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PREFACE 

The U.S. Arrr.y Biomedical Research and Development Laboratory <USABRDU 

has been charged with the responsibility of developing environmental critPria 

for mi 1 i tary materials such as prope 11 ants, pyrotechnics, and explosives, as 

well as by-products associated with their demilitarization. USABRDL has 

funded Lawrence Livermore National Laboratory (LLNU to prepare a health _and 

environmental effects data-base assessment en technologie_s for demili~~rizing 

conventional ordnance and the environmental by-products of those 

technologies. The study has been conducted in two phases. In Phase I, 

demilitarization technologies were examined, along with their solid, liquid, 

and gaseous effluents. The by-products were then ranked according to their 

potential health and environmental risks. In Phase II, data-base assessm1 .ts 

were completed on the environmental chemistry, toxicology, and effects of the 

high-priority substances. This report contains data-base assessments on 

explosives and associated co-contaminants (i.e., impurities in explosives and 

environmental degradation products) that are likely to be found at 

open-burning and open-detonation grounds. The assessments focus on those 

parameters that are needed to carry out analyses of the health and 

environmental risks of explosive residues. A companion report includes 

data-base assessments of propellants and their co-contaminants. 
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ABSTRACT 

The demilitarization of conventional explosives by open burning <OB) and 

open detonation (00) results in the deposition of residues in soils. 

Co-contaminants, consisting of impurities present in explosives along with 

environmental degradation products of the explosives, are also found in $Oils 
t ' • l .• •. .. .~.,. ,.. ..... 

where OB/00 operations have occurred. · ycr ~apport~ g~u<.:i es of the hea 1 th and 

environmental risks of such by-products, this report presents assessments of 

data available on parameters that affect the risks posed by exp~osives and 

their pri nc i pa 1 co-contaminants. Specifi ca 11 y, data-base assessments cover 

factors that influence the transport and fate of the contar.linants in 

environmental media (e.g., soils, water, etc.) and subsequently, human 

exposures via different pathways (e.g .• inhalation, ingestion, and skin 

absorption). Important! y, i nforma ti on on dose-response re 1 ati onshi ps for 

vario~s toxic effects in humans and laboratory animals is evaluated so that 

acceptable daily intakes for noncarcinogenic substances and virtually safe 

dose rates for carcinogenic substances can be defined. Toxic effects on plant 

and aquatic species are also addressed. The explosives and co-contaminants 

considered include TNT (co-contaminants: 2,4-dinitrotoluene; 2,6-dinitro-

toluene, 1,3-dinitrobenzene, 1 ,3,5-trinitrobenzene, 2-amino-4,6-dinitro-

toluene, and 4-amino-2,6-dinitrotoluene); RDX (co-contaminant: HMX); tetryl 

<co-contaminant: picric acid); PETN; and ammonium picrate <co-contaminant: 

picric acid). 
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1. INTRODUCTION 

Demilitarization of conventional explosives results in the release of 

various liquid, solid, and gaseous contaminants into the environment. ihe 

process of assessing the health and environmental risks of such contaminants 

begins with the identification of possible hazards, which is essentially a 

judgment of the pote:ntial effects of a substt~nce, based on available 

information. The next step, assuming that a potential hazard exists, is to 

estimate the cor.centrations that would occur in different r.~edia following 

release(s) into the environment. Concentrations are determined directly by 

measuring levels in soils. water, etc. and by estimation techniques; for 

exa~ple, models that simulate contam~nant transport in air, water, and soils. 

An analysis is then conducted to define the human expos~res that could result 

from the contaminant's occurren(e -in scils, water, ~tc. Based on the results 

of that anaiysis, a dose assessment is conducted to rletermine the absorbed 

dose.5 from inhalation, ingestion, or skin absorption. 

To re 1 ate the absorbed doses to potentia 1 effects, dose-response 

relationships must be defined, if possible, for pertinent toxic effects. Risk 

assessments require data on the sit~-specific characteristics of the 

environmental media (e.g., soil, ground water, surface water, etc.) receiving 

the contaminants, the behavior of the contaminants in the various media, the 

trc>nsfer of the contaminants to man as well as target plant and animal 

species. and importantly. the toxicity of the substances. The specific 

parameters and supporting data required in chemical risk analyses depend 

largely on the methodolo~ies anc models used. Generally, such analyses 

utilize a mixture of measured and estimated parameters involving the 

properties of the contaminants, environmental media, and tr.e p1ant and animal 

species potentially at risk. The basic objectives of this report are to assess 

the available data to quantify the health and environmental risks of 

explosives and their demilitarization by-products; to provide estimates of 

selected parameters requi~ed in risk analyses; and to identify relevant data 

gaps and key uncertaintir~. 

1 
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EXPLOSIVES IN THE DEMILITARIZATION INVENTORY 

Conventionai !ilUnitions are subject to demilitarization for several 
reasons, including obsolescence of weapons, deterioration of chemical 
compor.ents and poor serviceability. Munitions that are scheduled for 
demilitarization are identified in a computerized listing that is compiled on 

, a quarterly basis by the Demilitarization and Disposal Task Group of the Joint 
Conventional Arrmunition Program. The munitions in the demilitarization 

inventory are distributed among a number of depots and ammunition plants 
across the continental U.S. (see Layton et ~·, 1986). -Table 1-1 contains a 
listing of the composition of the most important explosives in the 
demilitarization inventory. The explosives include 2,4,6-trinitrotoluene 

(TNT); hexahydro-1,3,5-trinitro-1,3,5-triazine CRDX); ammonium picrate 
(Explosive D); N-methyl-N,2,4,6-tetranitrobenzenC'.mine (tetryl); and 

pentaerythritoltetranitrate (PETN). TNT, RDX, and Explosive D are used 

primarily as the main charges in munitions, whereas tetryl and PETN are 
typically used as booster explosives. Composition B and TNT are the dominant 

fillers in the demilitarization inventories, accounting for 751.. of the 
1.1 x 104 tonnes of explosives. On an individual basis, TNT constitutes about 

60 wt1 of the total, followed by RDX (30 wt1), Explosive D (8 wt1), tetryl 

(2 wt1), and PETN (<0.1 wt1). Minor constituents that are not included here 

are i scmers of di nitrotol uene CDNT> in TNT, and octahydro-
1,3,5,7-tetranitro-1,3,5,7-tetrazine (HMX) as a constituent of RDX. 

DEMILITARIZATION TECHNOLOGIES AND ENVIRONMENTAL RESIDUALS 

The technologies and procedures for demilitarizing conventional ordnance 

can be classified as destructive or nonde~tructive. Historically, the primary 

methods for destroying explosives have consisted of incineration, open 

burning, and open detonation. Various kinds of furnaces nave been used to 

incinerate energetic materials, ~ut rotary-kiln systems (notably the APE 1236 

deactivation furnace) have beco~e the most widely used incineration 

technology. The burning and detonat~on of ordnance on the ground surface or 

in pits are probably the oldest methods of demilitarization, and they are used 

at many different facilities. Nond::;tructive methods typically involve the 
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Table 1-1. Composition of the major high-explosive compounds in the 
conventional munitions demilitarization inventory (from Layton et ~-· 1986, 
based on data in Department of the Army, 1967a). 

Composition 

Composition A-3 

Composition 8 

Cyclotol 

Explosive D 

H-6 

HBX 
PETN 

Tetryl 

Tetryto1 

TNT 

Tritono1 

TNT 

40 

25 

30 

38 

20 

100 

80 

Explosive ingredient 

Ammonium 
RDX picrate Tetryl PETN Aluminum Other Total 

91 

60 

75 

45 

40 

100 

wt% 

100 

80 

100 

2G 

17 

20 

9 

5 

5 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

extraction of explosive fillers for sale or reuse. Figure 1-l is a schematic 

representation of the destructive and nondestructive technologies. Except for 

the mechanical processing of munitions to remove fuses, booster charges, etc., 

each of the demilitarization methods creates environmental residuals. 

Furnaces, for example, release gases ana particles to the atmosphere and 

produce solid wastes frolll particulate-control devices. Open burning and open 

detonation result in atmospheric releases of gases and particles as well as 

residues in soi 1 s. Exp 1 os i ve recovery sys terns, such as s teamout and washout 

systems, have ooth liquid and solid wastes, with some limited atmospheric 
emissions. 
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Processing 

Propellants and 
of items 

extJiosives -, Explosives -
+ ~ + i 

Deactivation Open burning Washout, steamout, 

furnace or detonation or meltout 

t Hardware + 
Flashing Hardware Recovered. 
furnace explosives 

~ 
Scrap ml!tal Sales Reuse Disposal 

Figure 1-1. Schematic diagram of some commonly used technologies for 
demilitarizing conventional ordnance containing propellants and explosives 
(from Layton ~j ~ .. 1986). 

Our earlier review of the demilitarization capabilities at the 16 Depot 

System Command and Armament, Munitions, and Chemiol Command installations 

shows that the most prevalent demilitarization technologies are deactivation 

furnaces, open burning, and open detonation <see Layton et ~-. 1986). A 

pctentially important source of health and environmental risks from current 

and past operations, therefore, is the presence of residues in soils and 

associated ground and surf __ e waters <most of the washout facilities a1·e no 

longer in use). Consequently, the data-base assessments presented in thic:: 

study will focus on the data required to assess the health a~d environmental 

risks a~sociated with contaminated soils. 
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OVERVIEW OF DATA-BASE ASSESSMENTS 

Accor<~ing to regulations proposed by the U.S. Environmental Protection 
Agency (U.S. EPA, 1987) pursuant to the Resource Conservation and Recovery 
Act. operators seeking permits for open-burning and open-detonation operations 
wi 11 ht've to perform analyses that show such operations wilJ _not adversely 
affect human health or the environment. Accordingly, a fundamental goal of 
the data-base assessments contained in this repo'"t is to provide data on the 
parameters needed to carry out facility-specific risk analyses. The 
parameters and data assessed generally fall into two categOTies: (l) those 
that contribute to the estimation of contaminant exposures and absorbed doses 
and (2) those that contribute to estimation of potential effects. The 
exposure pathways of potential concern for OB/OD operations are shown in 
Fig. l-2. In this schematic diagram, exposure pathways are linked to several 
environmental compartments where residual contamination can occur. Soil-based 
exposures consist of the inhalation of gases emitted from surface soils; 
ingestion ard dermal absorption of contaminated soils; and the ingestion of 
animals and crops that have bioaccumulated contaminants. HJter-based 
exposures occur via both ground and surface waters. Ground-water 
contamination can result from the migration of explosives from surface soils 
through the vadose zone to an unconfined aquifer. Subsequent exposures result 
from water consumption and the consumption of crops that have been irrigated 
with the contaminated ground water or perhaps even 1 i ves tock that have 
consumed it. Surface-water contamination results from runoff from 
explosives-contaminated soils and/or seepage from contaminated ground water. 
Exposures can occur from direct consumption of water and aquatic species, 
animals, or crops that have accumulated an explosive or co-contaminant from 
surface water or sediments. Hater-based exposures can also occur via dermal 
absorption and inhalation during showers. 

Some of the parameters needed to conduct definitive exposure and dose 
assessments include contaminant-specific properties such as aqueous solubility 
and vapor pressure, etc.; partition coefficients (e.g., soil/water, air/water, 
etc.); and degradation rates for various processes, including biodegradation, 
photolysis, and hydrolysis. Data are also needed on site-specific parameters 
describing pertinent characteristics of the environmental media transporting 
contaminants; the population at risk·, and potential food-chain pathways. 
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Figure 1-2. Overview of the relationships oetween contaminated environmental 

media and exposure pathways. Environmental media are outlined with dashed 

lines and exposure pathways are outlined with solid lines. 
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The second key area that the data-base assessments address is the 
potential health effects of the explosive r~sidues and associated 
co-contaminants. We examine the nature of toxic (i.e., carcinogenic and 
noncarcinogenic) effects produced in man and laboratory animals, together with 
the dose-response relationships for different toxic endpoints. In this 
regard, an import2nt focus of our assessments is the derivation of safe 
intakes for noncarcinogenic contaminants and acceptable dose ratesa fur
carcinogenic substances, based on potency assessments of animal bioassay 
data. The final topics addressed are effects on aquatic species and plants. 
Although effects on aquatic species are of potential importance in some cases 
<e.g., direct discharges of ammunition production waste waters to a receiving 
stream), CB/00 operations do not normally pose a significant threat to aquatic 
syst"ms because residues largely reside in the subsurface environment. 
Consequently, our emphasis on aquatic effects is restricted primarily to 
overviews of the available literature related to toxic effects. In Table 1-2 
we list the primary topics covered in the data-base assessments on individual 
contaminants. 

The explosives and associated co-contaminants that are considered in the 
data-base assessments are listed in Table 1-3. Co-contaminants are either 
impurities in the explosives or degradation products that are likely to be 
found along with the parent explosives in environmental media. Section 2 of 
the report reviews the primary co-contaminants. Subsequent sections contain 
data-base assessments on each explosive and its co-contaminants. A concluding 
section reviews deficiencies in the data bases on the various explosives and 
co-contaminants and recommends areas of future research. Supporting 
appendices dea 1 with chemica 1 and phys i ca 1 properties CAppendi x A); mode 1 i ng 
and measurements of explosives and co-contaminants in environmental media 
CAppendi x 8); cancer potency assessment of 2 ,6-DNT (Appendix (); and 
estimation of safe intakes for contaminants lacking chronic toxicity data 
(Apperdix 0). 

a An acceptable dose rate is 1 chronic intake of a carcinogen that 
r:orres~onds to a specific lifetime risk of cancer deemed acceptable by a 
regulator. Based on the circumstances involved, such risk can range from lo-7 to J0-4. 
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Table l-2. Topics covered in the data-base assessments on individual 
substances. 

Environmental Partitioning and Transport Properties 

Chemical and physical properties 

Partition coefficients 
Equilibrium distribution in reference ehvironments 

Environmental Transformation Processes 

Photolysis 
Hydrolysis 
Biotransformation 

Toxic Effects on Animals and Humans 
Toxicokinetics 
Toxic effects on organs and systems 

Teratogenicity 
Genotoxicity 
Carcinogenicity 
Estimation of intakes to protect human health 

Toxic Effects on Aquatic Species 

Acute taxi city 
Subchronic and chronic toxicity 

;oxic Effects on Plants 
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Table 1-3. Summary of the explosives and co-contaminants addressed in the 
data-base assessments. 

Explosive 

TNT 

RDX 

Tetryl 
PETN 
Ammonium picrate. 

Co-contaminant 

1 ,3,5-Trinitrobenzene (TNB) 
1,3-Dinitrobenzene (ONB) 
2,4-Dinitrotol~ene <i:4~D~T> 

2,6-Dinitrotoluene (2,6-0NT) 
2-Amino-4,6-dinitrotoluene (2-amino-~.6-DNT) 
4-Amino-2,6-dinitrotoluene (4-amino-2,6-DNT) 
HMX 

Picric acid (PiOH) 

Picric acid (PiOH) 

a I = impurity in parent explosive. 
P = photolysis product of explosive. 
B biodegradation product of explosive. 
H hydrolysis. 

Source(s)a 

I' p 

I 

I 
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B 

B 
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2. IDENTIFICATION OF THE PRIMARY CO-CONTAMINANTS 
ASSOCIATED HITH THE OPEN BURNING AND 

OPEN DETONATION OF MILITARY EXPLOSIVES 

Residues of explosive compounds in soils are often accompanied by 

co-contaminants consisting of manufacture impurities in the explosives, as 

well as degradation products resulting from the hydrolysis, photolysis, or 

biotransformation. The main objective of this section is to identify the 

co-contaminants that are likely to be found at detectable levels at 08/00 

sites. Subsequent sections on the individual explosives and co-contaminants 

deal with the quantitative aspects of transformation processes <e.g., 

estimates of degradation half-lives). In order to determine which of the 

contaminants are of potential importance, we review data on the levels of 

impurities in explosives, the degradatf6n products resulting from the dominant 

transformation processes, and the persistence of the various substances in 

environmental media. Data are derived from laboratory studies dealing with 

transformation processes and field studies in which soil and water samples 

were analyzed for the presence of exp 1 os i ve-re 1 a ted residues. Our ana I yses 

focus on the six explosives (i.e., TNT, RDX, HMX, tetryl, PETN, and ammonium 

picrate) shown in Fig. 2-l. 

CO-CONTAMINANTS OF TNT 

TNT is the most widely used military explosive, and it is also present in 

the largest quantity in the demilitarization inventory (see Layton et !.!_., 

1986). In addition, this explosive has the greatest number of co-contaminants 

of ootential concern. Impurities include 2,4-DNT and 2,6-0NT, ONB, and TNB. 

Co-contaminants also result from photolytic and microbial degradation 

processes. TNB is a photolytic product of concern as weli as an impurity. 

The important biotransformation products are tne aminodinitrotoluenes. 

Hydrolysis is not an important source of con~aminants. 
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Production and Impurities 

TNT is produced in the U.S. by the progressive nitration of toluene in a 

multistage process that uses mixtures of nitric and sulfuric acid. Th~ 

prim<1ry impurities in TNT result from the incomplete nitration of toluene, 

___ oxidation (e.g., methyl-group oxidation), and the producti0n of nn isomers 

(see Rosenblatt et ~·· 1971). Aqueous sodium sulfite solution (sellite) 

treatment removes the undes i rab 1 e unsymmetri ca 1 TNT isomers by a chemica 1 

reaction that converts those isomers to 1at~:r-soluble salts .. The treatment 

alsc forms com~lexes with the preferre~ isomer. The aqueous e~tract i5 called 

"red water." Impurities reported in mi 1 i tary-grade TNT are I is ted in 

Table 2-1. Several of the impurities arf. TNT isomers that were not completely 

removed by the sellite treatment. The dinitrotoluenes (ONT) iisted in 

Table 2-1 occur because nitration conditio .. s are not sufficient to convert all 

the DNT to TNT. The benzenes result from either the decarboxylation of 

benzoic acid derivatives or from nitration of benzene, a contaminant of the 

toluene feedstock <Spanggord et ~-. 1982a). Oxidation of the methyl group of 

TNT accounts for the formation of the alcohol, aldehyde, and acid, while the 

last four compounds listed in Table 2-1 are condensation products of transient 

intermediates derived from TNT. 

Photolysis Products 

The photolytic products of TNT in distilled and natural waters have been 

studied by several investiy""tors. For example, Burlinson et ~· (1973, 1979a) 

and Kaplan et ~· (1975) have studied the photolysis of TNT in distiiled water 

at room temperature with a mercury 1 amp or tt ~ sun as 1 i ght sources. 

Table 2-2 lists the photolysis products identified by those researchers. It 

should be noted that not all of the photolytic products were i~entified in the 

above studies. Kaplan et ~· (1975), for instnnce, could not identify about 

60 wt% )f the products present. 

In natural waters and surface soils, transformation of TNT can result 

from a combination of photolytic and microbial processes. With ample 

sunlight, photolytic decomposition predominates, but when light is absent, 

microbial degradation is the sole transformation pathway. Often there is a 

combination of degradation pathways; for example, TNT can degrade 

15 
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Table 2-l. Impurities present in military-grade TNT (from Kaye, 1980, 
p. T244). 

Co-contaminant 

TNT isomers 
2,4,5-TNT 
2,3,4-THT 
2,3,6-TNT 
2,3,5-TNT 

DNT isomers 
2,6-DNT 
2,4-DNT 
2,3-DNT 
2,5-DNT 
3,4-DNT 
3,5-DNT 

Nitrobenzer.es 
DNB 
TNB 

TNT oxidation products 
2,4,6-Trinitrobenzyl alcohol (TNBOH) 
2,4,6-Trinitrobenzaldehyde (TNBAL) 
2,4,6-Trinitrobenzoic acid (TNBA) 

TNT condensation products 
2,2' ,4,4' ,6,6'-Hexanitrobibenzyl (HNBB) 
3-Methyl-2,4,4' ,6,6'-pentanitrodiphen:rimethane (MPOM) 
2,2'-Dicarboxy-3,3' ,5,5'-tetranitro-

azoxybenzene (white compound) 
3,3'5,5'-Tetranitroazoxybenzene 

Maximum wt% 

0.30 
0.20 
0.05 
0.05 

0.25 
0.50 
0.05 
0.10 
0.10 
0.01 

0.02 
0.10 

0. 2~ 
0.20 
0.05 

0.40 
0.40 

0.05 
0.01 

photolytically to trinitrobenzene, which then degrades microbially to 
nitroanilines, as shown in Fig. 2-2. 

Burlinson (1980) placed samples of "raw" Potomac River water spiked with 
TNT in sunlight, shade, and darkness. A fourth sample of river water was 
prepared by adding sediment and a nutrient (ethanol). TNT was also added to 
distilled water. The latter two samples were exposed to sunligl1t. The 
degradation products in all the crocks containing the TNT solutions were 

16 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Table 2-2. Photochemical degradation products of TNT that have been 
identified or measured in distilled water. 

Product 

TNB 

TNBOH 
TNBAL 
TNBA 
4,6-0initroanthlanil 

2,4,6-Trinitrobenzonitrile 

3,5-0initrophenol 

2-Amino-4,6-dinitrobenzoic acid 

syn-2,4,6-Tri~itrobenzaldoxime 

N-(2-carboxy-3,5-dinitrophenyl)-
2,4,6-trinitrobenzamide 

Four isomers of 
tetranitroazoxytoluene (see Table 2-3) 

2,2'-0icarboxy-3,3' ,5,5'-tetranitro
azoxybenzene (white compound) 

2,2'-0icarboxy-3,3' ,5,5'-tetranitro
descxybenzene (desoxy white) 

2-Carboxy-3,3' ,5,5'-tetranitroazoxy
benzene (monocarboxy white) 

1 ,3,7,9-Tetranitroindazolo-2,1-a
indazol-6-ol-12-one 

a 1 Burlins0n et ~-, 1973. 

2 Kaplan et ~-. 1975. 

Li<jht Source· 

Mercury 
lamp Sunlight 

References a 

2 1 ,2. 3 

2 1 ,2 

2 1 ,2 

2 

2 

2 1 ,2 

2 

2 

2 

2 3 

2 

2 

2 

2 3 

3 Burlinson et ~-. 1979a (only products at environmentally 

encountered pH's are listed in Table 2-2) 

17 



NH2 

0 2N N02 0 2N N02 

Light Microbes 

0 2N N02 

N02 N02 

TNT TNB 3,5-DNA 

Figure 2-2. An example of photolytic oxidation followed by microbial 
reduction of TNT. 

observed for about 38 d. The substances present in the distilled water that 

was exposed to sunlight were all photolytic products, such as TNBAL, while the 

river-water sample kept in the dark produced substances that were all of 

microbial origin (e.g., aminodinitrotoluenes). The other samples contained a 

range of products resulting from photolytic (sunlight exposures) and/or 

microbial (dark) degradation processes. Burlinson proposed that the initial 

photolytic product is THBAL, because his distilled water sample exposed to 

sunlight produced only TNBAL from TNT. In the river-water samples, the TNBAL 

was quickly converted to TNB, which then degraded microbially to 

3,5-dinitroaniline (3,5-DNA). In actual field measurements, Spanggord et ~-

(1983a) identified many of the same products in aiio.lyses of active lagoon 

waters. 

Microbial Products 

Many bacte;-ia, fungi, yeasts, and other microorganisms reduce the TNT 

nitro groups to amines <Spar.ggord et ~· 1980a; McCormick et ~·, 1976; 

Parrish, 1977). The biotransformation products that have been identified in 

various studies are summarized in Table 2-3. Most 14c-ring-labeled-TNT 

(denoted 14(-TNT) experiments have demonstrated that microbial transformation 

does not proceed to ring cleavage. One study did, however, report ring 
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Table 2-3. Biotransformation products of TNT that have been idenrHied by 
various investigators. 

Product 

2-Amino-4,6-dinitroto1uene (2-amino-4,6-DNT) 

4-Amino-2,6-dinitroto1uene-(4-amino-2,5-0NT) 

2,6-Diaminv-4-ni~~0to1uene (2,6-diamino-4-NT) 

2,4-Diamino-6-nitroto1uene (2,4-diamino-6-NT) 

2,4,6-Triaminotoluen~ (TAT) 

4-Hydroxylamino-2,6-dinitrotoluene (4-hydroxyamino-2,6-DNT) 

2-Hydroxylamino-4,6-dinitrotoluene (2-hydroxyamino-4,6-DNT) 

2,2' ,6,6'-Tetranitro-4,4'-azoxytoluene (4,4'-Azoxy) 

4,4' ,6,6'-Tetrar.itro-2,2'-azoxyto1uene (2,2'-Azoxy) 

4,2' ,6,6'-Tetranitro-2,4'-azoxyto1uene (2,4'-Azoxy) 

2,4' ,6,6'-Tetranitro-4,2'-azoxyto1uene (4.2'-Azoxy) 

Product binding -with humic acids, 

lipids, and proteins 

Referencea 

1 .2 ,3 ,4,5 

1 ,3 ,4,5 

1. 3, 5 

1. 2. 3. 5 

2 

2,3 

2 

1. 2. 3. 5 

1 '2. 3. 5 

1 ,2 

1 ,2. 5 

6 

I Nitrate ion 

Nitrite ion 

I 
I 
I 

I 
I 

a 1 

2 

3 
4 

5 

6 

Kayser et 

McCormick 

SpC~nggord 

Bur, 1ros'··1, 

Kapla~; and 

Kaplan and 

~·· 1977. 

et ~·, 1976. 

et ~·. 198Gb. 

1980. 

Kaplan, 1982a. 

Kaplan. 1983. 
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Figure 2-3. Formation of 2,4'-Azoxy from microbial reduction. 

cleavage by gram-negative bacteria <Traxler, 1976). In Fig. 2-3 we show 
dimerization of the reduction intermediates. which produces ar. azoxy product. 
The reactive groups can be in either the 2- or the 4- position, making four 
possible isomers (McCormick et ~-. 1976). 

CH
3 

Microbes reduce TNT faster under aerobic conditions than they do under 
anaerobic conditions. However, the aerobic products are mostly mono- and 
diamines, whereas the anaerobic products are mostly di- and triamines. In 
addition, pH has a strong effect on the extent of the reduction. In a 24-h 
experiment, Kayser et al. (1977) discovered that TNT was only 451. converted at 
pH 6-6.2, while it was 997. reduced at pH 7.4-7.8. A high transformation rate 
continued through pH 9.1: at this point there was an accumulation of amine 
products. Corn-steep 1 i quor and other nutrients enhance the efficiency of 
microorganisms in TNT reduction. For some microorganisms, added nutrients are 
essential for reduction. 

Hoffsommer et al. (1978) summarized previous studies cond•Jcted at the 
Naval Ammunition Depot (NAD>. McAlester. Oklahoma. that showed that plants 
grew better in streams contamincted with TNT than in uncontaminated streams. 
They suggested that several strains of bacteria biotransform TNT into 
ami noni troto 1 uenes. thus supp 1 yi ng addi tiona 1 nutrients for p 1 ant 1 i fe. The 
TNT-reduction products. 2-amino-4,6-0NT and 4-amino-2,6-0NT, were detected in 
TNT-contaminat€d streams at NAO, McAlester. Oklahoma. In addition. three 
species of microorganisms (pseudomonads) that were especially adapted for TNT 
red~ction were isolated ~rom the waters. 
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Plant and Human Metabolites 

Palazzo and Leggett (1986) studied the effect of TNT on yellow nutsedge 
(Cyperus esculentus) grown in hydroponic aquaria. After 42 d in 5 to 20 mg/L 
solutions, the nutsedge had absorbed TNT and produced two metabolites: 
2-amino-4,6-DNT-and 4-amino-2,6-0NT. These metabolites were present in the 
plant roots at up to 18 times the concentration of TNT. The tubers also 
showed the same pattern of absorption and metabolism, but to a smaller 
extent. Other products were not identified. 

Metabolism in humans produces n1ost of the same products -as photolysis and 
microbial degradation: the methyl group is progressively oxidized, and the 
nitro group is reduced. Azoxy compounds result from coupling. Yi non and 
Hwang (1985) list the following metabolic products of TNT: 2-amino-4,6-0NT, 
4-amino-2,6-DNT, 4-hydroxyamino-2,6-0NT, 2,4-diamino-6-NT, 2,6-diamino-4-NT, 
lNBA, TNBOH, 4,4'-azoxy, and 2,2'-azoxy. 

Hydrolysis Products 

TNT reacts with bases, especially at high temperature (Kaye, 1980, 
pp. T251-T253). However, no hydrolysis of TNT was observed at a pH of 

approximately 8, after 108 d in seawater (Hoffsommer and Rosen, 1973). 
Therefore we rio not expect hydrolysis to be a significant source of 
degradation products. 

Complex and Compound Formation 

Less TNT and its biotransformation products can be extracted from 
·organic-rich soi 1 s and sediments than would be expected on the basis of 
calculated and measured partition coefficients (Kaplan and Kaplan, 1982b; 

Hoffsommer et !}_ .• 1978; Carpenter et !}_., 1978; Isbister et !}_., 1984; and 
Spanggord et !}_ .• 1980b). McCormick (1986) suggested thar microbial reduction 

of TNT produces highly substituted anilines or their precursors, which react 
immediately with carboxyl groups of humic acids, lipids, or proteins to form 

insoluble precipitates. In research that supports this hypothesis, Kaplan and 
Kaplan (1983) performed tests with humic acids, and observed binding with TNT 

and the two amino reduction products, 2,4-diaminonitrotoluene and 
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2,6-diaminonitrotoluene. They concluded that TNT itself did not bind to the 
humic acids, but the two amines bound readily. The binding reactions were 
en han c e d a t i n c rea s e d a c i d i t y ( pH 4 ) , w h e r e t h e am i n e s we r e mo r e rea c t i v e . 
The fate or toxicity of the complexes is unknown. Similarly, Spanggord et ~· 
(1980b) recovered much less than the expected amount of TNT from unsterilized 
sediment when measuring sediment/water partition coefficients. They suggested 
that either biodegradation, ~irreversib.le sorption, or reactions with the 
sediment may account for the unrecovered TNT. 

In the above experiments, TNT probably remained in organic matter and in 
the bacterial floc at higher levels than those expected on the basis of the 
low soil/water partition coefficient measured in the sterilized soil. Other 
factors (e.g., chemical reactions, complex formation, etc.) need to be studied 
to define the extent of the interactions of TNT and its degradation products, 
with naturally occurring organic substances. 

Field Measurements of TNT and Its Degradation Products 

The results of field measurements of TNT and associated compounds in 
soils and ground and surface waters are consistent with the above laboratory 
studies. Spanggord et ~· (1983a) studied the disposition of TNT and RDX in 
waste disposal lagoon waters at the Louisiana Army Ammunition Plant. They 
found a combination of photolytic transformation products and 
biotransformation products similar to those found by Burlinson (1980) in 
experiments with Potomac River water. The products were TNB; 3,5-DNA; the 
amino-DNT isomers; TNBOH; 3,5-dinitrophenol; 2-hydroxy-4,6-dinitrobenzoic 
acid; 2-amino-4,6-dinitrobenzoic acid; and 2,4-dinitrobenzoic acid. The major 
product was 2-amino-4,6-dinitrobenzoic acid. 

Some of these products appear repeatedly in analyses of samples of soil 
and natural waters. Mizell et al. (1982) reported concentrations of TNT, 
2,4-DNT, 2,6-DNT, DNB, and TNB in ground and surface waters and soi~s 

associated with former TNT washout lagoons and open burning/open detonation 
sites at the Blue Grass facility in Kentucky. Many other investigators (e.g., 
Rosenblatt, 1981; Newell, 1984; Swisdak and Young, 1977) report concentrations 
of TNT and the DNT' s in soi 1 s and in ground water. Co-contaminants of TNT in 
ground water were TNB (Rosenblatt, 1981), 2,4-DNT, 2-amino-4,6-DNT and 
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4-amino-2.6-0NT <Swisdak and Young, 1977). The latter three compounds were 

in shallow ground water. beneath and downgradient from a TNT disposal site. 

The above information indicates a gradual movement through so; lc '.J.nd 

ground water of TNT, its photolysis product, TNB; impurities--the DNT's; and 

its biodegradation products, aminonitrotoluenes and aminotoluene. The other 

compounds that may have been formed have not been reported in the literature. 

Summary 

The large array of potential TNT co-contaminants and conve(sion products 

thal we ha.;e identified are presented in Table 2-4. The compounds are 

arranged by functional groups: nitroaromatic isomers of TNT and ONT; 

meth}l-group oxidation products; nitro-group reduction products; and dimers of 

some of the above compounds. The most prevalent of the ni troaroma tic 

impurities from the manufacturing process are 2,4-DNT and 2,6-0NT. The other 

compounds are impurities that were incompletely removed by the sellite 

treatment. 

The co-contaminant TNB is both a manufacturing impurity and the result of 

photolytic oxidation and decarboxylation of the methyl group of TNT. 

Likewise, TNBOH, TNBAL, and TNBA are the result of photolytic oxidation of the 

same methyl group, but to a lesser extent. The anthranils, nitriles, c:rd 

oxime in Table 2-4 are also of photolytic origin, possibly by a different 

mechanism. Finally, the degradation products detected in lagoons, 

3,5-dinitrophenol and 2-amino-4,6-dinitrobenzJic acid, are a combination of 

photooxidation of the methyl group and rEduction and/or substitution of the 

nitro group. Amines result from the metabolic reduction of the nitrotoluenes. 

The remaining compounds in Table 2-4 are condensation products of the 

compounds listed previously. They result from all sources: impurities, 

photolytic products, and microbial products. They may represent final 

products or they too may condense or complex with other TNT transformation 

procucts or humic materials, proteins, and other natural compounds. The 

compounds in Table 2-4 that have been detected in the environment were 

isola ted from fie 1 d samp 1 es. Exc 1 uded from the review were substances from 

sources such a:; holding ponds, lagoons, and waste-water discharges. In our 
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Table 2-4. Co-contaminants and degradation products of TNT in the environment. 

