fa, mi...........4,5% current anaiyses rates at 1me of assay Thlamin. Ppm .... 133
Crude fiber, max 60% pm8
Ash) max . % Ingredients: Nibfain ppm 6.3.... 0
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these maximum concentraiions of the whEat moodings animal fat preserved with B-12. mcc~b g

* folowingsu~st'cesBHA, ca'c jn', ca'oonate. dicaaciumn Vitamin A, lU/gm...........17 6
*Heavy Maximum phospihate. salt. anima! liver meal, calcium Vitamin D. lU/gm..........22
*Metals Concentration oclate vitamin B,: suapen-ent. methionine Alpfa-tocoothero. lUlb.......300
* ~~Arsenic . 1 0 ppmr hydroxy analogue calcium, calcium Ascorbic Ac-C. mgrgm. .......

-. Cadmium 5 porm pantothen-ate. choline chlonde folic acid.
Lead 1 S spm =!:~avin suoblement, thiamin. niacin. Feeding Directions
Mercury . 2 ppm. pyrmdplile hydrochloride, ferrous sulfate. Feed ad libtlum to rodents P~e-ry of i'esh,
Afltoxin 1 -d vitamin A suppllemnent. D activated animal clean ware, should be avalabe to tne
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*Heptachie Eipe~l 05 porn Protein %.......... ..... 200 Mice - Adult mice will eat 4 to 5 grams of
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t:,iontte % .-. 43
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L TEI ANALYTICAL, INC.
40 SOUTH NORTHWEST HIGHWAY - PARK RIDGE. ILUNOIS - 6068- 312/"&20"

•*.. LABORATORY REPORT"''.=

October 29, 1982 #9166
Page 1 of 2 paces

Dr. Marianna Furedi P.O. 116092
lIT Research Institute
10 West 35th Street Sample received
Chicago, Illinois 6061 June 9, 1982

[TEI-14080] Rodent Chow 15002 - March 24-822G

Result in p, , . Method

Idtrate Nitrogen 19.0 7.030

Nitrite Nlitronen 0.24 7.030

0 ercury < 0.05 25.103

Arsenic 0.014 JADAC 60.813

Cadmium < 0.05 25.02C

Lead 0.61 25.058

0 Penicillin < 10 Snell & Snell,
Colorimetric Methods

of Analysis
Vol IVAAA. p. 221

BHT • 1.0 J11OAC 60,505

BRA c 1.0 JAOAC 60,505

Total Estrogen not detected 39.000

Chlortetracycline to be reported at a later
date

Sflatoxin B1 4 0.005 26.003

fflatoxin F,2 0.01 - 0.02 26.003

Aflatoxin C, ' 0.005 26.003

Aflatoxin 62 ' 0.005 1 26.003

*Heldrin 0.0n1 29.000

Endrin < 0.001 29.000 :

Aldrin ( 0.001 29.000

Heptachlor Epoxide < 0.001 29.000

BHC < 0.001 29.OOG

1392?
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T I ANA LY iI C AL, INC.
4N SOUTN NORTHWEST HIGHWAY * PARK RIDGE. ILUNOIS . 60068 312/696 ZD7"

LABORATORY REPORT
* October 29, 1982 19166

Page 2 of 2 paces

Dr. Xarianna Furedi P.O. 116092
TIT Research Institute
10 West 35th Street Sample received
Chicago. Illinois 60616 June 9, 1982

[TEI-14080] Rodent Chow 15002 - March 24-822G

0

Result in ppn * Method

Lindane < 0.001 29.000

DOT Total < 0.001 29.000

" ?'ethoxychlor < 0.001 29.000

Chlordane < 0.001 29.000

Ni rex < 0.001 29.000

loxaphene < 0.001 29.000 OF

Strobane < 0.001 29.000

HCU < 0.001 29.000

PCE < 0.001 29.000

Polychlorlnated Dioxins < 0.006 28.128 •

Parathion < 0.031 29.000

flethyl Parathion < 0.001 29.000

Enthion < 0.001 29.000

Carbophenothion < 0.001 29.000 0

'.al athion < 0.001 29.000

konnel < O.D01 29.000

Ulazinor, 0.01 29.000

Vlsulfeton < 0.001 29.000

Phorate < 0.001 29.000

*Official Methods of Analysis of the Association of Official
Analytical Chenists. •

14o
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TEl ANALYTICAL CHEMISTRY METHODS
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ANALYTICAL PROCEDURES USED BY TEl ANALYTICAL, INC. PARK RIDGE, IL
TO ANALYZE PURINA CERTIFIED RODENT CHO 1' NO. 5002 FOR IMPURITIES

Limit of
ChlorinatedPesticieu ree n10 pp A . 2e reC a.000

Chlorinated Pesticide Screen 10 ppb A.O.A.C. 29.000
Phosphated Pesticide Screen 50 ppb A.O.A.C. 2g.o000,

Polychlorinated Biphenyls (PCBs) 100 ppb A.O.A.C. 29.000
Hexa-, hepta-, octachlorodibenzo-p-dioxin <100 ppb A.O.A.C. 28.128
Heavy Metals

