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DISCLAIMER

The use of company or product name(s) is for identification only and does not imply endorsement by
the Agency for Toxic Substances and Disease Registry.
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UPDATE STATEMENT

Toxicological profiles are revised and republished as necessary, but no less than once every three
years. For information regarding the update status of previously released profiles, contact ATSDR at:

Agency for Toxic Substances and Disease Registry
Division of Toxicology/Toxicology Information Branch
1600 Clifton Road NE, E-29
Atlanta, Georgia 30333




FOREWORD

This toxicological profile is prepared in accordance with guidelines developed by ATSDR and the
Environmentai Protection Agency (EPA} and in support of Department of Defense information needs. The

original guidelines were published in the Federal Register on April 17, 1987. Each profile will be revised and
republished as necessary.

The ATSDR toxicological profile succinctly characterizes the toxicologic and adverse heaith effects
information for the hazardous substance being described. Each profile identifies and reviews the key literature
(that has been peer-reviewed) that describes a hazardous substance’s toxicologic properties. Other pertinent
literature is also presented, but described in less detail than the key studies. The profile is not intended to be an
exhaustive document; however, more comprehensive scurces of specialty information are referenced.

Each toxicological profile begins with a public health statement, which describes in nontechnical language
a substance’s relevant toxicological properties. Fellowing the public health statement is information concerning
levels of significant human exposure and, when known, significant health effects. The adequacy of information
to determine a substance’s health effects is described in a health effects summary. Data needs that are significant
to protect public health will be identified by ATSDR and the EPA. The focus of the profiles is on health and
toxicologic information; therefore, we have included this information in the beginning of the document,

Each profile must include the following:

(A) The examination, summary, and interpretation of available toxicologic information and epidemiclogic
evaluations on a hazardous substance in order to ascertain the levels of significant human exposure for the
substance and the assocjated acute, subacute, and chronic health effects,

(B) A determination of whether adequate information on the health effects of each substance is available

or in the process of development to determine levels of exposure that present a significant risk to human
heaith of acute, subacute, and chronic health effects.

{C) When appropriate, identification of toxicélogic testing needed to identify the types or levels of
exposure that might present significant risk of adverse health effects in humans.

The principal audiences for the toxicological profiles are health professionals at the federal, state, and
iocal levels, interested private sector organizations and groups, and members of the public,

The toxicological profiles are developed in response to the Superfund Amendments and Reauthorization
Act (SARA) of 1986 (Public Law 99-499} which amended the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA or Superfund). Section 211 of SARA also amended Title
10 of the U. S. Code, creating the Defense Environmental Restoration Program. Section 2704(a) of Title 10 of
the U. S. Code directs the Secretary of Defense to notify the Secretary of Health and Human Services of not less
than 25 of the most commonly found unregulated hazardous substances at defense facilities.

Section 2704(b) of Title 10 of the U. S. Code directs the Administrator of the Agency for Toxic

Substances and Disease Registry (ATSDR) to prepare a toxicological profile for each substance on the list
provided by the Secretary of Defense under subsection (b).
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Foreword

This profile reflects our assessment of all relevant toxicologic testing and information that has been peer
reviewed. It has been reviewed by scientists from ATSDR, the Centers for Disease Control and Prevention
(CDC), and other federal agencies. It has also been reviewed by a panel of nongovemment peer reviewers and
was made available for public review. Final responsibility for the contents and views expressed in this
toxicological profile resides with ATSDR.

David Satcher, M.D., Ph.D.
Administrator
Agency for Toxic Substances and
Disease Registry
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profile, and makes recommendations for derivation of MRLs.

4, Quality Assurance Review. The Quality Assurance Branch assures that consistency across
profiles is maintained, identifies any significant problems in format or content, and establishes
that Guidance has been followed.




2.4 6-TRINITROTOLUENE ix

PEER REVIEW

A peer review panel was assembled for 2,4,6-trinitrotoluene. The panel consisted of the following
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4, Dr. William George, Professor, Department of Pharmacology, Tulane University, New
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These experts collectively have knowledge of 2,4,6-trinitrotoluene’s physical and chemical properties,
toxicokinetics, key health end points, mechanisms of action, human and animal exposure, and
quantification of risk to humans. All reviewers were selected in conformity with the conditions for
peer review specified in Section 104(i)(13) of the Comprehensive Environmental Response,
Compensation, and Liability Act, as amended.

Scientists from the Agency for Toxic Substances and Disease Registry (ATSDR) have reviewed the
peer reviewers” comments and determined which comments will be included in the profile. A listing
of the peer reviewers’ comments not incorporated in the profile, with a brief explanation of the
rationale for their exclusion, eXists as part of the administrative record for this compound. A list of
databases reviewed and a list of unpublished documents cited are also included in the administrative
record.

The citation of the peer review panel should not be understood to imply its approval of the profile’s
final content. The responsibility for the content of this profile lies with the ATSDR.,




2.4 6-TRINITROTOLUENE

CONTENTS
FOREWORD ... . i i it e et e et s e e e e nans v
CONTRIBU T ORS .. ... et e et e ettt ettt e e vii
PEER REVIEW . ..o e e e e e e e e e ix
LIST OF FIGURES . .. ... it e et e et ettt e e XV
LIST OF TABLES . ... . i e ettt ettt e et xvii
1. PUBLIC HEALTH STATEMENT . ... ... ittt ettt et i
1.1 WHATIS 24,6-TRINITROTOLUENE? . ... ... ... i iee e 2
1.2 WHAT HAPPENS TC 2,4,6-TRINITROTOLUENE WHEN IT ENTERS THE
ENVIRONMENT? . .. i e e et e e 2
1.3 HOW MIGHT I BE EXPOSED TO 2,4,6-TRINITROTOLUENE? ... .............. 2
14 HOW CAN 24,6 TRINITROTOLUENE ENTER AND LEAVE MY BODY? ........ 3
1.5 HOW CAN 2,4,6-TRINITROTOLUENE AFFECT MY HEALTH? ................ 4
1.6 IS THERE A MEDICAI TEST TG DETERMINE WHETHER 1 HAVE BEEN
EXPOSED TO 2,4,6-TRINITROTOLUENE? ............ ... ... .0 .. 5
1.7 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO
PROTECT HUMAN HEALTH? . ... .. .ttt ettt e e e i e e eae s 5
1.8 WHERE CAN I GET MORE INFORMATION? ....... ... 0oy 6
2. HEALTH EFFECTS . ... e e et e et e e e e iaeaeans 7
21 INTRODUCTION ...ttt e e e e e e e e 7
2.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OFEXPOSURE .............. 7
221 Inhalation EXpOSUTE .. .. ... ... ittt ittt i e 10
2210 Death ... e e e e 10
2212 SystemicEffects . ... ... ... ... .. . e, 10
2.2.1.3 Immunological and Lymphoreticular Effects . .................. 14
2214 Neurological Effects .. ........ ... . . .. 14
22.1.5 Reproductive Bffects . ... ......... ... .. i rnnnn. 15
2216 Developmental Effects ............ ... ... iiieiiinn.n. 15
2217 Genotoxic Effects . ... ... ... ... e 15
2208 CaANCEr ... .. e e 17
222 Oral BXposure . . ... ...t e e e 17
2221 DPeath | ... ... e e 17
2222 SystemicEffects .. ... ... . . e e 18
2223 Immunological and Lymphoreticular Effects . .................. 33
2224 Neurological Effects .. ......... ... iiinarannnn . 34
2225 Reproductive Effects . . ....... ... .. .. i, 35