Source 

Parent 

Ir!lpuri ty 
Irouri ty 
Impurity 
Impurity 

Impurity 

Impurity 

Impurity 
Impurity 
Impurity 
Impurity 

Impurity 
Photolysis 

Impurity 
Photolysis 

Impurity 
Photolysis 
Thermal 

Impurity 
Photolysis 
Thermal 

Impurity 
Photolysis 
Metabolism 

Hetabc l ism 
Photolysis 

Photolysis 
Thermal 

Photolysis 

Compound 

TNT 

2,4,5-Trinitrotoluene 
2,3,4-Trinitrotoluene 
2,3,6-Trinitrotoluene 
2,3,5-Trinitrotoluene 

2,4-DNT 

2,6-DNT 

2,3-DNT 
2,5-DNT 
3,4-DNT 
3,5-DNT 

TNB 

DNB 

2,4,6-TNBOH 

TNBAL 

TNBA 

3,5-Dinitrophenol 

4,6-Dinitroanthranil 

2,4,6-Trinitrobenzonitrile 
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fable 2-4. <Continued) 

Source Compound 

Photolysis syn-2,4,6-Trinitrobenzaldoxime 

Photolysis 

Microbial 

Mic,·obial 

Microbial 

Microbial 

Microbial 

Microbial 

Micmbial 

Microbial 

Impurity 

Impurity 

Impurity 
Photolysis 

Impurity 

Photo 1 ysis 
Microoial 

2-Amino-4,6-dinitrobenzoic acid 

4-Hydroxylamino-2,6-DNT 

2-Hydroxylamino-4,6-DNT 

2-Amino-4,6-DNT 

4-Amino-2,6-DNT 

2,4-Diamino-6-NT 

2,6-Diamino-4-NT 

2,4,6-Triaminotoluene 

3,5-DNA 
, from TNB) 

HNBB 

MPDM 

Hhite compound 

3,3' ,5,5'-Tetranitroazoxybenzene 

4,4'-Azoxy 
2,2'-Azoxy 
2,4'-Azoxy 
cl,2'-Azoxy 
<See Table 2-3) 
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Table 2-4. <Continued) 

Source 

Photolysis 

Photolysis 

Photolysis 

Photolysis 

Microbial 

Microbial 

Compound 

Desoxy white compound 

Monocarboxy white 

N-(2-Carboxy-3,5-dinitrophenyl)-
2,4,6-trinitrobenzamide 

1 ,3,7,9-Tetranitroindazolo-2, 1-a
indazol-6-ol-12-one 

Nitrate ion 

Nitrite ion 

Detected in 
environment?ii 

a Compounds with a "yes" appearing after them have been measured in 
environmental media; the other compounds in this table may also occur, but 
have not been reported. 

data-base assessments we will examine ONB, TNB, 2,4-0NT, 2,6-DNT, and the two 
aminodinitrotoluenes, as these co-contaminants have been frequently detected 
in environmental media. 

Although humic or plant-tissue complexes with TNT degradation products 
have not been isolated from field samples, laboratory evidence for them is 

strong. Little is known of their structures, fates, or toxicity. Labor.'!tory 

experiments also show that plant tissues accumulate TNT and, more extensively, 
the 2-amino-4,6-DNT and 4-amino-2,6-DNT metabolites. It is not known if these 

compounds are free or are bound in some way. He consider the complexes of 
TNT, 2-amino-4,6-DNT and 4-amino-2,6-DNT with humic and plant materials of 

secondary concern from an environmental standpoint, only because they have not 
been found in the field. Clearly, more research needs to be conducted in this 
area. 

CO-CONTAMINANTS OF POX 

The second most important explos!Je in the demilitarization inventory is 

RDX. Large-scale usage of RDX began during HH II. One common e>;plosive 
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formulation containing ROX is Composition B, which is 60 wt% RDX and 40 wt% 

TNT. RDX does not have the stable aromatic ring of TNT; therefore, it 

degrades to low-molecular-weight compounds, and ultimately to carbon dioxide 

and water. Its photolytic decomposition is slow, and its microbial 

degradation is anaerobic, with few exceptions. The primary impurity in RDX is 

HMX, which is itself a high explosive with different applications. 

Production and Impurities 

Two classes of RDX are used in the U.S. They differ i~ melting point and 

amount of H~1X. Both types have equal sensitivity to impact, friction, and 

heat initiation. Type A ROX is produced by direct nitration of hexamine with 

nitric acid. This process produces pure RDX <melting point of 205°(); the 

military specification is for a melting point >200°(. Type B (military 

specification is melting point >190°() can be produced by the Bachmann 

process: hexamine, nitric acid, sulfuric acid, ammonium nitrate, and acetic 

anhydride are combined at 68°(, yielding approximately 80 to 84 wt% ROX 

<Department of the Army, 1967b). The RDX is subsequently recrystallized from 

cyclohexanone (Lindner, 1980). Because numerous aliphatic and cyclic nitro 

compounds are produced with Type B RDX, some of these compounds are present in 

the final product. The major impurity, HMX, constitutes 8 to 13 wt% of 

production-grade (Type B) ROX. Other identified by-products that may be 

formed are (Kaye, 1980, p. C612-C613) 

1 ,5-Endomethylene-3,7-dinitro-l ,3,5,7-tetrazacyclooctane, 

1,7-Diacetoxy-2,4,6-trinitro-2,4,~-triazaheptane, 

1, 5-Endoethyl ene-3, 7-di ni tro-1, 3, 5, 7-tetrazacycl ooctane, 

1 ,5-Endoethylidine-3,7-dinitro-1,3,5,7-"Cetrazacyclooctane, 

1-Nitro-3,5-dicyclohexyl-1 ,3,5-triazacyclohexane, 

Dinitroxydimethylnitramide, 

Diacetoxydimethylnitramide, 

N,N'-Dimethylol-N,N'-dicyclohexyldiaminoethane, 

1 ,3,5-Trinitroso-1,3,5-triazacyclohexane, and 

3,7-Dinitro-3,7-diaza-1 ,5-dioxacyclooctane. 



The high melting point of RDX prevents its use in cast loading of 

projectiles. However, it can be blended with substances that have lower 

melting poil.ts such as TNT or mononitronaphthalene (Kaye, 1980). 

Photolysis Products 

Photolysis is an important degradation pathway for RDX. In aqueous 

solution, the RDX molecule mineralizes on exposure to UV and short-wavelength 

visible light. Smetana and Bulusu (1977) reported that RDX in distilled water 

degrades photolytically to different products and at different reaction rates 

at 254, 310 to 330, and 350 nm. At 254 nm (below the natural sunlight 

spectrum), the rate was fastest, and HCN and HCHO were produced. Irradiation 

at the shorter wavelength end (310 and 330 nm) of the sun's spectrum at the 

earth's surface produced NO, N2, N20. CO, C02. H20. and ~2- They found that 

RDX is very stable after exposure to UV light at 366 nm and produces no gas 

during 10 h of irradiation. 

Glover and Hoffsonvner ( l979a) exposed aqueous solutions of RDX to UV 

light and found nitrate, nitrite, ammonia, formaldehyde, and organic nitro 

compounds. Sikka et al. (1980) reported "nitrosamine" at about 5"/. of the 

initial RDX concentration in an aqueous solution, after photolysis with 300-nm 

light for 35 min (this is the only mention of this product in the literature 

reviewed). 

Kubose and Hoffsommer (1977) reported t'·,at RDX was "rapidly destroyed" in 

1 laminar-flew tray system under a medium- ~~~~sure mercury lamp (220 nm to 

1367 nm). RDX decomposed through ring cleavage in distilled water to the 

~ollowing products: N03-. N02-. CH20. NH3, N20. and N2. Approximately half of 

the initial nitrogen was accounted for in the products. An unidentified 

_i:>:·>~· product was thought to be C02. Mono-nitroso-RDX was produced by 

· ·~1'~~isn cf distilled-water solutions of RDX with visible light. Tap water 

~ox solutions did not produce measurable mono-nitr0so-RDX under the same 

conditions, probabiy because the distilled-water solutions became acidic 

during photolysis, going from a pH of 7 to 3.5 or 4. On the other hand, the 

tap water solutions had a natural buffering capacity that maintained the pH at 

6.5 to 7. 

Stals et al. (1971) irradiated RDX in the solid phase with 254 nm light. 

They identified the principal products as N2, N02. NO, C02. CO, and HCN, with 
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traces of the follow1ng compounds identified by their mass spectra: HCHO, 

NH3, H20, 02. C3H5, C2H4, CH3N202, (CN)2, C2H5NO, and either C2H2NzO, C2H4N3, 

or C2N02. They also reported possible traces of HNO, HN02, and H2. After 

irradiation, the remaining RDX crystals were held together by a tacky 

polymeric material. 

Microbial Products 

Most researchers have found that RDX degrades by mi_crobial action 

primarily under anaerobic conditions. McCormick et ~· (1981) reported the 

products of anaerobic microbial degr~dation in a nutrient broth to be mono-, 

di-, and tri ni troso-RDX ana 1 ogues; hydrazi ne; 1, 1-di methyl hydrazi ne; 

1 .2-dimethylhydrazine; formaldehyde; and methanol. They proposed a degradation 

pathway initially involving reduction of the nitro groups to the mono-, di-. 

and trinitroso-RDX compounds. These intermediates were then further reduced 

to hydroxylamines that broke into fragments and ultimately degraded to 

hydrazines and oxidized metha~es. 

Fig. 2-4. 

Their proposed reaction pathway is shown in 

.. 
Kayser and Burlinson (1982) analyzed the effluent from soil-column 

experiments conducted by Hale et ~· <1979), who had studied the migration of 

14c-RDX and its degradation products through 24-in. soil columns over a 

6-month period. The soils represented a range of pH, texture, and organic 

carbon content. At the end of the 6-month period, a sandy-loam soil proved to 

be the least retentive of RDX and its decomposition products: 291 of the 14c 

activ~ty in the effluent was RDX that passed through the column intact, and an 

additional 404 of the radiolabel was volatile decomposition products. These 

products were not completely characterized. 

suspected to be part of the solid residue. 

from the more organic-rich soils. -

Formic acid and formami de were 

Less RDX was found in the effluent 

In an aerobic environment with Composition B, TNT degraded, but RDX 

remained unchanged (Hoffsommer et ~ .• 1978). Several studiE!s found aerobic 

microbial degradation of RDX only with added nutrients or specialized 

conditions. Isbister et ~· (1984) examined an aerobic compost composed of 

alfalfa and Purina Sweetena horse feed. When they innoculated this 

nutrient-rich compost with 14c-ROX, they recovered 54% of the 14c as co2 in 

6 wk. They suggested that the remainder of the 14c activity in the solids 
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could be adsorbed RDX or breakdown products. Similarly, Sp-1nggord et ~· 

(1983a) found that RDX underwent aerobic microbial degradation only under very 

specialized conditions: in Holston River water or effluent water from the 

Holston Army Ammunition Plant to which yeast had been added. They could not 

culture an organism from the water, nor could they find a chemical contaminant 

that would bring about this transformation. Sikka et ~·- (1980) also studied 

the microbial degradation of ROX in Holston River water. Their experimental 

conditions did not, however, specify the degre~ of oxygenation. ROX 

concentrations in samples of Holston River water with and without added yeast -

remained constant for one month. However, when Sikka ~ ~· added 14 Holston 

River sediment obtained downstream from the ROX waste outfalls from the 

Holston Army Ammunition Plant, biodegradation began after a lag time. When 

they repeated these experiments with 14c-RDX, they were unable to isolate the 

products. Although aerobic conditions in flowing streams are not expected to 

favor microbial degradation, anaerobic degradation could take place in 

sediments and in lakes tnat are rich in orgar.ic nutrients. 

Animal Metabolites 

Metabolic products of RDX administered to rats and swine include several 

one-carbon fragments: C02. bicarbonate ion, and formic acid (Ryan et ~·. 1984 

citing Schneider et ~·· 1977, JQ78). 

Hydrolysis Products 

Hydrolysis would be a major transformation process only in very alkaline 

waters. Hoffsommer and Rosen (1973) measured the hydrolysis of ROX in 

seawater (pH of approximately 8) and found only 124 hydrolysis after 112 d. 

Hoffsommer et ~· (1977) reported the alkaline CpH>9) hydrolysis products to 

be N02-. N20. NH3, N2, CH20. and Hcoo-. with relative amounts dependent on 

hydroxyl ion concentration. In natural waters, the pH is usually too low for 

hydrolysis to be an important source of degradation products. 

Field Measurements of RDX Contamination 

Newell (1984) reported the results of a major survey of explosives in 

soils at 08/00 grounds. ROX and HMX soil contamination was four.d at many 
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sites. In addition, persistent concentrations of RDX in leaching pond and 

lagoon water has been reported by several authors (e.g., Rosenblatt. 1981, 

1986; Mizell et ~ .. 1982; Phung and Bulat, 1981; Spanggord et ~ .• l98Ja). 

Other reports detail ~OX concentrations in surface and ground waters in 

proximity to ammunition plants and 08/00 areas (e.g .• Mizell et ~·, 1982; 

Clear and Collins, 1982). 

Phung and Bulat (1981) measured the concentration of two rtDX degradation 

products in soi 1 and wells under a s ett 1 i ng pond used by the Lone Star 

Ammunition Plant in Texarkana, Texas from 1942 to 1978. The highest NOJ

concentration was only slightly above drinking-water standanis and CN- was 

either at background levels or undetectable. 

Summary 

Photolysis and anaerobic microbial degradation with subsequent ring 

cleavage degrade the RDX molecule to low-molecular-weight compouilds (see 

Table 2-5). The products from these two processes. although similar, are not 

the same. Potentially hazardous hydrazines are produced by microbial 

degradation. HydrazinP. Itself will sorb to and degrade on clay surfaces (Hayes 

et ~ .• 1984). It rasa half-1ife cf 7 to 9 h 1n organic-rich water due to 

reaction with humic materials and 5 d in hard water <Slonim and Gisclard, 

1976), which is shorter than the half-life of RDX <Spanggord et ~ .• l980b). 

!n addition, hydrazines are extremely volatile. As secondary transformation 

~rol!,JC.ts of RDX, the concentrations of the hydrazines in environmental media 

are e;;pec~ed to be quite low; indeed, w0 were unable to find concentration 

data in the literature. Consequently, the hydrazines are not likely to pose 

an environmental hazard. 

RDX hydrolyzes slowly in alkaline water. It also appears that RDX slowly 

moves through the soil and degrades to volatile products in the presence of 

anaerobic m1croorganisms. Because RDX degrades to low-molecular-weight 

volatile products, very few co-contaminants have been found in environmental 

media. 
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Table 2-5. Co-contaminants and degradation products of RDX. 

Source Cofl'lpound 

Parent RDX 

Impurity HMX 

Hydrolysis 
Photolysis 

Photolysh 
Hydrolysis 

Photolysis 
Hydrolysis 
Thermal 

Thermal 
Photolysis 

Photolysi5 

Photolysis 
HydrolJsis 

Photolysis 

Photolysis 
Microbial 

Microbial 

Nitrogen 

Ammonia 

Nitrous oxide 

Nitric oxide 

Nitrogen dioxide 

Nitrite ion 

Nitrate ion 

Formamide 

Hydrazine 

Micrr.oial 

Microbial 

1,1-Dimethylhydrazine 

1,2-Dimethylhydrazine 

Photolysis 

Photolysis 

Microbial 

Photolysis 
Microbial 
Hydrolysis 

Hydrogen cyanide 

Nitrosamine 

Methanol 

Formaldehyde 
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Table 2-5. 

Source 

Hydrolysis 
Metabolism 

Hydrolysis 
Metabolism 

Photolysis 
Microbial 
Metab'Jlism 

Photolysis 

Microbial 
Photolysis 

Microbial 

Microbial 
Impurity 

Impurity 

Impurity 

Impurity 

Impurity 

Impurity 

Impurity 

Impurity 

Impurity 

Impurity 

<Continued) 

Compound 

Formate ion 
Formic acid 

Bicarbonate ion 

Carbon dioxide 

Carton monoxide 

1-Ni troso-3. 5-di ni tro-1, 3, 5-
triazacytlohexane 

1 ,3-Dir.itTOS0-5-nitro-1 ,3,5-
triazacyc1ohexane 

1,3,5-Trinitroso-1,3,5-
triazacyclohexene 

1,5-Endomethylene-3,7-dinitro-
1,3,5,1-tetra~acyclooctane 

1,7-Diacetoxy-2,4,6-trinitro-
2,4,6-triazaheptane 

1,5-Endoethylene-3,7-dinitro-
1,3,5,7-tetrazacyclooctane 

1 ,5-Enaoethylidine-3,7-dinitro-
1,3,5,7-tetrazacyclooctane 

1-Nitro-3,5-dicyclohexyl-
1,3,5-:riazacyclohexane 

Dinitroxydimethylnitramide 

Diacetoxyd1methylnitramide 

N,N'-Dimethylol-N,N'
dicyclohexyldiaminoethane 

3. 7-Di ni tro-3. 7-di aza-1, 5-
dioxacyc1ooctane 
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Detected in 
environment?a I 
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TablP 2-5. (Continued) 

Source 

Photolysis 

Photolysis- -

Photolysis 

Photolysis 

Propene 

Ethene 

Polymer-

Cyanogen 

Compound 
Detected in 
env"i ronment?a 

a Compounds witn a "yes" after them have been measured in environmental 

media; the other compounds in this table may also occur, but have not been 

detected and reported. 

CO-CONTAMINANTS OF HMX 

Although we have considered HMX as an impurity of RDX for the purposes of 

identifying potentially important contaminants at OB/00 areas, HMX is also a 

powerful explosive in its own right and has found increasing uses in different 

munitions. Consequently, we have addressed HMX here as a separate explosiv-:·. 

In the subsections below, we identify t~e co-contaminants that result from its 

synthesis and environmental transformations. HMX is an eight-memberet! ring 

with the same functional groups a) RDX. It is also similar to RDX in 

explosive properties; that is. sensitivity to impact and friction, but it is 

less sensitive to initiation. Therefore, the contamination of RDX with HHX 

has little effect on the exolosive properties of the RDX. In military 

explosives, HMX is rarely used by itself and is often mixed with TNT. The 

Army Technical Manual, TM9-1300-214 (Department of the Army, 1967b), for 

example, lists two octal for~Jlations that consist of 75 wti. TNT and 25 wt% 

HMX, and 70 wt% TNT and 30 wt% HMX, respectively. 

Production and Impurities 

The synthesis of HMX is essentially a modification of the procedure used 

to prod!..lce Type B RD>:. In t1is process, hexamine in glacial acetic acid, a 

solution of ammonium nitrate in nitric acid, and acetic anhydride arc added in 
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stages to acetic acid, rather than in one step as for RDX. The temperature is 
also lower, 44°( versus 68°(. Yields of 55 to 607. are obtained a.nd the 
filtered product is nearly 997. pure HMX. It is then recrystallized from 
acetone and/or eye 1 ohexanone C see Department of the Army, 1967b; Lindner, 
1980). 

Foster and Demerson (1982) reported the effects of thermal aging of three 
HMX-based explosives, LX-10, PBX-9501, and HMX/kraton. At 40°(, 0.01 to 
0.05 ml of C02 and 0.06 to 0.16 ml of N20 per 40-g sample were collected over 
an 18-month period. Small amounts of 02 and N2 were also collected from some 
formulations. 

Photolysis Products 

Spanggord et ~- Cl983b) reported the presence of nitrite, nitrate. and 
formaldehyde, but no evidence of N-nitroso derivatives when disti I len water 
so 1 u t i on s of H MX we r e i I 1 u m i n a t e d by s u n 1 i g h t . S i m i 1 a r 1 y , B u 1 u s u ( 1 <J7 5 ) f o u n d 
the same products from photolytic and thermolytic decomposition. Andrews and 
Osmon (1977) studied a saturated aqueous solution of HMX in distilled water 
irradiated by a germicidal UV lamp <wavelengths primarily 240 to 260 nm) in a 
continuous-flow system. They report that HMX was completely eliminated in 2 h 
with a drop in pH from 6.9 to 3.6. However, they used an acetone solution of 
HMX to prepare the solution; with TNT they found that acetone accelerated 
photolytic degradation. Torbit (1970) studied the decomposition products of 
HMX in acetone and in the solid state. In acetone, the products were N2. 
C2H2. 02. C02. and N20. In a solid in vacuo, the produc.ts were N2, C2H4, and 
02. Solid HMX in a helium atmosphere yielded N2. C2H4, HCHO, and N20. Stals 
et al. (1971) state that the solid-state photolytic decomposition products and 
mechanisms of HMX are "similar" to those of RDX. 

Microbial Products 

Spanggord et ~- Cl983b) reported that microbial degradation of HMX took 

I 
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I 
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I 
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place only with the addition of nutrients. Hith nutrients in an anaerobic I 
medium, they found products corresponding to the N-nitroso intermediates of 
RDX microbial degradation. They also isolated 1,1-dimethylhydrazine. Only in I 
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one instance did aerobic microbial degradation occur--in Holston River water 
or effluent from the Holston Army Ammunition Plant to which yeast was added. 

Hydrolysis Products 

Little researc_b_ has been done on the hydrolysis of HMX. Croce and 
Okamoto (1979) measured an alkaline hydrolysis rate constant for HMX that was 
an order of magnitude lower than for RDX. No mention was made of hydrolysis 
products, but they are probably analogous to those of RDX; at pH 13, RDX was 
hydrolyzed to gaseous products and formate ion (Hoffsommer et ~-, 1977). 

Field Measurements of HMX Contamination 

Newell <1984) reportGd the concentration of HMX in soils at oren-burning 
sites at depths of 15 to 45 em to be slightly higher than at the surface or in 
"residue" samples at the same site. 

Summary 

Photolysis is the major degradation route for HMX in flowing streams and 
well-lighted waters. During photolytic degradation, HMX is transformed to 
low-molecular-weight compounds. Photolysis of solid HMX results in the 
formation of some polymeric products, probably due to the confinement of the 
intermediates. On 1 y with added nutrients and anaerobic conditions wi 1 I HMX 

degrade microbially. Rarely does aerobic decompositicn take place. Table 2-6 
lists the co-contaminants of HMX discussed in this section. 

CO-CONTAMINANTS OF TETRYL 

Tetryl has been used as a booster explosive and as a main charge in the 
form of a mixture with TNT <e.g., tetrytol). Tetryl is structurally similar 

to TNT, with a methylnitramine group replacing the methyl group of TNT. This 
substitution facilitates the hydrolysis of tetryl to picrate ion and 

methylnitramine. Photolysis produces N-methylpicramide. Tetryl has a stable 
aromatic ring that remains intact during environmental transformation 
processes. 
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Table 2-6. Co-contaminants and degradation products of HMX. 

Source 

Parent 

Impurity 

Photolysis 
Thermal 

Photolysis 
Thermal 

Photolysis 

Photolysis 

Thermal 

Microbial 

Photolysis 

Photolysis 
Thermal 

Photolysis 

Photolysis 

Microbial 

Microbial 

Microbial 

Microbial 

Microbial 

Compound 

HMX 

RDX 

Nitrogen 

Nitrous oxide 

Nitrite ion 

Nitrate ion 

Hydroxymethylformamide 

I ,1-Dimethylhydrazine 

Formaldehyde 

Carbon dioxide 

Ethyne 

Ethene 

1-Nitroso-3,5,7-trinitro-
1,3,5,7-tetraazocine 

1,3-Dinitroso-5,7-dinitro-
1,3,5,7-tetraazocine 

~.3.5-Trinitroso-7-nitro-
1,3,5,7-tetraazocine 

I ,5-Dinitroso-3,7-dinitro-
1,3,5,7-tetraazocine 

1 ,3,5,7-Tetranitroso-
1,3,5,7-tetraazocine 

Detected in 
environment?a 

Yes 

Yes 

a Compounds with a "yes" ~fter them have been measured in environmental media; the other compounds may also occur, but have not been reported. 
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Production and Impurities 

Tetryl has been produced by two processes. One process involves the 
addition of N,N-dimethylaniline in concentrated sulfuric acid to fuming nitric 
acid. One methyl grcup of N,N-dimethylaniline is oxidized to volatile C02 as 
the aromatic ring and amine of the compound are progressively nitrated. The 
other method consists of forming dinitromethylaniline from 
dinitrochlorobenzene and monomethylamine. The dinitromethylaniline is 
subsequently dissolved in sulfuric ar.id, and the addition of nitric acid forms 
tetryl (Urbanski, 1986b). 

Tetryl from the above processes is subsequently purified to remove 
residual acid and byproducts such as compounds with an additional nitro group 
on the aromatic ring (Urbanski, 1986b). These impurities would have adverse 
effects on the storage s tabi 1 i ty of tetryl. The exp 1 os i ve can be used with a 
variety of epoxies, rubbers, silicones, and adhesives. It is compatible with 
aluminum, tin, copper, nickel, lead, titanium, silver, cadmium, bronze, and 
copper-plated steel. It reacts slightly with steel, zinc, and zinc-plated 
steel, and is incompatible with iron {Department of the Army, 1967b). 

On the basis of vacuum stability tests, Farey and Hilson {1975) infer 
thiit tetryl can be stored at "normal" temperatures for many years without 
detectable decomposition. Tetryl 's stability is due to the lack of impurities 
that might cause lower-melting-point eutectics and thus chemical 
decomposition. Furthermore, Hs melting point (i.e., 130 to 132°0 is well 
above stockpile temperatures. Hhen heated alone for 4 wk at 80°C, tetryl 
degrades to 0.421 N-methylpicramide and 0.161. picric acid. Under the same 
conditions with lead azide, N-methylpicramide production increased to 2.411; 
picric acid to 1.321; and additionally, picramide, 6.70%, and 4-nitroaniline, 
0.471., were produced. At 120°C, Oubovitskii et ~· (1961) isolated thermal 
decomposition products consisting of 2,4,6-trinitroanisole, picric acid, 
N-methyl-picramide, COz, CO, NO, NOz, and Nz. They also found that picric 
acid accelerates the decomposition. 

Photolysis Produ~ts 

Kayser et ~· (1984) reported that N-methylpicramide was the major 
detectable photoproduct of tetryl in distilled water exposed to laboratnry 
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"room light.·• They stated that the photolysis rate is at least an order of 

magnitude greater than the hydrolysis rate. 

Microbia 1 Products 

He cou 1 d find no data on the microbia 1 trans formation of tetryl. -

However, the work of McCormick et ~· (1976) showing reduction of many 

aromatic nitrocompounds to their amine counterparts, suggests, by analogy, 

that the nitro groups of tetry1 may also be reduced to amines. Another 

microbial interaction might be the reduction of hydrolysis or photolysis 

products. for example, picric acid to picramic acid. 

Hydrolysis Products 

Kayser et ~· (1984) mE•asured the hydrolysis of tetryl both in laboratory 

light and in the dark. A solution of 12 mg/L of tetryl in distilled water 

produced different products at different rates depending on 1 ight. Because 

the rate was an order of magnitude slower in the dark, a borax buffer was 

added and the pH adjusted to 9. In the buffered solution in the dark, tetryl 

hydrolyzed to methylnitramine as the primary product (66%), picrate ion (28%); 

N02- (4.1%), N03- (3. li.) and N-methylpicramide (4. 1%). On the other hand. the 

distilled water in labor~tory room light hydrolyzed or photolyzed to 

N-methylpicramide (41.0%) as the major product. These investigators also 

report increasing hydrolysis rates with both pH and temperature. Urbanski 

(1986b) states that tet,·yl reacts with weak bases and strong acids, but not 

with dilute mineral ac1ds. When tetryl is boiled with dilute alkali (or 

cor.~entrated acid), the nitroamino group is hydrolyzed. 

Complex and Compound Formation 

Kayser and Burlinson (1982) analyzed water samples rlerived from a 

soil-leachi11g experiment conducted by Hale et ~· (1979). Leachates had 

passed througn 15 em of soil samples spiked with 14c-labeled tetryl. After 

6 mo of irrigation, they found 5 to 141. of the radioactivity in the lPachate 

to be picric acid. Further extraction studies showed many water-soluble and 

polar products, but no volatile products or tetryl. Lakings and Gan (1981) 
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found that tetryl was very difficult to recover from plant and animal tissue. 

They concluded that it Wil5 "adsorbed" by the protein or other macromolecules 

in the tissue matrices. The amine in tetryl or a reduced nitro group 

apparently reacts in a fashion similar to the amino reduction products of TNT, 

and, like them, may bind with humic acids, proteins, and lipids. 

Field Measurements of Tetryl Contamination 

The study by Newell (1984) of the explosives' contamination of soils at 

08/00 sites showed that tetryl was present at concentr.:tions as high as 

1000 ~g/g at several sites. 

Summary 

Existing studies seem to indicate that the co-contaminants of tetryl (see 

Table 2-7) will have aromatic structures. Unlike TNT, tetryl undergoes 

hydrolysis in varying degrees, yielding picric acid or picrate ion and 

methylnitramine. Photolysis of tetryl produces N-methylpicramide as the major 

product. This compound has not been identified in environmental media. 

Tetryl and its amine biotransformation products are likely to complex with 

humic acids, lipids, and proteins, based on the difficulty in extracting 

tetryl from soils, plants and animal tissue. Because picric acid is formed by 

tetryl transformation and occurs as ammonium picrate <Explosive 0), it as a 

compound of primary concern. Methyl ni trami ne and N-methyl pi crami de are of 

secondary concern because they have not been found in environmental media. 

CO-CONTAMINANTS Of PETN 

PETN is a no1aromatic explosive whose production began after WW I. It 

has been used extensively as a mixture with TNT in small caliber projectiles 

and grenades. To a lesser extent, it has been used in detonating fuses, 

boosters, and detonators <Department of the Army, 1967b). Recently, PETN has 

been incorporated in a rubber-1 ike rna tri x ("sheet exp 1 os i ve") and used for 

forming, cladding and hardening metals (Kaye, 1978). 1t is also used 

medically as a drug in the treatment of high blood pressure. 
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Table 2-7. Co-contaminants and degradation products of tetryl. 

Source 

Parent 

Co-contaminant 

Thermal 

Thermal 

Hydrolysis 

Hydrolysis 

Thermal 

Thermal 

Thermal 

Hydrolysis 

Thermal 

Photolysis 
Hydrolysis 
Thermal 

Thermal 

Thermal 

Thermal 

Hydrolysis 

Tetryl 

TNT 

Compound 

NHr\c oxide 

Nitrogen dioxioe 

Nitrate ion 

Nitrite 1on 

Nitrogen 

Carbon mr.1ox 1 de 

Carbcil dioxide 

Methylnitramine 

P1cram1de 

N-Methylp1cram1de 

4-N1troani11ne 

2,4,6-Tr1nitroan1sole 

PiOH 

Picrate ion 

Detected in 
environrnent?a 

Yes 

a Tetryl has been measured 1n environmental med1a, the other potential 
co-contaminants may also occur, but have not been reported. 
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Production and Impurities 

PETN can be made by either a batch or continuous proces~. In the batch 

process, pentaerythritol <PE> is treated with concentrated nitric acid at 15 

tc 25°C. The PETN produced by that reaction is precipitated by dilution with 

wate-. The PETN is purified by dissolving it in acetone and sodium carbonate 

at 50°C, and reprecipitating w1th added water. The Biazzi continuous process 

uses the same chemicals except that the sodium carbonate used for pH-

adjustment is replaced by gaseous ammonia (Lindner, 1980). Impurities from 

the batch process for making PETN include pentaerythr1tol trinitrate 

<PE-tri-N), di pentaerythrito 1 hexani trate, and tri pentaerythr1to 1 acetonitra te 

(Lindner, 1980). PETN is used alone and molded w1th plastics. "Sheet 

explosive" is made with PETN in a rubber-like matrb:. Epoxy resins, silicone 

rubbers, polyurethane, organic rubber, terpene resin, Teflon, and 

polyethylacrylate ru~ber are some of the plastics used with PETN (Kaye, 1978). 

Occluded acid reduces the stability of PETN. Specification-grade PETN 

has been stored for as long as 18 months at 65°C without "significant" 

deterioration <Department of the Army, 1967b). The decomposition products of 

PETN at 210~c are NO, co. N02. NzO, COz, Hz, and Nz <Lindner, 1980). The 

addition of other nitro explosives lowers the melting point of the explosive 

and decreases its stability <Kaye, 1980). 

Photolysis Products 

No information ~as found on the photolysis of PETN: which is reasonable 

because PETN absorbs very little UV or visible light above 280 nm (Deb, 

1957). In fact, with HPLC analys:s, UV detection of PETN is usually done at 

210 nm because PETN absorption is so weak at the more typical 254 nm 

<Maskarinec et ~ .• 1984; 8c~~rmaster and McNair, 1983). 

Microbial Products 

He could not identify any studies that d2alt specifically with the 

biotransformation of PETN in environmental media. 
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Human Metabolites 

Oav i dson et ~. ( 1970) found that the pri nc i pa 1 met abo 1 i tes of PETN in 
man are PE and pentaerythritol mononitrate (PEMN) in man. PE is not 
mineralized. Some pentaerythritol dinitrate (PEON) was found in the blood. 

Hydrolysis Products 

PETN hydrolyzed in boiling water and produced PEON as lhe major product 
(Aubertein and Rehling, 1953). Dilute acid or ba5e accelerated hydrolysis, 
with base being more effective. In environmental waters. hydrolysis will 
likely be very slow. 

Summary 

PETN constitutes on 1 y a very sma 11 portion of the explosives in the 
demilitarization inventory, a~d therefore it is not surprising that it has not 
been identified in environmental surveys. Moreover, PETN probably degrades 
very slowly toPE, progressing through the trinitro-. dinitro- and 
mononitroesters by hydrolytic and microbial meGnS (Table 2-8). No information 
was found on photolysis. Because PE is formed by different mechanisms and 
appears to be very stable, we did a preliminary investigation on its 
environmental and toxicological effects. PE is very soluble in water 
<Verschueren. 1983), very stable in sunlight <Lund et ~·· 1986), and 
resistant to microbial degradation Cilic, 1978). Oral LDso values are high, 
with reported values for mice of 25.5 g/kg and for guinea pigs, ll. 3 g/kg 
<Keplinger, 1964). No effects for rats were seen in diets of l wti'. PE for 
90 d (Keplinger, 1964). PE is not metabolized <DiCarlo et ~·· 1965a). 
Therefore, we do not be 1 i e•1e that PE constitutes an envi ronmenta 1 hazard, 
given its low order of toxicity and the lack of observed concentrations of its 
parent explosive, PETN. 

CO-CONTAMINANTS OF AMMONIUM PICRATE (EXPLOSIVE 0) 
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Ammonium picrate is the ammonium salt of picric acid. The U.S. added I 
amonium picrate to its arsenal after the turn of the century. Because it is 
less sensitive to impact and friction than TNT, although inferior to it in 
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Table 2-8. Co-contaminants and degradation products of PETN.a 

Source Compound 

Parent 

Impurity 
Microbial 

Impurity 

Impurity 

Impurity 

Thermal 

Thermal 

Thermal 

Thermal 

Thermal 

Thermal 

Thermal 

Metabolism 

Metabolism 
MiC!'"Obial 

Microbial 
Hydrolysis 
Metabolism 

PETN 

PE-tri-N 

Dipentaerythritol hexanitrate 

Tripentaerythritol acetonitrate 

Plastics and rubbers 

Nitric oxide 

Nitrous oxide 

Nitrogen dioxide 

Nitrogen 

Carbon monoxide 

Carbon dioxide 

Hydrogen 

PE 

PEMN 

PEON 

a We were unable to find reports containing concentration data on PETN in 
environment~] media. 

explosive power, Explosive D has been used in Naval armor-piercing projectiles 

(Urbanski, 1986b). Between the World Wars, it was used in many projectiles, 

rocket warheads, and bombs. During WH II, usage was highest, increasing from 

1.5 million lb/month ir 1942 to 6.5 million lb/month in 1944 (Kaye, 1978). 