Arsenic 1.0 ppb J.A.O.A.C. 60.813
Cadi um 10 ppb A.O.A.C. 25.026
Lead 10 ppb A.O.A.C. 25.056
Mercury <1 ppb A.O.A.C. 25.103

Nitrates 1.0 ppm A.O.A.C. 7.030

Nitrites <1.0 ppm A.O.A.C. 7.030 0*
Aflatoxins 2.0 ppb A.O.A.C. 26.003
Penicillin <2.0 ppm Snell and Snell,

Colorimetric -lethods
of Analysis Vol IV

AAA, pg. 221

Chlortetracycl ine 10.0 ppm Snell and Snell,
Colorimetric M1ethods
of Analysis Vol IV

AAA, pg. 184

Butylated hydroxytoluene 1.0 ppm J.A.O.A.C. 60.505
Butylated hydroxyanisole 1.0 ppm J.A.O.A.C. 60.505

,Estrogens A.O.A.C. 39.000 0

* A.O.A.C. - Official methods of analysis of the Association of Official
Analytical Chem I sts.

1 42
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* APPENDIX IV

HEMATOLOGY METHODOLOGY
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Cyanmethemoglobin method
Coulter Counter Model S System

Indirect method; calculated value based on erythrocyte
count and mean corpuscular volume

Coulter Counter Model S System

Electronic Counting Procedure
Coulter Counter Model S System

Mean Corpu_uc.ul~ Y_iuem (MLVI O

Electronic Sizing Procedure

Coulter Counter Model S System

M ~ Corpuscl~r H .g;iIn .LWQH1

Indirect method; calculated value based on erythrocyte
count and hemoglobin

Coulter Counter Model S System

Mean £_.~r iilnr aemn gLobn oncnrmIlon £MHC

Indirect method; calculated value based on hematocrit
and hemoglobin

Coulter counter Model S System
L=j~~ e korjgfja ' O '

Electronic Counting Procedure
Coulter Counter Model S System

L kocy-tv ldlerent~lal L-Qunift -

Neutrophils - Immature
Neutrophils - Mature
Monocytes
Basoph II s
Lymphocytes
Eosinoph I s
Wright stain procedure

Schalm, O.W., Jain, N.C. and Carroll, E.J.
Veterinary Hematology, Color Plates Chapter,
3rd Edition, Lee and Feblger, 1975.
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Wright stain procedure
Schalm, O.W., Jain, N.C. and Carroll, E.J.
Veterinary Hematology, Color Plates Chapter,
3rd Edition, Lee and Feblger, 1975.

Piat es1e~t Coun:

Direct Method
Schalm, O.W., Jain, N.C. and Carroll, E.J.
Veterinary Hematology, p. 69, 3rd Edition,
Lee and Febiger, 1975.

RILlos ct e fdount

New methylene blue staining procedure
Brecher, G. Am. J. ClIn. Path. 12.
895. 1949.

Methjm~LQ~n

Cyanomethemoglobin method
Evelyn, K.A. and Mal loy, H.T. J. Blol.
Chem. 126, 655, 1938.

14
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APPENDIX V

* CLINICAL CHEMISTRY METHODOLOGY
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Hexokinase method
Centrifichem Centrifugal Analyzer System
Neeley, W.E. Olin. Chem. 1U, 509. 1972.

Urea Ni troagn (BJN)

Modified urease technique
Centrifichem Centrifugal Analyzer System
Karmen, A. J. Olin. Invest. 1A. 131, 1955

_-PtLmam u.rU I rnqamLnaigej SGPI

Modified Wroblewski and LaDue technique
CentrifIchem Centrifugal Analyzer System
Henry, R.J., Chlamorl, N., Golub, O.J., and I
Berkman, S. Am. J. Clin. Path. _4. 381,1960.

Laciic Da cnt LLDHI

Lactate pyruvate technique
Henry, R.J., Chlamorl, N., Golub, O.J. and
Berkman, S. Am. J. CIIn. Path. IA, 381, 1960.

A I kal"_ hs.b: s

Modified Bessey-Lowry technique
Neumann, H. and Van Vreedendaal, M. Olin. Chem. 8 =

Acta. 12, 183, 1967.

*CILQLirdg

Silver chloride precipitation method
Chloride Meter (Corning Medical Co.)
Catlove, E., Trantham, V. and Bowman, R.L. J.
Lab. Clin. Med. _, 58, 1958.

Flame photometry -
KI na Flame Photometer (Beckman)

Flame photometry
Klina Flame Photometer (Beckman)

Bluret technique
Centrifichem Centrifugal Analyzer system
Failing, I.F., Jr., Buckley, M.W. and Zak, B.
Am. J. Clin. Path. 33, 83, 1960.
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Bromocresol green method
Centrifichem Centri fugal Analyzer System
Rodkey, I.L. Clin. Chem. I.478, 1965.

Ir I rL.

Tetrazolium salt reduction method
Centrifichem Centrifugal Analyzer System
Klotzsch, S., Serricchio, M. and Furedi, R. -

* Advances In Automated Analysis
Vol. 1. Mediad Inc., Tarrytown, N.Y. P.111, 1973.