2226 Developmental Effects ................... ... ... . ... .., 35




2,4,6-TRINITROTOLUENE i
2227 @GenotoxicEffects ... ... ... .. 35

2228 CaNCBr ..ot 37

223 Dermal BXposure . ... .. ... ... it e e 38
22301 Death ... ... e e e 38

2232 SystemicEffects . ...... ... ... . 39

2.2.3.3 Immunological and Lymphoreticular Effects . .................. 41

2234 Neurological Effects . ...... ... ... ... i 41

2.2.3.5 Reproductive Effects . .. .. ....... .. ... .. Ll 41

2.23.6 Developmental Effects . ... ... e e 42

2237 Genotoxic Bffects . .. ... ... .. it e e 42

2238 CanCer ...t e e e 42

2.3 TOXICOKINETICS .. . ittt e e 42
230 ABSOIPHON .. ... ..t e e 43
2.3.1.1 Inhalation Exposure .......... ... i, 43

2312 Oral EXposure ...... ... ..t iiinunn e, 44

23.1.3 Dermal EXPOSUIE . ... o.v ittt iiin e 45

232 DIstribution . .. ..ottt e e 46
2321 Inhalation EXposure . ... ....... ..t 46

2322 Oral BXposure ..........c.iintieeniite i 47

2323 Dermal Exposure ...... ... ... ... e 47

233 Metabolism . . .. ... e e 48
2.3.3.1 Inhalation Exposure . ........ ... 0ttty 48

2332 OralEXposure ....... ...ttt 48

2333 Dermal Exposure . ........ ... i 50

234 BXCIBHOM . ..\ttt ettt et e e et 51
2.3.4.1 Inhalation EXPOSUre . ....... . ... o0 inrrinnrnunnns 51

2342 Oral Exposure . ...... ... ittt 51

2343 Dermal EXposure . ... .... ... ...t 52

- 235 Mechanisms of Action . . ... ... .. . . . e 52
24 RELEVANCETOPUBLICHEALTH ........... .. ... it 53
2.5 BIOMARKERS OF EXPOSURE ANDEFFECT ............................ 68
2.5.1 Biomarkers Used to Identify or Quantify Exposure to 2,4,6-Trinitrotoluene . ... 69
2.52 Biomarkers Used to Characterize Effects Caused by 2,4,6-Trinitrotoluene . .. .. 70

2.6 INTERACTIONS WITH OTHER CHEMICALS ............... ... v 72
27 POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE ... ................ 72
2.8 METHODS FOR REDUCING TOXIC EFFECTS ......... ... ... i, 73
2.8.1 Reducing Peak Absorption Following Exposure . ....................... 74

282 Reducing Body Burden . ..... ... .. . ... . ... e 74
2.8.3 Interfering with the Mechanism of Action for Toxic Effects . ............... 75

29 ADEQUACY OF THE DATABASE . ... ... . . ... . e 76
2.9.1 Existing Information on Health Effects of 2,4,6-Trinitrotoluene . . ........... 76
292 Identificationof DataNeeds ........... .. ... ... ... ... . i, 78
293 On-going Studies . .. ... ... ... i e 86

3. CHEMICAL AND PHYSICAL INFORMATION . ........ ... .. . i 87
31 CHEMICAL IDENTITY ... ... i i e 87



2,4,6-TRINITROTOLUENE

3.2 PHYSICAL AND CHEMICAL PROPERTIES .......... ... ... ... 87

4., PRODUCTION, IMPORT, USE, ANDDISPOSAL .. ............ ... ... i iiinn.. 91
41 PRODUCTION . ... i et e et e e e e e e e e 91
4.2 IMPORT/EXPORT ... ...t e e e e e 92
43 USE ... e e e e e 92
44 DISPOSAL . ... e e e N

5. POTENTIAL FOR HUMAN EXPOSURE . ... ........ ... . . . i, 95
5.1 OVERVIEW | ... i e e 95
52 RELEASES TO THE ENVIRONMENT . ... .......... .. ... 97
5.2 Al L e e e e 97

5.2 WaEr . it e e e e e e e e 97

5.2 S0l L e e e e e 98

53 ENVIRONMENTAL FATE ... ... ... ittt ittt e 98
5.3.1 Transport and Partitioning . . . . ....... ... .. . e e o8

5.3.2 Transformation and Degradation ........... .. ... ... . ... ... c..-.... 100

532 AIr . e e 100

W A A 101

5323 S0l . .. e e e e 103

5.4 LEVELS MONITORED OR ESTIMATED IN THE ENVIRONMENT ............ 106

o 17 0 T 106

54 WA L L e e e e e e e e 106

543 800l L e e e e 107

54.4 Other Environmental Media . .......... ... ... ... . ... 0 0. 107

5.5 GENERAL POPULATION AND OCCUPATIONAL EXPOSURE ............... 107
5.6 POPULATIONS WITH POTENTIALLY HIGHEXPOSURES .................. 110
5.7 ADEQUACY OF THE DATABASE . ... ... . i 110
57.1 Identificationof DataNeeds ............ .. ... ... . .. .. .. v .. 110

572 On-going Studies . ... ... ... e 113

6. ANALYTICAL METHODS . . ... .. it ir e et e et e 115
6.1 BIOLOGICAL MATERIALS . ... .. ... ittt e i ie i 115
6.2 ENVIRONMENTAL SAMPLES ... ... ... .. ... it eiienn. 120
6.3 ADEQUACY OF THE DATABASE . ... .. ... ... et 130
6.3.1 Identificationof DataNeeds . ............. ... ... . . . i, 130

632 On-going Studies . .. ........... ittt e 131

7. REGULATIONS AND ADVISORIES . ... .. ... it i ettt i 133
8. REFERENCES . ... . it i ittt et e e et e e et e e 139




2,4,6-TRINITROTOLUENE xiv
APPENDICES
A USER'SGUIDE . . . ... ittt e i e e e e A-1

B. ACRONYMS, ABBREVIATIONS, ANDSYMBOLS .. ..... ................... B-1




2,4,6-TRINITROTOLUENE

2-1.
2-2,

2-3,
5-1.

LIST OF FIGURES

Levels of Significant Exposure to 2,4,6-Trinitrotoluene - Oral . .. ................... 25
Schematic Presentation for Some Possible Biotransformation Products of 2,4,6-

Trinitrotoltene . . . ... .. .. e e e e 49
Existing Information on Health Effects of 2,4,6-Trinitrotoluene . .. .................. 77

Frequency of NPL Sites with 2,4,6-Trinitrotoluene Contamination . .................. 96

g




2,4,6-TRINITROTOLUENE v

2-1.
2-2.
2-3.
3-1.
3-2,
6-1.
6-2.
7-1.