Ammonium picrate is less sensitive to shock than pirric acid and does not form 
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shock-sensitive salts on contact with metals. However, its usage has declined 
because of the development of other explosives of greater strength <Kaye, 
1978; Department of the Army, l967b). 

Production and Impurities 

-
Ammon1 um pi crate is formed by gradually neutra 1 i zing a hot-water 

suspension of picric acid with ammonia. The ammonium picrate salt goes into 
solution as it is formed in the exothermic reaction. The salt crystallizes on 
cooling. It is washed with cold water, and then dried (Department of the 
Army, 1967b). Impurities a1lowed in the military-gracle explosive include 
traces of PiOH, ammonia, chlorine, sulfates, and ash (Kaye, 1978). Ammonium 
picrate can withstand storage at ordinary temperatures for 20 yr without 
apparent deterioration. After 2 yr at 50°C, it becomes more sensitive to 
mechanical friction, but returns to its previous insensitivity after storage 
at ambient temperature (Department of the Army, l967b). 

Photolysis Products 

Ruchhoft and Norris (1946) observed that sunlight has no effect on 
ammonium picrate solutions. Unfortunately, they did not describe the details 
of their experiment. Andrews and Osmon (1977) exposed a solution of 500 ppm 
ammonium picrate in distilled water to a 30-W UV lamp with a 240- to 260-nm 
bandwidth. After l h with 1000 ppm hydrogen peroxide, Explosive D was no 
longer detectable. Unfortunately, they did not attempt to photolyze ammonium 
picrate without hydrogen peroxide. 

Microbial Products 

Only one study .,as found on microbial action on ammoniu.n picrate. 
Ruchhoft and Norris (1946) found that in It sewage sludge, there was no attack 
on ammonium picrate at any concentration from 0 to 1000 ppm during a 5-day 
incubation period. Concentrations above 100 ppm inhibited the b1ochemical 
oxygen demand (BOD) of the medium. Using fresh activated sewage sludge and 
300 ppm ammonium pi::rate, they observed (I) an immediate loss of 100 ppm 
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ammonium picrate, but no further loss during aeration; (2) loss of BOD after 

2 h aeration; and (3) no change in suspended solids. When they added ammonium 

picrate to sewage sludge, they observed a ''reduction." No mention of products 

was given, but hydrolysis to PiOH and reduction of a nitro group' to form 

picramic acid are possible transformation processes. 

Animal Metabolites 

Ammonium picrate is raoidly transformed to PiOH in rabbits (Weeks et !l·, 

1983). 

Hydrolysis Products 

According to Kaye (1978), Explosive D is hydrolyzed by strong alkalies to 

ammonia and PiOH. There is evidence for hydrolytic action also ~t neutral 

pH's. Andrews and Osmon (1977) had to reduce the pH of their solutions to 

pH 2 to eliminate PiOH interference with their measurements of Explosive D 

concentrations. Ammonium picrate dissociates a't neutral pH and exists as a 

solvated ion pair of picrate and ammonium ions. 

Complex and Compound Formation 

Because ammonium picrate dissociates to picrate ion (Pio-> in water, the 

products and complexes formed by the latter are possible aqueous products of 

Explosive D. The bond between the oxygen of th~ picrate ion and the nitrogen 

of the ammonium ion can be thought of as an ion pair in aqueous solution. 

P10H forms reversjble ion pairs with free amino groups, and this reaction is 

used to monitor the extent of protein synthesis <Hancock et !!-. 1975). Alsc, 

ion pa1rs of quaternary anmonium salts 'Jith picric acid can be used to 

separate the ammonium salts with ion pair chromatographs (Eksborg and ')chill, 

1973). PiOH is used to stain proteins yellow for medicinal purposes c~nd for 

decorative purposes in silk dyes. The reaction of the acid with proteins in 

living animals also forms a stable ion pair complex, as demonstrated ty Burton 

et !1- (1984) in their stu1y of the uptake and depuration of PiOH in oysters. 

They found that some acid ~as eliminated readily and some retained. 
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PiOH forms complexes readily with aromatic compounds and fJrms complexes 

or ion pairs with proteins <Fieser and Fieser, 1962). The complexes are 

formed between picric acid ~nd the ring (pi) electrons of aromatic compounds, 

including naphthalene and larger polynuclear aromatic hydrocarbons (PAH). The 

complexes are called pi-complexes and produce colors that are specific for 

each PAH. PAH's in the water and sediment could remove PiOH from solution. 

Because humic substances are mainly polyphenols (Stevenson, 1972) and 

probably incorporate phenol~ of pesticide origin into their structure <Bol~ag, 

1981), we suspect that PiOH will become incorporated in-or bound by humic 

acids, too. This could be a significant environmental fate in organic-rich 

streams. Just as we expect the picrate ion to form less soluble ion pairs a~ 

more highly substituted amines become availab 1 e to it, the picrate ion will 

form insoluble precipitates with the heavier mttal cations (Selig, 1986). The 

ready substitution of metal for ammonium ions in wet ammonium picrate has been 

demonstrated (Kaye, 1980). 

Field Measurements of Ammonium Picrate and Its Degradation Products 

Concentration data en ammonium picrate in environmental media are very 

sparse. Ruchhoft and Norris (1946) made a brief reference to ammonium picrate 

concentrations in wash waters and evaporation ponds that varied from 100 to 

300 prm. VanDenburgh et !l· (1980) measured ammonium picrate <reported as 

picric acid) in ground waters in the vicinity of disposal beds at an 

ammunition facility. 

Summary 

The most likely environmental transformation pi·ocesses. of ammonium 

picrate are the hydrolysis to PiOH or cation exchange with heavy metals. The 

PiOH mdy undergo some additional microbial transformation to picramic acid or 

form complexes with humic acids. Co-contaminants from these processes are 

listed in Tabl~ 2-9. B~cause much of this is deduced from studies of PiOH and 

not directly rela~ed to the disposal of ammonium picrate, more information is 

needed. 

48 

-
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Table 2-9. Co-contaminants and degradation products of ~mmonium picrate. 

Source Compound 

Parent Ammonium picrate 

Impurity PiOH 
Hydrolysis 

Hydrolysis Picrate ion 
Metabolism 

Impurity Ammonia 
Hydrolysis 

Impurity Chloride 

Impurity Sulfates 

Impurity Ash 

a We were unable to find reports containing concentration data on am~o~'jt;.n 

picrate in environmental media. 

OVERVIEW CF CO-CONTAMINANTS 

In summary. we have identified a number of compounds resulting from the 

environmental transformation of the six military explosives to be of primary 

concern. These compounds are listed in Table 2-10. It should be noted that 

little information is available on the fate of humic acid complexes, 

II lipid-type compounds. or complexes with the aromatic transformation products 

of some of the explosives. Although we have listed them under secondary 

ii concern, they could be important. 
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Table 2-10. Explosive degradation products 

Compound 

TNT 

RDX 

Tetryl 

PETN 

Primary Concern 

TNT 
TNB 
DNB 
2,4-0NT 
2,6-DNT 
2-amino-4,6-DNT 
4-amino-2,6-DNT 

ROX 
HMX 

Tetryl 
PiOH, PiQ
Picramic acid 

Ammonium picrate Ammonium picrate 
Picric acid and 
picramic acid 
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of primary and secondary concern. 

Secondary Concern 

Complexes or compounds formed 
from primary-concern 
compounds and humic acids, 
lipids, proteins, etc. 

Hydrazine 
1, 1-Dimethylhydrazine 
1 ,2-Dimethylhydrazine 

Complexes or compounds formed 
from primary-concern 
compounds and humic acids, 
lipids, proteins, etc. 

N-methylpicramide 
Methylnitramine 

PE 
PE-tri-N 
PEON 
PEMN 

Complexes or compounds formed 
from primary-concern 
compounds and humic acids, 
lipids, proteins, etc. 
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3. DATA-BASE ASSESSMENT FOR 2,4,6-TRINITROTOLUENE (TNT) 

The demilitarization of conventional ordnance containing TNT, the primary 

explosive filler in the demilitarization inventory, produces several 

by-products, including residual TNT and related co-contaminants (see 

Section 2L _Considerable environmental and toxicological research has been 

completed on TNT as well as on 2,4-DNT and 2,6-DNT; less work has been carried 

out on the other co-contaminants, namely: DNB: TNB; 2-d.mino-4,6-DNT; and 

4-amino-2,6-DNT. Although TNT is subject to photolytic degradation and to 

biotransformation, it still persists in environmental media for many years, 

and has been detected in soi 1 s and ground waters at many different 

demilitarization sites across the continental U.S. Potentially important 

exposure pathways for TNT are the consumption of contaminated ground water and 

ingestion of crops grown on soils containing TNT. He begin this section with 

a review of TNT's environmental chemi~try, followed by a review of data on the 

toxic effects of TNT on animals and humans, in order to provide estimates of 

safe intake rates to protect public health. He conclude the data-base 

assessment of TNT with discussions of its toxicity to aquatic species and 

plants. 

ENVIRONMENTAL PARTITIONING AND TRANSPORT PROPERTIES 

Table 3-1 contains information related to the identification of TNT, and 

Table 3-2 presents information on chemical and physical properties selected 

because of their potentia 1 use in performing en vi ronmenta 1 assessments. The 

va 1 ues contained in Table 3-2 represent ac tua 1 measurements of properties 

(e.g., vapor pressure, solubility in water, etc.) or estimates based on the 

calculations and supporting data described in Appendix A. 

Soil Transport and Adsorption 

The behavior of TNT in soil environrr.ents has been investigated through 

the use of soil-column studies and measurements of soil/water partiti0ning. 

Two groups of researchers have used soil columns to study the movement of TNT 
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Table 3-1. Chemical identifiers of trinitrotoluene. 

Structural formula: 

Empirical formula: C7H5N306 

Molecular weight: 227.13 

CAS reg. no.: 118-96-7 

RTECS no.: XU0175000 

in soils. Kaplan and Kaplan (1982b) added 300 ml of distilled water per day 

to a 25-cm-high column C21 em in diameter) containing soil with 1.34 wt"/. 

organic matter and 600 mg of TNT that had been mixed in to the top 2.5 em of 

soi 1 and back fi 11 ed with 4 em of c 1 ean soi 1 . They de tee ted TNT in co 1 umn 

leachate after 14 d of water treatments. In addition, they detected 

2-amino-4,6-0NT and' 4-amino-2,6-0NT at maximum concentrations of 2 and 3 mg/L, 

respectively, compared with a maximum concentration of 15 mg/L for TNT. At 

day l 00, the conCentrations of the two ami no compounds ranged from 200 to 

800 llg/L. 

Hale et ~· (1979) studied the movement of radiolabeled cl4c label) TNT 

through soil lysimeters. Their lysimeter columns were 91 em in diameter and 

152 em long. Soils of various organic content were irrigated with 1.25 to 

2.5 cm/wk of deionized water to assure proper moisture content. The columns 

initially contained 908 g of TNT (i.e .. 20,000 ppm in the top 7.62 em). After 

26 wk, the cuncentration in the top 10 em of the fastest draining soii labeled 

"Princeton" (a fine sandy loam), irrigJted at 2.5 cm/wk, had decreased to 

about 6000 ppm. The concentration in the top 30 em was approx i rna te 1 y 

6500 ppm. The second fastest draining soil, "Bennington" Ca silty loam, 

acidic and meditJm textured), irrigated at 1.25 cm/wk, retained 93"/. of the 

initial TNT within the top 30 em of soil after 26 wk. In the two other soils 

with higher organic carbon content or higher alkalinity, little migration of 

TNT occurred in 26 weeks. 
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Table 3-2. Chemical and physical properties of 2,4,6-trinitrotoluene. Properties are for an 

ambient temperature of 20°( unless otherwise noted. 

Property Units 

Boiling point oc 

}r~c~ing/melting point oc 

Density g/mL 

Vapor pressure -..... torr '· 

..... 

Aqueous solubility mol/L 
mg/L 

Henry's law constant < L- torr ) I mo 1 

Diffusion coefficients: Air m2/s 
Water m2Js 

Log octanol/water partition 
coefficient (K0 w) 

a See Appendix A. 

log Kow 

Value 

240 (explodes) 

80. l 

1. 65 

1. 1 x 1o-6 

5.4 X 10.:..4 
123 

') 

2.0 X JO- ... 

5. 9 X lQ-6 
5. 8 X lQ-1 0 

1. 60 
1.84 

Source 

Verschueren, 1983 

W i n d h o 1 z e t ~l . . 1 9 8 3 

Windholz et ~·. 1983 

Measured valuea from Leggett. 
1977 

Average of 2 measured values 
reported in Spanggord '~t a 1 .. 
1980a. - -

Calculated as the ratio of vapor 
pressure to aqueous so liubU-' tj 

Estimateda 
Estimateda 

Measured, Gould and Hansch, 1986 
Estimated, Ro~enblatt, 1981 



Kayser and Burlinson (1982> analyzed water and soil samples from the 

experiments by Hale et ~· (1979) to determine the presence of TNT and 

associated biodegradation products. Neither TNT nor its microbial degradation 

products were detected in samp 1 es of water til at had 1 eached through the soi 1 

co 1 umns. Thi n-1 ayer chromatography of one of the water samp 1 es with the 

highest level of 14c activity showed that the degradation products present 

were polar and non volatile. Some·of the soil extracts, on the-Other hand, 

did contain TNT, 2-amino-4,6-DNT, and 4-amino-2,6-DNT. Each soil type 

examined contained differing amounts of the amino degradation products. 

The soil organic carbon <SOC)/water partition coeffici~nt <Koc> has been 

measured by Spanggord et ~- (1980b) and Tucker et ~· (1985) <see 

Table 3-3). Spanggord et ~· carried out a series of sorption-desorption 

experiments and measured Koc values ranging from 910 to 2500, with a mean of 

1600 (n. 6, standard deviation of 600). Tucker et !l· measured the 

soil/soil-wat!=;r partition coefficient <Kd> of TNT for 12 different soil 

types. For each soi 1 typ~ they measured SOC content <in wt"f.). c 1 ay content 

(wt"l.), pH, cation-ion-·exchange-capacity <CEC> (in meq/100 g soil), and silt 

content (wt"l.). The organic carbon content of seven of the soils was below 

1 wt"l.. A regression equation of SOC against the Kd values for TNT showed that 

this parameter accounted for 64"t. of the variance in Kd va 1 ues; however, a 

regression equation with CEC as the sole independent value accounted for 78"t. 

of the variance of Kd· 

Based on their experimental results, Tucker et ~· calculated the Koc for 

TNT to be 534 <standard deviation not given). The discrepancy between their 

K0 c va 1 ue and the average K0 c va 1 ue from Spanggord et ~. cou 1 d be due to 

differences in soil characteristics, such as the CEC and the pH of the sc~1s 

tested. Tucker et ~· indicate that adsorption to s9il particles will be the 

primary factor affecting the mignt~on of TNT in soils with a CEC level 

greater ~han 10 meq/100 g. Vapor-~hase diffusion may only become important in 

soils in arid areas where water infiltration is low (i.e., less than 

0.25 cm/yr). 

Partition Coefficients: Plant/Soil. Beef-Fat/Diet, and Fish/Water 

Data on the movement and uptake of TNT in environmental media, incl~ding 

biota, ire needed to understand its behavior in the environment and to 
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Table 3-3. Partition coefficlents for use in estimating contaminant movement in environmental media 
and human exposures to TNT. 

Partition 
coefficient 

SOC/water 

Plant/soil 

Beef-fatldi et 

Fish/water 

Parameter Units Value 

K0 c (mg/kg SOC)/(mg/kg water) 470 

1600 ± 600 

Ksp 

Kfd 

Kfw 

534 

(mg/kg plant)b/(mg/kg soil) 2 

(ppm in fat)/(ppm diet) 2.6 x lo-3 

(mg/kg fish)b/(mg/kg water) 7 

9.5 

a See Appendix A. 

b Het-weights for plant and fish. 

Source 

Calculated a from water solubility 
and melting point 

Mean of six measured values, 
Spanggord et ~·, 1980b 

Derived from experimental results, 
Tucker et ~ .• 1985 

Calculateda from molecular weight 

Calculateda from water solubility 
and log K0w 

Calculateda from log K0 w 

Based on a short-term uptake-study 
with bluegills by Liu et ~·, 1983a 

- • 



estimate potential exposure pathways to humans via plants. crops, fish, etc. 

Unfortunately, data for calculating partition coefficients for TNT as well as 

the other explosives are limited. Therefore, we have used regression 

equations to estimate partition coefficients from other properties (see 

Appendix A). Table 3-3 contains estimated and/or measured values of the 

partitioning coefficients for TNT between plant and soil <Ksp>; beef-fat and 

diet (Kfd) and fish and water (Kfw>· Although we were unable to find measured 

values for Ksp and Kfd· Llu et ~· (1983a) did perform ~xploratory 

bioconcentration t~sts (4-day exposures) using bluegill sunfish, water fleas, 

worms, and algae. TNT did not bioaccumulate extensively. The 4-day 

bioconcentration factor for the bluegi 11 fish was 9.5. The range of factors 

for the other species was 1. 6 for water fleas, 3. 0 for worms, and 453.0 for 

algae. Liu et !l· (1983a) recommended that a full-scale (42-day) 

bioaccumulation test be performed using the bluegill fish. 

Equilibrium Distribution in Reference Landscapes 

To gain insight as to the potential behavior of TNT in environmental 

media, we have used the computer model termed GEOTOX (see Layton et !l·, 1986; 

McKone and Layton, 1986) to estimate the equilibrium distribution of TNT among 

environmental compartments of landscapes that are representative of areas in 

the Southeastern and rles tern U.S. where demi l i tari za ti on operatic,. ' occur. 

For the purposes of this analysis, we do not consider degradation processess. 

Each landscape is defined by a system of eight compartments consisting of the 

atmosphere, air particles, biota, upper soil (i.e., "A" horizon), lower soil 

<i.e.. "B" hori zan), ground water. surface water. and sediments. - We have 

estimated the fractional distribution of TNT in compartments based on a 

steady-state input of that explosive to the upper (surface) soil layer. Input 

data consist of TNT properties (i.e., Henry's law constant, Koc· air and water 

diffusion coefficients, Ksp· Kfd· and Kfw) and properties of the reference 

landscapes <see Ap))endix B for information on the compartmental 

characteristics ot the two landscapes). Appendix B includes a brief 

discussion of the ~t0TOX model as well as an overview of data on measured 

concentrations of TNT in environmental media and detection methods. Table 3-4 

shows the predicted fractional distribution of TNT among the eight 

compartments fo~ the two landscapes. Most of the TNT should reside in the 
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Table 3-4. Fract1ona1 distr1butions of TNT among the eight compartments of 
environmental landscapes representing areas in the U.S. where demilitarization 
operations occur. Distributions are based on the steady-state addition of TNT 
to the upper soil layer. For details of the compartments, see Appendix B. 

Compartment Western ecoregion Southeastern ecoregion 

Fraction of total inventory presenta 

Air 
Air particles 

Biota 
Upper soi 1 
Lower soi 1 
Ground water 
Surface water 
Sediments 

i. 9 X JQ-8 

9.0 X JQ-9 

l. 7 X JQ-4 

0.037 
0.49 
0.47 
0.0014 
1. 6 X 10-4 

a Values do not- add to one because of rounding. 

9.9 X JQ-9 

l. 9 X JQ-8 

0.015 
0.12 
0.098 
0. 77 

0.0045 
5.3 X jQ-4 

subsurface environments of the two landscapes (i.e., soils and ground water). 

Differences in the distributional pattern in the suh;urface zones would be due 

to compartmenta 1 properties such as soi 1 organic caril'Jn, soi 1 mass, etc. For 

example, the upper soil zone in the Western ecoregion should contain a third 

of the amount of organic carbon content as the sama zone in the Southeastern 

ecoregion (see Appendix B). The predicted preferential movement of TNT toward 

the subsurface compartments indicates that the most important transformation 

processes should be those that can be sustained in subsurface environments 

(e.g., biotransformation rather than photolysis). 

ENVIRONMENTAL TRANSFORMATION PROCESSES 

In Section 2 we identified many of the products associated with the 

degradation of TNT in envirormenta1 media. The emphasis of this subsection is 

on the transformation mechanisms and on the rates of photolysis and 

biotransformation. 
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Photolysis 

Previous research has shown that the rate of TNT photolysis depends in 

part on the concentration of photoproducts. Spanggord et ~· ( 1980b). for 

example, showed that photolysis of a 0.11-mg/L aqueous solution of TNT 

-resulted in disappearance of the dissolved TNT at a linear rate for 

approximately 100 minutes; then concentrations decreased at a faster rate. In 

contrast. photolysis of 0.022 mg/L TNT resulted in linear disappearance after 

350 minutes. Interestingly, because of the rate acceleration- induced by 

decomposition products, there was less TNT remaining in the more concentrated 

solution at 250 minutes than in the less concentrated one. Mabey et ~· 

(1983), referring to the above study, noted that the photolysis rate after 334 

TNT loss from the initial 0. 11-mg/L solution above was 20 times greater than 

the initial rate. Spanggord et ~· (1980b) examined the photolytic 

degradation of 1.1 mg/L TNT in samples of natural waters exposed to sunlight 

in borosilicate tubes. Photolysis rate constants were 120 x 10-S s-1 for 

Holston River water, 15 x 10-S s-1 for Waconda Bc:y water, and 58 x lQ-5 s-1 

for Searsville Pond water. Photolysis of TNT in distilled water, by 

comparison, proceeded with a rate constant of 1.7 x lo-5 s-1. In other work, 

Spanggord et ~· (1983a) estimated the half-life of TNT in lagoon water from 

the Louisiana Army Ammunition Plant at a depth of 50 cr.1 to be 8 din the 

middle of March, based on a depth-independent rate constant of 4.3 em/d. 

Mabey et ~· (1983) estimated ~he photolytic half-life of TNT in pure water at 
40°N l~titude using the calculational procedure of Zepp and Cline (1977). In 

summer the half-life was estimated to be 14 hand in winter, 45 h, based on a 

quantum yield of 2.7 x lo-3 and absorption coefficient data for TNT. 

Mabey et ~· (1~81) completed two experiments to study the enhancement of 

photolysis rates by humic substances in natural waters. In the first 

experiment, aqueous samples (filtered through a 0.2-llm filter) contained in 

borosilicate reaction tubes were illuminated by single wavelengths from a 

mercury !amp; in the second experiment, samples in either the borosilicate 

tubes or in dishes were illuminated by sunlight (May to June in Menlo Park, 

Ca.). The photolysis half-lives corresponding to the rate constants obtained 

from the experiments conducted with a mercury lamp (see Table 3-5) and natural 

waters ranged from about an hour to 5.9 h. 

contlast. had a half-life of about 27 !1. 

photolysis rates of TNT in pure water were 
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also slower than the rates for the 
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natural waters. In addition, they found that the geometry of the solution 

ves se 1 influenced the rates of photo 1 ys is. For ex amp 1 e, a tube receives 

sunlight from more directions than a dish and consequently, photolytic rate 

constants for tube experiments were faster than the dish equivalent. Mabey 

et ~· (1981) -suggested that phm.olysis of TNT in natural waters proceeds 

through an excited triplet state of TNT and that acetone or humic materials 

act as sensitizers for the production of the excited state, which hastens 

photolysis. This is supported by the fact that TNT degrades rapidly in 

natural, sunlit waters in spite of the fact that TNT doe~ not absorb light 

wavelengths above 400 nm <Spanggord, 1980b). Mabey et ~· (1981) noted that 

the ten-fold difference in photolysis rate constants for pure and natural 

waters is consistent with photolytic enhancement by humic su~stances. 

Additional confirmation of the action of humic acids as triple~ sensitizers 

was provided by comparing the rate constants and quantum yi e ids of 1 NT 

photolysis with humic acids pres~nt with rate constants of a known triplet 

·sensitizer (see Mabey et ~·· 1983). On the other hand, Burlinson (1980) 

found that the rates of disappearance of TNT dissolved in Potomac River water 

and in distilled water ( samp i es were in dishes exposed to sunlight) were not 

greatly different. 

Photolysis rates are also dependent on pH, according to studies by 

Burlinson et ~· (1979a, 1979b). Burlinson et ~· (1979b) proposed that in 

the photolytic degradation of TNT, one of the adjacent nitro group attracts a 

hydrogen from the methyl group <I) (see Fig. 3-1), which then transfers the 

H+ to form the 2,4,6-trinitrobenzyl anion (II). The course of the reaction 

depends on the pH of the solution; that is, with an excess of protons (acid), 

the ion <II> is returned to TNT and with an absence of protons (base), the i~n 

(II) is oxidized to an alcohol, aldehyde, or carboxylic acid, or converted to 

a ni tri 1 e. Some of these products react furthe: or combine to form larger 

molecules. The carboxylic acid can decarboxylate ~o form TNB. 

Burlinson et ~· (l979a) measured the disappe:arance of TNT in aqueous 

solutions under varying pH's and found that the half-life of disappearance was 

inversely proportional to pH. A mercury lamp was used with a Pyrex filter to 

screen out UV 1 i ght with wave 1 engths shorter than 280 nm. At pH 7. 4 the 

half-life of TNT was about an hour, but at pH 3.6 the haff-life was about 

2 h. Mabey et ~· (1983) measured the photolysis rate of 1.1 mg/L TNT in 
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Table 3-5. Summary of TNT photolysis rates derived from experiments conducted 
by Mabey et ~- (1981). 

TNT Rate constant 

concentration Reaction for photolysis 

Light sourcea <mg I l.) r~ater sample vesse1 (X JOS s -1) 

313 nmb 0.63 Holston R., South Fork Tube 6.29 

313 nmb 0.63 Searsville Pond Tube 10.4 

366 nmC 0.63 Searsville Pon(i Tube- 18.8 

313 nmb 0.63 Searsville Pondd Tube 3.27 

313 nme 0.28 Searsville Pondd Tube 9.66 

313 nme 0.57 Searsville Pondd Tube 8.32 

313 nme 1.01 Searsville Pondd Tube 7. 16 

313 nmb 0.63 Pure water Tube ('·. 71 

Sunlightf Unspecified Holston R., North Fork Tube 49.7 

Sunlightf Unspecified Holston R., South Fork Tube 48.8 
Sunlightf Unspecified Pure water Tube 4.62 

Sunlightg Unspecified Holston R., South Fork Tube 103 
Sunlightg Unspecified Holston R., South Fork Dish 29.7 
Sunlightg Unspecified Holston R. with sediment Dish 20.9 
Sunlightg Unspecified Searsville Pond Tube 167 
Sunlightg Unspecified Searsville Pond Dish 50 
Sunlightg Unspecified Searsville Pond Flask 84 
Sunlightg Unspecified Pure water Tube 19 

a 

b 
MPrcury lamps were used for the single-wavelength light sources. 
Light intensity of 1.37 x 10-6 einstein-l em-s. 

c Light intensitJ of 9.85 x lo-6 einstein-1 em-s. 
d One-to-one dilution with ~ure water. 
e i..ight intensity of 7.67 x J0-7 einstein-1 cn.-s. 
f Afternoon sun in May, Menlo Park, Ca. 
9 Midday sun in July, Menlo Park, Ca. 
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Figure 3-l. Proposed photolytic degradation mechanisms (Burlinson et ~ .• 
1979b). 

humic-rich Searsville Pond water and pure water at pH 4 and 8. They found 

only a small effect of pH on TNT photolysis in natural waters; however, in 

pure water the photolysis half-lives were 12 and 3.7 h, respectively, for pH 4 

and 8. 

8urlinson et al. (1979a> also showed that t~e composition of 

photoprcJucts varies with pH. For example, between pH 3.6 and 7.4 the major 

products were 2-amino-4,6-dinitrobenzoic aLid, TNBAL, and 

4,6-dinitroanthranil. At pH 8.0 to 8.5, the major photoproducts ~t~ere TNB, 

TNBAL, and a trace of TNBOH. At pH 11. 1 only TNB was present. Also, the 

photoproducts were the same regardless of whether sunlight or a mercury lamp 

was ust:r1. 
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The TNT photolysis products listed above are those isolated from 

irradiated solutions and are not necessarily the final products. Some 

product~ of TNT photolysis are also photo-sensitive. Kaplan et ~· (1975) and 

Burlinson et ~· (1979a) studied the reactions and products resulting from 

photolysis of TNBAL, TNBO!-i, and 4,6-dinitroanthranil. Irradiation of TNBAL 

initiaily yields 2-nitroso-4,6-dinitrobenzoic acid and finally a dimer that 

decarboxylates to the monocarboxy white compound. The alcohol reacts in an 

analogous way, ultimately forming TNBAL and dimers, desoxy white compound, and 

the monocarboxy white compound. Kaplan et ~· (1975) suggest that the dir.1ers 

react further to form three- to four-ringed "insoluble" compounds. 

Photolysis of TNT in an aqueous solution also produced an unidentified 

pinK intermediate that slowly reverted to TNT in the dark (Mabey et ~·, 

1983). This product did not promote photolysis of TNT as other products did. 

Also, l~abey et al. did not consider this intermediate to be the aci-TNT shown 

in Fig. 3-1 as structure I. It could, however, be a Meisenheimer compound 

<see Fig. 3-2). 

The mechanism of TNT photolysis has not been fully established. Possible 

mechanisms consists of the 2. 4, 6-tri ni trobenzyl ani on pathway proposed by 

Burlinson et ~· (1979b) or the triplet state proposed by Mabey et ~· 

(1981). The photolysis products are both photosensitive themselves and act as 

catalysts for further TNT photolysis. Humic substances accelerate TNT 

photolysis, while oxygen retards TNT photolysis (Mabey et ~ .• 1981). The 

photolysis results in the oxidation of the methyl group and finally 

decarboxylation. 

Biotransformation 

Many bacteria, yeasts, and fungi reduce the nitro groups in TNT to amines 

or azoxy dimers. The degree and rate 0f reduction vary with the types of 

organisms and environmental conditions. With appropriate conditions, all 

nitro groups can be converted, but reduction stops without mineralization of 

the aromatic ring (see Fig. 3-3.) Table 3-6 lists the biotransformation 

products that have been identified by various researchers. 
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Fig. 3-2. Possible Meisenheimer compound formed by irradiation of TNT. 

Microbes that have or can develop the ability to reduce TNT are common. 
Of the 190 fungi studied by Parrish (1977) for their ability to reduce TNT, 
only six could not. Spanggord et ~· (1980b) studied organisms isolated from 
several types of water, and all reduced TNT. Osmon and Klausmeier (1973) 
found th~t many_ sci 1 s and water samp 1 es had microorganisms with TNT-reducing 
ability. 

Biotransformation experiments using natural waters have been completed by 
Burlinson (1980) and Spanggord et ~· (1980b). In the study by Burlinson 
(1980) 20 mg/L of TNT in raw Potomac River water was reduced by half over a 
period of 7.5 d. An adaptation period or lag period was not observed. 
Experiments conducted by Spanggord et ~· (1980b) usin~ natural waters (see 
Table 3-7) required small amounts of organic nutrient for cell growth (not for 
TNT biotransformation). They found that TNT biotransformation had a lag time 
of 13 to 40 d and a half-life of 8 to 25 d, depending {ln the water source. 

Many researchers have studied microbial degradation of TNT in the 
presence of added nutrients and/or concentrated microbial populations. 
Nutrients increase the rates of the reactions and in some cases, enable 
recalcltrant reactions (i.e .• mineralization) to proceed. Won et !l· <1974) 
studied the influence of glucose and yeast on the biotransformation of TNT by 
a specially adapted pseudomonad organism. Although the rate of TNT loss in 
cultures without added nutrient was reported only on thin layer chromatograms, 
it was much obviously slower than the rate with 0.5t added glucose or yeast 
extract, based on a comparison of the chromatograms of the products at 24-h 
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Table 3-6. Biotransformation products of TNT that have been identified by 
various researchers. 

Compound 

4-amino-2,6-DNT 

4-hydroxyamino-2,6-DNT 

2-amino-4,6-DNT 

2,4-DANT 
2,6-DANT 
TAT 

4,4'-azoxy 

2,2'-azoxy 

2,4'-azoxy 

a Burlinson, 1980. 

b Hoffsommer et ~-, 1978. 

c Kaplan and Kaplan, 1982a. 

d McCormick et ~-, 1976. 

e Naumova et ~-, 1983. 

f Spanggord et ~-, 1980b. 

g Won et ~-, 1974. 

References 

a,b,c,d,e,f,g 

d,g 
a,b,c,e,f,g 

b,c,d,f,g 

b,c 
a 
c,d,f,g 

d,g 

c 

i nterva 1 s. Whereas a substantia 1 amount of the i niti a 1 TNT persisted 1 n the 

solution wHhout added nutrient after 96 h, TNT decreased to 1% of the 

original level within 24 h when 0.5% yeast was added to cultures. Also, these 

additional products were i~olated when nutrients were present: 4-amino-ONT, 

4-hydroxyamino-2,6-DHT and diamino-NT. 

Yeast extract added to a basal mineral-salts medium enabled a variety of 

microorganisms to transform nn in an aerobic environment. Osmon and 

Klausmeier (1973) tested microorganisms from sewage effluent; an effluent from 

·l TNT loading facility; aquaria water; and soil for their ability to 
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Table 3-7. Biotransformation of 10 mg/L TNT in different sources of water 
<Spanggord et ~·· l980b). 

Water sample 

Waco_nda_ Bayb water 

Waconda Bayb water 2 

Waconda Bayb water 3 
with l wtt sediment 

Searsville Pondc water 

Searsville Pondc water 

Dissolved 
in DMsoa 

• 
• 

• 

Lag time 
(d) 

20 

13 

33 

40 

a TNT in solutions marked with an asterisk were dissolved in 
dimethylsulfoxide <DMSO> before addition to the water. 

b Waconda Bay organisms have been previously exposed to TNT. 

Half-life 
(d) 

25 

19 

16 

8 

c Searsville Pond organisms have not been previously exposed to TNT. 

biodegrade 100 mg/L TNT in a mineral-salts medium. In all cases, 

biotransformation was complete within 6 d. When the TNT-reducing organisms 

were isolated, the majority were "pseudomonas-like". Likewise, Kayser et ~· 

(1977) found that organisms in local sewage sludge and "a pseudomonas strain 

isolated from the TNT contaminated streams at NAD, McAlester" were equivalent 

in their ability to reduce TNT in aqueous so 1 uti on when supp 1 emented with 

corn-steep nutrient. 