Cr.a~tha I h ngLn.i L.f

Modified Oliver method
Dentrifichem Centrifugal Analyzer System
Oliver, I.T. Biochem. J. n-j., 116, 1955.

Cholesterol esterase-cholesterol oxIdase method
0 Centriflchem Centrifugal Analyzer System

Roseschlaw, P., Bernt, E. and Gruber, W. Z.F
Lin. Che. u. Kln. Biochem. .12, 226, 1974.

Al Izarin method
Centrifichem Centrifugal Analyzer System
Connerty, H.V. and Briggs, A.R. Cl in. Chem. -

11,716, 1965.

Modified Waiters and Gerarde method
Centrifichem Centrifugal Analyzer System
Walters, M. and Gerarde, H. Microchem. J .
15, 231, 1970.

4LBilllrutbJn, Direct

Modifiled Walters and Gerarde method
Centrifichem Centrifugal Anajlyzer System
Walters, M. and Gerarde, H. Mcohm 1

S231, 1970.
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CfIRLORTETRACYCL INE CONTENT OF 5002

ANALYTICAL RESULTS (ppm)

I-
r

i t NALYT CAL 9.9

EL AN AL fT I CAI * 12 9.9 7.7 10.2

sCE KFiC ASSc:;,rES** 1.76 1.72 1.20 1.64

W'0 S[N-TFNFIN1 LABS, INC.** N. D. N. D. N. D. N. D.

'4?A k LABS, JNC. * <0.05 <0.05 <0.05 <0.5 C -

sanpIe A Lot No Sept.8.81
Lamp!e 13 Lot No Dec. 10.81
,ample C 'of No March.24.82 (Original lot)
Samle - Let Nc Sept.10.82 •

*Pethod: Snel: and Snei I, Colorlmetric method of analysis.

io! . IVAAA, Ps. "84

i*etto : AOAC, X1l, 0g. 7 22- 7 23, paragraph 42.211-42.214;

V'. f. -None D;4tected

31

•. .

. - .- '



APPENDIX VIII

NITRA'TE, NITRITE AND MERCURY CONTENT

OF 5002



NIHRATE, NITRITE, AND MERCURY CONTENT OF 5002

' 0 ' ,M E; NITRATES(ug/g) NITRITES(ug/g) MERCURY(ug/g)

.,N !5 812E 32 <0.1 0.02
FE-B 113-8 1 1B 9.2 <0. 1 0.04

r iAN 2i-81 ;N 32 <0.1 0.11
MARCw 05-811A 13 <0.1 0.14
V AAR:H 17-81 , <3 <0.1 0.02

1,P IL 30-31 1P <3 0.3 0.01
A Y 13- H I2K 15.3 0.2 <0.06
NE :)1-P12D <2.0 0.6 <0.1

AUG c;4-811f 28 0.5 0.03
3LPT 16-811A <2.0 <0.1 0.05
C 7-611J 6.3 0.2 0.15

A 1 -1 2-81 iG 16 0.4 <0.02
DEC 10-8? IA 12 <0.2 0.09 1
JAI 22- 821K 14 <0.2 <0.05
S F 09-821' 7.2 0.4 0.05
'iA!?CV- 24-822U, 19.C 0.24 <0.05I:A I 2_-822F 16.4 0o.1 <0.05
JINE 04-821K 17.0 0.1 <0.05
J LY 2 ?9-8 2 1G 11 .8 0. 1 0.06

* SE;'- 10-8221 5.0 0.1 0.2
0O', O-8,2L 4.7 0.1 0.2

8,Q' 2 3 -821M 15.4 C.2 0.05

t0

l
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. tuay NumDeh: L5 1b-li Page 1

- est Ar le: TNT

-'FIJMARY OF OPHTHALMIC FINDINGS

u'ru 1. conjunctivitis, discharge, keratltis, end corneal

scmrringiqpimente4lon were observed In all test groups at similar
tr-quencies. and were not considered to be treatment-related.
;hroughou" ih study, a number of animals used for orbital bleeding 0
emonstrefe ocular lesions. The lesions In these animals Included
anophtha! -ia, phthI.s , anterior and posterior synechlae, uveltis,
cat-racts and retinal vascular attenuation. At all test weeks
otserved "or oph'halmic abnormal ities (25, 51, 77, and 103), 50% or
g.-eatr of .he animals observed with ophthalmic lesions had been
ised %ar or!tai bleeding. Ocular trauma or penetration at the time I
'., bleecirg moy have been responsible for the aforementionec
abnora!!tes. Statistical evaluation of the incidence of cataracts
soen during Test Week 103 of animals used versus not used for
, lbtil s~n'is bleedings demonstrated that the bleeding procedure did
int appeer tt, 'e responslble for cataract formation (Table 1).

Al Test Week 103, a higher incidence of cataracts was observed in

el tesi groups. Although the incidences of cataracts among
TNT. treated .nlmals were greater than for control animals, they were
not sigr.iflcant!y aifferent except for low dose females (Table 2).
;hp lick of ij dose-response relationship suggests that this

obser.,at;on is spurious. Many of these lesions were focal opacities
on the posterlor lens capsule associated with vitreal precipitates

i d .;an be cuns'dered aging changes.