LIST OF TABLES
Levels of Significant Exposure to 2,4,6-Trinitrotoluene - Oral . ... ... ... ... .. .... 19
Genotoxicity of 2,4,6-Trinitrotoluene In Vitro .. ........ .. ... ... .. ... .. ... ... 65
Genotoxicity of 2,4,6-Trinitrotoluene In Vive .. ........... .. ..., 66
Chemical Identity of to 2,4,6-Trinitrotoluene . . ... ... .. 88
Physical and Chemical Properties of 2,4,6-Trinitrotoluene . . ...................... 89
Analytical Methods for Determining 2,4,6-Trinitrotoluene in Biological Samples ... ... .. 116
Analytical Methods for Determining 2,4,6-Trinitrotoluene in Environmental Samples . .. .. 121

Regulations and Guidelines Applicable to 2,4,6-Trinitrotoluene . . .. ................. 134




2,4,6-TRINITROTOLUENE

1. PUBLIC HEALTH STATEMENT

This Statement was prepared to give you information about 2,4,6-trinitrotoluene and to
emphasize the human health effects that may result from exposure to it. The Environmental
Protection Agency (EPA) has identified 1,397 sites on its National Priorities List (NPL).
2,4,6-Trinitrotoluene has been found in at least 20 of these sites. However, we do not know
how many of the 1,397 NPL sites have been evaluated for 2,4,6-trinitrotoluene. As EPA
evaluates more sites, the number of sites at which 2,4,6-trinitrotoluene is found may change.
This information is important for you to know because 2,4,6-trinitrotoluene may cause
harmful health effects and because these sites are potential or actual sources of human

exposure to 2,4,6-trinitrotoluene.

When a chemical is released from a large area, such as an industrial plant, or from a
container, such as a drum or bottle, it enters the environment as a chemical emission. This
emission, which is also called a release, does not always lead to exposure. You can be
exposed to a chemical only when you come into contact with the chemical. You may be
exposed to it in the environment by breathing, eating, or drinking substances containing the

chemical or from skin contact with it.

If you are exposed to a hazardous chemical such as 2,4,6-trinitrotoluene, several factors will
determine whether harmful health effects will occur and what the type and severity of those
health effects will be. These factors include the dose (how much), the duration (how long),
the route or pathway by which you are exposed (breathing, eating, drinking, or skin contact),
the other chemicals to which you are exposed, and your individual characteristics such as age,

sexX, nutritional status, family traits, life-style, and state of health.
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1.1 WHAT IS 2,4,6-TRINITROTOLUENE?

2,4,6-Trinitrotoluene is a yellow, odorless, solid manufactured compound that does not occur
naturally in the environment. It is made by combining toluene with a mixture of nitric acid

and sulfuric acid. 2,4,6-Trinitrotoluene is also known by other names such as symtrinitrotoluene,
TNT, and 1 -methyl-2,4,6-trinitrobenzene. 2,4,6-Trinitrotoluene is produced in

the United States only at military arsenals. It is not produced commercially. 2,4,6-Trinitrotoluene
is an explosive used in military shells, bombs, and grenades, in industrial uses, and in
underwater blasting. For more information on the chemical and physical properties of

2.4, 6-trinitrotoluene, see Chapter 3. For more information on its production and use, see

Chapter 4.

1.2 WHAT HAPPENS TO 2,4,6-TRINITROTOLUENE WHEN IT ENTERS THE
ENVIRONMENT?

2,4,6-Trinitrotoluene enters the environment in waste waters and solid wastes resulting from
the manufacture of the compound, the processing and destruction of bombs and grenades, and
the recycling of explosives. The compound moves in surface water and through soils to
groundwater. In surface water, 2,4,6-trinitrotoluene is rapidly broken down into other
chemical compounds by sunlight. Microorganisms in water and sediment break down the
compound more slowly. Small amounts of 2,4,6-trinitrotoluene can accumulate in fish and
plants. For more information on what happens to 2,4,6-trinitrotoluene when it enters the

environment, see Chapter 5.

1.3 HOW MIGHT I BE EXPOSED TO 2,4,6-TRINITROTOLUENE?

You may be exposed to 2,4,6-trinitrotoluene as a result of its movement from chemical waste
disposal sites to drinking water. Children may also be exposed through eating contaminated

soil. Most exposure would result from drinking contaminated water, breathing contaminated
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air, or eating contaminated foods such as fruits and vegetables. 2,4,6-Trinitrotoluene has been
measured at waste disposal sites in groundwater at 0.32 parts of 2,4,6-trinitrotoluene per
million parts of water (ppm) and in soil at up to 13,000 ppm. We have no data on levels in

air or foods. 2,4,6-Trinitrotoluene can be taken up by plants from contaminated soil and is
probably present in the air as a result of disposal by burning at military sites. Therefore,
intake of air and homegrown fruits and vegetables by people living near military sites may

also be sources of exposure to 2,4,6-trinitrotoluene.

Worker exposure to 2,4,6-trinitrotoluene is possible as a result of its use in the production of
bombs and grenades. Most workplace exposure results from breathing in 2,4,6-trinitrotolucne
dust or vapor and contact with dust on the skin. For additional information on how you can

be exposed to 2,4,6-trinitrotoluene, see Chapter 5.

1.4 HOW CAN 2,4,6-TRINITROTOLUENE ENTER AND LEAVE MY BODY?

2,4,6-Trinitrotoluene rapidly and completely enters your body when you breathe in air or
drink water that is contaminated with this chemical. We have no information on how much
2,4,6-trinitrotoluene enters your body when it gets on your skin. We do know that it enters
your body more slowly through the skin than when it is taken into your mouth.
2,4,6-Trinitrotoluene in your blood travels throughout your body to all of your organs. When
2,4,6-trinitrotoluene reaches your liver, it breaks down and changes into several different
substances. Not all of these substances have been identified, and we do not know whether
they are harmful or not. Most of these substances travel in your blood until they reach your
kidneys and then leave your body in your urine. Studies in animals show that almost all of
the 2,4,6-trinitrotoluene that enters the body breaks down and leaves the body in the urine
within 24 hours. Chapter 2 contains more information on how 2 4,6-trinitrotoluene enters and

leaves your body.
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1.5 HOW CAN 2,4,6-TRINITROTOLUENE AFFECT MY HEALTH?

Workers involved in the production of high explosives experienced many harmful health
effects as a result of exposure to 2,4,6-trinitrotoluene at their jobs. These effects included
disorders of the blood, such as anemia, and abnormal liver function. However, the levels of
2,4,6-trinitrotoluene in the workplace air at the time these effects were seen ranged from less
than 0.01 to 1.49 milligrams of 2,4,6-trinitrotoluene per cubic meter of air (mg/m’). Some of
the concentrations measured are higher than the level currently allowed in the workplace

(0.5 mg/m?). Similar effects on the blood and the liver have been observed in animals that
either breathed or were fed 2,4,6-trinitrotoluene. In addition, studies show that animals forcefed
2,4 6-trinitrotoluene for an intermediate-duration (from 15-364 days) may have

enlargement of the spleen and other harmful effects on the immune system. When people
have prolonged skin contact with 2,4,6-trinitrotoluene, they may develop an allergic reaction
of the skin to this chemical, such as itching and irritation. In addition, long-term exposure to

2,4,6-trinitrotoluene has been associated with the development of cataracts in people.