Biotran5formation procucts and rates are also affected by the presence of 

oxygen in the medium. Kayser~.!~· (1977) measured the loss of TNT in 

aerobic and anaerobic media supp 1 emented with "corn-steep 1 i quor". After 

24 h, the aerobic sample lost 99.5% of the TNT. In the anaerobic medium, only 

69% of the TNT disappeared. The anaerobic products contained three times as 

many cmines as the aerobic products. l~cCormick et ~· (1976) used five 

bacterial strains to study the effects of aerobic vs. anaerobic conditions, as 

well as cell growth phase, on biotransformation. A cell-free extract of three 
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anaerobic bacteria (~ pasteurianum, '!._:__ alkalescens, and L_ coli (anaerobic}) 

reduced all three nitro groups of TNT to amines in a hydrogen atmosphere. 

When resting cells were used under the same conditions, ~ pasteurianum and'!._:__ 

alkalescens again reduced TNT to its triamino analogue, whereas L_ coli 

(anaerobic) reduced TNT only to the diamino compound. On the other hand, the 

two aerobic bacteria <L. coli- (aerobic) and Pseudomonad FR2) reduced TNT no 

further thar. the diaminonifrotoluenes. They also observed that the dimer, 

4,4'-azoxy was produ::ed more frequently by the aerobic bacteria, even wl1en 

grown in a hydrogen atmosphere. 

The microbial degradation of TNT is directly affected b~ the pH of the 

medium. Kayser et al. (1977) found 991. of the TNT in batch-type experiments 

(using sewage sludge supplemented with nutrients) disappeared at pH 7.4 to 

7.8, but only 457. at pH 6.0 to 6.2. Naumova et ~- (1983) found a larger 

percentage of 2-amino-4,6-DNT in cell cultures that had been treated with TNT 

at a pH of 5. 5 than at n. pH of 7. 8. With Ps. denitrifi cans, however, the 

effect of a pH increase from 5.5 to 7.8 was slight; the ratio of 

2-ami no-4, 6-DNT · to 4-ami no-2, 6-DNT changed from 3. 9 to 3. 2; whereas with L_ 

coli, the ratio changed from 4.4 to 1 .9. 

Other researchers have reported different ratios of the bioreduction 

products. Parris!". (1977) studied 190 fungal organisms for their ability to 

transform TNT and observed reduction solely in the 4-position of the benzene 

ring. Products included 4-amino-2,6-DNT, 4-hydroxyamino-2,6-DNT, and 

4,4'-azoxy. Kayser et ~- (1977) found unequal amounts of the amino-DNT 

isomers in thetr oxidation ditch faci 1· ty using sludge microorganisms and 

corn-steep liquor (the 4-amino-2;6-D~T to 2-amino-4,6-DNT ratio was 8.3). On 

the other hand, Won et ~- (1974J did not detect 4-amino-2,6-DNT in cultures 

of ··pseudomonas--like organisms" used to degrade TNT. They did detect the 

4,4'-azoxy dimer, presumably formed from the precursor to 4-amino-2,6-DNT. 

Naumova et ~- <1983) did not measure the 4,4'-azoxy dimer in their cell 

cultures, but found that the ratio of the 2-amino-4,6-DNT to 4-amino-2,6-DNT 

varied from 5 to 1 in the exponential growth phase to nearly 2 to 1 in the 

stationary and drying-off phases. Because the 2- and 6- positions of TNT are 

equivalent, a random reduction would result in production of twice as much 

2-amino-4,6-DNT as 4-amino-2,6-0NT (see Fig. 3-3). Their measu!"ements were 
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made after 2 h growth with large bacterial populations of Pseudomonas 

denitrificans and Escherichia coli. In an earlier study, Naumova ~.! ~· 

(1982) found that the 2-amino isomer predominates in the bioconversion of TNT 

by fungi and yeasts as well. 

Kaplan and Kaplan (1982a) investigated the bioreduction of TNT in compost 

at ssoc by th~rm~philic bacteria, Bacillus stearothermophilus Oonle, 

B. subtilis Cohn, and !l_ coagulans Hammer, and a fur.gus, hyphomycete, 

Thermomyces languinosa Tsiklinslaya. Thermophilic biotransformation of TNT 

produced 2-ami no-4, 6-0NT, 4-ami no-2, 6-0NT, and 2 ,4' -azoxy _compound. Five 

mesophilic bacteria used in a study by McCormick et ~· (1976) produced the 

4,4'-azoxy and 2,2'-azoxy isomers as well as 4-amino-2,6-0NT and 2,4-0ANT. 

The basic biotransformation pathway for TNT includes the reduction of a 

nitro group to a hydroxylamine, followed by either dimerization or further 

reduction. McCormick et ~· (1976) measured the uptake of three molecules of 

hydrogen for th~ reduction of a nitro group to an amine as shown in Fig. 3-4. 

The complete sequence is shown in Fig. 3-3. 

Under environmental conditions, mineralizition of TNT is not expected to 

occur. Microbes degrade products in which the aromatic ring has intermediates 

containing hydroxyl groups ortho or para to Pach other (Dagley, 1975). In 

"!"NT, a di hydroxy intermediate caul d be produced by reduction of two nitro 

groups to ami nes, with subsequent subs ti tuti :.>n of the ami nes by hydroxyl 

ions. Howeve1, the dihydroxybenzene produced would have the hydroxy groups 

meta to each other instead of ortho or para, and hence would be unreactive. 

Only very slight mineralization of TNT (0.41.) occurred when Kayser et ~· 

(1977) measured 14c-C02 produced in a composting experiment with corn-steep 

nutrients and sludge microorganisms. Likewise, Carpenter ~t ~· (1978) found 

less. than 0.5'4 14c-co2 in an activated sludge system after 3 to 5 d in an 

aerated reactor. Isbister et ~· (1984) reported no C02 from TNT degradation 

in compost. Even when 1000 ppm yeast extract was grown with 10 ppm of 

radiolabeled TNT, less than 0.5'4 of the initial 14c was present in co2 
(Spanggord et ~· (1980b). Only one study, Traxler (1976), reported that 

large inocula of bacterial cells from two unspecified sources metabolized 
14C-TNT to C02. 
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Figure 3-4. Reduction of a nitro group to an amine <adapted from Spanggord. 

1980a). 

In summary, many yeasts, fungi. and bacteria reduce the nitro groups of 
TNT. Products include dimers of reduction intermediates and mono-, di- and 
triamines. It appears that the 4-nitro group is attacked most readily, but it 
dimerizes in preference to reduction to the amine. Aerobic c0nditions produce 
mono- and diamines. whereas an anaerobic medium may produce triamines as 
well. At low pH's some bacteria produce more 2-amino-4,6-DNT than the 4-amino 
isomer. No cleavage of the aromatic ring is expected from microbial action. 
The maximum influence on reaction rates was observed by adding nutrients so 

that co-metabolism could result. The presence of oxygen and alkalinity 
increase the microbial reduction rate only slightly. Environmental half-lives 
for microbial reduction of TNT in surface water and possibly moist soils are 

expected to be from cne week to a w~nth with a possible lag time of up to a 

month <see Table 3-7). 

Compound and Complex Formation 

Although the microbial transformation products of TNT are not ~ineralized 
1n natural waters, they do appear to degrade. McCormick (private 

communication, 1986) suggests that microbial reduction of TNT ~rcd~ces highly 

substituted anilines or their precursors, which subsequently reict with 
carboxyl groups of humic acids, lipids, or proteins to forrr. insoluble 

precipitates. In research that supports this process, Kapldn a:1d Kaplan 
(1983) performed tests of the binding of humic acijs with T~T and two amino 
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reduction products, namely, 2,4-dinitroaniline (2,4-0NA) and 

2,6-dinitroaniline (2,6-0NA). They concluded that TNT itself did not bind to 

the humic acids, but the two amines bound readily. The binding reactions were 

enhanced at increased acidity <i.e., pH 4), where the amines were also less 

stable. The fate or toxicity o~ . 1 complexes is unknown. 

Carpenter et ~- -~9?8"> provided additional evidence for complex 

formation in their study of the microbial degradation of 14c-TNT in an 

activated-sludge system. They found that the 14c activity in the lipid and 

protein fractions of the product was associated with insoluble precipitates. 

Infrared spectra indicated that the precipitates were polyamide-type 

macromolecules that were resistant to further biodegradation. Virtually all 

of the radioactivity was contained in the sludge pellet after centrifuging. 

Severa 1 other compos ti ng experiments have shown that the TNT microbia 1 

products are nonextractable from the organic compost material. For example, 

Kaplan and Kaplan (1982a) studied TNT degradation in compost and found 

progressively more TNT degradation products were bound to the orga,·,;: ;,,atter 

after the compost had been cured and stabilized. Likewise, Isbister et ~

(1984) found that 14c-TNT was rapidly transformed into humus-like materials 

(1/2 of the 14c~TNT in compost was not extractable after 3 wk). They found 

increasing concentrations of [14cJ in the compost solids. After 6 weeks, they 

could extract only an average of 19.74 of the label with benzene/methanol and 

benzene; in contrast, 56.54 and the [14(] was in the compost solids (only 

86.94 of the 1 abe 1 was recovered). Hoffsonvner et ~. < 1978) performed 

experiments in an "oxidation ditch facility" to "find an efficient biological 

process for destroying TNT in waste water." They suggested that TNT is 

absorbed into the bacteria 1 floc. where it is reduced to its ami no ana 1 ogues. 

The bacteria ·subsequently die and the amines ar~ slowly extracted, or the 

remaining nitro groups are reduced further by other microorganisms. Their 

paper describes other experiments that implied that the amines continued to 

degrade to polar compounds. Using a closed system, they added 14c-TNT to 

nutrient- and mi croorgani sm-ri ch water. After three days, ami nodi nitro

toluenes accounted for 264 of the 14c activity ir. the aqueous phase and at of 

the activity in or on the bacterial floc. After 30 d, amines only accounted 

for 0.284 of the activity in the supernatant and 2.84 in the floc. When both 

the floc and the supernatant were extracted with benzene after 3 and 30 d, the 

total nonextractable 14c increased from 50.5 to 90.84 (clearly some complexes 

or compounds were formed). The latter figure included 33.27. in the 

70 

.. ---- ---·-----· --------

I 
I 

I 
I 
I 
I 
I 

-J 
I 
I 
I 
I 
I 
r 

I 
I 
I 



J 

I 

j 

) 

I 
I 
I 
I 
I 
I 

~-·· 

I 

supernatant (probably polar substances) and 57 .6"/. in or on the floc. 
Similarly, Spanggord et ~· (1980b) recovered only 30 to 401. of 14c-TNT after 
240 h from unsterilized, unpreserved sediment, while measuring sediment/water 
partition coefficients. They suggested that their low recovery might result 
from biodegradation, irreversible sorption, or reactions with the sediment. 
Hhen the sediment was autocla"ed and HgCl2 was· added, 14c-TNT recovery was 
increased to 904. 

Hydrolysis 

Hydrolysis is not expected to be an environmental degradation pathway of 
TNT. Although hydrolysis of TNT does occur at high pH <Urbanski, 1986a), it 
does not occur in seawater that has a pH of approximately 8 <Hoffsommer and 
Rosen, 1973). 

TOXIC EFFECTS ON ANIMALS AND HUMANS 

Severa 1 1 i tera~:_~;e reviews have dea 1 t wlth the toxic effects of TNT. 
Included amcng these reviews are Hathaway (1977), ?.akhari et ~· (1978), and 
RyJn et ~· (1984). The primary intent of this ass~ssment is to discuss the 
salient toxicological properties of TNT and to assess dose-response data 
available for determining dose rates that would safeguard the health of 
individuals exposed to contaminated foods, soils, etc. Ir. the first part of 
our assessment we exar.tine pertinent studies dealing with toxicokinetics, 
followed by a review of toxic effects to major or~-ns and systems. Subsequent 
sections discuss the teratogenicity, genotoxicity, and carcinogenicity of 
TNT. The final subsection includes an analysis of dose-response data for 
quantifying safe intakes. 

Toxicok.inetics 

TNT metabolism has been studied by a number of investigators including 
Putnam and Herman (1919), Voegt1in et ~· (192la, 192lb), Lee et ~· (1975), 
Hodgson et ~· (1977), and E!-hawari et ~· (1978). Information is available 
on its absorption, rate of excretion and pathways of metabolism. In addition, 
many of the TNT metabolites have been identified. 
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Absorption. TNT, like other nitroaromatics, can be absorbed through the 

skin, lungs, and gastrointestinal tract <Zakhari et !!._!., 1978). While many 

studies have been performed to elucidate the toxic characteristics of TNT in 

humans and animals, few studies have quantified the rate or extent of 

absorption. Of the studies completed, the work of Neal et ~- (1944a, l944b). 

liaythorn (1920) and El-hawari et ~- (1978) give the most detailed information 

on absorption of TNT following oral or dermal exposure. A number of 

occupational health researchers <Stewart et ~-. 1945; E1 Ghawabi et !!._!., 

1974; Morton et a.l., 1916; Buck and Wilson. 1975) have studied the absor-ption 

of TNT vapor and dust. 

Dermal absorption has been identified as an important pathway of TNT 

uptake <Putnam and Herman, 1919; Neal et !.!_., 1944a, l944b). In an early 

study, Neal et !!._!. { l944b) ex ami ned the dermal absorption of TNT by pigs. A 

sample of the TNT (suspended in glycerol) was applied to the backs of two 

animals. Small quantities of TNT metabolites (e.g., 4-amino-2,6-DNT> were 

detected in the urine for up to eight days following exposure. The amount of 

4-amino-2,6-DNT ranged 'from 0.002 to 0.014 mg per 80 ml of urine. El-hawari 

et ~· (1978) studied the absorption of TNT in rats after dermal or oral 

administrati~n of 14c-TNT. After the dermal application, 21 .at of the applied 

radioldbel was recovered from the urine, feces, anc' gastrointestinal tract :-~f 

the treated rats within 24 h. In contrast, approximately 80t of the 

radiolabe1 was recovered after oral administration. Neal et al. (l944a) 

rubbed 500 mg of TNT into the palms of two human subjects, which were 

subsequently covered for eight hours. Urine samples from these two 

individuals contained 4-amino-~.6-DNT up to 15 h after the exposure to TNT. 

TNT is soluble in saliva and gastric juices (Haythorn, 1920), and TNT 

dust that has collected in the posterior nasopharynx can be swallowed. 

Zakhari et ~- (1978) reviewed data on occupational exposures to TNT and noted 

that TNT workers have complained of a bitter taste in their mouths. Horecker 

and Snyder (1944) administered oral doses of TNT at l mg/kg-d to two human 

subjects on four successive days. Blood samples were collected by 

venipuncture daily just before ingestion of TNT so that each blood sample was 

taken 24 hours after the last TNT dose. Each blood sample was analyzed for 

4-amino-2,6-uNT and 2,4-diamino-6-nitrotoluene (2,4-amino-6-NT). These 

metabolites amounted to about 3% of the TNT ingested. 
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Metabolism. TNT is metabolized by a complex sequence of oxidative and 

reductive reactions. The metabolic reduction of TNT entails a seri~s of steps 

in which one or more of the nitro groups are first reduced to hydroxylamines 

Csuch as 2-hydroxylamino-4,6-DNT and 4-hydroxylamino-2,6-DNT) and eventually 

to amino compounds (2,6-diamino-4-NT and 2,4-diamino-6-NT). Alternatively, 

the methyl group of TNT can be oxidized to an amino_(ljnJtrobenzyl alcohol 

) (4-amino-2,6-dinitrobenzyl al~ohol, and 2-amino-4,6-dinitrobenLyl alcohol) or 

to an aminodinitrobenzoic acid (2-amino- 4,6 dinitrobenzoic acid, and 
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4-amino-2,6-dinitrobenzoic acid) (see Channen et ~-, 1944; Yinon and Hwang, 

1984). Approximately half of the metabolized TNT is excreted in the urine as 

glucuronides CChannon et ~-· 1944). El-Hawari et ~- (1978) have also 

identified glucuronide conjugates in the urine of rats exposed to TNT. These 

glucuronides have not been characterized. However, since glucuronic acid 

typically reacts with an alcohol or carboxyl moiety, it has been suggested 

that glucuronides are formed after TNT has been oxidized to trinitrobenzyl 

alcohol or aminodinitrobenzyl alcohol (Dacre and Rosenblatt, 1974). 

Two azoxy compounds produced in the metabolic reduction of TNT have been 

identified as 4,4'-azoxy and 2,2'-azoxy (Channen et ~-. 1944; Lemberg and 

Callaghan, 1945a). The isolation of 1,3-diamino-5-nitrobenzene 

Cl ,3-diamino-5-NB) as a metabolite of TNT has generateu considerable interest, 

as it represents one of the few instances in which a methyl group is known to 

be removed fro~ a benzene ring by metabolism. It has been proposed that this 

metabolite is form2d by the oxidation of trinitrobenzyl alcohol to 

trinitrobenzoic acid. The acid is thought to undergo decarboxylation and 

reduction to form 1,3-diamino-5-NB (Lemberg and Callaghan, 1944, l945a). 

TNT metabolites have been identified in urine from humans as well as from 

monkeys, rats, rabbits and dogs (Lemberg and Callaghan. 1944, l945a; Channen 

et ~-. 1944; Snyder, 1946; El-hawari et ~-. 1978; Yinon and Hwang, 1985). 

The r ta of Lemberg and Callaghan (1944, 1945a) indicate that the relative 

importance of a specific metabolic pathway may differ between species. They 

i denti fi ed 4-ami no-2, 6-0NT, 2-ami no-4, 6-0NT, and 4-hydroxyl ami no-2, 6-0NT as 

the major urinary metabolites of TNT in hum3."'1S. Minor metabolites were 

2. 4-d i ami no-6-NT, 1 , 3-d i ami no-5-NB, and 4-ami no-3-hydroxyl-2, 6-0NT. In 

contrast, the major metabolites of TNT recovered from the urine of rats were 

2,4-diamino-6-NT and 1,3-diamino-5-NB. However, Channen et ~- (1944) 
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isolated 4-~HA-2,6-DNT, 4-amino-2,6-DNT, and 2-amino-4,6-DNT as the sole 

metabolites of TNT from the urine of rabbits. 

Distribution and excretion. No appreciable accumulation of TNT has been 

observed in the organs of laboratory animals. Hodgson et !!· (1977) studied 

the distribution of radioactivity after 14c.TNT was administered to rats. The 

liver, kidney, and blood all containell only small amounts of radioactivi~ty. 

Most of the radiolabel was excreted in the urine, although 1 ':1 to 271. of the 

radiolabel was recovered in the bile. Expired air did not contain any 

radioactivity. El-hawari et al. (1978) reported large amount:;. of glucuror.ides 

in the urine an~ bile of TNT-dosed rats. Rats without a bile cannula excreted 

most of the dose in urine, which indicat~s that TNT metabolism involves 

enterohep"l.tic circulation. Lemberg and Call:lgha:1 (1945b) found tnat 201. of a 

single oral dose of TNT was excreted in the urine of rc.ts as azo and azoxy 

compounds. They ~lso found that human subjects excreted an average of 401. of 

small oral doses of TNT (10 to 30 mg) as aromatic amino compounds in the 

urine. Lee et !!_. (1975) studied the distribution and excretion. of radiolabel 

after oral administrat)on of 14(-TNT to rats. They found that 261. of the 

radioactivity was_ present in the gastrointestinal tract 24 h after dosing, 

while 53.31. of the administered dose was excreted in the urine. Small amocnts 

of radioactivity were found in blood, liver, and skeletal muscle. Twenty 

four hours after dosing, the tissue/plasma ratios of radioactivity were 18.1 

in the liver and 7.4 for the ~idneys. After 5 d the tissue/plasma ratios of 

radioactivity increased to 30.3 for the liver and 19.9 for the kidneys. 

El-hawari et !!_. (1978) studied the excretion of radioactivity in rats after 

they were given a single oral or dermal dose of 50 mg/kg TNT. Although the 

total amount of radiolabel recovered as excreta depended on_ the route of 

administration (and on differences in the total amount of TNT absorbed), the 

~ajorit ·of radioactivity was excreted in the urine (17 to 601.). Between 1 

and 11~ of the radiolabel was excreted in the feces. 

Toxic Effects on Organs and Systems 

TNT causes hepatotoxic and hematotox i c responses in man and 1 a bora tory 

ani rna 1 s. The taxi c effects of 1 NT in humans h;we been documented s i nee 

large-scale production of TNT began during WW I (McConnell et al. 194Ea), 
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although rnost of the reports lack quantitative exposure and dose-response 

data. No attempts were made in early occupational health studies to account 

r for the effects of other toxic substances that may have been present in the 
~ 

workplace. Many TNT-workPr deaths occurred during HH I due to toxic hepatitis 

,J!:C" 

and aplastic anemia. Additionally, McConnell et !L· (1946b) compiled summary 

listings of thousands of cases of occupational TNT_ intoxication. Most of 

these non-fatal poisonings occurred during WW l-and WW II. Numerous symptoms 

of toxicity ha'i<:! resulted from occupational exposures at atmospheric 

concentrations that were measured at less than 1.5 mg/m3 (see El-Gha~abi 

et ~·· 1974, and Hathaway, 1977). Mild irritative symptoms ii!_cluded nasal 

discomfort, sneezing, sore throat, epistaxis, coryza, erythema, rashes, skin 

eruptions, gastritis, nausea, and vomiting. Symptoms of severe toxicity that 

have been attributed to TNT exposure include cyanosi~. toxic jaundice, 

aplastic anemia, cataracts, menstrual disorders and numerous neurological 

manifestations. 

Hematological effects. Acute TNT intoxication is generally characterized 

by methemoglobine1o.ia, red blood cell <RBC) hemolysis, a decrease in the RBC 

count, and a decrease in the hemoglobin content of RBCs. Zakhari et a 1. 

\...~ (1978) suggested that these toxic effects may be caused by hydroxylamine 

metabolites of TNT. Channon et !]_. (1944) stated that it is difficult to 

quantify the extent of methemoglobin formation and hemolysis because 

hematological damage is often masked by the compensatory response of the 

hematopoietic sys tern. However, ap 1 as tic anemia has been documented by 

Crawford (1954) in a number of fatal TNT intoxications. 

El Ghawabi et ~- (1974) studied TNT toxicity in 38 exposed munitions 

workers and 20 unexposed controls. Complete blood and liver examinations were 

performed. Because the mean exposure 1 eve 1 s varied from 0. 2 to 7. 5 mg/m3, 

depending on the work area, and because toxicity data were not separated on 

the basis of exposure concentril ti on, it is diffi cu 1t to use these data to 

assess minimum toxicity levels. The exposed group had a higher number of 

upper respiratory complaints (sneezing, sore throat, and coughing) and 

gastrointestinal ailments <stomach ache, anorexia, constipation, flatulence, 

nausea and vomiting) than unexposed workers. Although the data are suggestive 

of TNT-related toxicity, the workers were also exposed to dust and other 

throat irritants. Exposed workers had significantly lower (p <0.05) 

<:: hemoglobin levels than controls. 
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Hamilton (1946) Cas cited in Zakhari et !!· 1978) noted that the earltest 

clinical evidence of TNT intoxication is usually an increase in the 

mononuclear leukocyte count. However, El Ghawabi et !!· (1974) found no 

consistent effects on white b 1 ood ce 11 counts from occupation a 11 y 'exposed 

individuals. Cone (1944) stated that about 601 of the TNT workers he studied 

had shown an early trans 1tory 1 eukocytos 1s and/or erythrocytes is that was 

probably due to initial stimulation of the hemat~poietic system. 

Morton et !!· ( 1976> conducted a study to assess the effectiveness of 

controls to reduce TNT exposures at an ammunition plant. Unfortunately, 

engineering efforts to decrease exposure were implemented at the ammunition 

plant just before the study began. The only pre-study data showed an 

eight-hour, time-weighted average atmospheric concentration of 0. 35 mg/m3 

TNT. At this level. several employees complained of altered taste perception, 

respiratory difficulties, dermatitis, and anemia. Testing was carried out on 

43 emp 1 oyees who worked eight-hour shifts at the TNT fill and pack 1 i ne. The 

hemoglobin levels of exposed workers were lower than preemployment levels. 

Buck and Wilson ( 1975) eva 1 uated the effects of TNT exposures by 

comparing blood-chemistry data on 533 employees exposed to TNT with similar 

data on 865 workers who were not exposed. At levels well below the threshold 

limit value of 1.5 mg/m3, significant effects on the hematological system 

were documented. For example, abnormal hemoglobin levels (p <0.0005) and 

reticulocyte counts (~ <0.05) were noted in workers exposed to less than 

0.5 mg/m3 TNT concentration. 

Stewart et !!· (1945) found slight decreases in the RBC count, hemoglobin 

level, and hematocrit, in workers at munitions plants who were exposed to 

TNT. No stat is ti ca 1 ana 1 ys is of data was reported. They a 1 so found an 

elevation in indirect-reacting bilirubin 1n groups of workers exposed to 

concentrations of TNT between 0.3 to 1.3 mg/m3. Additionally, a strong 

correlation between reticulocytosis and TNT exposure was reported. The marked 

increases in bilirubin concentration and reticulocytosis are indicative of 

hemolytic anemia. 

Adverse hematologic affects have also been documented in laboratory 

animals exposed to TNT. For example, Furedi et !!· (1984a) examined the 

chronic toxicity of TNT to Fischer-344 rats. Animals were fed TNT in the diet 

at 0.4, 2.0, 10.0, or 50.0 mg/kg-d for two years. At the 10.0 mg/kg-d dose 

level, anemia and methemoglobinemia were observed. Levine ~t !!· (1984) 

detected dose-related splenomegaly with congestion during a 13-week subchronic 
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TNT feeding study in rats. Dose rates of 125 and 300 mg/kg-d TNT caused a 
significant (p <0.05) increase in the incidence of splenomegaly compared with 
controls. Anemia was also observed in treated animals. Splenomegaly has been 
reported in dogs given 32 mg/kg-d of TNT for 26 wk (Levine et !!·, 1983a). 

~·Hepatotoxic effects. There are many laboratory tests that have been used 
todetect the hepatic effects of TNT. Ana 1 yses of serum gl utami c-oxa 1 oaceti c 

transaminase <SGOT> and lactatP. dehydrogenase (LDH) levels have been widely 
used, although there are no tests that specifically measure TNT-induced 
hepatic toxicity. El Ghawabi et ~· (1974) reported that hepatic toxicity 
appears to be due to a combination of toxic metabolites and red blood cell 
debris, which makes quantification of toxic effects difficult. In fact, 
El-Ghawabi et !!· (1974) did not find any significant differences in the 
results of liver-function tests among workers exposed to TNT compared to 
unexposed controls. Buck and Wilson (1975) found no abnormalities in liver 
function, renal function, carbohydrate metabolism, or in the immune systems of 
626 workers exposed to TNT. Morton et !!· (1976) found a direct correlation 
between an increase in exposure to TNT and an increase in LDH and SGOT levels 
among munitions workers. Elevated levels of LDH and SGOT were observed at 
concentrations of TNT between 0.3 and 0.8 mg/mg3. 

Levine et ~· (1984) reported dose-dependent hepatomegaly and 
hepatocytomegaly in rats that were fed 125 or 300 mg/kg-d TNT in their diet 
over a 13-wk period. Furedi et !!· (1984a) found significant (p value not 
specified) increases in the liver weight of male rats after 24 months of 
dietary dos~ng with 10 mg/kg-d of TNT. Dietary administration of TNT (0.5 or 
2.0 mg/kg-d) has been associated with the development of hepatic hypertrophy 
in dogs (Levine et al., 1983a). 

Ocular effects. Zakhari et ~· (1978) cited several studies that 
implicated TNT in the development of cataracts among exposed individuals. 
However, El-Ghawabi et !!· (1974) did not observe any cataracts among a group 
of 38 workers exposed to TNT. 

Dermal effects. TNT-induced dermatitis has been documented in munitions 
workers involved in all aspects of TNT production (Schwartz, 1944; Zakhari 
et !!·· 1978). Dermatitis most commonly develops on areas of exposed skin 
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such as the hands, wrists, and forearms. Although der~~titis usually remains 
localized, Schwartz (l~~n> noted that generalized dermatitis occasionally 
develops. 

Reproductive effects. Testicular atrophy with degeneration of the 
seminiferous tubular epithelium was seen in-rats who were fed TNT in the diet 

- ---
at 125 or 300 mg/kg-d for 13 weeks (Levine et !!·• 1981). 

Teratogeni c1 ty 

No studies have been reported in the literature on the teratogenicity of 
nn. 

Genotoxicity 

TNT has been studied for its ab1l ity to induce reverse mutations in 
bacteria <Hon et !!·, 1976; ·Ellis et !!·, 1978; Spanggord et !!·, 1982b; 
Kaplan and Kaplan, 1982b; Hhong and Edwards, 1984), forward mutations in mouse 
lymphoma c~lls (Styles and Cross, 1983), DNA damage in rat hepatocytes (Ashby 
et !!·, 1985), micronuclei in mouse erythrocytes (Ashby et !!·, 1985), and 
chromosomal aberrations in rat bone marrow cells (Geshev and Kincheva, 1974 as 
cited in Zak.hari et !!·, 1978). Table 3-8 summarizes the principal findings 
of these studies. 

TNT has given consistently positive results in the Ames assay with 
Salmonella typhimurium, strains TA98, TAlOO, TA1537, and TA1538. TNT has been 
inactive in strain TA1535. Ir. general, TNT has not been mutagenic to S. 
typhimurium in the presence of the exogenous metabolic activator S9 (Hon 
et !! .. 1976; Kaplan and Kaplan, 1982b; ~hong and Edwards, 1984). However, 
Ellis et ll· (1978) and Spanggord et ll· (1982b) reported that TNT was 
mutagenic to~· typhimurium regardless of the presence or absence of S9. 

Geshev (1974, as cited in Zakhari et ll·· 1978) applied a 30t solution of 
TNT to the skin of rats 5 d/wk for six months. Bone marrow cells isolated 
from approximately sot of these animals displayed chromosomal abnormalities. 
These abnormalities included chromosomal breaks, translocations, and exchanges 
of chromatin. TNT induced forward mutations in mouse lymphoma cells in the 
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Table 3-8. Overview of studies dealing with the genotoxicity of TNT. 

Dose or 
Test system concentration 

~- typhimurium 110-880 nmo1/p1ate 
plate test +1-$9 

I 

~- typhimurium 0.5-10 ~g/ml 
plate test +I-S9 

~- typhimurium 
plate test 

10-5000 ~g/plate 

~- typhimurium 0.5-500 ~g/plate 
plate test +1-$9 

~- typhimurium 10-1000 ~g/plate 
plate test +1-$9 

Results 

Positive in TA100, 
TA1537, TA1538, TA98 
(-$9) 

Positive with TA98 
(-$9) 

Positive in TA1537, 
TA1538, TA98, TAlOO, 
(+/-$9) 

Positive with 
strains TA1538, 
TA98, TAlOO (-$9) 

Positive with 
strains TA1538, 
TA1537, TA98, 
TA100 (+/-$9) 

'-· I 

Reference 

~hong and Edwards, 1984 

Won et ~·. 1976 

Spanggord et a 1 . , l982b --

Kaplan and Kaplan, 1982b 

Ellis et ~·· .1978 
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Table 3-8. <Continued) 

Test system 

Mouse lymphoma 

cells 

TK +1-59 

Dose or 
concentration 

l.6-2QO.O llg/ml 

Mouse micronucleus 40.0, 80.0 

test mg/kg 

DNA repair; 

rat hepatocytes 

Chromosome 

aberration, rat 

bone marrow cells 

100.0, 200.0 
500.0, 1000.0 mg/kg 

301 

(dermal application> 

Results Reference 

Positive (-59) Styles and Cross, 1983 

Negative Ashby et ~ .• 19~5 

Negative Ashby et ~-. 1985 

Positive Geshev and Kincheva, 1974 

--- --------~--------



• 
I absence of 59. This response was not seen when 59 wa~ added to cell cultures 

<Styles and Cross, 1983). Ashby et ~· (1985) evaluat~d the ability of TNT to 
111" damage DNA in rat hepa tocytes < unschedu I ed DNA synthe~ is). They found no 
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evidence that TNT induced DNA repair. TNT also gave negative results in the 
mouse micronucleus test (Ashby et ~·, 1985). 

Carcinogenicity in Animals 

The first long-term animal studies designed to detect carcinogenic 
responses in animals administered TNT in their diet were performed by Furedi 
et ~· (l984a, l984b). These researchers observed statistically significant 
increases in the incidence of malignant tumors in rats and mice in two 
different tissue sites at the highest treatment levels used in the studies. 
Toxic effects were noted at the dose levels at which the rodents developed 
rna 1 i gnant tumors; however, no s i gni fi cant differences were observed in 
survival times of dosed animals and controls. 

Carcinogenicity in rats: Furedi et al. (1984a). In this 24-month 
chronic toxicity study, Fischer-344 rats received TNT in their feed at five 
dosing levels (i.e., 0.0, 0.4, 2.0, 10.0, and 50.0 mg/kg-d). Each treatment 
group consisted of 150 rats (75 male and 75 female). The animals were 
quarantined for 12 days prior to the beginning of the study, and unhealthy 
rats were eliminated. Healthy rats were assigned to the five treatment groups 
by a stratified randomization procedure (blocked by body weight). After the 
treatment group assignments had been completed, all the rats were marked with 
an identification number. The rats were randomly assigned to cages without 
regard to dose level or sex. Body weights at the start of the exper)ment 
rang~d from 53 to 168 g for males and 73 to 128 g for females. Animals were 
six to seven weeks old at the beginning of treatment. 

The TNT used in the bioassay was obtained from an ordnance plant. 
Military grade TNT contains several impurities (see Table 2-l), and 
consequently we designate it as TNT(m). The concentration of TNT(m) in the 
feed given to the animals was calculated to be within 98t of prescribed values 
for all treatment groups over the duration of the experiment. However, 
homogeneity of TNT(m) in the rat meal was tested and found by the researchers 
to be unsatisfactory in some of the test diets at the low dose levels, and 
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during ~he period between weeks 36 and 54. Additionally, a slight decrease in 
TNT(m) concentration was noted in the rat meal J week after it had been placed 
in the rat cages. Volatility of TNT(m) was cited as a possible e~planation; 
however, this seems unlikely because its vapor pressure at 20°C is about 
1.1 X 10-6 torr. The researchers also noted a dose-related decrease in food 
intake by rats at the 10 and 50 mg/kg-doses. Fluctuation in food consumption 
was observed in both mal-e and female rats at all dosing levels. No 
relationship between TNT<m> _dose rate and food consumption r~tes could be 
found, and therefore the researchers judged this effect to be unrelated to the 
TNT<m> treatment. No mention was made of how much of the daily diet was 
actually consumed and how muc~ was wasted. 