!. surnmary, ocular abnormalities observed in this study appeared to

t;,-cur randomly with respect to control and treatment groups, and
were not consluered io be treatment-related. O

C. Sue West, D.V.M.
Diplomate, American College •

of Veterinary Ophthalmologists

Date _L_ 1_.1

0
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i .- - . r "W - -

Tabl e 2

TWEN"Y-FOUR MONTH CHRONIC TOXICITY/CARCINOGENICIrY STUDY OF
TRINITROTOLUENE (TNT) IN THE B6C3F1 HYBRID MOUSE

INCIDENCE OF CATARACTS AT TEST WEEK 103

0.0 7/43 3/41

1 5 8/44 11/43*

10.0 6/43 8/47

70.C 13/43 9/50

SSignificantly different from appropriate control group, p<O.05. *
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FINAL PATHOLOGY REPORT OF TWENTY-FOUR MONTH CHRONIC
TOXICITY/CARCINOGENICITY STUDY OF TRINITROTOLUENE (TNT)

IN FISCHER 344 RATS

I. INTRODUCTION

In accordance with the amended experimental protocol, gross
and histiopathologic examination were preformed on organs and
tissues of 750 (375 males and 375 females) adult Fischer 344 rats
for IITRI Project L6116, Study Number 9.

The rats were divided Into five groups, each containing 75
males and 75 females. Each group was fed either Trinitrotoluene
(TNT) as a dietary admixture or a control diet until death or
sacrifice. The treatment group number, treatment, number of rats
per group, sex, and corresponding dose levels are shown below.

Treatment Treatment Number of Number of Dose level
Group Males Females mg/kg/day

75 75 0.0
II TNT 75 75 0.4
I 1I TNT 75 75 2.0
IV TNT 75 75 10.0
V TNT 75 75 50.0

Scheduled sacrifices were conducted at 6, 12, and 24 months.
Ten rats per dose level, per sex were sacrificed at 6 and 12
months. All surviving rats were sacrificed at 24 months. A
pathology report was made for each of these Intervals. These
pathology reports constitute Appendix I, II, and III. Each
report lists the number of rats examined that died spontaneously
or were sacrificed as moribund (SOMS), along with those scheduled
to be sacrificed at 6, 12, and 24 months.

II. MATERIALS AND METHODS

1. Gross Pathology

The rats were anesthetized with carbon dioxide,

exsanglunated from the abdominal aorta, and necropsled. The
organs were examined and, with the exception of the eyes and
testes, fixed In 10% neutral buffered formal in for a period of no
less than 48 hours. The eyes were fixed In 3% glutaraldehyde
solution and the testes in Bouln's solution. The lungs were
fixed by intratracheal perfuslon of formalin. The heart, liver,
adrenals, spleen, kidneys, gonads, and brain were weighed before
fixation. SDMS rats were also necropsled and the organs were
fixed as described above, but the organs were not weighed.
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2. Histopathoiogy

The fclHowing tissues were collected at necropsy, processed
f f0 h Is t oogy u s Ing standard technique, sta Ined w It h
hematoxylin-leosin, and examined with the light microscope. Those9
tissues marked with an asterisk In the list below were processed
for microscopic examination only at the control and high dosage
level (50.0 mg/kg/day). The brain, spinal cord, pituitary,
spleon, kidneys, heart, liver, gonads, as well as all gross
lesions were processed at all dose levels.

The fCllOWIng Tissues were collected:

*Adrenal* Ovaries*
Brain (fron t al, parietal, cerebellar)* Pancreas*

*Cec unr* P Itu I tary*
Co IorA Prost ate *
Costochondra; juncture Rectumt

* Duodenum* Sal ivary gland
*EpididymesO Seminal vesicles

Esophagus* Sciatic nerve
E:yest and optic niervet Skin/Mammary glIa ndt

Hear t* S pIe ent *
I I leum~ Spinal cord (cervical,

*Jej-inurr* thoracic, lumber)*
-. Kianeys* Sternum with marr-ow'

- Larynx Stomach *
L LI .er* Testes *
Lymph nodes: Thymus
Mand ibu lir Trac hea*
Meserter iC* Thyroids/parathyroids'

-Muscle, skeletal Uterus*
* Nasal turbinates Bone marrow smear**
-Tissue Masses* and any other tissues

Urinary bladder** with gross lesions*

"UIrinary bladder and bone marrow were examined for the female
rats In all dose levels.
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The grading system for lesions and the abbreviations used in
the pathology tables are as follows.

Grade 1 = minimal severity

Grade 2 r mild severity
Grade 3 = moderate severity
Grade 4 = marked severity
N = Within Normal Limits
M = Tissue Not Present
- = Tissue Not Applicable
P = Lesion Present, No Grade

3. Statistical Evaluations

Statistical evaluation of pathological lesions were
performed using models for qualitative data. For the comparison
of treated vs control animals, In terms of the presence or
absence of a specific lesion, Fishers exact test was used for
cases when the expected value of any cell was less than or equal
to five. Otherwise, a chi-square analysis was performed.