No information is available to indicate whether 2,4,6-trinitrotoluene causes birth defects.
However, studies in animals that were treated with high doses of 2.4,6-trinitrotoluene have
shown that it can cause serious effects on the male reproductive system. The available
information for determining whether 2,4,6-trinitrotoluene causes cancer in humans is
inadequate. However, rats that ate 2,4,6-trinitrotoluene for long periods developed tumors of
the urinary bladder. Based on this study with rats, EPA has classified 2,4,6-trinitrotoluene in

Group C, a possible human carcinogen.
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1.6 IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN
EXPOSED TO 2,4,6-TRINITROTOLUENE?

There are tests to determine if you have been exposed to 2,4,6-trinitrotoluene. These tests
measure 2,4,6-trinitrotoluene or its breakdown products in your blood and urine and have
been used to test exposed workers. Detection of the breakdown products in your urine is a
clear indication that you have been exposed. The complex and expensive equipment needed
to perform these tests is generally available only at specialized laboratories. Another simpler,
but less specific, test of 2,4,6-trinitrotoluene exposure is a change in the color of your urine to
amber or deep red. This change results from the presence of breakdown products and may
indicate that you have been exposed to 2,4,6-trinitrotoluene. None of these tests can predict
whether a person exposed to 2,4,6-trinitrotoluene will experience any health effects related to

the exposure. For more information on tests for exposure, see Chapters 2 and 6.

1.7 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO
PROTECT HUMAN HEALTH?

The government has developed regulations and guidelines for 2,4,6-trinitrotoluene. These are
designed to protect the public and workers exposed to 2,4,6-trinitrotoluene from potential
harmful health effects of the chemical. Since 2,4,6-trinitrotoluene is explosive, flammable,
and toxic, EPA has designated it as a hazardous waste. The Department of Transportation
(DOT) regulates the transport of 2,4,6-trinitrotoluene because it is a hazardous material. DOT
specifies that when 2,4,6-trinitrotoluene is shipped, it must be wet with at least 10% water (by

weight) and it must be clearly labeled as a flammable solid (HSDB 1994).

The Occupational Safety and Health Administration (OSHA) regulates levels of hazardous
matenals in the workplace. The maximum allowable amount of 2,4,6-trinitrotoluene in
workroom air during an 8-hour workday, 40-hour workweek, is 0.5 mg/m". The National

Institute for Occupational Safety and Health (NIOSH) recommends that the concentration in
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workroom air be limited to 0.5 mg/m’ for up to a 10-hour workday during a 40-hour
workweek (NIOSH 1992). For more information on federal regulations about 2,4,6-

trinitrotoluene, see Chapter 7.

1.8 WHERE CAN I GET MORE INFORMATION?

If you have any more questions or concerns, please contact your community or state health or

environmental quality department or:

Agency for Toxic Substances and Disease Registry
Division of Toxicology

1600 Clifton Road NE, Mailstop E-29

Atlanta, Georgia 30333

This agency can also tell you where to find the nearest occupational and environmental health
clinic. These clinics specialize in the recognition, evaluation, and treatment of illnesses

resulting from exposure to hazardous substances.
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2.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and
other interested individuals and groups with an overall perspective of the toxicology of
2,4,6-trinitrotoluene and a depiction of significant exposure levels associated with various adverse
health effects. It contains descriptions and evaluations of studies and presents levels of significant

exposure for 2,4,6-trinitrotoluene based on toxicological studies and epidemiological investigations,

2.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals and others address the needs of persons living or working near
hazardous waste sites, the information in this section is organized first by route of exposure --
inhalation, oral, and dermal; and then by health effect -- death, systemic, immunological, neurological,
reproductive, developmental, genotoxic, and carcinogenic effects. These data are discussed in terms of

three exposure periods -- acute (14 days or less), intermediate (15-364 days), and chronic (365 days

or more).

Levels of significant exposure for each route and duration are presented in tables and illustrated in
figures. The points in the figures showing no-observed-adverse-effect levels (NOAELs) or
lowestobserved-adverse-effect levels (LOAELs) reflect the actual doses (levels of exposure) used in the
studies. LOAELs have been classified into “less serious” or “serious” effects. “Serious” effects are
those that evoke failure in a biological system and can lead to morbidity or mortality (e.g., acute
Tespiratory distress or death). “Less serious” effects are those that are not expected to cause significant
dysfunction or death, or those whose significance to the organism is not entirely clear. ATSDR
acknowledges that a considerable amount of judgment may be required in establishing whether an end
point should be classified as a NOAEL, “less serious” LOAEL, or “serious” LOAEL, and that in some

cases, there will be insufficient data to decide whether the effect is indicative of significant
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dysfunction. However, the Agency has established guidelines and policies that are used to classify
these end points. ATSDR believes that there is sufficient merit in this approach to warrant an attempt
at distinguishing between “less serious” and “serious” effects. The distinction between “less serious”
effects and “serious” effects is considered to be important because it helps the users of the profiles to
identify levels of exposure at which major health effects start to appear. LOAELs or NOAELSs should
also help in determining whether or not the effects vary with dose and/or duration, and place into

perspective the possible significance of these effects to human health.

The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and
figures may differ depending on the user’s perspective. Public health officials and others concerned
with appropriate actions to take at hazardous waste sites may want information on levels of exposure
associated with more subtle effects in humans or animals or exposure levels below which no adverse
effects have been observed. Estimates of levels posing minimal risk to humans {(Minimal Risk Levels

or MRLs) may be of interest to health professionals and citizens alike.

Levels of exposure associated with carcinogenic effects (Cancer Effect Levels, CELs) of 2,4,6-

trinitrotoluene are indicated in Table 2- 1 and Figure 2- 1.

Estimates of exposure levels posing minimal risk to humans (Minimal Risk Levels or MRLs) have
been made for 2. 4,6-trinitrotoluene. An MRL is defined as an estimate of daily human exposure to a
substance that is likely to be without an appreciable risk of adverse effects (noncarcinogenic) over a
specified duration of exposure. MRLs are derived when reliable and sufficient data exist to identify
the target organ(s) of effect or the most sensitive health effect(s) for a specific duration within a given
route of exposure. MRLs are based on noncancerous health effects only and do not consider
carcinogenic effects. MRLs can be derived for acute, intermediate, and chronic duration exposures for
inhalation and oral routes. Appropriate methodology does not exist to develop MRLs for dermal

exXposure.
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Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA 1990),
uncertainties are associated with these techniques. Furthermore, ATSDR acknowledges additional
uncertainties inherent in the application of the procedures to derive less than lifetime MRLs. As an
example, acute inhalation MRLs may not be protective for health effects that are delayed in
development or are acquired following repeated acute insults, such as hypersensitivity reactions,
asthma, or chronic bronchitis. As these kinds of health effects data become available and methods to

assess levels of significant human exposure improve, these MRLs will be revised.