When any rats died or wer~ sacrificed, the brain, spinal cord, pi~uitary, 

spleen, kidneys, heart, liver, and gonads, as well as any gross lesions, were 
examined histologically. In female rats, the urinary bladder and bone marrow 
were also examined at all dose levels. During the studies, interim sacrifices 
of ten animals randomly taken from each treatment group were made at six 
months and again at 12 months. The few animals that were moribund or died 
before the tompletion of the study were also thoroughly examined. No evidence 
of neoplastic growth was found in any of the animals that uere sacrificed or 
died prematurely. The Fischer-344 rats that were sacrificed at the completio~ 
of the study were examined both for the presence of grossly visible lesions 
and for microscopic abnormalities. The results of these examinations (female 
animals only) are summarized in Table 3-9. The incidence of each lesion was 
evaluated statistically. The numbers of treated and control animals with a 
specific lesion were analyzed by either a chi-square test or a Fisher exact 
test. The Fisher exact test was used when the expected value of any cell was 
less than or equal to five. 

Male rats dosed at 10.0 and 50.0 mg/kg-d exhibited a dose-related, 
statistically significant (p <0.01) increase in the incidence of 
hepatocellular hyperplasia. Significant (p <0.01) increases in the incidence 
of hyperplastic change were detected in the renal pelvi of fomales at the 
highest TNT<m> dosing level. Hyperplasia was also found in the mucosal 
epithelium of the urinary bladders of ferr.ale rats. This response was 
significant (p <0.01) in the high-dose group (50 mg/kg). Papillomas were 
found in the urinary bladders of female rats, though not at a statistically 
significant level. 
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Table 3-g. Incidence of tumors in female rats and mice after two years of 
consuming feed cGntaining TNT<m). Data are from Furedi et ~- (1984a, 1984b). 

Species 

F-344 Rat 

F-344 Rat 

F-344 Rat 

B6C3Fl Mice 

Location of tumor 

Urinary bladder (papilloma) 

Urinary bladder (carcinuma) 

Urinary bladder 
<papilloma or carcinoma) 

Spleen 
(leukemia or malignant lymphoma) 

a p = 0.05, Fisher exact test. 

Dose rate 
(mg/kg-d) 

0.0 
0.4 
2.0 

10.0-
50.0 

0.0 
0.4-
2. 0 -

10.0 
50.0 

0.0 
0.4 
2.0 

10.0 
50.0 

0.0 
_1.5 
10.0 
70.0 

Incidence 

0/54 
0/54 
0/55 
1/55_ -
5/55a 

0/54 -
0/54 
0/55 
0/55 

12155b 

0/54 
0/54 
0/55 
1/55 

11155b 

9/54 
15/54 
17/54 
21/54C 

b p <0.01, chi-square test (p • 0.00014, Fisher exact test for 0/54 and 12/55 
and p = 0.000002, Fisher exact test for 0/54 and 17/55). 

c p <0.05, chi-square test (p a 0.0024, Fisher exact test for 9/54 and 21/54). 

A significant incidence (p <0.01) of urinary bladder carcinoma was 
observed in female Fischer-344 rats. It has been recognized that chemicals 
that induce benign tumors may also induce malignant tumors of a histologically 
related type. One established protocol of carcinogen risk assessment is to 
combine the incidence of benign tumors with the incidence of malignant tumors 
<U.S. EPA, 1986). Both the incidence of urinary bladder carcinomas alone and 
the combined incidence of urinary bladder papi llamas and urinary bladder 
carcinomas in female rats were significant (p <0.01) only at the highest ~ose 
1 eve 1. 
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Carcinogenicity in mice: Furedi et al. (l984b). This 24-month study 
consisted of B6C3Fl mice that received TNT<m> in their feed. Each treatment 
group had 75 ma I es and 75 fema I es. The da \ 1 y dose rates for the treatments 
were 0.0, 1.5, 10.0 and 70.0 mg/kg-d. One week prior to the initiation of '""" 
treatment, when the mice were six- to seven-weeks old, body weight ranged irom .~· 

20.8 to 26.9 g for males, and from 15.0 to 17.9 g for females. As in the rat 
study, all mice were marked with identification numbers. Mice were randomly 
assigned _!_o_cages without regard to dose 1 eve 1 or sex. 

The TNT(m) used in the study was ana 1 yzed three times, with purities of 
99.43 wtt <~ 2.89 wt%), 99.05 wt% <~ 4.11 wt%), and 98.86 wt% <~ 2.01 wt%). 
Concentrations of TNT<m> in the mouse feed were within 98% of the intended 
concentrations. A slight decreas~ in TNT(m) concentration was measured after 
the test diets had been in the animal room for one week. The researchers 
noted that the volatility of TNT(m) might be the reason for this change. A 
statistically significent (p <0.05) decrease in food consumption by male mice 
was seen at the beginning of the study at the highest dose level. 

Survival times of the mice were not affected by the TNT(m) doses used in 
this study. Mean survival times of TNT(m)-treated mice were not significantly 
different (p <0.05) from those of control groups. Scheduled interim 
sacrifices were made at six and 12 months, and these mice were examined both 
for gross effects and for microscopic lesions. The mice that died 
spontaneously or were sacrificed in a moribund condition were also examined 
for gross and microscopic lesions. No treatment-related lesions were found to 
be responsible for these deaths. The researchers found that the 
administration of TNT(m) for up to 12 months rid not induce nonneoplastic or 
neoplastic lr.sions in either male or female mice. They concluded that death 
in these cases was apparently due to naturally occurring disease. 

Female mice that received 70 mg/kg-d of TNT(m) had a significant incidence 
(p <0.05) of leukemia and/or malignant lymphoma of the spleen (see 
Table 3-9). The leukemia was either a granulocytic or lymphocytic typr.. The 
malignant lymphoma was histiocytic, lymphocytic, or a mixed type. These 
1 es ions were considered by the researchers to be TNT(m) trea tment-re 1 a ted. 
These neoplasias involved other organs and tissues, including tidrenals, bone 
marrow, brain, gastrointestinal tract, eyes, kidneys, liver, lungs, and the 
following lymph nodes; axillary cervical, hepatic, inguinal lumbar, 
mandibular, mesenteric, popliteal, renal, and respiratory. The authors 
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reported that the incidence of combined leukemia/malignant lymphoma in the 
spleen of females appeared to be dose-related, but this trend was not 
statistically significant. 

Carcinogenicity in Humans 

-Reviews of the occupational health literature on TNT completed by Zaknari 
et !]_. (1978) and Hathaway (1965) focused on health effects (e.g., ar.emia, 
hepatitis, etc.) observed in workers exposed to TNT in workplace air. He were 
unable to find any epidemiological studies that specifically studied the 
association between TNT exposures and the incidence of cancer among those 
exposed. 

Estimation of Intake Limits to Protect Public Health 

The es ti rna ti on of a safe intake for TNT depends on severa 1 factors, 
including the evidence for its carcinogenicity, assumptions related to the 
application of the multistage dose-response model to bioassay data to 
determine cance~ potencies, and the possibility that an impurity in TNT (i.e., 
2,6-DNT) contributes to or accounts for its carcinogenic potency. To guide 
risk assessments of substances that are potential carcinogens, the U.S. EPA 
has promulgated a set of guidelines (U.S. EPA, 1986). According to the 
guidelines, quantitative risk assessments should be carried out when the 
"weight of evidence" from human and animal studies indicates that a substance 
is a potential carcinogen to humans. 

"Sufficient" evidence of carcinogenicity in animals is described by the 
U.S. EPA as evidence "which indicates that there is an increased incidence of 
malignant tumors or combined malignant and benign tumors: (a) in multiple 
species or strains; or {b) in multiple Experiments (e.g., with different 
routes of administration or using different dose levels); or (c) to an unusual 
degree in a single experiment with regard to high incidence, unusual site or 
tumor type, or early age at onset" <U.S. EPA, 1986). The chronic bioassays 
completed by Furedi et !]_. (1984a, 1984b) demonstrated that the TNT(m) 
administered in the highest doses to rats and mice caused statistically 
significant increases in papillomas and carcinomas of the urinary bladder in 
rats. and 1 eukemi a and rna 1 i gnant 1 ymphomas in mice (see Tab 1 e 3-9). Other 
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evidence regarding the carcinogenic potentia 1 of TNT is from short-term 
bioassays. As shown in Table 3-8. bioassays complet~d by several researchers 
have shown a pos 1ti ve mutagenic response. However. Ashby et ~· ( 1985) 
suggested that TNT 1s -not a genotoxi c carcinogen <as indicated by the 
Salmonella assays) because 1t tested negative in both a mouse bone·-marrow 
micronucleus test and in a rat liver assay for unscheduled DNA synthesis. 
They also suggested that TNT is probably a threshold-dependent carcinogen and 
that the carcinogenic re~ponses observed in rats and mice by Furedi et a_l. 
(1984a, 1984b) were associated with TNT's systemic toxictty. One other 
plausible mechanism is that a reactive intermediate of n~r metabolism is 
actually the active carcinogenic agent. According to the U.S. EPA guidelines. 
TNT(m) can be considered a Group B2 agent, which represents a probable human 
carcinogen. This "Group 82" categorization is intended for chemicals that 
have suffi:ient evidence of carcinogenicity from animal bioassays, but have 
inad~quate or no epidemio1Jg1cal evidence. 

Based on a B2 designation for TNT(m), we have quantified its carcinogenic 
potency using the multistage dose-response model of Crump and Hutson (1979) 
with tumor incidence and dose data from the chronic bioassays conducted by 
Furedi et ~· (1984a, 1984b). The potency values are shown in Table 3-10. 
The associated acceptable dose rates (ADRs) corresponding to different 
lifetime cancer risks are presented in Table 3-11. An important issue related 
to the carcinogenic potency of TNT(m) is whether the tumorigenic responses 
observed in the chronic bioassays were due to impurities in the TNT(m). Of 
particular concern is the carcinogenic potential of 2,6-DNT (see Section 5 for 
a discuss ion of its carcinogenic potentia 1). To determine whether 2. 6-DNT 
could account for the estimated potency of TNT<m>. we compared potencies for 
2,6-DNT derived from other bioassay data sets (see Appendix c. Table C-l) with 
potencies calculated from the estimated dose rate of 2,6-DNT as an impurity in 
TNT<m> administered to r&ts and mice in the studies by Furedi et !!· (1984a, 
1984b) (see Appendix c. Table C-2). The potencies in Table C-1 range from 
0.19 to 3.4 kg-d/mg, based on a body-weight extrapolation, and the av£rage 
potency is 1.8 ~g-d/mg. The three potgncy values based on body weight were 
0.8, 2.0, and, ~~-rl/mg (Table C-2), with an ~verage value of 1.8 kg-d/mg -
identical to th~ average value derived from other bioassays. Potencies based 
on a surface-area extrapolation were a 1 so comparable, ranging from 1. 3 to 
35.8 kg-d/mg (Table C-1) for 2,6-DNT in ONT bioassays and 5 to 33 kg-d/mg for 
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Table 3-10. TNT(m) cancer potencies based on dose-response data from the chronic biossays conducted 
by Furedi et a l. (l984a, l984b). 

----
Sex Tot a 1 2,4-0NT 2,6-DNT 95i. UCL potenc:c in 

Species and applied component component Tumor kg-d/mgl TNTlm)) ----
(strain) weight dose of TNT dosea of TNT dosea Type Incidenceb awd SAe 

(kg) mg/kg-d 

Rats (F-344) F 0.0 0.0 0.0 Uri nary 0/54 
0.29 0.394 0.002 0.001 bladder: 0/54 

1 .970 0.01 0.005 papilloma 0/55 0.0050 0.031 
9.908 0.05 0.025 or 1/55 

49.245 0.25 0.123 carcinoma 17/55 

Mice (86C3F1) F 0.0 0.0 0.0 Spleen: 9/54 
0.038 1 .509 0.0075 0.00375 leukemia 15./54 0.0068 0.081 

10.10 0.05 0.025 or malignant 17/54 
70.90 0.35 0.175 lymphoma ;! 1/54 

Rats (F-344) F 0.0 0.0 0.0 Urinary 0/54 
0.29 0.394 0.002 0.001 bladder: 0/54 

1. 970 0.01 0.005 carcinoma 0/55 0.0020 0.012 
9.908 0.05 0.025 0/55 

49.245 0.25 0.123 12/55 

a Maxi~um amounts of 2,4-DNT are approximately 0.5 wtr. in TNT(m) and 0.25 wtr. for 2,6-DNT (see Table 2-1). 

b .hese tumor incidences do not include serial sacrifices. 

c "Potency" means the low-dose dose-response slope expressed by the value of the linear multistage coefficient, ql. such 
that at very low dosej, ri~k = q1 x dose, according to a multistage prediction model lU.S. EPA, 1980; Anderson et ~-, 
19e3). 951. UCL =one-tailed 951. upper confidence limit. 

d BW = body weight interspecies dose extrapolation m~thod; doses in mg/kg are assumed to be equipotent. 

e SA = surface area interspecies dose extrapolation me~hcd; do!es in mg/kg213 are assumed to be equipotent. 
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Table 3-11. Acceptabie dose rates for TNT(m) calculated from the potencies presented in Table 3-10. 

Species 
and 

sex 

F-344 Rats 
(female) 

B6C3F1 Mice 
tfemale) 

F-344 Rats 
( f e;nz. 1 e) 

Tumor 

type 

Urir •. uy bladder 

papill.,;ma or 

carcinoma 

Sp.1 een 1 eukemi a 

or malignant 

lymphoma 

Urinary bladder 

carcinoma 

10-5 

Awa SAb 

2 X lQ-3 3.~ ~ 10-4 

1.5xl0-3 1.2 x 1o·4 

5 X 10-3 8 .'< 10 -4 

3 Extrapolation based on body weight (see Table 3-10)· 

b EKtrapolation based on body surface area lsee Table 3-10). 

t ) 

Lifetime cancer risk 

1o-6 

awe SAb 

Dose rate in mg/kg-d 

2 X lQ-4 3.2 • 10-5 

1. 5 X lQ-4 1.2 X lQ-5 

5 X 10-4 s x w-5 

w-7 

swa SAb 

2 X lQ-5 3.2 X lQ-6 

1.5 K lQ-5 1.2 )( 10-6 

~ X lQ-5 8 ~ 10-6 

\ .. 
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2,6-DNT in TNT(m) <Table C-2). He note, however, that the primaty tumor site 
in the laboratory animals administered the dinitrotoluenes WC'.s the liver, 
whereas in the Furedi et ~· bioassays the tumors involved t'1e spleen and 
urinary tract. It is possible that the elevated amount of TNT, compared with 
the quantity of 2,6-DNT, alters-the pharmacokinetics of the mixture such that 
the site of action for the 2,6-DNT is different. 

If TNT(m) actually exerts its carcinogenic effect by an epigenetic 
mechanism with an effects threshold or if an impurity such as 2,6-DNT actually 
is the active carcinogenic agent, then a safe intake for TNT can be estimated 
using a safety factor with a no-observed-effect-level (~OEU from a suitable 
animal study <see Appendix 0). Fuerdi et ~· ( 1984a) determined a chronic 
NOEL for rats as 0.4 mg/kg-d; with a safety factor of 100, the safe intake 
becomes 0.004 mg/kg-d or 4 ~g/kg-d. The NOEL for the chronic bioassay with 
mice was 1.5 mg/kg-d (Furedi et ~ .• 1984b); the associated safe intake is 
0.015 mg/kg-d (15 ~g/kg-d), calculated with a safety factor of 100. 

TOXIC EFFECTS ON PLANTS 

On 1 y ()ne study has been reported on the taxi c effects of TNT on 
terres tria 1 p 1 ants. Pa 1 azzo and Leggett ( 1986) studied the effects of TNT on 
yellow nutsedge grown in a hydroponic solution. Toxic effects were observed at 
a concentration of 5 mg/L in the hydroponic solution. Root growth was most 
affected, with root weight reductions of 95"!. TNT and its metabolites, 
4-amino-2,6-DNT and 2-amino-4,6-DNT, were detected in all parts of the yellow 
nutsedge plant. 

TOXIC EFFECTS ON AQUATIC SPECIES 

Studies involving the toxicity of TNT to aquatic species have examined 
its acute toxicity under both static and dynamic test conditions. Much of the 
work on the acute to xi city of TNT was conducted. by L i u et ~. ( 1976, 1983a, 
1983b), who were primarily interested in the aquatic toxicity of wastewaters 
from the production of TNT. Table 3-12 summarizes the results of their work, 
as we 11 as that of other res ear c hers . .. The mo s t sen s i t i v e vertebrate spec i e s 
was rainbow trout (Salmo gairdneri), with a 96-h LCSO of 0.8 mg/L. The other 
species tested (i.e., fathead minnow (Pimephales promelas); bluegill sunfish 
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TablP 3-12. Acute toxicity of TNT on aquatic organisms. 

Species 

Aquatic vertebrates 

Fathead minncw 

Fathead minnow 

Rainbow trout 

Bluegill sunfish 

Channel catfish 

Fathead minnow 

Fathead minnow 

Fathead minnow 

Bluegill 

Aquatic invertebrates 

Hater flea 

Concentration 
(mg/ L) 

2.0 (1.9-to 2.2)a 

3.0 (2.8 to 3.3) 

0.8 (0.7 to 1.0) 

2.6 (2.3 to 2.9) 

2. 4 < 2. 0 to 2. 7) 

2.9 (2.6 to 3.2) 

2.58 

0.46 

2.3 to 2.8 

6.6 (4.5 to 9.7) 

Effect 

96-h Lt5ob 

96-h LC5ob 

96-h LC5oc 

96-h LC5oc 

96-h LC5od 

96-h LC5oc 

96-h LC5oc 

96-h EC5of 

48-h LC5oc 

Hater flea 

Midge 

11.9 <11. 1 to 12.8> 48-h EC5ob 

27.0 (22.0 to 33.0) 48-h LC50~ 

Worm 5.2 (4.5 to 6.0> 48-h LC5oc 

Scud 6.5 (5.6 to-7.5) 96-h LCSOC 

Hater flea 11.7 (10.9 to 12.6) 96-h LC5oc 

a 951 confidence limit in parentheses. 

b Static test. 

c Dynamic test (water flow-through). 

d Dynamic test with aeration. 

e Threshold limit for mortality. 

f Moribund response. 

Reference 

Liu et ~ .• 1976 

Liu et ~ .• 1983b 

Liu et ~·, l983a 

Liu et ~·, 1983a 

Liu et ~ .• 1983a 

Liu et ~ .• l983a 

Smock et !l·, 1976 

Smock et !l·· 1975 

Pedersen, 1971, 
cited in Dacre and 
Rosenblatt, 1974 

Liu et ~·, 1976 

Liu et ~ .• 1983b 

Liu ~! ~ .. 1983a 

Liu et ~ .• 1983a 

Liu et ~ .• 1976 

Liu et ~ .• 1983a 
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(Lepomis machrochirus); and channel catfish (Ictalurus punctatus)) had 96-h 
LCSO values ranging from 2.0 to 3.0 mg/L. TNT was less toxic to the 
invertebrate species tested (i.e., water flea <Daphnia magna); scud (Hyalella 
azteca); midge (Tanytarus dissimilis); and worm (Lumbiculus variegatus)). Liu 
et !!_. (1983a) also examined the incipient LCSO of selected species. They 
defined this LCSO as "the concentration above- which 50 percent of the tes+ -
organisms cannot survive indefinite 1 y". The i nci pi ent LCSO • s for the fathead 
mi nnaw, b 1 uegi 11 sunfish, channe 1 catfish, and rainbow trout ranged from 1 . 4 

to 1.9 mg/L, based on a 14~d test under flow-through conditions. In contrast, 
the incipient LCSO for the water flea was 0.19 mg/L and the worm tested had an 
LCSO of 13.7 mg/L. 

Bailey 8t !!_. (1985) carried out early life-state <ELS> tests with 
channel catfish, rainbow trout, and fathead minnows, while chronic toxicity 
studies were conducted with fathead minnows and water fleas. In the ELS tests 
there were statistically signficant (p <0.05) decreases in average fry length 
and weight for rainbow trout at concentrations of 0.49 and 0.93 mg/L. The ELS 
test with channel catfish was inconclusive because of difficulties associated 
with the se~aration of eggs, and the ELS test completed with minnows wa~ only 
a range-finding study, without statistical analyses of the results. In the 
chronic test with fathead minnows, statistically significant (p <0.05) effects 
were observed in reproductive parameters <e.g., spawning pair survival, number 
of spawns per pair, etc.) at concentrations as low as 0.04 mg/L (the lowest 
test concentration). The chronic tests with water fleas did not demonstrate 
any significant effects at concentrations ranging from 0.03 to 1.03 mg/L of 
TNT. 

Liu et !!_. (1983a) also investigated the effects of water temperature, 
pH, and hardness on the toxicity of TNT. They found that the5e parameters 
affected the acute toxicities by less than a factor of two. In addition, they 
irradiated TNT solutions with UV light to determine the effect of the, 
resulting photoproducts. For both the vertebrate and invertebrates tested, 
the toxicity of the water decreased after UV treatment. 

Finally, Liu et !!_. (1983a) examined the effect of TNT on the growth of 
four species of algae <Selenastrum capricornutum, Microcystis aeruginosa, 
Anabaena flos-aqua, and Navicula pelliculosa). The basic response was growth 
inhibition at concentrations as low as 4.1 mg/L. Smock et !!_. (1976) also 

studied the effect of TNT on ?.· capricornutum and ~· aeruginosa and found that 
inhibition occurred at concentrations of 5 and 15 mg/L of TNT, respectively . 
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4. DATA-BASE ASSESSMENT FOR 2,4-0INITROTOLUENE 

The 2,4-0NT isomer of dinitrotoluene is present as an impurity in TNT aft"'
as the primary component of military-grade ONT, which is used as an ingredi~ 
in some propellant formulations. This isomer has been detected in soils at 
open-burning and open-detonation grounds (see Appendix 8). Our analysis of 

-the likely distribution of this compound in environmental media sugge$tS that 
most of the 2,4-0NT added to surface soils will eventually reside in the 
vadose zone and ground water. Toxicological studies conducted on 2·,4-0NT and 
2,6-0NT in recent years indicate that 2,6-0NT probably accounts for the 
carcinogEnic responses observed in chronic animal bioassays with 
technical-grade ONT (denoted tONT), which contains primarily 2,4-0NT. 2,4-0NT 
is apparently not a cancer initiator, but a weak cancer promotor. Because it 
was not possible to derive a dose-response relationship for this compound, we 
estimated a safe intake based on a chronic NOEL for noncarcinogenic effects in 
laboratory animals. 

ENVIRONMENTAL PARTITIONING AND TRANSPORT 

The chemical identifiers for 2,4-0NT are shown in Table 4-1 and the··~,,) 
pertinent physicochemical properties are presented in Table 4-2. 

Soil Transport and Adsorption 

Spanggord et !)_. (1980b) studied the adsorption of 2,4-0NT on sediment 
sterilized with HgCl2 and measured a sediment/water partition coefficient of 
12 after 10 d equilibratio~. They did not state the organic carbon content of 
the sediment. We estimated a K0 c value of 258 from the aqueous solubility and 
melting point of 2,4-0NT (see Appendix A). If the sed'ment used by Spanggord 
et !)_.had contained betw:en 1 to 3 wt% organic carbon, then the Kd values 
based on our estimate of Koc would range from 2.6 to 7.7. The higher value of 
Kd for the sediment could be due to adsorption on clays. Tucker et ~· 
(1985), in an analysis of factors affecting the movement of explosives in 
soils, noted that diffusion through soil in both vapor and aqueous phases 
could be an important transport mechanism for ONT's in soils receiving limit~ 
water infiltration. 
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Table 4-l. Chemical identifiers of 2,4-dinitrotoluene. 

Empirical formula: C7H6N204 Structural formula: 

Molecular weight: 182.14 CH, <Yo, CAS reg. no.: [121-14-2] 

RTECS no.: XT1575000 NO! -

Partition Coefficients: Plant/Soil, Beef-Fat/Diet, and Fish/~ater 

The only measured values available for the partition coefficients 
presented in Table 4-3 were for the bioconcentration factor, Kfw· Liu et !!· 
( 1983c > measured the uptake of 14(-2, 4-DNT ~ n b 1 uegi 11 s, an invertebrate 
species (Daphnia magna), and a green algae (Selenastrum capricornutum) over a 

four-day period. The Kfw <calculated as the ratio of residual l4c activity in 
the organism to the 14c activity in water) for bluegill was 78, 2507 for the 

algae, and 13 for Daphnia. They also conducted a ten-day depuration study and 

fourod that essentially all of the radioactivity in the bluegills was goue 
after approximately four days. Hartley (1981), cited in Etnier (1986), 

studied uptake by bluegills using 14c-2,4-DNT. The bioconcentration factors 

ranged from 10.59 for muscle to 102.8 for brain tissue. The whole body factor 
was 24.8. 

Equilibrium Distribution in Reference Landscapes 

Table 4-4 presents the fractional distribution of 2,4-DNT among the eight 

compartments of the ref~rence landscapes for the ~estern and Southeastern 

ecoregions. Nearly all the 2,4-DNT added to the surface soils is predicted by, 

the GEOTOX mode 1 to distribute to the 1 ower soil zone ~.nd to ground water in 

the two ecoregions. Although the Henry•s law constant for~2,4-DNT is higher 

than TNT•s, only a small fraction of the 2,4-DNT added to surface soils is 

expected to enter the atmosphere. Because 2,4-DNT moves preferentially to the 
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Table 4-2. Chemical and physical properties of 2,4-DNT. Properties are for an ambient 
temperature of 20°(. 

Property 

Boiling point 

Freezing/melting point 

Density 

Vapor pressure 

Aqueous solubility 

Units 

oc 
oc 

g/mL 

torr 

mol /L 
mg/L 

Value Source 

300 (decomposes) Hindholz et ~ .• 1983 

70 

1. 52 

1 . 3 x w-4 

1.5 X lQ-3 
273 

Hindholz et ~ .• 1983 

Hindholz et ~ .• 1983 

Measured value, Pella, 1977 

Hindholz et ~ .• 1983 

Henry's law constant (L-torr)/mol 8.7 x lo-2 Ca 1 c u l at ed as the ratio of 
vapor pressure to aqueous 
solubility. 

Diffusion coefficients: Air m2Js 
Hater rr.2Js 

Log octanol/water partition log K0 w 
coefficient (K0 w> 

a Temperature not given. 

b See Appendix A. 

0.4a 

6.4 X lQ-6 
6. 3 X lQ-10 

1. 98 

Average of two measured values, 
Haynes and Smith, 1981 . ' 

Estimatedb 
'Estimatedb 

Hansch and Leo, 1979 
Quoted in Nikaitani, D. and 
Hansel, unpublished 
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Table 4-3. Partition toefficients for use in estimating human exposures to 2,4-DNT. 

Partition 
coefficient 
Value 

Plant/soil 

Beef-fat/diet 

Fish/water 

Parameter 
Source 

Ksp (mg/kg plant)a/(mg/kg soil} 

Kfd (ppm in fat)/(ppm diet) 

Kfw (mg/kg fish)a/(mg/kg water) 

Units 

. I 
CalculatedD from molecular 4 
weight 

1 

2.7 x lo-3 Average ot values calculatedb 
from water solubility and log 
Kow 

15 

78 

Ca1culatedb from log K0w 

Measured value for bluegill, 
Liu et ~ .• 1983c 

24.8c Measured value for bluegill, 
Hartley (1981), cited in Etnier 
(1986) 

SOC/water Koc (mg/kg SOC)/(mg/kg water) 260 Calculatedb from solubility in 
water and melting point 

Sediment/water Kd <mg/kg sediment)/(mg/kg water) 12 

a Wet-weights for plant and fish 

b See Appendix A 

c Whole body 

Measured value from Spanggord 
et ~·, 1980b · 

------------------· 



Table 4-4. Fractional distributions of 2,4-DNT among the eight compartments 
of environmental landscapes representing areas in the U.S. where 
demilitarization operations occur. Distributions are based on the 
steady-state addition of 2,4-DNT to the upper-soil layer. For details of the 
compartments, see Appendix B. 

Compartment 

Air 
Air particles 

Biota 
Upper soi 1 
Lower soi 1 

Ground water 

Surface water 

Sediments 

~estern ecoregion Sout~eastern ecoregion 
Fraction a of tot a 1 inventory present 

2.3 X lQ-5 

6.9 X lQ-9 

2.7 X lQ-4 

0.029 
0.43 
0.54 
0.0019 
1. 2 X 10-4 

2.0 X lQ-5 
1 • 6 X~ lQ-8 

0 . .026 
0. 10 
0.098 
0. 77 
0.0068 
4. 5 X lQ-4 

a Fractions do not add to one because of rounding. 

subsurface, it would be beneficial to make additional measurements on the 

adsorption of 2,4-DNT to soils and sediments with diffirent clay and organic 

matter contents. 

ENVIRONMENTAL TRANSFORMATION PROCESSES 

Photolysis 

Spanggord et ~· (l980b) reported that aqueous solutions of 2,4-DNT 

absorb light in the near ultraviolet to visible region, with an "absorption 

coefficient" of 4100 ~-lcm-1 at 297.5 nm, decreasing to 36 M-lcm-1 at 400 nm. 

They also noted that reaction products enhanced the photolysis of 2,4-DNT. 

Bur 1 i nson and Glover ( 1977~ > found that the photoproducts of 2, 4-DNT are 

analogous to those from TNT. 
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Spanggord et ~· (1980b) measured the initial photolysis rates (prior to 
rate acceleration) of 2,4-DNT in various waters (see Table 4-5). After the 
initial photolysis they observed the same rate enhancement due to organic 
matter as they found for TNT. They also noted that 501. of the ?.4-DNT 
disappeared in 5 d from a sample of T~T condensate water left in the sun. 
They also found that anaerobic photo 1 ys is was three times faster than 
aerobic. They calfulated a quantum yield of 7.0 x lo-4 at 313 nm for 2,4-DNT 
in distilled water. This quantum yield was then used to calculate the annual 
variation of photolyiis half-lives in distilled water at several latitudes and 
seasons. Using the Zepp and Cline (1977) procedure for calculating photolysis 
rates in aqueous media, and assuming _10 h o:'" sunlight, Spanggord ~_! ~· 

estimated a range of half-lives of 1.8 d for summer at 20°N to 11.5 d for 
winter at 50°N. Simmons and Zepp (1986) reported rate constants for 
photolysis of 2,4-DNT in waters containing humic materials <see Table 4-5). 
Their estimated photolysis rates varied with the quantity, absorbance, and 
opacity of the humic substances. 

Burlinson and Glover (1977a) studied the photolytic transformation of 
2,4-DNT in unbuffered solution, using a medium-pressure mercury arc. The pH 
of the solution dropped from 6.2 to 3.2 during photolysis, and the mixture 
became a turbid yellow-brown color. They found the photoproducts of 2,4-DNT 
shown in Table 4-6. These compounds represented 53 wt1. of the initial 2,4-DNT. 

The mechanism of 2,4-DNT photolysis has not been as rigorously studied as 
that of TNT; however, Spanggord et ~· (1980b) suggest that the mechanism is 
analogous. Andrews and Osmon (1977) discovered the formation of a highly 
colored (fluorescent) intermediate in a continuous-flow system and Wettermark 
and Ricci (1963) and Craig and Atherton (1984) also found the same 
intermediate in flash-photolysis experiments. The authors of the latter two 
papers postulated the abstraction of a proton from the methyl group by the 
ortho-ni tro group and subsequent conversion to the ani on with resonance 
stabilization. 

Biotransformation 

Microorganisms transform 2,4-DNT to products analogous to those of TNT 
( Parrish, 1977: McCormick et ~. , 1978): however, 2, 4-DNT is· bi otrans formed 
more slowly and by fewer microorganisms. The aromatic ring in 2,4-DNT has 
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Table 4-5. Photolysis rates of 2,4-DNT in various waters. 

Initial Rate constant 
conc£:ntration for photolysis 

(mg/U Watera ( s -1 ) Ref. 

1.0 Holston River 7.4 X 1Q-5 Spanggord et __ .2.1·, 1980b 

1.0 Searsville Pond 5.2 X 1Q-5 Spanggor.ft-- et .2.1· , 1980b 

1 . 0 Waconda Bay 2.0 X 1Q-5 Spanggord et al ., 1980b --
0.2 to 2.0 Aucilla River 2.9 X lo-5 Simmons and Zepp, 1986 

0.2 to 2.0 Wylde Lake 1. 5 X 1Q-5 S}mmons and Zepp, 1986 

1.0 Distilled water 4.7 X 1Q-6 Spanggord et .2.1 .• 1980b 

0.2 to 2.0 Distilled water 6.3 X 1Q-6 Simmons and Zepp, 1986 

Unknown TNT condensate water 1. 6 X lo-6. Spanggord et ~ .• 1980b 

a Waconda Bay and Holston River represent munition-contaminated waters, and 
Searsville Pond, Aucilla River, and Wylde Lake are uncontaminated waters. 

been mineralized only by cultured organisms from Waconda Bay, Chattanooga, 

Tennessee <Spanggord et .2.1., 1980b; Chou and Spanggord, 1981). 

The biotransformation rate of 2,4-DNT is one-sixth to one-third the rate 

of TNT (Parrish, 1977; McCormick et .2.1 .• 1978). Parrish (1977) reported that 

2,4-DNT is completely degraded by fungal mycelia in basal salts media after an 

induction period of 8 h and a reaction time of 24 h. <TNT had an induction 

time of 2 h, with reaction completion in 4 h.) McCormick et .2.1· (1976) gave 

relative rate constants for 2,4-DNT and TNT that show that TNT degrades 2.5 to 

6 times faster than 2,4-DNT. As a means of estimating the biodegradation rate 

of 2,4-DNT, we multiplied the microbial degradation half-lives for TNT derived 

from different experimental studies by 2.5 to 6. The half-lives for microbial 

transformation of TNT in natural waters range from 7.5 d <calculated from rate 
' 

data of Burlinson, 1980) to 25 d (calculated from rate data by Spanggord 

et ~ .. 1980b), and therefore the half-lives for 2,4-DNT could range from 19 

(i.e., 7.5 x 2.5) to 150 days (i.e., 25 x 6) in natural ~aters. 

Not only is microbial reduction of 2,4-DNT slower than that of TNT, but 

there are also fewer organisms that can degrade 2,4-DNT. Parrish (1977) found 
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Table 4-6. Photoproducts of 2,4-DNT identified by Burlinson and Glover 
< 1977a). 

Compound Composition, wtt 

2-Amino-4-nitrobenzoic acid 
2-Amino-4-rritrobenzalde~yde 

2,2'-Dicarboxy-5,5'-dinitroazoxybenzenea 
2,4-Dinitrobenzoic acid <DNBA) 
2,4-Dinitrobenza1dehyde 
2,2'-Dicarboxaldehyde-5,5'-dinitroazoxybenzcneb 
Unknown 

a Reported incorrectly as a carboxy compound. 
b Reported incorrectly as a carboxaldehyde compound. 