SIII. PATHOLOGY RESULTS

The gross summary tables and the histopathologist's report,
Including the histopathology Incidence and summary tables for the
6 and 12 months Interum sacrifices and the 24 month terminal
sacrifice, are presented in Pathology Appendix I, II and III
respectively. A summary of the pathology results follows.

1 SIX MONTH INTERIM SACRIFICE

A. Gross Observations
.1

A lesion of possible significance was observed In the
kidneys of male and female rats In the TNT 50.0 mg/kg/day dose
group. The kidneys had a brown/mottled brown appearance in 5/10
males and 3/10 females In that dose group.

B. Microscopic Observations

Treatment-related lesions were observed In the spleen of
male and female rats In the TNT 10.0 and 50.0 mg/kg/day groups;
and In the kidneys of male rats In 'the TNT 2.0, 10.0, 50.0
mg/kg/day groups and in female rats in the 10.0 and 50.0
mg/kg/day groups.
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*. A dose-related Increase in the Incidence of extramedullary

* hematopolesis was observed involving the spleen of 8/10 and 10/10

" male rats In the TNT 10.0 and 50.0 mg/kg/day groups respectively,

and In 7/10 female rats In the TNT 50.0 mg/kg/day group.

An Increased pigment deposition was also observed In the

-" spleen of 10/10 male rats In both the TNT 10.0 and 50.0 mg/kg/day

groups, and In 7/10 and 10/10 females in the TNT 10.0 and 50.0

mg/kg/day groups respectively. These lesions were graded minimal

to mild In severity.

Several significant changes were observed In the kidneys of

. both male and female rats. Cytoplasmic bodies accompanied by

nuclear hypertrophy were observed Involving the proximal

convoluted tubules In the cortex of all the male rats In the TNT

2.0, 10.0, and 50.0 mg/kg/day groups. The severity of this

change was dose-related. A yellowish-brown pigment was present

. In the proximal convoluted tubules of all the females In the TNT

- 10.0 and 50.0 mg/kg/day groups. Nuclear hypertrophy of the

convoluted tubular epithelial cells also accompanied these

changes. The relative severity of these changes were

.. dose-related. A slight Increase in the severity of chronic

nephropathy was seen In 8/10 males In the TNT 50.0 mg/kg/day
group.

The cause of death for the single female animals In the TNT

0.0 and 0.4 mg/kg/day group was not evident.

Based upon the findings at the 6 month Interim sacrifice the

maximum no-effect level of the TNT In the Fischer 344 rat

appeared to be 0.4 mg/kg/day.

2. TWELVE MONTH INTERIM SACRIFICE

A. Gross Observation •

Treatment-related lesions were observed Involving the spleen

and kidneys of males In the TNT 50.0 mg/kg/day group. The spleen

of 4/10 rats were enlarged, and 8/10 were dark red/dark In

appearance. The kidneys of 4/10 rats were brown.

B. Microscopic Observations

Treatment-related lesions were observed In the spleen of TNT

10.0 and 50.0 mg/kg/day groups, and kidneys of the 2.0, 10.0 and

50.0 mg/kg/day groups male and female rats.

SInusoldal congestion, extramedullary hematopolesis, and

* Increased pigment were observed in the spleen of both sexes.
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Sinusoidal congestion was present in the spleen of all male
and female rats In the TNT 50.0 mg/kg/day group. Increased
extramedullary hematopolesis was present In 9/10 male and female
rats In the TNT 50.0 mg/kg/day group. Also, Increased

* hemoslderln pigment was present In the spleen of all the male
rats In the TNT 10.0 and 50.0 mg/kg/day groups, and In 8/10 and
10/10 female rats in the TNT 10.0 and 50.0 mg/kg/day groups
respectively. The lesions were graded minimal to mild In
severity.

Renal lesions Included: cytoplasmic inclusion bodies

accompanied by nuclear hypertrophy In the epitheial cells %
proximal convoluted tubules of all the males In the TNT 2.0,
10.0, and 50.0 mg/kg/day groups; Increased pigment in the
proximal convoluted tubules of 9/10, 10/10 and 10/10 females In
the TNT 2.0, 10.0 and 50.0 mg/kg/day groups respectively;
nuclear hypertrophy In 8/10 females In the 2.0 mg/kg day group,
and all the females In the TNT 10.0 and 50.0 mg/kg/day groups;
and a slight Increase In the relative severity of chronic
nephropathy among males in the TNT 10.0 and 50.0 mg/kg/day
groups.

The cause of death and morbidity among the rats during the
6-12 month test period was ascribed to naturally occuring
urogenital or neoplastic disease.

3. TWENTY-FOUR MONTH TERMINAL SACRIFICE

A. Gross Observations

Treatment-related lesions were present Involving: the liver
of male rats In the TNT 50.0 mg/kg/day group, and female rats In
the TNT 10.C and 50.0 mg/kg/day groups; the kidneys of male rats
In the TNT 10.0 and 50.0 mg/kg/day group; and the urinary

* blaader of female rats In the 50.0 mg/kg/day group.