A User’s Guide has been provided at the end of this profile (see Appendix A). This guide should aid
in the interpretation of the tables and figures for Levels of Significant Exposure and the MRLs,

2,4,6-Trinitrotoluene is the most widely used military high explosive. 2,4,6-Trinitrotoluene has been
used extensively in the manufacture of explosives since the beginning of this century. Its use greatly
increased during World War I when its toxicity was first observed (Hathaway 1985). Based on data
from a number of epidemiological studies of exposed workers, numerous adverse health effects such as
anemia (reduced number of red blood cells and reduced hemoglobin and hematocrit), liver function
abnormalities, respiratory complications, and possibly aplastic anemia have been observed at
2,4,6-trinitrotoluene exposure levels below the former standard of 1.5 mg/m® (Hathaway 1977).
Because of the seriousness of effects caused by exposure to relatively low levels of
2,4,6-trinitrotoluene in the workplace, the threshold limit value (TLV) was lowered to 0.5 mg/m’
(ACGIH 1993).

As more information became available, and especially after World War II, the incidence of toxic
effects associated with handling of 2,4,6-trinitrotoluene decreased sharply. This decrease is primarily
the result of the introduction of protective measures for ammunition workers (e.g., protective clothing,
change of contaminated clothes, use of indicator soap, and mandatory bathing) and the improvement of

ammunition plant ventilation systems (Army 1978a; Goodwin 1972).
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2.2.1 Inhalation Exposure

All the studies presented in the section on inhalation exposure are epidemiological reports or case
reports of occupational exposure. In some of the studies, inhalation exposure may have occurred
simultaneously with dermal exposure. Therefore, some of the effects described in this section may be
due in part to dermal exposure to 2,4,6-trinitrotoluene. Furthermore, in several studies the precise
levels of exposure are not known. Consequently, results from those studies are not presented in a

table or figure.

2.2.1.1 Death

Historically, the greatest number of deaths among munitions workers were caused by adverse effects
of 2,4,6-trinitrotoluene on the liver. Initial clinical symptoms included nausea, vomiting, pain in the

abdomen, fatigue, dizziness, petechiae, and jaundice. Exposure to 2,4,6-trinitrotoluene eventually led
to 475 deaths in the United States during World War I (McConnell and Flinn 1946). It is important to

note, however, that the route of exposure was probably not exclusively inhalation, but also dermal.
No studies were located regarding death in animals after inhalation exposure to 2,4,6-trinitrotoluene.
2.2.1.2 Systemic Effects

No studies were located regarding cardiovascular, gastrointestinal, musculoskeletal, or renal effects in

humans or animals after inhalation exposure to 2,4,6-trinitrotoluene.

Respiratory Effects. Extremely limited information is available regarding respiratory effects in
humans after inhalation exposure to 2,4,6-trinitrotoluene. One study of occupational exposure (Morton
et al. 1976) reported several cases of respiratory difficulties in ammunition plant workers who were
exposed to 2,4,6-trinitrotoluene in the air at a level that was well above the current TLV of 0.5 mg/m’
(ACGIH 1993). However, there are several serious limitations to this study. The report does not state

the exact air concentration of 2,4,6-trinitrotoluene, the duration of exposure, or the number of exposed
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workers with respiratory difficulties. It also does not specify the nature of those difficulties. The air
concentration of 2,4,6-trinitrotoluene in the same plant was brought down to 0.3 mg/m’ within a
month, but there is no information on whether the respiratory difficulties disappeared or persisted in

the affected workers (Morton et al. 1976).

No studies were located regarding respiratory effects in animals after inhalation exposure to

2,4.6-trinitrotoluene.

Hematological Effects. In England during World War I, there were numerous cases of anemia and
some reports of fatal aplastic anemia among workers using 2,4,6-trinitrotoluene in the production of
explosives (Hathaway 1985). Similar experiences were seen in other countries involved in the war.
However, with the improvement of protective measures used during the manufacturing process, the
number of cases of 2,4,6-trinitrotoluene toxicity has decreased dramatically. The results of 2,4,6-
trinitrotoluene exposure on hemoglobin, hematocrit, and reticulocyte numbers are well documented. A
dose-response relationship between 2,4,6-trinitrotoluene exposure and effects on the hematologic
system was found in 626 workers exposed to 2,4,6-trinitrotoluene when they were compared with

865 nonexposed controls. Tests were taken over a 6-week period. However, the actual duration of the
workers’ exposures was not specified (Army 1976). The 2,4,6-trinitrotoluene estimated mean exposure
levels ranged from <0.01 to 1.49 mg/m’; this range includes exposures higher than the present TLV of
0.5 mg/m® (ACGIH 1993). Dose-related reductions in hemoglobin (9.9% lower than control) and
hematocrit (11.6% lower that controls) and 50% higher reticulocyte counts were noted in exposed
workers (Army 1976).

No abnormal values for hemoglobin were found in 43 workers employed in the manufacture of

2,4,6-trinitrotoluene who were monitored over a period of 5 months (Morton et al. 1976). During that

time the air levels of 2,4,6-trinitrotoluene rose from 0.3 to 0.8 mg/m’. This finding is indirectly

supported by another occupational exposure study. Activities of two mitochondrial enzymes,

daminolevulinic acid synthase and heme synthase, were measured in reticulocytes in a chronic ]
occupational exposure study of workers who developed cataracts (Savolainen et al. 1985). Mean

2,4,6-trinitrotoluene concentrations were 0-35 mg/m’. Although the levels of the two enzZymes were
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lower in the exposed workers, none of them had clinical anemia. This finding indicates that
2,4 6-trinitrotoluene may not affect hemoglobin synthesis in the bone marrow and that possible effects
on reticulocytes may occur in the circulation after the oxygenation of cells in the lungs has taken

place.

Hyperplasia of the bone marrow is the first reaction of the hematopoietic system to 2,4,6-trinitrotoluene
poisoning. The shaft of the femur and the ribs are usually filled with active red marrow. If

the exposure to 2,4,6-trinitrotoluene continues, the bone marrow becomes hypocellular (Army 1978a).

No studies were located regarding hematological effects in animals after inhalation exposure to

2,4,6-trinitrotoluene.

Hepatic Effects. Toxic hepatitis has been the principal manifestation of 2,4,6-trinitrotoluene toxicity
in humans (Army 1978a). During World War 1, 2,4,6-trinitrotoluene production increased and many
cases of toxic hepatitis were fatal (Army 1978a). Industrial hygiene techniques improved by World
War II; consequently, both the number of toxic hepatitis cases and the number of fatalities due to

2,4,6-trinitrotoluene exposure decreased dramatically (Army 1978a).