16 
10 
10 
7 

6 

3 

2 

that only five of the 190 fungi investigated transformed 2,4-DNT, whereas 183 
of them modified TNT. This work was done with a basal salts medium, p~us 5% 
glucose at 29°C,~ using the washed mycelia of the fungi. 

'~,, Chou and Spanggord < 1981) i denti fi ed on 1 y one reduction product, the 
yellow 2-amino-4-nitrotoluene, using microorganisms from pond water. 
Veillonella alkalescens attacks only the 4 position of the ONT molecule 
according to McCormick et ~· (1976). In a later paper, McCormick et ~· 
(1978) identified the following compounds resulting from action by 
Mucrospoirum sp.: 

2-amino-4-NT, 
4-amino-2-NT, 
2,2'-dinitro-4,4'-azoxytoluene, 
4,4'-dinitro-2,2'-azoxytoluene, 
4-acetamido-2-nitrotoluene, and an 
unidentified compound. 
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Other studies have used larger cell populations or added nutrients to 

examine biodegradation processes. The effects of 2,4-DNT concentration as 

we 11 as oxygen were studied by Spanggord et !.!· < l980b) with mi c. roorgani sms 

from ~aconda Bay, Chattanooga, Tennessee. They reported that ce 11 s· can be 

gradually acclimated to grow in 120 ppm of 2,4-DNT. In the aerated water, 

10 ppm 2,4-DNT was 11 transformed 11 with a half-life of 1.8 d and a 2-day lag 

time. In anaerobic conditions (with a nitro~n_ head ~pace), the half-life 

increased to 4.5 d (it was unclear whether or not .. transformed .. meant 

mi nera 1 i zed in this experiment). Mi nera 1 i za ti on experiments were attempted 

with large cell populations of adapted bacteria. Spa~ggord ~ !l· (l980b) and 

Chou and Spanggord (1981) used high-cell-population cultures ~107 to 

108 cells/ml) and noted complete mineralization of 2.5 ppm 2,4-DNT with 

half-lives of 0.41 to 0.27 h, depending on the concentration of cells. ~hen 

similar experiments were done with uncontaminated eutrophic waters, they found 

no biotransformation of 2,4-DNT without the addition of nutrients. When a 

high-cell population (9 x 108 cells/ml) was used, they observed 

transformation, but not mineralization and the half-life was 2.1 h <Chou and 

Spanggord, 1981). Chambers et !.!· (1963) used phenol-adapted bacteria to 

attempt mineralization of various compounds. With 2,4-DNT they found some 

oxygen uptake using .. respirometric techniques .. in a buffered solution of 

bacteria and 2,4-DNT. Bringmann and Kuhn (1971) also accomplished complete 

oxidation in a two-step laboratory procedure with Azotobacter agilis and 

activated sewage sludge. 

Experiment~ by Carpenter et ~· (i978) provide evidence that 2,4-DNT 

reduction products bind to humic materials as do the reduction products of 

TNT. They made a precipitate from a surrogate lipid residue and a surrogate 

reduction product of the TNT-type compounds. (The reduction product chosen 

was 2,4-diaminotoluene, which would be a reduction product of 2,4-DNT if both 

nitro-groups were microbially reduced (McCormick et ~ .• 1978.)) They found 

spectral similarities between infrared spectra of the precipltates formed from , 

14c_ TNT in an aerated active s 1 udge reactor and those formed from 

2,4-diaminotoluene and glycerol, palmitoyl chloride and sebacyl chloride. The 

results led them to conclude that the aromatic amine reduction products may 

undergo condensation reaction~ with carboxylate groups to form po 1 yami des. 

Furthermore, they postulated that polyamide polymers formed from 

bi odegrada ti on wi 11 be 1 ong-1 i ved because ami de 1 i n~,ages are resistant to 
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microbial attack. As the amine by-products are formed, they will probably be 
scavenged by humic materials. 

Hydrolysis 

No studies have specifically addressed 2,4-DNT hydrolysis. However, 
because TNT did not hydrolyze in Hoffsommer and Rosen's (1973) experiments 
with sea water, we believe that 2,4-DNT will also be resistant to hydrolysis. 

TOXIC EFFECTS ON ANIMALS AND HUMANS 

The toxicology of 2,4-DNT (the primary isomer in technical-grade DNT) has 
received considerable attention because of concerns over the potential health 
risks it poses to exposed individua·ls (e.g., workers who are involved in its 
manufacture). Major reviews of its metabolism and toxicology have been 
prepared by Rickert et ~· (1984) and Etnier (1986). Cancer bioassays 
completed with different technical grades < containing > 75 wtt 2 ,4-DNT with 
varying amounts of the 2,6-DNT isomer) of tDNT have given both negative 
results OICI, 1978) and positive results (i.e., hepatocellular carcinomas in 
rats) (see Ellis et ~ .• 1979; CIIT, 1982). Subsequent research has focused 
on the identification of the DNT isomer responsible for the observed 
carcinomas. It is now thought that 2,6-DNT is the ~somer principally 
responsible for the carcinogenic response observed (see Goldsworthy and Popp, 
1986; Leonard et ~·, 1986; and Dixit et ~·, 1986). 

Toxicokinetics 

Absorption. Data on the uptake of 2,4-DNT by humans are available from 
studies conducted with workers handling DNT. Woolen ~! ~· (1985), for 
ex amp 1 e, measured the amount of the DNT metabolite, 2 ,4-di ni trobenzoi c acid 
(2,4-DNBA), in the urine of workers exposed to technical-grade DNT (-75 wtt 
2,4-DNT). They found that the urinary concentration of 2,4-DNBA rose quickly 
during the work day, reflecting the rapid uptake of DNT via inhalation and 
skin absorption. In a separate study, Levine et ~· (1985a) identified DNT 
met abo 1 i tes in urine from workers expo:;ed to tDNT and DNT isomers by 
inhalation. They also took skin swipes to determine the extent of skin 
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contamination. One finding from their investigation was that the quantity of 
urinary ONT metabolites could not be accounted for by inhalation alone. 
Levine et ~l· (1985a) suggested that skin absorption could represent another 
significant exposure pathway over the course of a work day. Woolen et ~ 
(1985) also considered skin absorption an important exposure pathway. 

Lee et ~· (1978) adr.linistered single oral doses of 14c-2,4-0NT to mice, 
rats, rabbits, dogs. and monkeys. rn- mice, about 781 of the administered 
radioactivity was recovered from the feces and the gastrointestinal tract, 
including its contents, compared with 9.5 to 17.31 reco~ered from r~ts, dogs, 
rabbits, and monkeys. Lee et ~· (1978) estimated the net absorption to be 
about 17"t. of the ora 1 dose for mice and between 75 to 851 for the other 
species. Mor1 et !.!_. (1978) observed a peak concentration of radioactivity in 
the blood of Wistar rats 6 h after an oral administration of radiolabeled 
2,4-0NT. 

Rickert et !l_. (1983) administered 14c-2,4-0NT by gavage to Fischer-344 
rats and detected a peak of radioactivity in the liver 1-2 h later. A second 
peak was observed 8 to l2 h after dosing. Radioactivity peaked in the first 
half of the small intestine and declined more rapidly than concentrations 
in the second half of the intestine increased, indicating significant 
absorption in the first half of the small intestine. 

Distribution. Mori et ~· (19~0) administered 3H-2,4-DNT orally to rats 
and measured radioactivity in blood, bile, liver, brain, heart, lung, spleen, 
pancreas, kidney, stomach, small intestine, large intestine, and the testes. 
The highest levels were found in the liver, adipose tissue, and skin. Control 
rats received one dose of 3H-2,4-DNT, while treated rats received 0.5 wt"L 
2,4-DNT in the diet for 4 months prior to receiving a dose of 3H-2,4-DNT. 
Levels of radioactivity in the control rats were higher than in treated rats, 
suggesting that repeated ~ngestion may saturate tissues, and/or increase the 
rate of elimination. 

Lee et !l_. (1978) investigated the distribution of radioactivity in 
mice, rats, rabbits, dogs, and monkeys following oral administration of 
14c-2,4-DNT. An average of 9.21. of the radiolabel was excreted in the urine 

of mice, while 75 to 817. was excreted in the urine of rats, dogs, rabbits, and 
monkeys after 24 h. Radioactivity was detected in the liver, kidney, lungs, 
brain, and skeletal muscle. Livers contained up to 1.11. of the 
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radioactivity. Rickert and Long (1980) found that the concentration of 

radioactivity in the livers and kidneys of rats, which receivrd orally 

administered 14c-2,4-0NT, was up to ten times higher than in blood plasma or 

red blood cells. They also measured different quantities of radioactivity in 

the livers of male and female rats after oral dosing with 14(-2,4-DNT. Male 

rats had two times the quantity of radioactivity 1n their livers as female 

rats 2 to 72 h after dosing. In their review, Rickert et ~· (1984) also 
-

noted that there are quantitative differei1ces between male and female rats in 

the excretion of 2,4-DNT metabolites. A greater percentage of the app11ec 

dose passes through the bile duct of male rats than of female rats. After 

entering the intestine f~om the bile duct, some of these 2,4-DNT metabolites 

are reabsorbed by the intestinal wall and are transported back to the 1 iver 

(Medinsky and Dent, 1983). This enterohepatic cycling appears to be an 

important factor in sex-related differences in 2,4-DNT toxicity and will be 

discussed in more detail in the metabolism section. 

Met abo 1 ism. The met abo 1 ism of 2, 4-DNT has been exp 1 ored both in vitro 

and in vivo. Rickert et al. (1984) and Etnier (1986) reviewed several studies 

(e.g., Dent et ~·, 1980; Decad et ~·, 1982; Short e~ ~·, 1979) in which 

2, 4-DNT was incubated with pos t-mi tochcnd ria 1 supernatant fractions from 

different species to determine the met abo 1 ites produced under aerobic and 

anaerobic conditions. The various studies demonstrated that 

aminonitrotoluenes (i.e., 2-ANT) and 4-amino- 2-nitrotoluene (4-ANT)) were the 

primary products formed under reducing conditions, whereas oxidative 

conditions resulted in the formation of 2,4-dinitrobenzyl alcohol 2,4-0NBAlc 

as the pri nc i pa 1 product. Short et ~. ( 1979) found that there were 

pronounced sex-related differences in -the amounts of the aminonitrotoluenes 

produced in the post-mitochondrial supernatants of liver. Specifically, the 

supernatant fractions from fema 1 es of the species tested < i . e., mouse, rat. 

rabbit, dog, and monkey) contained less of the aminonitrotoluenes than did the 

fractions from males. 

The oxidative metabolism of 2,4-DNT was examined by different researchers 

(e.g., Decad et ~ .• 1982; Short et ~ .• 1979; and Bonse and Rickert, 1981) by 

Pretreat i n g test ani rna 1 s w i t h i n d u c e r s of m i xed-fun c t i on ox i d as e s < M F 0) • 

namely, phenobarbital and Arocl~. 1254. or an inhibitor, SKF525-A. The amount 

of dinitrobenzyl alcohol was increased in the supernatants obtained from 
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animals pretreated with the HFO inducers, and decreased in the fractions from 
animals treated with the invibitor. 

The role of microorganisms in metabolizing 2,4-DNT has also been studied 
in vitro. Dent et !l· (1980), for example, examined the metabolism of 2,4-DNT 
under anaerobic and aerobic conditions with rat ceca 1 mi crofl ora. No 
metabolism occurred in the aerobic atmosphere; however, under anaerobic 
conditions the cecal microflora rapidly reduced 2,4-DNT to 4-ANT and 2-ANT. 

J 
__ -Reduction of the nitro group lit the 4-position occurred more rapidly than at 

the 2-position. After prolonged incubation, the rat cecal microflora 
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metabolized the aminonitrotoluenes to form 2,4-diaminotoluene (2,4-DAT), a 
known carcinogen. Guest et al. (1982) examined the metabolism of 2,4-DNT -- -
using intestinal microflora from rats, mice, and humans. No metabolism was 
observed in the presence of oxygen. Under anaerobic conditions, the nitro 
groups were reduced to 2-nitro-4-nitrosotoluene and 4-nitro-2-nitrosotoluene 
and then to the corresponding aminonitrotoluenes. Concentration of 2,4-DAT 
increased as the concentrations of the 2~ANT and 4-ANT decreased. No sex or 
species differences in metabolic pathways were observed. The rates of 
uisappearance of 2,4-DNT, however, w~re the fastest with intestinal microflora 
from mice, followed by rat microflora and then human microflora. 

In other work, Mori et !l· (1984) identified metabolic products of 
£.coli, isolated from human intestines. Metabolic products included 
hydroxylaminonitrotoluenes and monoaminonitrotoluer.es. The work of the 
researchers noted above (Dent et !l·· 1980; Guest et ~ .• 1982; and Mor1 
et ~ .• 1984) indicates that the microbial metabolism of 2,4-DNT proceeds in 
the form of sequential reductions. Initially, the nitro groups are reduced to 
nitrosotoluenes, which are subsequently reduced to aminotoluenes via 
hydroxylamine intermediates. The aminotoluenes are then reduced to 2,4-DAT. 

Met abo 1 ites of 2 ,4-DNT have been measured in the urine of 1 aboratory 
animals and in the urine of workers exposed to dinitrotoluenes in the 
workplace. Rickert and Long (1981) administered oral doses of 10. 35, or 
100 mg of 14c-2,4-DNT per kg of body weight to male anct female 
Fischer-344 rats and measured four primary metabolites in urine (the primary 
route of elimination of the radiolabel): 4-(N-acetyl)amino-2-nitrobenzoic acid 
(4-AANBA), 2,4-DNBA, 2-amino-4-nitrobenzoic acid (2-ANBA), and 
2,4-dinitrobenzyl alcohol glucuronide (ONBAG>. At dcses of 10 and 35 mg/kg, 
the urine of female rats contained a significantly (p <0.05) greater amount of 
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ONBAG than did males. Elimination of ONBAG from female rats approached 

saturation at a dose of 100 mg/kg, but not in male rats. The excretion of 

2,4-DNBA became saturated in male and female rats at a dose of 100 mg/kg. Lee 

et !!1_. (1978) mnsured the urinary metabolites resulting from a single 

intragastric administration of 14C-2,4-DNT to mice, rats, rabbits, dogs, and 

monkeys. The primary metabolites in _all the species were 2,4-dinitrobenzyl 

alcohol and aminonitrobenzyl alcohols (isomers not5pecified) and associated 

glucuronide and sulfate conjugates. 

Schut et ~· (1985) studied the metabolism of 2,4-DNT in A/J mice after 

intraperitoneal and oral administrations of 100 mg/kg of 2,4-0NT <including 

small amounts of a tracer radiolabel, 3H-2,4-DNT>. The primary neutral 

metabolite was 2,4-dinitrobenzyl alcohol, regardless of route of 

administration (maximum of 5.59t of applied dose). Minor amounts of 2,4-DAT, 

4-ANT, and 2-ANT were detected. 

Rickert et al. (1981) used conventional and axenic Fischer-344 rats to 
--

study the role of cecal microflora in the production of metabolites of 2,4-DNT 

that require both oxidation and reduction < i . e. , 4-AANBA and 2-ANBA) . The 

axenic rats, whichreceived oral doses of 35 mg/kg of 2,4-DNT (including 

14c-2,4-DNT radiolabel), produced significantly (p <0.05) less 4-AANBA acid 

and 2-ANBA than did the conventional rats, confirming the results of the 

in vitro studies that demonstrated the reductive capacity of intestinal 

microflura. The covalent binding of 2,4-DNT was also investigated by Rickert 

et ~· (1981) in their study with axe'1ic and conventional Fischer-344 rat;.. 

They found that the amount of covalently bound 14c was greater in the livers 

of conventional male rats than in the axenic male rats. 

The process of hepatic bi otrans formation, which produced reactive 

metabolites capable of covalent binding to critical hepatic molecules, is not 

"w~ell established. Possible activation steps include formation of sulfate 

esters of benzyl a I coho I and/or hydroxylamine metabolites. Kedderi s et ~. 

(1984) used male Fischer-344 rats in their experiments designed to ex~mine the 

possible role of sulfation in the bioactivation of 2,4-DNT. These researcher~ 

administered the sulfotransferase inhibitors 2,6-dichloro-4-nitrophenol roc~ ) 
or pentachlorophenol (PCP) to the rat:. prior to dosing with 2,4-0NT. The 

sulfotransferase inhibitors decreased the total hepatic macromolecular 

covalent binding of 2,4-DNT by 337., compared to that observed in rats that 

received 2,4-DNT without prior sulfotransferase inhibition. Kedderi s et a 1. 
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(1984) suggested that most of the covalent binding is caused by sulfation. 

The other possible pathways that were suggested include N-ac€tylation followed 

by N,O-acetyl transfer or direct 0-acetylation of the hi~roxylamine~ 

~he metabolism of dinitrotoluenes in humans has been examined by Turner 

et .!!_. ( 1985), who measured DNT met abo 1 i tes in the urine of workers exposed to 

technical-grade DNT. The primary urinary metabolites of 2,4-DNT detected in 

the urine of four workers were 2, 4-DNBA and 2-ANBA. Urine a 1 so cant a i ned 

unmetabolized 2,4-DNT and 4-AANBA. Small quantities of 4-amino-2-

ni trobenzoi c acid were found in the urine of one subject.. A 1 though these 

urinary metabolites are similar to those measured in the uri~e of rats, Turner 

et al. (1985) noted that the amounts of metabolites were different. For 

ex amp 1 e, 2-ANBA represented 54 of the uri nary 2 ,4-DNT met abo 1 i tes in rats 

(Rickert and Long, 1981), but represented 32"1. of uri nary met abo 1 i tes in the 

four human subjects studied. 

Excretion. Most of the studies that have examined the metaboiism and 

excretion of 2,4-DNT in laboratory animals (i.e., mice, rats, rabbits, dogs, 

and monkeys) have shown that the major route of elimination is through the 

urine <Schut et .!!_., 1985; Rickert and Long, 1981; Medinsky and Dent, 1983; 

and Bond and Ri ck~rt 1981). However, in two strains of mice (CO-l and B6C3F 1) 

(see Lee et .!!_., 1978) fecal elimination was the predominant route of 

excretion. 

Medinsky and Dent (1983) found biliary excretion to be an important 

component of the biologic fate of 2,4-DNT. In their examination of biliary 

excretion, two groups of rats ( Fi scher-344) were orally dosed with 

14c-2,4-DNT; one group had a biliary trap and the other did not. Animals 

without the biliary trap excreted 60 to 90"1. of the dose in the urine, while 

animals with the biliary trap excreteJ only 20 to 604 of the dose in the 

urine. Therefore, a significant portion of 2,4-DNT (30 to 404) actually 

enters the intestine before entering the urine. Additionally, completion of 

biliary excretion after a dose of 35 mg/kg took longer for males (24 h) than 

for females (12 h). Male rats excreted 71. more radiolabel in bile than 

females. Bond et ~· (1981) studied metabolism and biliary excretion of 

2,4-DNT in male and female rats using isolated perfused rat livers. After 

perfusion with 20 ~M of 2,4-DNT, livers from male rats excreted 2.5 times more 

2,4-DNT in the bile than livers from females. However, after perfusion with 
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70 llM 2,4-0NT, the increase in biliary excretion was only 1.5 and 3.3 times 

that observed after perfusion with 20 llM 2,4-0NT. Thus, biliary excretion in 

males appears to saturate at higher dose levels. The study completed by 

Turner et al. (1985) with ONT workers showed that urinary metabolites were at --
the highest concentrations near the end of the workday and rapidly declined to 

very low or undetectable concentrations by _the next work day. 

Summ~. Metabolic processes in the rat have been comparatively well 

studied, and appear to be similar to those in dogs, rabbits, monkeys, and 

mice. 2,4-0NT is i~itially metabolized by the hepatic mixed-function 

oxidases, and is subsequently conjugated to glucuronic acid. The predominant 

metabolite is ONBAG, which is excreted in the urine. In both male and female 

rats urinary excretion is the dominant method of elimination during the 

initial 24 hours after dosing. Prior to urinary excretion, biliary transport 

is greater in males than females. 2,4-DNT metabolites flow into the small 

intestine through the bile duct, where tile glucuronic acid conjugate is 

hydrolyzed by intestinal microflr ·a. The free alcohol, 2,4-0NBAlc, is 

lipid-soluble and can either be resorbed by the intestine or further reduced 

by the microflora and subsequently resorbed. Evidence of resorption comes 

from Rickert et al. (1981) who found that axenic rats excreted a smaller --
proportion of a dose in the urine than convention a 1 rats, imp 1 yi ng 1 es s 

resorption ~nd more fecal excretion. Absorbed metabolites are then 

transported back to the liver where they are oxidized, and the cycle 

continues. The secondary oxidation can include oxidation of amino groups and 

formation of reactive hydroxylamine intermediates, resulting in liver 

toxicity. The sex-dependent toxicity seen in males is probably caused by the 

higher biliary transport and enterohepatic cycling in males, which possibly 

leads to a greater production of reactive intermediates (Rickert et ~·, 1984). 

Toxic Effects on Organs and Systems 

Hematological effects. McGee et ~· (1942) observed cyanosis, anemia, 

and pal lor among 154 workers exposed to ONT d11ring the manufacture of military 

powders. These symptoms are indicative of methemoglobinemia, a common effect 

of elevated exposures to nitroa;omatics. Hematological effects have also been 

observed in laboratory animals. For example, methemoglobinemia, Heinz bodies. 
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reduced erythrocyte counts and hemog 1 obi n concentrations, and increased 

reticulocyctes, were observed in beagles administered 2,4-DNT in their feed 

(Ellis et ~·, 1985). Lee et ~· (1985) found that subchronic administration 

of 2,4-DNT to CD rats produced anemia and reticulocytosis. 

Circulatory system. Levine et ~· (1986) completed a retrospective 

cohort mort a 1 ity study of DNT workers. That study was based on 457 rna 1 e 

workers from two DNT manufacturing plants who were employed at the plants for 

more than 30 days between 1951 and 1981. There was a statistically 

significant (p :0.002) increase in the standardized mortality ratio (SMR) for 

diseases of the circulatory system. The source of the increased SMR could not 

readi 1 y be exp 1 a i ned by other risk factors (e.g. , smoking), and the authors 

recommended further epidemiologic investigations. 

Hepatic effects. Administration of 2,4-DNT to laboratory animals has 

produced liver effects. For example, Kozuka et al. (1979) observed a 

significant increase in the liver weights (p <0.01) of rats fed approximately 

25 mg/kg-d 2,4-DNT for six months. They also observed a significant increase 

in SGOT activity in the treated rats. Changes in liver weights have also been 

observed by Lee et ~· {1985) in rats and by Hong et ~· (1985) in rnice. 

Neurotoxic effects. Ellis et ~· (1985) reported that the main adverse 

effect in dogs that received 2,4-DNT in subchronic and chronic feeding studies 

was neuropathy; this was manifested as incoordination and paralysis. 

Neurotoxic effects were observed in one dog that received 1.5 mg/kg-d for two 

years. Other dogs developed symptoms after 6 months at a dose rate of 

10 mg/kg-d. Ellis et ~· noted that neurotoxicity was less pronounced in rats 

and mice. 

Renal effects. McGown et ~· (198:J, observed hyaline droplet formation 

in the epi~helium of the proximal convoluted tubules of the kidneys in rats of 

both sexes. Ma 1 e rats appe~red to be more suscepti b 1 e than fema 1 es. No 

dose-dependent treatment response was noted, and it is not clear whether this 

effect was a treatment-related response. 
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Dermal effects. Ellis et !l· (1979) used a modified Draize method for 

testing the skin and eye irritation of 2,4-DNT in rabbits. The results showed 

that this DNT isomer was nonirritating. No cases of skin rash caused by 

occupational exposure to pure 2,4-DNT have been documented, although cases of 

nitroaromatic dermatitis have been well docum~nted. 

Reproductive effects. Hami 11 et ~. ( 1982) studied the reproductive 

hazard for workers exposed to DNT (isomers unspecified) and diaminotoluene at 

a chemica 1 p 1 ant. No reproductive effects <e.g. , abnormal sperm count or 
morphology, etc.) were demonstrated among male DNT workers. In another study, 

Levine et !l· (1985b) studied the fertility of workers exposed to ONT and 

diaminotolu~ne at three facilities. They did not find any significant effects 
on fert11 i ty (as measured by standardized ferti 1 i ty ratios) that cou 1 d be 

associated with DNT and TDA exposures. In lahoratory animals, reproductive 

effects have included testicular atrophy and decreased spermatogenesis. 
Dose-dependent degenerative changes in the testes of male rats were observed 

by McGown et ~· (1983) during a 14-d study with 2,4-DNT. Ellis et !l· (1979) 
ob:erved decreased testis weight, atrophy of the testes, and aspermatogenesis 

in male mi c:e rece1 vi ng doses of 95 or 900 mg/kg-d 2 ,4-DNT during chronic 

feeding studies. Ellis et !l· (1979) also carried out a three-generation 
study using rats, and no treatment-related, adverse reproductive effects were 

seen. Smith (1983) administered 390 mg/kg of 2,4-DNT to mice by gavage and 

did not detect any significant differences in the reproductive outco~es (e.g., 

litter, litter weight, etc.) between controls and treated mice. In another 

reproductive toxicity study, Lane et !l· (1985) administered 2,4-DNT by gavage 

to male Sprague-Dawley rats at dose rates of 0, 60, 180, or 240 mg/kg-d for 

five days. The mating period was seven weeks long for all but the highest 

treatment level, which lasted an additionai six weeks in order to study the 

reversibility of reproductive effects. There were no reproductive effects at 

the 60 mg/kg-d treatment level. At the next highest level there was a 

transi~nt effect on one measure of reproductive toxicity, namely, the mating 

index, which is the ratio of the number of females pregnant to the number of 

females allowed to mate, multipl1ed by 100. At the highest treatment level 

significant reproductive effects were observed (e.g., mating index, and the 

preimplnntation loss index, which is equal to the total number of corpora 

lutea minus the total number of implantation sites divided by the number of 
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pregnant fema 1 es). However, the da i 1 y dose of 240 mg/kg a 1 so caused weight 

loss and cyanosis among the rats. 

Teratogen 1 city 

In a teratogenic evaluation of technical-grade DNT~(76% 2,4-DNT and 19% 

2,6-DNT) in Fischer-344 rats, Price et ~· (1985) Tound no statistically 
significant effects ~n fetal growth or morphological development. Female rats 

were dosed by gavage on gestation days (gd) 7 to 20 at levels of 14, 35, 37.5, 
75, 100, or 150 mg/kg-d. Only at the high dose was there a iignificant female 

mortality rate (46.2%). Sacrifice occurred on gd 20, and signs of 
hema to 1 ogi ca 1 toxicity were observed in the 100 mg/kg-d treatment groups 

(e.g., increased methemoglobin, reticulocyte count, etc.). Dose-related 

decreases were measured in maternal weight during gestation, and relative 
1 i v e r and s p 1 e en wei g h t s a 1 so dec rea s e d . An i ncr e as e i n pre nat a 1 mort a 1 it y 

was observed at the highest dose rate, but was not statistically different 

from the controls. No statistically significant increases occurred in the 

incidence of malformed fetuses in the DNT-treated groups. 

Genotoxicity 

The genotoxicity of 2,4-DNT has been evaluated in bacteria, yeast, 
cultured mammalian cells, and in whole animals. These short-term assays have 

measured the ability of 2,4-DNT to induce forward and reverse mutations, 

mitotic recombination, chromosome aberrations, chromosome breakage, DNA damage 

and repair, and abnormal sperm morphology·~ The results of these studies are 

discussed in the following paragraphs and are summarized in Table 4-7. Both 

Etnier (1986) and Rickert et ~· (1984) have also reviewed the genotoxicity of 
2,4-DNT. 

Although 2,4-DNT has not been consistently active in all strains of 

Salmonella, a number of studies have shown that 2,4-DNT is capable of inducing 
reverse mutations in these bacteria. Typically, 2,4-DNT has caused a 

relatively weak mutagenic response (i.e., a two-to-threefold increase in the 

number of revertants) <Chiu et ~·, 1978; Ellis et ~·, 1980; Tokiwa et ~·, 

1981; Couch et ~·, 1981; Spanggord et ~·, 1982b; Mori et _tl., 1982). The 

standard Ames assay includes a series of samples to which exogenous 
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Table 4-7. Overview of studies completed on the genotoxicity of 2,4-DNT. 

Genetic Sample Results 

Assay endpoint purity Dosage +59 -59 Comments References 

' 

Salmonella Reverse Not 0.6, 5.0 - Simmon ,et .2.1., 1977 

plate incorporation mutation specified 15.0, 35.0, 

TA1535. TA1537. 45.0 1-19/plate 

TA1538, TA98, TA100 

Salmonella Reverse Not 0.1, 1.0, + Assays not perfonmed Chiu et .2J. .. 1978 

plate incorporation mutation specified 10.0 1-1M with 59 

TA98, TAlOO 

Salmonella Reverse 298.07. 10.0, 30.0, 100.0 + t Ellis et .2J.., 1980 

plate incorporation mutation 300.00.1000.0 

TA1535, TA1537, 1-19/plate 
,_. TA1538, TA98, TA100 ,_. 
N 

Salmonella Reverse Not 500.0 Insufficient data Tokiwa et .2J.., 1981 

plate incorporation mutation specified 1000.0 1-1g/plate to evaluate 

TA98, TAlOO 

Salmonella Reverse Technical 1000.0 1-1g/plate + Single concentration Couch et .2.}. .• • 1981 

plate incorporation mutation grade tested. Sample 

TA 1535, TA 1537 contained 76.57. 

TA1538. TA98, TAlOO • 2 ,4-0NT 

' 
299.87. 200.0 1-1g/plate + + Single concentratio~ 

tested 

Salmonella Reverse Not 10.0 to 5000.0 + + Positive r~sults only Spanggo rd .t.t 2.}_. , 

plate incorporation mutation specified 1-19/plate with TAlOO and 1982b 

TA1535. TA1537 TA100NR3. 

TA1538. TA98, TAlOO Specific revertant 

TA98NR101, TA100NR3 counts not reported., 
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Table 4-7. <continued) 

Assay 

Salmonella 
plate incorporation 
TA98, TAJOO 

Genetic 
endpoint 

Reverse 
mutation 

Mitotic 

Sample 
purity 

>99.0% 

Not Saccharomyces 
suspension test recombination specified 

Chinese hamster 
ovary cell 

House 
1 ymphoma ce 11 s 
( P388) 

Rat 
lymphocyte 

Forward 
mutation 
HGPRT locus 

Forward 
mutation 

Chromosome 
aberration 

Techni ca 1 
grade 

2_99.8% 

Technical 
grade 

'Pure' 

Not 
specified 

Dosage 

100.0, 200.0, 
300.0 ~o~g/plate 

0.006, 0.008% 
( v /v) 

2.0 ~ 

3.0 ~ 

1.6. 8.0. 40.0. 
200.0, 1000.0 ~o~g/mL 

0.2% in diet 

Results 
i-59 -59 

i-

i-

i-

CoiMlents 

Concentration
dependent response. 
Assays not perfo~ed 
with 59. 

Assay may be 
insensitive 

Single concentration 
tested. Samp 1 e 
contained 76.5~ 
2,4-DNT 

References 

Mori et ~-. 1982 

Simmon f1 ~-, 1977 

Abernethy dnd 
Crouch. 1982 

Sample contained 80% Styles and Cross, 1983 

2,4-0NT, 20% 2,6-0NT. 

Dose-dependent decrease 
in survival, with and 

without 59. 

Dose-dependent decrease ibid. 
in survival. with and 
without $9. 

Abstract. Reported 
significant increase 
in frequency of 
chromatid gaps after 
5-19 wk in culture. 

Hodgson et ~ .. 
1976 



Table 4-7. (continued) 

Genetic ScliTiple 

Assay endpoint purity 

Ri\t Forward Not 

domin.)nt-lethal mutation specified 

Rat Forward Not 

dominant-lethal mutation specified 

House Forward 'Purified' 

don:inant-lethal mutation 

~ House Forward ~ 98.0~ 
~ 

~ don:inant-lethal mutation 

'Purified' 

House Chromosome 'Pure' 

bone-mi\rrow aberration 

House Abnorma 1 Technical 

sperm morphology sperm grade 
morphology 

Results 
Dosage +59 -59 

0.2~ (in diet) + 

60.0, 180.0 -
240.0 mg/kg 

250 mg/kg + 

(2d) 

0.0015, 0.01, 0.02, + 

0.07, 0.10, 0.15 
0.20, 0.50~ in 
diet for 13 wk. 

250 }Jg/kg ( 2d) 

200.0, 400.0 mg/kg 

250 mg/kg l2d) 

Colllllents 

Abstract. Reported 
s1gnificant increase 
in number of dead 
i~plants/total implants 

Abstract. Insufficient 
data to evaluate 

Significant decrease 

in fertility 

Significant decrease 
in fertility index and 
viability index at 
0.10 to 0.20~ 

References 

Hodgson et ~-, 
1976 

Dougherty g1 il·. 
1978 

Soares and Lock, 1980 

Ellis et ~·, 1980 

Ashby et ~-. 1985 

Soares and Loci\, 
1980 



Table 4-7. (continued) 

Genetic Sample Results 
Assay endpoint purity Dosage +S9 -59 Corrments References 

Recessive Forward Technical 100 mg/kg - ibid. 

c;pot test mutation grade 

Spermatocyte DNA l 99.01. 10.0. 100.0 - Toxic at high-:~t l.o!crking and 

DNA repair 1000.0 l-IM concentration ~utterworth, 1984 

Hepatocyte DNA 'Purified' 0. 00 1 , I). 000 l-IM - Technical-grade Bermudez et al., 1979 

uNA repair repair 2,4-0NT also gave 
negative results 

Hepatocyte DNA Technical 40.0, 80.0. 120.0, + Sample contained 71~ Hirsalis et !l-, 1982a 

DNA repair repair grade 160.0, 160.0. 2,4-DNT. 
...... 200.0 mg/kg Concentration-related 
...... 
(.J"' increase, DNA repair. 

Treatment also 
stimulated cell 
proliferation 

Hepatocyte DNA >99.91. 50.0, 200.0 mg/kg + Treatment also rirsalis et !l-. 1982b 

DNA repair stimulated cell 
proliferation 

I 

Hepatocyte DNA 'Pure' 25.0, 100.0, 150.0 mg/kg + Ashby et ~-, 1985 

DNA repair 



metabolizing enzymes have been added (59). Although the genotoxicity of many 

compounds is associated with metabolic activation by the enzymes contained in 

this fraction, 2,4-DNT has been mutagenic both in the presence and absence of 

59 <Table 4-7). 