Rec areas, focal to multifocal In distribution were seen as
a signIfIcant change In the liver of male rats In the TNT 50.0
mg/kg/Cal group. The Incidence of this lesion was:

Group II III IV V
4 4 13/54 4/54 11/55 26/55
(7% (24%) (7%) (20%) (47%)

Tan area on tt.e liver of female rats was sIgnificant in the
TNT IC.C arc 'C.0 mg/kg/day groups. The Incidence of this lesion

£ was:

Group II II IV V
C 4 1E/ 4 I /-5 34/55 43/55

(37% (33%) (33%) (62%) (78%)
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An Increased number of pitted/granular kidneys were observed
In the male rats In the TNT 10.0 and 50.0 mg/kg/day groups. The
incidence of the lesion was:

Group I II III IV V
14/54 8/54 1 2/54 1 8/55 32/55
(26%) (15%) (22%) (33%) (58%)

Cystic kidneys In male rats were also observed as being
significant In the TNT 10.0 and 50.0 mg/kg/day groups. The
Incidence was:

Group I II IlI IV V
1/54 1/54 2/54 6/55 15/55
(2%) (2%) (4%) (11%) (27%)

Masses were observed In the urinary bladder of 6/55 females
in the TNT 50.0 mg/kg/day group. All these rats were part of the
schedule sacrifice.

Gross lesions which appeared quite often In all groups
regardless of treatment received and sex; were enlarged spleens,
brown/mottled brown kidneys, and subcutaneous masses. Testicular S
lesions consisting prlmarily of interstil al masses were seen in
male rats at al I dose levels.

B. Microscopic Observations

Treatment-related lesions were present In the liver of
males, urinary bladder and bone marrow of females, and the spleen
and kidneys of both sexes. The Increased Incidence and/or
relative severity of the lesions were dose-related In the 10.0
and 50.0 mg/kg/day males, and the 2.0, 10.0, and 50.0 mg/kg/day
females.

A dose-related Increased incidence of hepatocellular
hyperplasia associated with peliosis and cystic degeneration was
observed in the liver of 23/54 and 34/55 male rats In the TNT
10.0 and 50.0 mg/kg/day groups respectively.

Lesions In the urinary bladder of female rats Included
hyperplasla of the mucosal epithelium (2/55 In the 10.0 and 12/55
50.0 mg/kg/day groups), papillomas (1/55 In 10.0 and 5/55 In the
50.0 mg/kg/day groups), and carcinomas (12/55 in the 50.0
mg/kg/day group).

A significant increase In Incidence and severity of 5
myelofibrosls of the sternal bone marrow was present In 17/54
rats in the TNT 50.0 mg/kg/day group. Bone marrow specimens from
the TNT 0.4, 2.0, and 10.0 mg/kg/day groups have not been
examined at this time.

3-
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TABLE I

Twenty-Four Morth Chronic Toxicity/Carcinogenicity Study of
Trinitrotoluene (TNT) In the Fischer 344 Rat

Incidence of Principal Gross Observations In Rats at the
Scheduled 24-Month (Terminal) Sacrifice

Liver (red areas; 4 54 13/54 4/54 11/53 26/55
focal to multifocal)

* Kidneys (pitted/ 14/54 8/54 12/34 18/55 32/55
granular)

Kidneys (cystic) 1/54 1/54 2/54 6/55 15/55

Liver (tan areas) 20/54 18/54 18/55 34/55 43/55

Urinary bladder 0/54 0/54 0/55 0/55 6/55
(masses)
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Table Ii

Twenty-Four t,'orth Chrcnic Toxicity/Carclnocenlcity Study of -
Trinitrotoluene (TNT) In the Fischer 344 Rat

Statistical Evaluation of Histopathological Lesions
for the 12-24 Month MS/SD and Terminal Sacrificed Males

DOSE (mg/kg/day)

PRESENT 9 9 7 23** 34** O
ABSENT 45 45 47 31 21

PRESENT 4 7 8 18** 47**

ABSENT 50 47 46 36 8

PRESENT 3 4 9 8 24**
ABSENT 51 50 45 46 31

O-
PRESENT 10 14 18 14 29**

ABSENT 44 40 36 40 26

SPLE_ r.JQOI/_C LUfY1A Si

PRESENT 33 26 19** 33 3
ABSENT 21 28 35 21 52

LiZLS i 51a. FLE.AL P I aME

PRESENT 22 20 15 47** 50** "
ABSENT 32 34 39 7 5

PRESENT 44 35 46 50 54**
ABSENT 9 19 8 4 0

* P < .05
P < .01
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Table I II-

Twenty-Four Month Chronic Toxiclty/Carcrnogenicity Study of

Trinitrotoluene (TNT) In the Fischer 344 Rat

Statistical Evaluation of Histopathological Lesions for the

* 12-24 Month MS/SD and Terminal Sacrificed Females

DOSE (mg/kg/day)
0.,0 .,_4 2 ..Q I D .A ._.A .-.