A statistically significant increase in hepatic enzymes (serum glutamic-oxaloacetic transaminase
[SGOT] and lactic dehydrogenase [LDH]) was noted in ammunition plant workers when the
2,4,6-trinitrotoluene level in the air increased from 0.3 to 0.8 mg/rn3 (during a 4-month period) at the
same time that 2,4,6-trinitrotoluene production increased from 80% to 100% (Morton et al. 1976).
Both these 2,4,6-trinitrotoluene air levels were close to the TLV of 0.5 mg/m3 (ACGIH 1993). The
SGOT increase was 20% above the maximal normal value (Morton et al. 1976). In the same group of
workers, the LDH values increased from about 51 units to over 106, but since isoenzyme studies were
not performed, it is difficult to say if this increase was due to liver toxicity or to hemolysis

(hemoglobin levels decreased only slightly-see Hematological Effects above and Morten et al. 1976).
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No significant differences in liver function were noted in a cross-sectional epidemiology study of
626 munitions workers from four plants exposed to 2,4,6-ttinitrotoluene when compared to

865 nonexposed controls (Army 1976). The majority of the workers were exposed to 0.5 mg/m’ or
less of 2,4,6-trinitrotoluene, and a few were exposed to 1.5 mg/m®. No changes were noted in the
other liver parameters evaluated in the study: LDH, bilirubin (total and direct), alkaline phosphatase,
SGOT, and serum glutamic-pyruvic transaminase (SGPT) (Army 1976). One possible explanation for
these findings is that exposure to 2,4,6-trinitrotoluene causes more liver toxicity in potentially
susceptible workers, and that in some cases of long-term exposure, liver cells may adapt to moderate
exposure levels (Hathaway 1985). A case-control study of Chinese workers exposed to 2,4,6-
trinitrotoluene indicates that the likelthood of liver injury is increased among those workers who are
heavy drinkers as compared to workers who are not heavy drinkers (Li et al. 1991). However, the

parameters measured to arrive at the diagnosis of liver damage in these cases are not discussed.

No studies were located regarding hepatic effects in animals after inhalation exposure to 2,4,6-

trinitrotoluene.

Dermal Effects. In an occupational exposure study, several of the workers handling 2,4,6-trinitrotoluene
in an ammunition plant complained of dermatitis (Morton et al. 1976). Inhalation seemed to

be the major route of exposure, although dermal exposure was possible. Therefore, the dermatitis

cannot be attributed to either a local or a systemic effect with certainty. In addition, the study did not

report the precise number of affected workers or the duration and level of exposure.

No studies were located regarding dermal effects in animals after inhalation exposure to 2,4,6-

trinitrotoluene.

Ocular Effects. The appearance of cataracts is believed to be an effect of 2,4,6-trinitrotoluene
exposure (Hathaway 1985; Savolainen et al. 1985) and is often associated with chronic exposures.
Irreversible equatorial lens opacities/cataracts were reported in 6 out of 12 Finnish workers exposed to
2,4,6-trinitrotoluene for an average of 6.8 years (2.1-11.5 years of exposure) (Harkonen et al. 1983).

The principal routes of exposure were probably inhalation and dermal, although this is not clearly
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indicated in the report. Therefore, it is uncertain whether cataracts are a local or a systemic effect of
2.4,6-trinitrotoluene exposure. The opacities were detectable only on the periphery of the lens and
appeared either continuous or discontinuous. The opacities of the lens were bilateral and symmetrical
and did not affect visual fields or visual acuity. The workroom 2,4,6-trinitrotoluene air concentration
was about 0.3 mg/m’ with a range of 0.14-0.58 mg/m’ (Harkonen et al. 1983). The progression of the
cataract stops if the exposure to 2,4,6-trinitrotoluene stops. The mechanism of 2,4,6-trinitrotoluene
cataract formation is not understood, but the possibility was raised that free radicals may play a role

(Harkonen et al. 1983).

No studies were located regarding ocular effects in animals after inhalation exposure to 2,4,6-

trinitrotoluene.
2.2.1.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological or lymphoreticular effects in humans or animals

after inhalation exposure to 2,4,6-trinitrotoluene.
2.2.1.4 Neurological Effects

Very limited information is available regarding neurological effects in humans following inhalation
exposure to 2,4,6-trinitrotoluene. Several workers who handled 2.4, 6-trinitrotoluene in an ammunition
plant reported altered taste, but no quantitative data are provided in the study (Morton et al. 1976).
The concentration of 2,4,6-trinitrotoluene in the air was 0.3 mg/m3, which was below the TLV of

0.5 rng/rn3 (ACGIH 1993). However, no details were provided on the exposure time or symptoms, so

it is difficult to estimate the extent of the effect.

No studies were located regarding neurological effects in animals following inhalation exposure to

2,4 ,6-trinitrotoluene.
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2.2.1.5 Reproductive Effects

A case-control study in two 2,4,6-trinitrotoluene plants in China indicated that 50 of the 104 workers
that were examined for possible effects on semen had significantly lower semen volumes and a smaller
percentage of motile spermatozoa, as well as a significantly higher incidence of sperm malformation,
than the 33 controls (Li et al. 1993). Controls were clerks matched to the workers by income and by
the city where they lived. However, exposure to 2,4,6-trinitrotoluene was not estimated. The only

data available were annual measurements of air concentrations, so dose and effects cannot be
correlated. Furthermore, confounding variables (beyond smoking and drinking) were not discussed.
Possible important variables would include simultaneous exposures to other chemicals and heat in the

workplace.

No studies were located regarding reproductive effects in animals after inhalation exposure to

2,4.6-trinitrotoluene.
2.2.1.6 Developmental Effects

No studies were located regarding developmental effects in humans or animals after inhalation

exposure to 2,4,6-trinitrotoluene.
2.2.1.7 Genotoxic Effects

The presence of mutagenic compounds in the urine of workers exposed to 2,4,6-trinitrotoluene was
confirmed in two investigations (Ahlborg et al. 1985, 1988a). The initial study involved the screening
of urine samples from 97 workers in a chemical plant producing pharmaceuticals and explosives
(Ahlborg et al. 1985). Included in the study was a group of 14 individuals exposed to a maximum air
concentration of 0.29 mg/m’® 2,4,6-trinitrotoluene. Urine samples were collected at the conclusion of a
work shift, concentrated on XAD-2 resin, and assessed for mutagenic activity using Salmonella
typhimurium TA98 and Escherichia coli WP2 uvrA in the presence or absence of exogenous metabolic

activation. Baseline data for each participant were established from samples collected following a
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4-week vacation. The excretion of genotoxic agents was indicated by a significant increase (p<0.01}
in mutant colonies of strain TA98 without metabolic activation in the urine of workers exposed to
2.4 6-trinitrotoluene; baseline samples for this group were uniformly negative. The exclusion of
smokers from the 2,4,6-trinitrotoluene exposure group did not alter these findings. Unmetabolized
2,4 6-trinitrotoluene was detected in the urine of workers with the highest level of mutagenic activity.
The findings of this study are consistent with the demonstrated mutagenic activity of

2.4 6-trinitrotoluene in S. fyphimurium TA98 without S9 activation (see Section 2.4).