It is not clear whether or not 2,4-DNT induces dominant lethal mutations 

in rats; both positive and negative results have been reported (Hodgson 

et ~., 1976; Dougherty et ~. , 1978). In contrast, both Soares and Lock 

(1980) and Ellis ~1 ~· (1980) found that 2,4-DNT was able to induce dominant 

lethal mutations in mice. 2,4-DNT did not damage DNA 1n rat spermatocytes 

(measured as unscheduled DNA synthesis, UDS) <Working and Butterworth, 1984). 

Mirsalis et ~· (l982a> reported that tDNT caused a concentration-dependent 

increase in UDS in primary hepatocyte cultures. Equivalent results have been 

obtained with pure 2,4-DNT <Ashby et ~ .• 1985). However, a similar assay by 

Rermudez et ~· (1979) did not find any evidence of UOS. Rat lymphocytes 

cultured in the presence of 2,4-DNT had a significant increase in the 

frequency of chromatid gaps (Hodgson et ~·, 1976). 

2,4-DNT has been inactive in assays that measured induction of chromosome 

aberration <Ashby et ~·, 1985), mitotic recombination <Simmon et ~l·, 1977), 

recessive mutation or abnormal sperm morphology (Soares and Lock, 1980) or 

forward mutation in CHO cells (Abernethy and Couch, 1982). 2,4-0NT was 

mutagenic to P388 mouse lymphoma cells in the absence of exogenous metabolic 

activatior. <Styles and Cross. 1983). 

Carcinogenicity 

The carcinogenicity of ONT mixtures that include 2,4-DNT has .been 

investigated in several bioassays. The first bioassay was completed by the 

National Cancer Institute in 1978 (NCI, 1978). Technical-grade DNT (>95 wti: 

2,4-DNT) was arlministered in the feed of Fischer-344 rats and B6C3F1 mice over 

a period of 78 w~ .. No statistically significant evidence for carcinogenicity 

was demonstrated for mice. In rats, the only significant findings were an 

increase i~ benign skin tumors (p <0.008) and in mammary gland fibroadenomas 

(p ~ 0.016). Some rare neoplasms (e.g., hemangiosarcomas of the subcutis and 

urinary bladder and prostate gland adenocarcinoma> occurred in the high-dose 

rna 1 e rats; howe~Jer, these neap 1 asms were not considered trea tment-re 1 a ted. 

One unidentified reviewer (NCI, 1978), though, noted that the rats may not-
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have received a maximum tolerated dose, and consequently the hemangiosarcomas 
may be "biologically significar.t." In a sturiy funded by the U.S. Army, Ellis 
et ~· (1979) administered different amounts of 2,4-DNT (98 wtt. purity, with 
approx~mate1y 2 wtt. 2,6-DNT> in the feed of CD rats, CO-l mice, and beagle 

-

dogs for two years. A positive carcinogenic response was observed in rats, 
(see Appendix C for dose rates and tumor incidEnce data), but not in the mice 

__or dogs. The Chemical Industry Institute of Toxicology <CIIT> sponsored a 
two-year bioassay by Hazleton Laboratories America, Inc. <CIIT, 1982) in which 
technical-grade DNT (-76 wtt., 2,4-DNT and -19 wtt., 2,6-DNT) was adminfstered 
in the feed of male and female Fischer-344 rats. At a dose rate of 14 mg/kg-d 
<see Appendix C) hepatocellular carcinomas or neoplastic nodules were observed 
in all of the rats. 

The primary difference of interest in the bioassays summarized above was 
the absence of hepatocellular carcinomas in the Fischer-344 rats of the NCI 
study and the elevated occurrence of those carcinomas in the Fischer-344 rats 
used in the Hazleton Laboratories study. One explanation for the discrepancy 
is the isomeric composition of the DNT mixtures used in the bioassay studies. 
For example, the daily dose of 2,6-DNT in the Hazleton Laboratories study was 
a factor of 3. 7 times higher than the estimated amount in the NCI study (see 
Popp and Leonard, 1983). To determine which of the DNT isomers was primarily 
responsible for the carcinogenic response in rats, CIIT researchers did 
one-year bioassays with 2,4-DNT, 2,6-DNT, and a tDNT (76 wtt. 2,4-DNT, 18 wtt. 
2,6-DNT) administered in the diets of male Fischer-344 rats. In addition, 
research was conducted on the hepatic initiation/promotion properties of the 
two isomers, as well as tDNT. 

In the bioassays (Leonard et ~ .• 1987) rats were fed 7 or 14 mg/kg-d of 
2,6-DIH, 27 mg/kg-d of 2,4-DNT, or 35 mg/kg-d of tLNT. Rats treated with 
2,6-DNT deveioped hepatocE:.iular carcinomas; however, no hepatocellular 
carcinomas were observed in the rats treated with 2,4-DNT. Approximately hal! 
the rats receiving tDNT developed hepatocellular .carcinomas. In the 
initiation/promotion-related work, Leonard et ~· (1983, 1986), used a hepatic 
initiation-promotion protocol with Fischer-344 rats to show that 2,4-DNT has 
only promoting activity, whereas 2,6-DNT both initiates and promotes 
hepatocytes <see also the Carcinogenic Effects 3ubsection in Section 5). 
Leonard et ~· (1986) suggest that the differences between the bioassays using 
tDNT can be explained by the initiator-promotor characteristics of the two 
isomers, as well as by the quantities administered to the rats. 

lll 



One other study dealing with carcinogenicity of 2,4-DNT was conducted by 

Schut et ~· (1982). In their pulmonary tumor bioassay 52A/J mice received 

intraperitoneal injections of 2,4-DNT totaling 600, 1500, or 3000 mg/kg over a 

period of 8 weeks, with 'iacrifices occurring 22 weeks after the last 

injection. The average number of lung adenomas per mouse was not 

significantly different (p >0.05) from the averages calculated for the 

untreated controls or vehicle-treated controls. 

Levine et ~· (1986) conducted a retrospective epidemiological study of 
457 DNT workers and found that the number of deaths caused by cancer was less 
than expected < s tanddrd mort a 1 i ty ratio = 87). Furthermore, there were no 

specific cancers that had an increased incidence over what was expected. 

Lev1ne et ~·also noted that even if ONT were a human carcinogen, their study 
would probably not have detected significant increases of rare tumors 
associated with liver and other organs. 

Estimation of Intake Limits to Protect Public Health 

The weight of evidence from animal bioassays conducted by Leonard et ~· 
(1987), as well as initiation-promotion studies with hepatocyte foci <Leonard 

et ~·. 1986), ·indicate that 2,4-DNT is probably a cancer promoter, whereas 
2,6-DNT is a complete carcinogen with both initidting and promoting activity. 
Currently there are no methodologies for quantifying the health risks of 

promoters, and therefore we have reviewed the chronic ani rna 1 bi oassays 

completed on DNT <tDNT and pure 2,4-DNT) to identify no-effect dose rates for 

2,4-DNT that could be used to derive safe intake. The only long-term study 

that clearly defined a NOEL suitable for estimation of an intake to protect 

public health was conducted by Ellis et ~· (1979) with CD rats. Other 

studies examined had various deficiencies. For example, the CIIT (1982) study 

conduct~d with Fischer-344 rats produced hepatoxicity in the low-dose group 

(intake of approximately 2.6 mg/kg-d of 2,4-DNT>; tne NCI (1978) study with 

Fischer-344 rats and B6C3Fl mice using > 95 wt1 pure 2,4-DNT focused on the 

detection of neoplastic and nonneoplastic lesions in the exposed animals and 

did not specifically address other forms or measures of toxicity (e.g., 

relative and absolute organ and body weights). Male rats in that study had a 

significantly increased incidence of benign skin tumors, and although the 

treated mice did not have any tumors that could be associated with the DNT 
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treatments, no other measures of toxicity were .reported. Consequently, it is 
not possible to determine whether the treatments actually represent a 
no-effect level. A year-long bioassay by Leonard et ~· (1987) with pure 
2,4-DNT administered at a dose rate of 27 mg/kg-d produced tox(c responses 
(e.g., manifested by significant (p <0.05) increases in liver weights) in male 
Fischer-344 rats. 

In the study by Ellis et ~· (1979) male and female CD rats consuming 
0.563 and 0.69 mg/kg-d of 2,4-DNT in feed (see Table C-1) for two years did 
not exhibit any toxic effects. At the next highest treatment level (i.e., 3.8 
and 5. 0 mg/kg-d) toxic responses < 1 i ver toxicity, anemia;_ etc.) were observed 
in some animals. To calculate a safe intake, we divided the highest no-effect 
dose rate (0.69 mg/kg-d) by a safety factor of 100 to obtain an intake of 
0.0069 mg/kg-d (6.9 ~g/kg-d). 

TOXIC EFFECTS ON AQUATIC SPECIES 

The literature dealing with the aquatic toxicity of 2,4-DNT has been 
revi ~wed by Etni er < 1986), and here we present an overview of the major 
studies that have been completed. The acute toxicity of 2,4-DNT has been 
evaluated through the use of both static an~ flow-through tests for vertebrate 
and invertebrate species. The 96-h LCSO values for fish under static (Table 
4-8) and flow-through (Table 4-9) conditions were similar. Incipient LCSO 
values were lower than 96-h LCSO values determined under static or 
flow-through tests. The same relationship was found for water fleas and the 
worm, 1· variegatus. Of the vertebrate species, rainbow trout were the most 
sensitive species in all acute tests, while the midge<!. dissimilis) had the 
lowest 48-h LCSO and water flea the lowest incipient LCSO. Liu et ~· (1983c) 
examined the effects of photolysis and water characteristics on the toxicity 
of 2,4-DNT. They found that with increased photolysis of 2,4-DNT, the acute 
toxicity to fathead minnows decreased. In tests with bluegills, they found· 
that temperature had the greatest effect on acute toxicity (i.e .. the 96-h 
LCso· decreased by about a factor of three as water temperature increased from 
17.3 to 24.5°C) and that hardness <as CaC03) and pH had little effect. 

The toxic effects of 2,4-DNT to vertebrate and invertebrate species after 
prolonged exposures have been studiec by Bailey (1902), Bailey et ~· (1984), 
and Hartley (1981). Bailey (1982) used a laboratory-scale microcosm to study 
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Table 4-8. Acute toxicity of 2,4-DNT to aquatic organisms under static 

conditions. 

Concentration 
Species (mg/U Effect Reference 

Aguatic vertebrates 

Fathead minnow 32.8 (27.3 to 38.0)a 96-h LC50 Bailey and 
Spanggord, 1983 

Fathead minnow 28.5 (26.3 to 32.5) 96-h LC50 -L i u et ~·. 1983c 

Bluegill 13.5 (12.1 to 15. 1) 96-h LC50 Liu et ~·. 1983c 

Channel catfish 24.8 (21.0 to 29.3) 96-h LC50 Liu et ~·. 1983c 

Rainbow trc ut 13.6 (12.2 to 15.2) 96-h LCSO Liu et ~·. 1983c 

Aguatic invertebrates 

Water flea 47.5 (29.5 to 99.7) 48-h LC50 Liu et ~·. 1983c 

Wat~r flea 38.3 (33.6 to 43.8) 48-h LC50 Liu et ~L·. 1983c 

Worm <h. variegatus) ) 83.2 48-h LC50 Liu et ~·· 1983c 

Midge <I. dissimilis) 22.5 (19.8 to 25.5) 48-h LC50 Liu et ~ .. 1983c 

a 95t confidence interval within parentheses 

the effects of a 21-d exposure of 2,4-DNT to wa-cer flea and the worm, 

~· variegatus. Concentrations ranged from 0.6 to 10 mg/L of 2,4-DNT and 

concentrations at and above i rilg/L greatly reduced the total number of water 

fleas. The number of worms in the microcosms were not affected at 

concentrations below 5.6 mg/L. Bailey et ~- (1984), as reported in Etnier 

(1986), conducted a series of chronic tests with rainbow trout and fathead 

minnows. Exposure period~ ranged from 60 d to six months. In a 90 d exposure 

with rainbow trout, in which hatching success, fry survival and growth were 

monitored, a no-effect concentration of 0.56 mg/L was defined in one series 

with acceptable survival in controls. An early life-stage test with fathead 

minnows did not show effects on egg hatchability, growth of frys, aJd fry 

survival at concentrations up to 3.1 mg/L. In a six-month study, egg 
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Table 4-9. Acute toxicity of 2,4-0NT to aquatic organisms under flow-through 
tests (from Liu et !!·· 1983c). 

Concentration 
Spec1 es (mg/L) Effect 

Fathead minnow 36. 1 96-h LC50 
26.0 {23.4 to 28.5)a incipient LC50 

Bluegill 16.0 96.h LC50 
9. 2 < 8. s to 1 o. ~ >~. , . . ·,· ~ incipient LCSO 

. ' .. Channel catfish 32.0 96-h LCSO 
16.4 < 14. 1 to 18. 9) incipient LC50 

Rainbow trout 13.9 96-h LC50 
6.3 {5.6 to 7.0) incipient LCSO 

Hater flea 23.9 96-h LC50 
4.1 (3.0 to 5.3) incipient LC50 

Harm 47.2 96-h LC50 
30.4 (25.8 to 35.8) incipient LCSO 

a 951 confidence interval, reported only for the incipient LC50 values. 

production was reducPd (p <0.05) at a concentration of 0.62 mg/L. At the 
lowest concentration tested {i.e., 0.28 mg/U, there was a significant 
increase (p <0.05) in fry deformities. Hartley (1981), cited in Etnier 
(1986), exposed juvenile bluefish to 2,4-0NT under flow-through conditions for 
eight weeks. The threshold concentration for reduced growth was 0.05 mg/L. 
His top a tho 1 ogi ca 1 responses were observed in organs at concentrations above 
0. 5 mg/L. 

In other work, Liu et !!· (1983c) studied the effects of 2,4-0NT on the 
population growth of four algal species. Hith ~· capricornutum a 
statistically significant {p <0.05) inhibition of growth occurred at all 
concentrations tested. ranging from 0. 9 to 94.4 mg/L for periods of 4 and 
14 days. The growth of~· aeruginosa was inhibited at a concentration of 
0.5 mg/L, and ~· flos-aguae was inhibited at all concentrations tested (0.~ to 
94.4 mg/L). ~· pelliculosa was inhibited at concentrations above 9.8 mg/L. 
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5. DATA-BASE ASSESSMENT FOR 2,6-0INITROTOLUENE 

The 2,6-DNT isomer of dinitrotoluene is present as a minor constituent in 

mi 1 i tary-grade TNT and tDNT. Never the 1 ess, it 1 s a soi 1 contaminant at many 

installations where demilitarization operations have been conducted (see 

Appendix B). Our analysis of _ _the potential steady-state partitioning of 

2,6-DNT among the eight compartments of a reference landscape indicates tha~ 

it will reside primarily in the vadose zone and ground water. In recent years 

there has been increased interest in the toxicology of 2,6-DNT because there 

is strong evidence that it is a hepatocarcinogen in rats. Accordingly, we 

assess the carcinogenic potency of this DNT isomer in order to calculate safe 

intake rates for different' 1 i fetime cancer risks. 

ENVIRONMENTAL PARTITIONING AND TRANSPORT 

Most of the values for the various chemical and physical properties of 

the 2,6-DNT isomer (see Table 5-1 for identifiers) have been estimated rather 

than measured. Vapor pressure measurements have been made (see Table 5-2 and 

Appendix A), but solubility in water has not been measured and was estimated 

from Kow and melting point <see Appendix A). The uncertainties associated 

with the estimate of solubility subsequently affect the Henry•s law constant 

(computed as the ratio of vapor pressure to solubility) and Koc• which is 

calculated from aqueous solubility and melting point. Partition coefficients 

for p 1 ant I soil , beef-fat/diet, and fish/water are a 11 derived from regression 

equations (see Table 5-3). The predicted equilibrium distribution of 2,6-0NT 

among reference t andscapes, shown in Tab 1 e 5-4, is simi 1 ar to that of 2, 4-DNT 

(Table 4-4). One notable difference, though, is the sma 11 er fraction of 

2, 6-DNT residing in the lower soil zone. This is due to the 1 ower Koc va 1 ue 

for 2,6-DNT, which was derived from its aqueous solubility (estimated) and, 

melting point. 

ENVIRONMENTAL TRANSFORMATION PROCESSES 

Photolysis 

Simmons and Zepr. ( 1986) reported rate constants I or the photo 1 ys is of 

nitro compounds in water samples containing humic materials (see Table 5-5). 
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Table 5-1. Chemical identifiers of 2,6-dinitrotoluene. 

Empirical formula: C7H6N204 Structural formula: 

Molecular weight: 182.14 

·~o~ CAS reg. no.: [606-20-2] '~ RTECS no.: - XT1925000 

The i r rate cons tan t s represent the photo 1 y s i s rate with i n _an i n f i n i t e s i ma 1 l y 
small surface layer of water to eliminate the light attenuation caused by 
humic substances with depth. All values were relative to a p-nitroanisole 
actinometer. Using their rate constant for 2,6-DNT, we calculate a half-life 
of 17 h during sunlight photolysis of distilled water containing 2,6-DNT. 
From their surface photolysis rates for solutions containing fulvic acids from 
the Aucilla River in Georgia and Wylde Lake in Canada, we calculate half-lives 
of 1.0 and 1.5 h, respectively;a Similar half-lives.were determined for water 
samples from natural waters in Florida and Georgia containing humic 
substances. The photolysis of 2,6-DNT is faster than that of 2,4-DNT, and 
Simmons and Zepp attribute the enhanc~d rate of 2,6-DNT to steric crowding of 
the methyl group and the adjacent nitro groups on the 2,6-DNT ring. 

In a review, Spanggord et tl· (1980a) referred to earlier experimental 
work in which they observed a 50~ decrease ; ; the concentration of 2,6-DNT in 
condensate water after one day in sunlight. Burlinson and Glover (l977b), 
exposed an aqueous solution containing 150 ppm 2,6-DNT to sunlight for 5 d, at 
which time they measured 0:2 ppm 2,6-DNT. From this time-dependent 
concentration change, we calculate a half-life of approximately 0.5 d. The 
products were polymers, azo and azoxydimers, and monomers with aldehyde, acid, 
nitroso, and oxime groups. 

Langmuir et tl- (1969) reported the fading of short-lived, colored 
intermediates of 2,6-DNT that are induced by flash photolysis. Their 
experiments showed that the aci-product, an excited state isomer of 2,6-DNT 
analogous to structure I shown in Figure 3-1. has an absorption maxi~um of 

a Note that these are surface photolysis rates. Rates decrease rapidly with 
depth in natural water. 
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Table 5-2. Chemical and physical properties of 2,6-DNT. Properties are for an ambient 
temperature of 20°(. 

Property 

Boiling point 

Freezing/melting point 

Density 

Vapor pressure 

Aqueous solubility 

Units 

oc 
oc 

g/mL 

torr 

mol/L 
mg/L 

Value 

Not available 

64 to 66 

1. 28 

3. 5 X lQ-4 

s.o x lo-3 
910 

Henry•s law constant {L·torr)/mol 0.07 

Diffusion coefficients: Air m2/s 
Water m2/s 

Log octanol/water partition 
coefficient <Kow> 

a See Appendix A. 

log Kow 

6.4 x 1o-6 
6. 3 X lQ-1 0 

1.9 

Source 

Windholz et ~ .. 1983 

Windholz et al ... 1983 

Measured value, Pella, 1977 

Estimateda 

Calculated as the ratio of vapor 
pressure to aqueous solubility 

Estimateda 
Estimateda 

Estimateda 
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Table 5-3. Partition coefficients for use in estimating human exposures to 2,6-DNT. 

Partition 
coefficient Parameter Units 

Plant/soil Ksp (mg/kg plant)a/(mg/kg soil) 

Beef-fat/diet Kfd (ppm in fat)/(ppm diet) 

Fish/water Kfw <mg/kg fish)a/(mg/kg water) 

SOC/water Koc (mg/kg SOC)/(mg/kg water) 

a Wet-weights for plant and fish 

b See Appendix A 

Value Source 

4 Calculatedb from molecular weight 

3. 1 X lQ-3 Calculatedb from log Kow 

13 Calculatedb from log K0w 

34 Calculatedb from log K0w 

.. 

-~------



Table 5-4. Fractional distributions of 2,6-DNT among the eight compartments 
of environmental landscapes representing areas in the U.S. where 
demilitarization operations occur. Distributions are based on the 
steady-state addition of 2,6-DNT to the upper-soil layer. For details of the 
compartments, see Appendix B. 

Compartment Hestern ecoregion Southeastern ecoregion 

rractiona of total inventory present 

Air 2.9 X lo-5 3.2 X lo-5 

Air particles 1. 6 X lo-9 4.9 X lo-9 

Biota 9.3 X 1 o-5 _ 8.012 
Upper soi 1 0.010 0.045 
Lower soi 1 0.26 0. 10 
Ground water 0. 73 0.83 
Surface water 0.0033 0.016 
Sediments 3. 4 x 1 o-5 1. 7 X lo-4 

a Fractions do not add to one because of rounding. 

410 nm in the visible region. At environmental pH's, it should lose a proton 
rapidly because it has a pKa of 1 .8. Langmuir et ~· proposed a mechanism 
that is analogous to that of 2,4-DNT and TNT. 

Hydrolysis 

He could not find any studies dealing with the hydrolysis of 2,6-DNT. 
However, since TNT does not hydrolyze in sea water (see Hoffsommer and Rosen, 
1973), we doubt that 2,6-DNT would hydrolyze. 

Biotransformation 

Chou and Spanggord (1981) reported that 2,6-DNT was not biotransformed 
after 6 wk incubation in Searsville Pond water. Hhen 500 ppm yeast extract 
was added, it disappeared within 6 d. Searsville Pond had no known previous 
contamination of TNT, DNT. or their degradation products. Organisms from 
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Table 5-5. Rates of photolytic degradation of 2,6-DNT in water. 

Rate constant Initial 
concentration 

(mg/U 
for photolysis Half-life 

<s-1) (h) Sample description 

0.2 to 2 Distilled water 

exposed to sunlight 

1 . 1 x 1 o-4a 1 8 

0.2 to 2 

Not stated 

150 

Humic-rich water 
exposed to sunlight 

Condensate water 

from TNT production, 

exposed to sunlight 

Distilled water 

exposed to sunlight 

1. 3 x lQ-4 to 
2 .Q X 1Q-4b 

8.0 x lQ-6c 

1. 6 X 1Q-5d 

a Calculated from a rate constant of 0.98 d-1. 

b Calculated from rate constants of 11 and 17 d-1. 

c SOt of the 2,6-DNT disappeared in 1 d. 

d 150 mg/L of 2,6-DNT decreased to 0.2 mg/L in 5 d. 

1 . 0 to 1 . 5 

-24 

12 

Reference 

Simmons and Zepp, 1986 

Simmons and Zepp, 1986 

Spanggord et al., 1980a --

Burlinson and Glover, 

1977b I 



Waconda Bay in Tennessee, which had been previous I y exposed to these 
chemicals, were able to mineralize 2,4-DNT, but not 2,6-DNT. The 2,6-DNT was 

not degraded by these organisms unless yeast extract was added to their growth 

medium. McCormick et ~- (1976) studied biotransformation rates of various 

nitroarornatics by Veillonella alkalescens in a hydrogen atmosphere. The 

relative rate constants of_2,6-DNT and TNT showed the latter to be 3.7 times 

faster. We would therefore expect half-lives ranging fro;n 30 to 93 d for 
---

2,6-DNT, based on the 8 to 25 d half-lives for biotransformation of TNT given 

by Spanggord et ai. (1980b). In other work, Bringmann and Kuhn (1971) 

accomplished complete oxidation of 2,6-DNT in a two-step laboratory procedure 

with Azotobacter agilis and activated sewage sludge. 

TOXIC EFFECTS ON ANIMALS AND HUMANS 

The toxic effects of 2,6-DNT as well as 2,4-DNT have been reviewed by 

Rickert et ~- (1984) and Etnier (1986). Generally, the toxicokinetics and 

toxicity of 2,6-DNT parallel those of 2,4-DNT; however, as was noted in 

Section 4, there is considerable evidence that the 2,6-DNT isomer is a 

hepatocarcinogen. In Appendix C we calculate carcinogenic potencies of the 

2,6-DNT isomer using the tumor incidence and dose-rate data from chronic 

bioassays described later in this section. Based on those potency estimates, 

we compute dose rates for different lifetime risks of cancer. 

Absorption. Rickert et ~- (198) administered 14c-2,6-DNT to 

Fischer-344 rats by gavage in dos~s of 10 and 35 mg/kg. Rats were sacrificed 

at 1, 2, 4, 8, 12, 24, 48, 96, 192, and 384 h after the initial dose, and the 

livers and intestines were removed for subsequent analysis. Radioactivity 

disappeared quickly from the first quarter of the small intestine, indicating 

that 2,6-DNT is rapidly absorbed. 1\fter 24 h, little radioactivity was 

measured in the intestines. Radioactivity in the liver peaked within one to 

two hours, declined, and then attained a second peak eight to i2 h after 

ingestion. Schut et ~- (1983) examined the distribution and elimination of 

JH-2,6-DNT in A/J mice after i.p. and oral administrations. Radioactivity was 

quickly excreted in urine after i.p. administration, and after 4 h, 87.6"1. of 

the administered dose (1 mg/kg) appeared in the urine. By comparison, the 

radioactivity in urine after 4 h amounted to 33.6"1. when the radiolabel was 
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administered orally, suggesting a slower rate of absorption. Little 

radioactivity was detected in the large intestine, which is consistent with 

the findings of Rickert et !l· (1983). 

Distribution. After oral and i.p. administrations of 3H-2,6-DNT to A/J 

mice, Schut et !l· (1983) detected the -~ighest levels of radioactivity in the 

liver, blood, and Gi tract. Leve--k-of radioactivity were very low in the 

brain, heart, and spleen. Radioactivity levels in the liver of orally dosed 

mice remained constant for up to 8 h after dosing. However, levels of -

radioactivity in the liver increased during the first hour after i .p. dosing 

and decreased thereafter. Long and Rickert (1982) administered do~es of 

10 mg/kg of l4c-2,6-DNT to male and female Fischer-344 rats and measured the 

uri nary and feca 1 contents. Fifty percent of the dose was accounted for in 

the urine after 72 h, and 204 was accounted for in the feces. Between two and 

72 h after dosing with 2,6-DNT, concentrations in the liver were twice as high 

in males as in females. 

Lee et !l· (1975) st~died the distribution and excretion of l4c-2,6-DNT 

administered orally to Charles River rats. After 24 h, 384 of the 

administered radi cacti vi ty was in the feces ( 27. 54) and GI tract < l 0. 54), 

while 604 was recovered in the urine. A small amount of the radioactivity was 

in the expired air (0.1~). Less than 0.14 of the radioactivity was detected 

in the spleen, brain, and lungs, while 0.94 was in the liver, 0.14 was in the 

kidneys, and 0.84 in skeletal muscle. 

Metabolism. Dixit et !l· (1986) found that 2,fi-dinitrobenzyl alcohol 

( 2, 6-DNBA l c) ( unconj ugated or as a g 1 ucuroni de conjugate) represented the 

primary metabolite of 3H-2,6-DNT in cultured hepatocytes from A/J mice and 

Fi scher-344 rats. A minor met abo 11 te was 2-ami no-6-ni troto l uene. The 

anaerobic metabolism of 3H-2,6-DNT by extracts of the cecal contents from mice 

and rats resulted primarily in the formation of 2-amino-6-nitrotoluene and 

2-(N-acetylamino)-6-nitrotoluene. Small GUantitiJs of 2.6~diaminotoluene were 

also detected during this in vitro assay No (N-acetylamino> nitrobenzoic 

acid was found-- as it was in work dealing with the metabolism of 2,4-DNT. 

Long and Rickert ( 1982) studied the met abo 1 ism of 14c-2, 6-DNT in i so 1 a ted 

perfused rat livers and also showed that 2,6-DNBAlc and its glucuronide 

conjugate were tile main metabolites. They also examined the in vivo 
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metabolism following a s1ngle oral dose of 14C-2,6-DNT to Fischer-344 rats. 

Uri nary excretion was the pri nc i pal pathway of eli mi nation, and the major 

metabolites were 2,b-dinitrobenzoic acid (2,6-DNBA), 2,6-dinitrobenzyl alcohol 

glucuronide, and 2-amino-6-nitrobenzoic acid. 

Urine from four worl<.ers exposed to tDNT contained unchanged 2. 6-DNT, 

2,6-DNBA, and 2,6-DNBAlc (see Turner et ~ .• 1985). These urinary metabolites 

are similar to those found by Long _and Rickert (1982) in rats that had 

received an oral admi ni strati on of 2, 6-DNT. Turner et ~. , however, noted 

that no reduced 2,6-DNT metabolites were detected in the human urine <possibly 

due to the detection limits>. In contrast, 2-amino-4-nitrd~enzoic acid (from 

the 2,4-DNT isomer) constituted 25.6 to 37.71 of the total metabolites in the 

four workers. The observation of the reduced 2,4-DNT metabolite indicated 

that nitro group reduction doe5 occur in humans. Nevertheless, because no 

reduced metabolites of 2,6-DNT were measured, Turner et ~· suggest that "the 

biliary excretion/nitro reduction pathway for bioactivation of 2,6-DNT occurs 

to a much lesser ex tent in humans than in rats". The met abo 1 ism studies 

conducted with 2,6-DNT indicate that it undergoes oxidative/reductive 

transformation~ analogous to 2,4-DNT. The methyl group of 2,6-DNT is oxidized 

to an alcohJl by the cytochrome P-450 pathway in the liver. This benzyl 

alcohol is then conjugated with glucuronic acid and excreted in the bile. 

Twice as much of the glucuronide finds its way into the bile of males as of 

fer.1ales (Long and Rickert, 1982). The glucuronide passes through the bile 

duct and into the ~mall intestine where it undergoes deconjugation and 

reduction by intestinal microflora. Reduction by the intestinal microflora of 

the deconjugr.ted metabolite results in an aminonitrobenzyl alcohol. This 

a l coho 1 can be reabsorbed from the i ntes tine. The am_ount of pectin in the 

diet of rats appears to determine the amount of metabolism by the intestinal 

microflora (Goldsworthy et ~. 1986). 

The rea1sorbed aminonitrobenzyl alcohol reaching the liver must then be 

transformed to a compound that covalently bonds with hepatic macromolecules 

<see Rickert et !}_., 1983 and Rickert et !!·. 1984). N-hydroxylation with 

subsequent su1fation of the alcohol moiety has been mentioned as a possible 

activation process of aminonitrobenzyl alcohol. Kedderis et ~· (1984) used 

sulfotransferase inhibitors to determine whether sulfate ester formation is a 

necessary step in covalent binding of DNT metabolites to hepatic 

macromolecules. The effect of the sulfotransferase inhibitors 
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pentachlorophenol or 2,6-dichloro-4-nitrophenol was to decrease the covalent 
binding of 2,6-0NT metabolites. The decrease of total hepatic macromolecular 
binding by 2,6-0NT metabolites was 691.. A 951. decrease was observed in 
hepatic DNA binding by metabolites of 2,6-DNT. 

Excretion. As previously discussed, urine 1s the major elimination 
pathway for 2,6-DNT. Long and Rickert (1982) found that both male and female 
rats-~~creted approximately half of 10 mg/kg oral doses of 14(-2,6-DNT as 
urinary metaholites, while almost 201. of the dose was excreted in the feces in 
72 h. Urinary excretion was essentially finished after 24 h. Schut et ~
(1983) found that mice given an i.p. or oral administration of JH-2,6-DNT 
excreted radioactivity more slowly after oral dosing than after i.p. 
administrativn. Elimination from the GI tract was negligible after i.p. and 
oral doses (i.e., <2.41. of the radiolabel). Elimination from the lungs was 
also negligible (0.031. of the radiolabel). In their study of urinary 
metabolites of DNT workers, Turner et !]_. (1985) estimated half-lives for the 
elimination of 2,6-DNT metabolit~s. They found that the excretion half-lives 
for 2,6-DNBA and 2,6-dinitrobenzyl glucuronide ranged between 2.53 and 2.89 h. 

Toxic Effects on Organs and Systems 

Lee et ~· (1976) performed acute and subchronic studies of 2,6-DNT using 
dogs, rats, and mice. Dogs received the 2,6-0tH in capsule form, whereas the 
rats and mice received it in their feed. Average dose rates to male and 
female dogs ~ere 4, 20, and 100 mg/kg-d. Rats and mice received 0.01, 0.05, 
and 0.25 wt1. 2,6-DNT in their feed. Dose rates of 2,6-DNT varied according to 
the particular period of the 13-week exposures, and in our summaries below we 
use the dose rates given for the appropriate exposure period. Statistical 
tests were only performed on selected parameters (i.e., absolute and relative 
body weights and b 1 ood chemistry). The fo 11 owing subsections on organ , 
toxicity are drawn largely from the work of Lee et ·~. (1976). 

Hepatic effects. Dogs orally dosed with 20 to 100 mg/kg-d of 2,6-DNT for 
13 weeks had extramedullary hematopoiesis ~n the liver, bile duct hyperplasia, 
and degeneration and inflammation of the liver. Bile duct hyperplasia was 
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observed in rna 1 e and fema 1 e rats at average 2. 6-DNT tlo~es of 144.7 and 

155 mg/kg-d, respectively, over 13 weeks. 

Hematological effects. Dogs that were dosed with 20 mg/kg-d of 2,6-DNT 
exhibited signs of anemia with decreased hematocrit and hemoglobin 
concentration, and a compensatory ret!_culocytosis after two weeks. Small 
amounts- of methemoglobin were detected at eight weeks in the b 1 ood of these 
dogs. Heinz bodies and SGPT increases were noted at the end of 13 weeks. 

Average dose rates of 2,6-DNT to male rats (14.7 mg/kg-d) and female rats 
(15.5 mg/kg-d) produced significantly increased (p level ~ot given) amounts of 
methemoglobin after 13 weeks. Compensatory reticulocytosis was noted in both 
rna 1 e and fema 1 e rats at these dosages after four weeks. Decreased 
reticulocyte counts wPre observed in male and female rats at dose rates of 8.5 
and 7.7 mg/kg-d, respectively, after four weeks of dosing. Extramedullary 
hematopoiesis in the spleen 111as seen in dogs, rats and mice. This response 
was observed at the same dosing rate that elicited extramedullary 
hematopoiesis in the liver. Hemosiderosis was observed in both male and 
female rats at the low dose rates (i.e., 7.2 and 7.4 mg/kg-d, respectively). 