SHl FENI INCREASIED PIGM NI

0 PRESENT 9 3 7 34** 38**
ABSENT 45 51 48 21 17

SPLE.EN-IH ASD £ AMEDULAR.Y HiE&AiSIS

PRESENT 17 9 7 31* 41**
ABSENT 37 45 48 24 14

SEBLE.EN z CONGST1O -i

PRESENT 8 8 18* 35** 38**

ABSENT 46 46 37 20 17

PRESENT 13 21 19 10 1

ABSENT 41 33 36 45 54

KiNEYS =IliLASED REliL P!CdEEI

PRESENT 35 41 53** 51** 55**

ABSENT 19 13 2 4 0

PRESENT 17 16 17 33** 33*
ABSENT 37 38 38 22 22

K.DF__ UYEEPLASIA OFI RZEJLA. FELYIS U

PRESENT 0 0 0 0 7*
ABSENT 54 54 55 55 48

URl1 ARY ELAD.PE H._JEEL 1A

; PRESENT 1 0 0 2 12**

ABSENT 53 54 55 53 43

• P < .05
•** P < .01
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Twenty-Four Vonth Chroni c Toxi city/Carc!rccenlclty Study of
Trinitrotoluene (TNT) In the Fischer 344 Rat

Statistical Evaluation of FHi~topathological Lesions
for the 12-24 Month VS/SD and T erminal Sacrificed Femal es

DOSE (mg/kg/day)

PRESENT C 0 01 5*
ABSENT 54 54 55 54 50

UR L IA- LE. LLA L £A FCL _ VA

PRESENT C 0 0 0 1 2*

ABSENT 5 4 54 55 555 43

LU~iAX ~ELEi' m ELFILLL'A RU- BIt~A£~~~~

PRESENT C 0 0 1 1 7*
ABSENT 54 54 5554 3

PRES E NT r 673 12 17*
ABSENT 49 47 42 42 37

P < .05
** P < .01
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There was an Increase of yellow-brown pigment in the spleen
of 18/54 and 47/54 males in the TNT 10.0 and 50.0 mg/kg/day
groups respectively, and In 34/55 and 38/55 females in the TNT
10.0 and 50.0 mg/kg/day groups respectively. Also a dose-related
Increase In the Incidence of extramedullary hematopolesis was
seen In the spleen of 24/55 males in the TNT 50.0 mg/kg/day
group, and in 31/55 and 41/55 females In the TNT 10.0 and 50.0
mg/kg/day groups respectively. Spleenic sinusoldal congestion
was also seen In 29/55 males In the TNT 50.0 mg/kg/day group, and
in 18/55, 35/55, and 38/55 females in the TNT 2.0, 10.0, and 50.0
mg/kg/day groups respectively.

A dose-related Increased Incidence and severity of
cytoplasmic pigment was observed In the epithel lal cells of
cortical tubules In 47/54 and 50/55 male rats In the TNT 10.0 and
50.0 mg/kg/day groups respectively; and In 53/55, 51/55, and
55/55 females In the 2.0, 10.0, and 50.0 mg/kg/day groups
respectively.

In addition to the pigmentary changes In the kidney, there
was also a dose-related increase In the relative severity of
chronic nephropathy and Inflammation In the 50.0 mg/kg/day males
and females. Hyperplastic changes were also seen In the renal
pelvis of 7/55 females in the TNT 50.0 mg/kg/day group. All
seven rats were among the schedule sacrifice animals.

A detal led summary of the cause of morbidity and death Is
present in Pathology Appendix Ill . Most death appeared to be
caused by neoplastic or urogentlal disease.

IV. DISCUSSION

The brown/mottled brown kidneys observed on gross
examination In male rats in the TNT 50.0 mg/kg/day group at the 6
and 12 month sacrifice Intervals; and the enlarged, red spleens
observed In males in the same dose group at the 12 month
sacrifice Interval, were considered to be treatment-related.
However, these lesions were observed In many rats of both sex at . -
all dose levels and In the controls at the 24 month terminal
sacrifice Interval. The brown kidneys seen In males at the 6 and
12 month sacrifice intervals were probably due to the
accumulation of protein reabsorption droplets-crystalline bodies
(cytoplasmic bodies) In the tubular epithelal cells. These
bodies regressed and were not present at the 24 month terminal
sacrifice ( see below and Pathology Appendix I-I I). The
enlarged spleens seen at the 12 month sacrifice Interval were
probably caused by sinusoldal congestion and hemosiderosis, while
at the 24 month sacrifice Interval this lesion probably resulted
from the proliferation of malignant mononuclear cell associated
with monocytlc leukemia, as well as from sinusoldal congestion
and hemosiderosis.
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Histologically, treatment-related lesions were observed
Involving the spleen and kidney throughout the study (test months
0-24). An Increase of yellowish-brown pigment resembling
hemosiderin was observed In the spleen of 10.0 and 50.0 mg/kg/day
males and females. This dose-related lesion was graded minimal 
to mild In severity at the 6 and 12 month sacrifice Interval, and
minimal to moderate at the 24 month terminal sacrifice Interval.
The more severe lesion was seen at the 50.0 mg/kg/day dose level.