In the follow-up study, urine samples from 50 individuals exposed to varying concentrations of

2 4 6-trinitrotoluene in the workplace were evaluated (Ahlborg et al. 1988a). Subjects were divided
into three groups: no exposure (2,4,6-trinitrotoluene air concentrations were too low to be detected),
mid-range exposure (0.1-0.3 mg/m’), and high-range exposure (0.2-0.5 mg/m®). For each individual,
pre- and postexposure samples were collected, and health status data relative to smoking habits,
alcohol consumption, diet, and medication were obtained. Samples were concentrated and assessed for
mutagenic activity in S. #yphimurium strain TA98 and a derivative of TA98 deficient in nitroreductase
activity (TA98NR); the assays were conducted without exogenous metabolic activation. The
concentrations of 2,4,6-trinitrotoluene and two major metabolites (4-aminodinitrotoluene [4-ADNT]
and 2-aminodinitrotoluene [2-ADNT]) were also determined. In agreement with the earlier findings,
evidence of mutagenic activity was present in the urine of groups exposed to 2,4,6-trinitrotoluene, but
significant genotoxicity was confined to urine from individuals in the high exposure group. Strain
TA9S, rather than TA98NR, is the most sensitive indicator of induced gene mutations because of
endogenous nitroreductase activity. The finding suggests that bacterial nitroreductase activity is the
most probable primary cause of 2,4,6-trinitrotoluene-induced gene mutations. Although the relevancy
of this finding to humans is not known, comparable nitroreductase activity may be present via
intestinal microflora or mammalian cells. In contrast to the results of the earlier study (Ahlborg et al.
1985) in which detectable levels of 2,4,6-trinitrotoluene were found in the urine samples that exhibited
the highest level of mutagenicity, no correlation between 2,4,6-trinitrotoluene concentration and
mutagenesis was seen. However, a weak correlation was seen between the concentration of the major
metabolite (4-ADNT) and mutagenesis. The study authors concluded that the wide variation in

individual urine sample mutagenicity data in conjunction with toxicokinetics and individual rates of
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2,4,6-trinitrotoluene uptake probably accounts for the lack of a correlation. Similarly, calculation of
the uptake of 2,4,6-trinitrotoluene through inhalation based on air concentration provided much lower
estimates than expected from the urine concentration of the metabolites. This finding indicates that

dermal absorption may contribute significantly to total uptake.

No studies were located regarding genotoxic effects in animals after inhalation exposure to

2.,4,6-trinitrotoluene.

Other genotoxicity studies are discussed in Section 2.4.

2.2.1.8 Cancer

In a case of chronic occupational exposure to 2,4,6-trinitrotoluene, a 61-year-old male died of
hepatocellular carcinoma (Garfinkel et al. 1988). Although he was exposed to 2,4,6-trinitrotoluene for
39 years as an ammunition plant worker, it is not known if 2.4,6-trinitrotoluene had a promoting role
or any role in the development of the primary liver carcinoma. No discussion of exposure routes was
included. In general, inhalation is assumed to be the primary pathway for worker exposure, but

dermal contact and incidental ingestion due to hand-mouth contact cannot be ruled out.

No studies were located regarding cancer in animals after inhalation exposure to 2,4,6-trinitrotoluene.

2.2.2 Oral Exposure

2.2.2.1 Death

No studies were located regarding death in humans after oral exposure to 2,4,6-trinitrotoluene.
However, during World Wars I and II, many fatal cases of toxic jaundice and aplastic anemia
occurred. The fatalities were attributed to 2,4,6-trinitrotoluene exposure during the manufacturing of

munitions (Army 1978a; McConnell and Flinn 1946).
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The concentrations at which 2,4,6-trinitrotoluene is acutely lethal in animals vary depending on the
species and sex. Reported oral LDso values for 2,4,6-trinitrotoluene are 1,010 and 1,320 mg/kg/day for
male rats, and 795 and 820 mg/kg/day for female rats (Army 1978b; Dilley et al. 1982b). Acute oral
LDso values in male and female mice are 1,012 and 660 mg/kg/day, respectively. Doses were
administered by gavage with oil as a vehicle (Army 1978b; Dilley et al. 1982b). The animals
developed tremors, followed by mild convulsions, 1-2 hours after exposure. In some animals, death
occurred within 4 hours following the exposure. The animals that survived the convulsions were still

alive 14 days after exposure (Dilley et al. 1982b).

2,4,6-Trinitrotoluene was found to be lethal to beagle dogs receiving 32 mg/kg/day orally (by capsule)
for 26 weeks. One female dog died during week 16 after exhibiting considerable weight loss,
diarrhea, and ataxia. A second female dog was sacrificed in a moribund state during week 14 of the
study. The second female dog was observed to be dehydrated and emaciated, with low body
temperature and signs of an advanced icteric state. No deaths occurred in male dogs (Levine et al.

1990b).

No deaths were observed in Fisher-344 rats fed 125 mg/kg/day of 2,4,6-trinitrotoluene for 13 weeks
(Levine et al. 1990a). Similar observations were made in the chronic exposure studies. No changes in
survival rates were seen in the same breed of rats that were fed 50 mg/kg/day of 2,4,6-trinitrotoluene

for 24 months (Army 1984a).

The LDs, values and all reliable LOAEL values for death in each species and duration category are

recorded in Table 2- 1 and plotted in Figure 2-1.

2.2.2.2 Systemic Effects

No studies were located regarding respiratory, musculoskeletal, dermal, or ocular effects in humans or

animals after oral exposure to 2,4,6-trinitrotoluene.

The highest NOAEL values and all reliable LOAEL values for each study and for each end point are
recorded in Table 2-1 and plotted in Figure 2-1.



TABLE 2-1 Levels of Significant Exposure to 2,4,6-Trinitrotoluene - Oral "
Y
Exposure/ k.
Key* Duration/ LOARL 3
to  Specles/  Frequency NOAEL Lass Serlous Serious z
tigure (Strain) (Specific Route) System (mg/kg/day) {mg/kg/day) {mg/kg/day) Refarenca g
ACUTE EXPOSURE o
Death E
m
1 Rat once 1320 M (L.D50) Dilley et al. 1982b
Sprague- {GO) 795 F (LD50)
Dawlay
2 Mouse once 660 (L.D50) Dilley et al. 1982b
NS (GO)
Neurological
3 Rat once 1320 M (convulsions, tremors) Dilley et af. 19826 |
Sprague- (GO 795 F x
Dawley g
4 Rat 4d 182M Shortandles T
cD 2x/d 1980 m
(GO) m
Q
5 Mouse once 660 {convulsions, tremors) Dilley et al. 1982b 7
NS (GO)
INTERMEDIATE EXPOSURE
Death
6 Dog 6 mo 32 F (2/6 dogs died) Levine et al.
Beagle 1x/d 1990b
{©)
Systemic
7 Rat 13wk Hemato 1.40 160  {moderate anemia and Dilley et af. 1982b
Sprague- 1x/d marked leukocytosis)
Dawlay {7
Hepatic 347 160 (increased cholesterol)
Bdwit 347 160 (significantly decreased
~15-20% body weight) 2
Other 6.97 34.7 (decreased food inlake)




TABLE 2-1 Levels of Significant Exposure to 2,4,6-Trinitrotoluene - Oral (continued) R
Exposure/ LOAEL 3
Key * Duration/ %
to  Specles/  Frequency NOAEL Less Serlous Serlous 5
figure (Strain) (Specific Aoute) System {mg/kg/day} (mg/kg/day) (mg/kg/day) Reference 8
8 Rat 6 wk Hepatic 200M (liver weight increased Jiang et al. 1991 ,6-
Wistar 6d/wk significantly) E
(Q) m
9 Rat 13 wk Hemato 5 25 (moderate anemia) Levine ot al. 1984
Fisher 44  (F)
Hepatic 5 25 ({increased serum
cholesterol levels)
Renal 25 125  (accumulation of
yellow-brown o
pigmentation in the :
I
cortex) [
10 Rat 13 wk Hemato 5 125M (increased reficulocyles; Levine et al. 2
Fisher 344  1x/d dose dependent anemia) 1990a m
F} Hepatic 5 125  (increased liver weight o
and serum cholesterol) =
Renal 5 125 (increased yellow-brown
pigment in tubular
epithelial cells of renal
cortex)
Bdwi 5 125 (significantly decreased
body weight gain 60% to
75% of control}
11 Mouse 13wk Hemato 35.7 193  (decreased RBC and Dilley et al. 1982b
NS 1x/d hematocrit)
9] Hepatic 35.7 193  (liver necrosis)
12 Dog 13 wk Gastro 20 20 (mucoid stools, diarrhea) Dilloy et al. 1982b
Beagle 1x/d
{F) Hemato 2.0 20 (moderate anemia)
Hepatic 2.0 20  (increased liver weight, o
o

bilirubin, and cholesterol)
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TABLE 2-1_Levels of Significant Exposure to_2,4,6-Trinltrotoluene - Oral (continued)