Increased extramedullary hematopolesis was another change
observed In the spleen throughout the study. This lesion was
present In male and female rats In the TNT 50.0 mg/kg/day group
at the 6, 12 and 24 month sacrifice Intervals, and In the 10.0
mg/kg/day females at the 24 month terminal sacrifice Interval.
There was a significant Increase In extamedullary hematopolesis
In the spleen of male rats In the 10.0 mg/kg/day group at the 6
month sacrifice Interval. However, this change did not appear to
be significant for that dose level at Any other time during the
study. The severity of this lesion remained the same throughout
the study (minimal to mild).

Sinusoldal congestion was another lesion observed in the
spleen at the 12 and 24 month sacrifice intervals. There was a
dose-related Increase In Incidence and relative severity of this
lesion In the 50.0 mg/kg/day males and females at the 12 month
sacrifice interval; and in 50.0 mg/kg/day males, and In 2.0,
10.0 and 50.0 mg/kg/day females at the 24 month terminal
sacrifice Interval. This lesion diagnosed only In the terminally
sacrificed rats.

A spontaneous disease, mononuclear cell leukemia, was
observed in the spleen of male and female rats primarily during
test months 12-24. The proliferation of the neoplastic
mononuclear cells in the spleen greatly contributed to the
enlarged spleen observed grossly in rats during this period. S

Treatment-related lesions were also seen In the kioney
throughout the study. Nuclear hypertrophy of the epithel lal cell
of the proximal convoluted tubules, accompanied by the presence
of cytoplasmic bodies In the males and yellowish- brown
cytoplasmIc pigment In the females, was observed In: the 2.0,
10.0 and 50.0 mg/kg/day males at the 6 and 12 month sacrifice
Intervals, In the 50.0 mg/kg/day females at the 6 month sacrifice
Interval, and In the 2.0, 10.0 50.0 mg/kg/day females at the 12
month sacrifice Interval. However, by the 24 month terminal
sacrifice Interval, there was a regression of the nuclear change
In the proximal convoluted tubules of both sexes, and of the
cytoplasmic bodies In the tubules of the males. Also, during
this same period, there was a dose-related Increase In granular
pigment within the cytoplasm of proximal convoluted tubular
epithelial cells In 10.0 and 50.0 mg/kg/day males which was not
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observed previously. The appearance of this pigment In male rats
probably represents the resolution phase of the cytoplasmic
protein reabsorption droplets and the crystalline material
previously observed. (see Pathology Appendix 1II, Volume 1).

A dose-related Increase In the relative severity of chronic
nephropathy In the kidneys of male rats was observed throughout
the study. This lesion probably gave the kidneys the
granular/pitted, cystic appearance that was seen on gross
examination especially In the the 50.0 mg/kg/day males at the 24
month terminal sacrifice Interval.

Treatment-related hyperplastIc, preneoplastic, and
neoplastic changes were observed in the urinary bladder of
females In the TNT 10.0 and 50.0 mg/kg/day groups. These lesions
were confined to the mucosal epithelium and consisted of
hyerplasla, papillomas, and carcinomas.

Hepatocellular hyperplasla associated wIth pellosis, or
cystic degeneration were observed In the liver of males In the
TNT 10.0 and 50.0 mg/kg/day groups at the 24 month terminal .

sacrifice Interval. These are naturally occurring lesions which
were excerbated by feeding TNT. The lesions were associated
either with sinusoldal dilatation, or large blood filled spaces
which Imparted the red areas seen grossly on the liver of these
rats .

V. SUMMARY AND CONCLUSIONS

Treatment-related lesions were observed In the kidney and
spleen throughout the study In 10.0 and 50.0 mg/kg/day males and
In 2.0, 10.0 and 50.0 mg/kg/day females. Additional lesions were
present In the urinary bladder of 10.0 and 50.0 mg/kg/day
females, sternal bone marrow of the 2.0, 10.0 and 50.0 mg/kg/day
females, and In the liver of 10.0 and 50.0 mg/kg/day males at the
24 month terminal sacrifice interval.

Based on the present data, the no-effect level of TNT after
24 months of dietary administration was 2.0 mg/kg/day for males
and appeared to be 0.4 mg/kg/day for females. A no-effect level
for sternal myelofibrosis In females was 0.4 mg/kg/day. The
no-effect levels observed at this Interval of the study were
similar to those established at the 6 and 12 month sacrifice
Intervals.

The toxic effects of TNT for the Fis:her 344 rat were
observed In the liver, kidneys, and spleen of males and In the
spleen, kidneys, urinary bladder and bone marrow of females. The
lesions observed were naturally occurring in this species and
were considered to be excerbrated by TNT administration except
cytoplasmic pigments observed In the kidneys of both sexes and
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the lesions In the renal pelvis, urinary bladder and bone marrow
of the females.

The pathologic lesions delimiting the highest no-effect
levels for this study as a result of occurring at a statistically S
significant greater Incidence than In the controls were:
pigmentary changes in the kidneys spleenic congestion and bone
marrow fibrosis In the females at 2.0 mg/kg/day and
hepatocellular hyperplasla, Increased spleenic pigment and
Increased renal pigment at 10.0 mg/kg/day In the male.

Vladislava S. Rac, D.V.M., M.S.
Head, Pathology O
Pathology Section
Life Sciences Research
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