Exposure/ LOAEL
Key * Duration/
o Spacies/ Frequency NOAEL Less Serlcus Serious
figure (Strain) (Specific Routs) System  (mofkgiday) (mg/kg/day) (mg/kg/day) Reference
13 Dog £ mo Gastro 0.5 (inflammation of small Levine ol al.
Beagle 1x/d intestine) 19800
) Cardio 32
Hemato 2 8M (hemolytic anemia,
methemoglobinemila,
and increased platelets)
8 32F
Hepatic 0.5° (cloudy swelling 8 M (hepatic cirrhosls)
hepatocytomegaly)
Ocular 32
Bd Wt 2 8 (statistically significant
decrease in body weight
16.4%)
Immuno/Lymphoret
14 Rat 13wk 34.7 160 (increased spleen Ditley et al. 1982b
Sprague- 1x/d weight, hemosiderosis,
Dawley (F} lymphocylosis)
15 Rat 13 wk 25 125  (splenomegaly with Leving et al, 1984
Fisher 344  (F) moderate, diffuse
sinusoldal congestion)
16 Rat 13 wk 5 125  (increased spleen weight Leving et al.
Fisher 344  1x/d with mild, diffuse 1990a
F) sinusoidal congestion)
17 Mouse 13wk 35.7M 193M (increased spleen weight Dilley et al. 1982b
NS 1xd hemosiderosis,
2] lymphopenia)

S103443 HLTVEH 2
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TABLE 2-1 Levels of Significant Exposure to 24&6-Trlnitrololuene - Oral (continued)
Exposuml LOAEL
Key " Duration/
to  Specles/ Frequency NOAEL Less Serlous Serious
figure (Strain) (Specific Route) System {mg/kg/day) (mg/kg/day) (mg/kg/day) Refarence
18 Dog 13 wk 20 20 (increased spleen weight Dilley et al, 1982b
Beagle 1x/d and globulin fevels,
(F) splenic hemosiderosis)
19 Dog 6 mo 2 8M (enlarged spleen) Levine gt al.
Beagle 1xd 1980b
©
Neurological
20 Rat 13wk 25 125  (slight lethargy and 300  (brain lesions: focal Levine et al. 1984
Fisher 344  {F) ataxia) vacuolation and/or matacia
of cerebellar folia)
21 Dog 13wk 2.0 20M ({inactivity) Dilley et al. 1982b
Beagle 1x/d
3]
22 Dog 6 mo 8 32 (slight ataxia) Levine et al.
Beagle 1/d 1990b
©
Reproductive
23 Rat 13 wk 34.7 160 M (testicular atrophy, Dilley et al. 1982b
Spragug- 1x/d hyperplasia of interstitial
Dawley (A cells, atrophy of the
epldidymis)
24 Rat 6 wk 200 M (significantly decreased Jiang et at. 1991
Wistar bdiwk testes weight)
(G}
25 Rat 6 wk 200M (decreased serum Jiang et al. 1991
Wistar 6d/wk ceruloplasmin and
@) decreased serum 2inc
levels at six weeks)

S10344THLWIH 2
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@
Koy * Durmont LoAEL 3
to  Specles/ Frequency NOAEL Less Serious Serlous %
figure (Straln)  (Specific Route) System  (mg/kg/day) (mg/kg/day) (mgfkg/day) Referanco 3
26 Rat 13 wk 25 125 M (atrophic seminiferous Levine et al. 1984 ,c'z'
Fisher 344  (F) tubules, degenerated &
germinal epithelium) s
27 Ral 13 wk 5 125 M (degenerated germinal Lovine ot al.
Fisher 4  1x/d apithelium) 1990a
(F)
CHRONIC EXPOSURE
Systemic
26 Rat 24 mo. Hemato 10F S0F (bone marrow fibrosis) Amy 19B4a
Fischer344  (F) b
Hepatic 2 10 (increased cholesterol o
levels, hepatomegaly, §
hepataocallular m
hyperplasia) A
Renal 2 10 ({increase in pigment in E
epithelial cells of »
proximal convoluted
tubules)
Bdwi 2 10 (14% decrease in body
weight gain)
29 Mouse 24 mo. Hemato 10 70  (mild anemia) Army 1884b
B6C3F1 (2}
Hepatic 10 70 (increased liver weight,
hypolriglyceridemia,
reduced serum globulin
levels)
Bd wt 1.5 10 (10-15% decrease in
body weight gain)
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TABLE 2-1 Levels of Significant Exposure to 2,4,6-Trinitrotoluene - Oral (continued)

Expo'ufd LOAEL
Key * Duration/
to  Specles/ Frequency NOAEL Less Serlous Serlous
figure (Straln)  (Specific Routs) _System  (mg/kpiday) (mg/kg/day) {mg/kg/day) Reference
Immuno/Lymphoret
30 Rat 24 mo. 2 10 {sinusoidal congestion, Army 1984a
Fisher344 (F) extramedullary
hematopoiesis,
hemosiderin-like pigment)
31 Mouse 24 mo. 10F 70F (enlargement of the Army 1984b
BBC3F1 P 70M spleen and lymph nodes)
Cancer
32 Rat 24 mo 50 F {(CEL- 22% famales with Army 1984a
Fisher344  (F) carcinoma and 9% with
papilloma of urinary bladder)
33 Motse 24 mo 1.5 F (CEL-28% females with Army 1984b
B6C3F1 (R leukemia and/or lymphoma
of spleen) '

“T'he number corresponds to enirics in Figure 2-1

" “sed to derive intermediate oral Minimal Risk Level (MRLY; dose divided by an uncertainty factor of 1000 (10 for exirapolation for animals to humans, 10 for human variability, and

10 for use of a LOAEL) resuiting in an MR1. of 0.000S mg/kg/day.

(C) = capsule; Cardio = cardiovascutar; CEL = cancer effect level; d = dz.iy(s); F= feed; F =

Het = hematocrit; Hemato = hematologicat; Immuno/Lymphoret = i

iculzr: LD50 = lethal dose, 50% kilt; LOAEL = lowest-observed-adverse-cfiect level,

M = males; mo = month(s); NOAEL = no-cbserved-adverse-effect level; NS = not specified; RBC = red blood celt; SGPT = scrum glutamtic pyruvate transaminase; wk = week(s);
x = time(s); <= decrease; > = increase

females; (G) = ga