Reproductive effects. A dose rate of 100 mg/kg-d resulted in the 
depression of spermatogenesis after 13 weeks in a couple of dogs. Male rats 
had depression of spermatogenesis at 37 and 126 mg/kg-d after fout weeks. 
Testicular atrophy and aspermatogenesis were noted in rats after 13 weeks of 
144.7 mg/kg-d dosing. There was testicular atrophy in mice at a dose rate of 
326.3 mg/kg-d after four weeks. 

Neuro 1 ogi ca 1 effects. Dogs began ex peri enci ng neuromuscu 1 ar symptoms 
before four weeks at a dose rate of 100 mg/kg-d. Symptoms began with 
listlessness, incoordination, and lack of balance. The muscles then became 
stiff, and the animals were unable to move. No neuiomuscular toxicity was 
noted for either rats or mice. 

Dermal effects. Lee et al. (1975) found 2,6-DNT to be a mild skin 
irritant in rabbits. 
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Genotox i city 

2,6-DNT has been studied for its ability to induce reverse mutations in 
bacteria, mitotic recombination in yeast, forward mutations in mammalian 
ce 11 s, and unschedu 1 ed DNA synthesis in primary hepatocyte cu 1 tures. The 
results of these tests are summarized in Table 5-6, and are discussed in the 
following section. 

A relatively early study reported that 2,6-D~T was inactive in the Ames 
assay <Simmon et ~·, 1977). However, more recant studies have found evidence 
that 2,6-DNT is mutagenic to Salmonella. For example, Couch et !]_. (1991) 
reported that 2,6-DNT induced a two-to-fourfold increase in the number of 
revertants when tested in the presence or absence of S9. The da ~a of 
Spanggord et ~. ( 1981) confirmed that the addition of S9 does not 
significantly alter the activity of 2,6-DNT. However, 1n the latter :>tudy, 
2,6-DNT was only mutagenic to strain TAlOO, which is sensitive to base pair 
mutagens. 

Lee et ~· (1976) measured a statistically significant increase in the 
number of chromatid gaps and chromatid breaks in the lymphocytes of rats that 
were fed 2,6-DNT in the diet (0.05 wt1.). KidnP.y cells from the same anima1s 
showed a significant increase in the number of tetrap1oids. 

2,6-DNT has given variable results in assays of UDS, and its activity in 
primary hepatocytes may depend on the test protocol. When Ber~udez et !]_. 

(1979) evaluated 2,6-DNT in an in vitro assay, there was no evidence cf DNA 
damage. The more sensitive in vivo-in vitro assay of Mirsa~is et !]_. (l982a, 
1982b) demonstrated that 2,6-DNT was a potent inducer of UDS in hepatocytes. 
2,6-DNT does not induce UDS in spermatocytes <Working and Butterworth, 1984). 

Short-term assays to evaluate the ability of 2,6-DNT to induce mitotic 
recombination in Saccharomyces or forward mutations in CHO and mouse lymphoma 
cells have given negative results <Simmor. et !]_. 1977; Abernethy and Couch,, 
1982; Styles and Cross, 1983; Lee et ~ .• 1976). 

Carcinogenicity 

In this subsection we review the results of several bioassays carried out 
on tDNT, as well as the 2,4- and 2,6-DNT isomers. Appendix C contains tumor 
incidence data for the studies reviewed here. The National Cancer Institute 
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tudies completed 011 the genotoxicity of 2,6-DNT. 

)n 

Sample 
purity 

Not 
specified 

Not 
specified 

Not 
specified 

2_99.98~ 

Not 
specified 

2_99.8~ 

Not 
specified 

'Pure' 

Dosage 

0.6, 5.0, 15,0, 
35.0, 45.0 ~g/plate 

100.0, 
1000.0 ~g/plate 

10.0 to 5000.0 
~g/plate 

1000.0 ~g/plate 

9.6 x 10-5 to 
7. 0 X jQ-3 ~ 
(v/v) 

0.7, 1.4, 2.0 
2.5 mM 

0.05 wt~ (in diet) 

1 . 6 • 8 . 0 . 40 . 0 • 
200.0, 1000.0 ~g/ml 

Results 
+59 -59 

? 

+ + 

+ + 

Corrments 

Insufficient data 
to evaluate 

Positive results only 
with TAlOO. Specific 
revertant counts not 
reported. 

Single concentration 
tested. 

Assay may be 
insensitive 

,. 

References 

Simmons et ~-, 1977 

Tokiwa .tl B-, 1981 

Spanggord et ~-. 198 

Couch et ~-. 1981 

Simmon et ~-, 1977 

Abernethy and Couch, 1 

lee et ~-, 1976 

Dose-dependent decrease Styles and Cross, 1983 
in survival, with and 
without S9. 



rable 5-6. (continued) 

Genetic Sample Results 

ay endpoint purity Dosage +59 ColllTlents References 

Chromosome Not 0.05% (in diet) + Significant increase Lee et .2} .• 1978 

.phocyte 3berration specified in number of chromatid 

gaps and breaks. 

ney Chromosome hlot 0.05% (in diet) + Significant increase lee et .2} .. 1976 

1 aberration specified in number of tetraploid 

ce 11 s. 
I 

·rmato.:ytP DNA repair 2,99.0% 10.0, 100.0, - Toxic at highest Working and Butterwort 

, repa. i r 1000.0 ~M concentration 1984 

•atocyte DNA repair 'Purified' 0.001, 0.0001 M - Bermudez et .2]_ •• 1979 

1 repair 

Jatocyte DNA rerair 299.9% 5. 0' 20.0' + Treatment also Mirsalis et 2..!_., 1982a 

<repair 100.0 ~g/kg stimulated cell Mirsalis et .2} .• 1982b 

proliferation 



(NCI. 1978) performed a chrrmic study on Fischer-344 rats and B6C3Fl mice. 
The DNT used in the study was ·•grea ter than .. 951. 2, 4-0NT. Impurities were not 
identified. Groups of 50 male and 50 female rats received tDNT at dietary 
concentrations of 0.04 and 0.008 wt1. (time-weighted concentr~tions). No 
statist1cally significant incidence of malignant tumors was observed. Slight, 
but not statistically signi(icant, \increases in the number of hepatocellular 
carcinomas- were seen in-male rats receiving either low or high doses 
(incidence: 3/49 for low dose vs. 0/45 for low-dose controls; 3/48 for high 
dose vs. 0/25 for high-dose controls). Neither the high-dose nor the low-dose 
groups had survival rates significantly different from th-e corresponding 
control group. Five males and five females from each dose level were 
sacrificed at week 78. The dosing regime was discontinued for the remaining 
rats and they were observed for an additional 26 weeks. Treatment-induced 
benign tumors found in significant numbers were: fibroma of the skin and 
subcutaneous tissue in the high-dose (p = 0.003) and low-dose (p = 0.008) male 
rats and fibroadenoma of the mammary gland (p = 0.016) for high-dose female 
rats. The maximum tolerated dose was not defined in this study. 

Under funding from the U.S. Army, Ellis et ~· (1979) performed chronic 
bioassays using dogs, rats, and mice. The tDNT used in these studies averaged 
98 wt% 2,4-DNT and 2 wt% 2,6-DNT. Significant incidences of malignant tumors 
were found on 1 y in the CD rats. Three dosing 1 eve 1 s were used in the rat 
study. Each treated group of rats began with 38 male rats and 38 female rats. 
The rat feed consumed provided an average 2,4-DNT intake for both sexes <see 
Table C-1) of 0.63 mg/kg-d (0.01 mg/kg-d 2,6-DNT), 4.4 mg/kg-d (0.09 mg/kg-d 
2. 6-DNT>, and 39. 1 mg/kg-d (0. 8 mg/kg-d 2, 6-DNT>. The high dose wa.s very 
toxic to the· rats and caused a shortened lifespan. Incidences of 
hepatocellular carcinoma were statistically significant only for female rats 
receiving the high dose. The incidence of carcinomas in the females receiving 
the high dose was 18/34 compared to 0/23 for the controls (p = 0.00000071). 
Significant numbers of benign tumors were also noted in both rats and mice. 
Although hepatocellular neoplastic nodules occurred in rats, these data were 
not combined with the carcinoma data and statistically evaluated. The males 
receiving the high dose had an increase in hepatocellular carcinomas, ~ut this 
increase was not statistically significant when compared to controls (6/29 vs 
1/25). This result could be due to the high rate of early deaths of the males 
receiving the high dose. 



The Chemical Industry Institute of Toxicology (CUT, 1982) cc:npleted a 

two-year tDNT feeding study that indicated that tDNT is hepatocarc:1nogenic in 

Fischer-344 rats. The tDNT used in this study was composed of 76.4 wt"L 

2,4-DNT and 18.8 wt"L 2,6-DNT. The rema,ning 4.8 wt"L contained four other DNT 

isomers. Groups consisting of 130 rats of each sex were assigned to treatment 

groups receiving average i ntak.es of 2, 4-DNT of 3. 4, 13.5, and 35 mg/k.g-d 

(associated intakes of 2,6-DNT were 0.64, 2:s, and 6.6 mg/k.g-d). 

Statistically significant incidences of hepatocellular carcinomas and hepatic 

neoplastic nodules were found in both sexes at the high-dose level. Two 

hepatocellular carcinomas were found in male rats as early -as the week.-26 

serial sacrifice. The combined incidences were 10110 for males receiving the 

high dose compared to 0/10 for controls after one year of treatment. Female 

rats had a 9110 combined hepatic-neoplastic-nodule/hepatocellular-carcinoma 

incidence compared to 0/10 for controls. All rats in the high-dose group were 

sacrificed at week 55 because of the histopathological findings at the earlier 

seri a 1 sacrifices. Ma 1 e and fema 1 e rats in the mid-dose groups had high 

incidences of neoplastic nodules and hepatocellular carcinomas at subsequent 

serial sacrifices and at the week. 104 terminal sacrifice (e.g., male rats: 

23/23 vs 0/19 for controls; female rats: 66/68 vs l/23 for controls at week. 

104). Cholangiocarcinomas were seen in males receiving mid and high doses 

and were assumed to be treatment-related, although they were not statistically 

significant. 
Leonard et ~. < 1987) a 1 so carried out one-year bi oassays using tDNT 

(19 wt"L 2,6-DNT), pure 2,4-DNT, and pure 2,6-DNT. Significant incidences of 

hepatic neoplastic nodules and hepatocarc1nomas were noted in the Fischer-344 

rats receiving the pure 2, 6-DNT or tDNT. No rna 1i gnant tumors we.re found in 

the rats administered pure 2,4-DNT in their diets. Multiple carcinomas were 

frequently seen in rats dosed with either tDNT or 2,6-DNT. Ten percent of 

these animals had cholangiocarcinomas. Leonard et !1· concluded that most, if , 

not all, of the carcinogenicity of tDNT could be attributed to the 2,6-DNT 

isomer. 

In addition to the animal bioassays that have been completed, work has 

been completed on the initiation/promotion potential of the ONT isomers. 

Leonard et ~· (1983), for example, studied the initiation of the DNT isomers 

to examine their carcinogenic activity. Four different hepatic initiation

promotion systems using Fischer-344 rat hepatocytes were used to examine the 



relationship between DNT dosing. and the incidence of gamma-glutamyl 
transpeptidase positive foci <GGT+) (> 9 cells/focus). An increased number of 
GGT+ foci indicated initiation abil~ty of a DNT isomer. 6oth 2,6-DNT and tDNT 
gave positive initiation responses ~in which a partial hepatectomy (growth 
initiation) was performed 12 h before administration. Hhen tDNT 
administration was started at times later than 12 h after a partial 
hepatectomy, the number of GGT+ foci decreased, suggesting that DNT-induced 
promotion may be reversible. Only 2,6-DNT significantly (p <0.05) increased 
the number of GGT+ foci. Additional testing showed that GGT+ foci increased 
with dose between 37.5 and 100 mg/kg. Hhile tDNT ·nd 2,6-DNT are considered 
initiators in these tests, compared to other known initiators, they are only 
weak initiators. 

Leonard et ~· (1986) also studied the promotional activity of 2,4- and 
2,6-DNT. These isomers wer~ given to rats- at dietary dose rates of 27 mg/kg-d 
and 14 mg/kg-d, respectively, for s~x weeks after receiving the initiator DEN 
(diethylnitrosamine) in the diet. Both 2,4- and 2,6-DNT significantly 
increased (p <0.05) the number of GGT+ foci, when there was prior treatment 
with DEN. The 2, 6 -isomer produced twice the number of GGT+ foe i as did 
2,4-DNT. However, only 2,6-DNT produced a significant increase (p <0.05) in 
GGT+ foci without the use of the DEN initiator. Thus, it appears that 2,6-DNT 
is an initiator and promoter, whereas 2,4-DNT acts solely as a promoter in 
this assay. On the basis of the above data, 2,6-DNT appears to be a complete 
carcinogen. causing both initiation and promotion of carcinogenesis, while 
2,4-DNT appears to be only a weak promoter. The data suggest 2,4-DNT exposure 
must be accompanied with exposure to an initiator to induce carcinogenesis. 

Estimation of Intake Limits to Protect Public Health 

The hepatocarcinogenicity of 2,6-DNT has been demonstrated with both 
animal bioassays and studies involving the initiation-promotion of 
hepatocytes. Under thQ "weight-of-evidence" protocols adopted by the U.S. EPA 
(1986b) for use in carryiny out risk assessments of suspected carcinogens. 
2,6-DNT would be classified as a Group 82 agent (i.e .... sufficient" evidence 
from animal studies, but with inadequate human data>. To assess the 
carcinogenic potency of 2,6-DNT, we applied the multistage dose-response model 
<see Appendix C for a discussion of assumptions) to the tumor incidence-dose 
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rate data in Table C-1. The resulting 957. upper-confidence 1 imits of 

carcinogenic potency were then used to calculate doses corresponding to 

different lifetime cancer risks and are shown in Table 5-7. At a.Jifetime 

risk of JQ-5, the doses range from 1 . 7 x JQ-6 to 5. 3 x JQ-5 mg/kg-d <based on 

a body-weight extrapolation) and 2.8 x lo-7 to 7.7 x Jo-6 mg/kg-d (based on a 

surface-area extrapolation). 

TOXIC EFFECTS ON AQUATIC SPECIES 

Aquatic toxicity data for 2,6-DNT-are very limited. Measurements of the 

acute toxicity in water fleas and fathead minnows were performed by Liu et !l· 

(1983b) and are presented in Table 5-8. 2,6-DNT is about twice as toxic to 

these two species as is 2,4-DNT. No chronic or bioaccumulation studies have 

been reported on 2,6-DNT. 



Table 5-7. Dose rates for 2,6-DNT corresponding to different 1 i feti me cancer risks. Dose rates 
are calculated from the potencies presented in Table C-1 of Apper.dix C. 

Lifetime cancer risk 

Species 10-5 10-6 10-7 

and Tumor 

sex type a swb SAC swb SAC swb SAC Reference 

Dose rate in mg/kg-d 

Rat HCC 2. 9 )( 10-6 5.o x w-7 2.9 x w-7 5.0 x w-8 2. 9 x w-8 5.6 x w-9 Leonard tl ~-. 

male only 1987 

Rat . HCC 1.1 x 1o-6 2.8 x w-7 1.7 X 10-7 2. 8 x w-8 1.1 x 1o-8 2.s J( to-9 Leonard et ~., 

male or NN 1987 

Rat HCC 3.3 X 10-6 5.6 x w-7 3.3 x w-7 5.6 x w-8 3. 3 X 10-8 5.6 X 10-9 'Leonard et ~-, 

male or NN 1987 

...... 

..t:>o Rat HCC 1.1 x w-6 1. 3 x w-6 1.1 x w-7 1.3 X 10-7 7. 7 X 10-8 1. 3 )( 10-8 Leonard et ~-, ...... 
male onl:,. 1987 

Rat HCC 4.5 )( 10-5 7. 7 )( 10-6 4. 5 )( 10-6 7.7 )( 10-7 4.5 )( 10-7 7. 7 X 10-8 CIIT, :982 

male or NN 

Rat HCC 5.3 X 10-5 7. 7 X 10-6 5.3 x w-6 1.1 x w-7 5.3 x w-7 1.1 x w-8 (Ill. 1982 

female or NN 

Rat HCC l.4xl0-5 2. 8 X 10-6 1 .4 x w-6 2.8 X 10-7 : . 4 )( 10-7 2. 8 )( 10-8 ~llis et ~-, 

male or NN 1979 

Rat HCC 6.2 x w-6 I . 1 X 10-6 6.2 X J0-7 1 . 1 X 10-7 6.2 X 10-8 l. l X )ij-8 E11is tl ~-. 

female or NN 1379 

Rat HCC 1.8x10-5 3.1 x w-6 l. 8 X 10-6 3.7 X 10-7 1.8x10-7 3. 7 X 10-8 Ellis et ~-. 

male only 1979 

Rat H(( l.Oxl0-5 J. 7 X lQ-6 1.0 x w-6 1.7 x 10-7 1 .0 )( 10-7 1.1 x w-8 Ellis et ~-, 

female only 1979 
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Table 5-7. Footnotes 

a HCC = hepatocellular carcinoma, NN = neoplastic n;dule. 

b BW = Body weight interspccies dose-extrapolation rnethod; equivalent doses (0) assumed to be in mg/kg, so Ohuman = Oanimal. 

c SA =Surface Area interspecies dose-extrapolation method; equivalent doses (0) assumed to be in mg/kg 213 • so Ohuman = Oanimal 

[(animal weight)/70 kg)l/3 . 



Concentration 
Species (mg/L) 

Water flea 19.3 to 24.6 (21.8) . 
Fathead minnow 17.2 to 20.2 (18.5) 

Effect 

48 h ECSO 
; . . ... 

" 

9c h t.cso 

Reference 

Liu et ~ .• 1983b 

Liu et ~ .• 1983b 



6. DATA-BASE ASSESSMENT FOR 1,3-0INITROBENZENE 

1 ,3-Dinitrobenzene (ONB) is an impurity in TNT and as such, it represents 
a rotential co-contaminant of TNT at 08/00 grounds. This particular 
co-contaminant has been measured in soils at 08/00 areas as well as in the 
waste waters of munitions factories. An earlier review of the environmental 

_ chemistry and toxicology of DN8 (Wentsel et ~·. 1979), addressed most of the 
relevant literature published prior to 1979. In the following subsections, we 
update that previous review, focusing primarily on those studies with 
information pertinent to the quantification of the health and environmental 
risks of DNB. 

ENVIRONMENTAL PARTITIONING AND TRANSPORT 

The chemical identifiers for DNB are presented in Table 6-1. its chemical 
and physical properties are shown in Table 6-2, and its partition coefficients 
are shown in Table 6-3. Although DNB has the highest Henry's law constant 
(i.e .• 0.14 L-torr/mol) of the explosives and co-contaminants addressed in 
this report, most of the DNB added to the surface-sci I compartments of the 
reference landscapes under steady-state conditions should distribute to the 
lower-soil compartment or ground water of those landscapes, as shown in 
Table 6-4. 

ENVIRONMENTAL TRANSFORMATION PROCESSES 

Photolysis 

Simmons and Zepp (1986) reported rate constants for the photolysis of 
nitroaromatic compounds, including DN8, in distilled water and aqueous 
solutions contcining humic materials (see Table 6-5). The average annual rate 
constant for the direct photolysis of DNB in distilled water was 0.03 d-1 at 

0 

40 N latitude. The near-surface photolysis rates for DNB in a sample of 
Aucilla River water anrl in an aqueous solution containing fulvic acid were 
0.029 and 0.043 d-1. respectively. The photolysis rutes for DNB wer~ 
considerably lower than those for 2,4-DNT and 2,6-DNT, which Simmons and Zepp 
also studied. One explanation is that ONB lacks the methyl group that 
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Table 6-1. Chemical identifiers of 1,3-dinitrobenzene. 

Empirical formula: C6H4<N02>2 Structural formula: 

Molecular weight: 168.11 N~ 

0~ CAS reg. no.: [99-65-0] 

RTECS no.: CZ7350000 

accelerates the photolytic detomposition of the ONT molecules due to steric 
interaction with the adjacent nitro groups on the ring. Spanggord et ~· 
(1980a> noted a 501 loss of the DNB component of condensate water after 12 d 
of exposure to sunlight. However, the same amount was lost after 14 d in the 
shade. They suggested that volatilization was the primary mode of ONB loss. 

Biotransformation 

Several researchers have investigated the biotransformation of DNB. 
Mitchell et ~· (1982), for example, examined its aerobic biotransformation in 
Tennessee River water taken do~nstream from the Volunteer Army Ammunition 
Plant, Chatanooga, Tennessee. Controls included sterilized Tennessee River 
water and local water samples and sediments taker. near Frederick, Maryland. 
Hhen incubated with the Tennessee River water at a concentration of 5 ~g/L, 

DNB was completely transformed in 15 d with a 10-d lag time. These changes 
were reproducible w1th samples takP.n up to a year l~ter. Most local waters 
and sterilized samples studied did not support the biotransformation of DNB; 
however one combination of a local sediment and water caused transformation of 
DNB at approximately the same rate as the water from the Tennessee River. No 
other sediment caused transformation. 

Other researchers have also found that ONB is transformed by 
microorganisms. McCormick et ~· (1976) measured a microbial degradation rate 
for DNB that was 3.4 times less than that of TNT, using Viellonella 
alkalescens. Cartwright and Cain (1959) demonstrated reduction to arylamines 
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Table 6-2. Chemical and physical properties of DNB. Properties are for an.ambient temperature of 
20°(. 

Property Units 

Boiling point oc 

Freezing/w.elting ppint oc 

Density g/mL 

Vapor pressure torr 

Aqueous solubility mol/L 
mg/L 

Henry's law constant ( L-torr) /rna l 

Diffusion coeffici~nts: Air m2/s 
Water m2fs 

Log octano1/water partition 
coefficient (K0w) 

a See Appendix A. 

log Kow 

Value 

300 to 303 
(decomposes) 

89 to 90 

1.58 

2 X lQ-4 

1. 1 X lQ-3 
180 

2 X lQ-1 

6. 8 X lQ-6 
6. 8 X lQ-1 0 

1.49 

} 
.? 

Source 

Hindho1z et ~-, 1983 

Hindho1z et ~-, 1983 

Hindholz et ~·, 1983 

Extrapolateda from pressure
temperature data given in 
Meyer. 1981 

Interpolated from solubility
temperature data given in 
Freier, 1976 

Calculated as the ratio of vapor 
pressure to aqueous solubility 

Estimateda 
Estimateda 

Har,:.,ch and Leo, 1979 



Table 6-3. Partition coefficients for use in estimating human exposures to DNB. 

Partition 
coefficient Parameter Units Value Source 

Plant/soil Ksp (mg/kg plant)a/(mg/kg soil) 4 Calculatedb from molecular weight 

Beef-fat/diet Kfd .• (ppm in fat)/(ppm diet) 2.2 X lQ-3 Calculatedb from water 
solubility and log K0w 

Fish/water Kfw (mg/kg fish)a/(mg/kg water) 6 Calculatedb from (",g K0w 

SOC/water Koc <mg/kg SOC)/(mg/kg water) 210 Calculatedb from ;solubility 
in water and meltin9 point 

a Wet-weights for plant and fish 
~ 

~ b See Appendix A 



Table 6-4. Fractional distributions of DNB among the eight compartments of 
environmental landscapes representing areas in the U.S. where demilitarization 
operations occur. Distributions are based on the steady- state addition of 
ONB to the upper-soil layer. For details of the compartments, see Appendix B. 

Western ecoregion Southeastern ecoregion 

Compartment Fractiona cf total inventory present 

Air 
Air particles 
Biota 
Upper soi 1 
Lower soi 1 
Ground water 
Surface water 
Sediments 

7.8 X 

6.2 X 

2.5 X 

0.027 
0.40 
0.57 
0.0021 
1. 1 X 

w-5 
w-9 
lQ-4 

lQ-4 

a Fractions do not add to one because of rounding. 

8.9 X lQ-5 

1. 4 X JQ-8 

0.025 
- 0.096 

0.098 
0.77 
0.0078 
4. 2 X lQ-4 

by an extract of Nocardia erythropolis. Bringmann and Kuhn (1971) were able 
to oxidize DNB in a two-step laboratory procedure with Azotobacter agiiis and 
activated sewage sludge. Chambers et ~· (1963) found that some oxygen was 
utilized in a mineralization experiment with DNB, using phenol-adapted 
bacteria from sewage sludge. Hallas and Alexander (1983) found that the 
microbes in a 1aw sewage effluent were able to transform DNB under both 
aerobic and anaerobic conditions. The half-lives were less than two weeks for 
both conditions. Their reported biotransformation product was 3-nitroaniline. 

Several other researchers found little or no biodegradation with selected 
microorganisms. Sanyal and Gupta (1974) found that DNB totally inhibited 
fungal growth of the five fungi tested when they were looking for a combined 
corrosion and fungus inhibitor. Alexander and Lustigman (1966) found no ring 
cleavage after 64 d when using DNB as a sole carbon source with soil 
microorganisms. They did not examine the solution for transformation products. 
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Table 6-5. Photolytic degradation of DNB (from Simmons and Zepp, 1986). 

Initial 
concentration 

(mg/L) Derivation 

0.2 Calculated? average annual rate for 
DNB in-distilled water at pH= 5.5 

0.1 to l Measured in distilled water exposed to 
sunlight in Athens, GA, corrected with 
actinometer. 

0. 1 to l 

0. 1 to 1 

Measured in Aucilla River water exposed to 
sunlight, corrected to surface value with 
actinometer. 

Measured in an aqueous solution contai~ing 
fulvic acid exposed to sunlight, 
corrected to surface value with 
actinometer. 

a Using the method of Zepp and Cline, 1977 

Photolysis 
rate 

constant 
( d-1) 

0.03 

0.01 

0.029 

0.043 

Half 
1 if e 
(d) 

23 

69 

24 

16 

In summary, biotransformation will be a significant degradation pathway 

for DNB only in environmental media with organisms that have adapted to 

transform it. 

Hydrolysis 

Hydrolysis is not expected to be a major environmental fate of DNB 
<Spanggord et !1_., 1980a). 

TOXIC EFFECTS ON ANIMALS AND HUMANS 

-:-he toxic effects of DNB have been studied for over one hundred years 

<see Beritic (1956) for a discussion of the earliest citations). The first 

analyses of its toxicity were related to occupational exposures in munitions 
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factories d~ring the World Wars when it was used as an explosive filler. The 
primary effect to exposed workers was methemoglobinemia. Similar responses 
have been demonstrated in laboratory animals. Recent studies have shown that 
DNB also causes toxic effects to the reproductive system of rats. 

Toxicokinetics 

Absorption. The existing data on the absorption of DNB come marnly from 
occupational exposures; few animal data exist. A study by Ishihara et ~
(1976) has shown that DNB is easily absorbed through skin .. Their study was 
designed to explore the cause of cyanosis in a woman employed in an 
electronics factory who used rubber gloves to handle parts immersed in a 
chemical mixture containing 5000 ppm of DNB. They duplicated the exposure 
condition using a volunteer who handled the immersed parts for 45 min using 
latex gloves. Blood samples were collected before and after the ex)osure 
(i.e., immediately before exposure, at the end of the exposure, and at 3, 5, 
and 21 h post exposure). Methemoglobin levels reached peak levels immediately 
after the exposure and declined afterward. Measurements of the breathing-zone 
air of the volunteer did not detect the presence of DNB; however, a permeation 
experiment conducted by the researchers showed that DNB passes throu~h the 
latex gloves -- indicating that dermal absorption was the route of uptake. 
The rapid increase in methemoglobin levels suggests that this compound is 
quickly absorbed through skin. The review by Wentsel et ~- (1979) also noted 
an early study conducted by White and Hay (1901) in which DNB was applied in 
the form of an ointment to the backs of cats-- all of which developed 
classical symptoms of methemoglobinemia. Okubo and Shigeta (1982) reported 
several cases of cyanosis that occurred among workers who were exposed to ONB 
dust particles while removing DNB that had crystallized in a tank. The 
workers used only gauze masks and rubber gloves. Exposures included both 
inhalation and skin absorption (particles of DNB adhered to the worker's 
skin>. although the authors considered inhalation the major exposure pathway 
because the skin contact was with DNB in solid form. However, without 
measurements of the airborne concentrations of the ONB particles and the 
deposition on skin, it is not possible to determine wh1ch pathway was the most 
important. 
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Metabolism and elimination. The primary metabolic reactions of DNB 

involve reduction of the nitro groups and oxidation of the aromatic ring to a 

phenol. Parke (1961) examined the metabolism and excretion of radiolabeled 

ONB in rabbits. After oral (50 to 100 mg/kg) administration, 65 to 93% of the 

radioactivity was recovered in the urine after 2 d. The feces only contained 

trace amounts (1 to 5%) of the dose. Of the metabolites detected, 30% were 

conjugat~d with glucuronic acid and only 6% with sulfate. The major 

metaborites found were m-nitroaniline; m-diaminobenzene (together totaling 35% 

of the dose); 2,4-diaminophenol (31% of the dose); and 2-amino-4-nitrophenol 

(14% of the dose). Miscellaneous metabolites (20% of the dose) included other 

oxidation and reduction products, and azoxy dimers. The r~duction of nitro 

groups to amino groups and the oxidation of amino groups to nitro groups 

involves the same reactive intermediate (hydroxylamine). As noted by Wentsel 

et ~· (1979), there are some limitations t~ Parke's study. For example, 

14co2 was not measured, the analytical methods for identifying and quantifying 

the metabolites are outdated, and the method of 14c counting (i.e., end-window 

counter) is not as accurate as the currently accepted technique (i.e .. liquid 

scintillation). The only recent measurement of a metabolite of DNB is 

contained in the paper by Ishihara et ~· (1976), who reported total 

metabolite production (both amino and nitro compounds) i~ urine as 

2.4-dinitrophenol. Cossum and Rickert (1987) studied the metabolism of DNB 

isomers in erythrocytes from Fischer-344 rats, rhesus monkeys, and humans. 

They were unable to detect metabolites of DNB ir. the erythrocytes from any of 

the species. The o-DNB and p-DNB isomers, though, were metabolized to 

S-(nitrophenyl) glutathione conjugates. 

Toxic Effects on Organs and Systems 

Hematological effects. The primary effect of DNB absorbed into blood is 

the formation of methemoglobin. The methemoglobin-forming capacity of DNB and 

other nitrobenzenes has been reviewed by Kiese (1974). That review indicates 

that DNB is among the more potent formers of methemoglobin. For example, in 

cats an intraperitoneal (i .p.) administration of 7 ~g/kg of ONB produces 

essentia11y the same maximum level of methemoglobin as an i .p. administration 

of 40 mg/kg of TNT. A later study by Watanabe et ~· (1976) of the 

methemoglobin-forming potential of 19 chemicals administered to rats (i .p. 
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injections of 100 ~mol/kg of each chemical) demonstrated that ONB was more 
effective in producing methemoglobin than all of the other compounds tested, 
except m-chloronitrobenzene and p-dinitrobenzene. The actual biochemical 
mechanism of methemoglobin formation by DNB and other nitro compounds is 
unknown-- in particular, whether the parent compound or a metabolite is the 
active agent in methemoglobin formation. 

Definitive studies on the relationship between intakes of DNB and blood 
effects in humans or animals are not available. However, the limited studies 
that have been conducted show that low levels of DNB can cause measurable 
effects in blood. Kiese (1949a, 1949b), in a series of frequently cited 
experiments (see Wentsel et ~· (1979) for a discussion of that work), 
detected changes in blood pigment concent-ations and the presence of Heinz 
bodies in the red blood cells of dogs recei~ing subcutaneous injections of 
0.5, I .0, 1.5, and 2.0 mg/kg of DNB in olive oil for various periods up to 
144 d. Blood effects were dose related. More recently, Cody et ~· (1981) 
found that hemoglobin levels were significantly reduced in male and female 
rats consuming water for 7 weeks containing 50, 100, and 200 mg/L of DNB. 

Occupational exposures to DNB have resulted in elevated levels of 
methemoglobin <Ishihara et ~·· 1976) and Heinz bodies (Beritic, 1956). 
Sy~ptoms of acute methemoglobinemia that have been observed after occupational 
exposures include headache, nausea, and cyanotic appearance. Unfortunately, 
none of the documented occupational exposures provide data on the amounts of 
DNB (or other isomers) inhaled or otherwise absorbed systemically. A further 
complication is that there is usually a large inter-individual variation in 
the responses to DNB exposures <see Beritic, 1956). 

Hepatic effects. Data on the effects of DNB to liver are inconclusive. 
Watanabe et ~· (1976) found that GPT levels in rats m~asured 5 h after an 
i .p. injection of 100 ~mol/kg were significantly increased over the measured 
levels in the controls; however, GOT levels were not significantly different. 
Measurements of GOT and GPT in workers who have had acute exposures to DNB 
have not shown abnormally high levels of GOT or GPT (Ishihara et ~·, 1976; 
Okubo and Shigeta, 1982). Two women who experienced occupational 
over-exposures to DNB and subsequently exhibited symptoms of cyanosis did 
exhibit slightly elevated levels of serum bilirubin, an indicator of liver 

'""' damage. In addition, one of the subjects had an enlarged liver. 
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Central nervous system effects. Nervous system effects observed in 

laboratory animals include reduced motor nerve conduction and various 

behavioral e!fects observed in subchronic toxicity studies. Pankow et ~· 

(1975) measured the sciatic motor conduction velocity in rats receiving single 

i .p. injections of DNB (0.15 l-lmol/kg). ~~~asurements of the nerve conduction 

velocity were carried out at 1, 2, 7, and 28 d after the initial injection. 

Only at the one-day measurement was the ~elocity (iQ m/s) significantly 

(p <0.001) reduced from the controls (16% decrease). A subchronic toxicity 

test with rats consuming water containing 3, 8, and 20 mg/L for 16 wk, showed 

that at the low concentrations the treated rats had a statistically 

significant (p <0.01) increase in the use of activity wheels (measured as 

average revolutions per day) over the controls. In another subchronic study, 

Linder et ~- (1986) observed neurotoxic effects, including impaired movement, 

vertigo, and rigid muscles in rdts gavaged with 6.0 mg/kg of DNB in corn oil 

for 10 weeks. 

Reproductive effects. Effects on the reproductive system were identified 

by Cody et ~· (1981) in their subchronic toxicity study with rats. They 

observed a statistically significant decrease (p <0.001) in the weights of the 

testicles of rats consuming 20 mg/L of DNB in their drinking water for 

16 weeks. A more recent study completed by Linder et ~· (1986) (gavage doses 

to Sprague-Dawley rats were 0.75, 1 .5, 3.0, an1 6.0 mg/kg-d)a clearly 

demonstrated that DNB is a testicular toxicant. Weights of testes in the rats 

gavaged with 3 mg/kg-d of DNB for 12 weeks were 40% of the weights in the 

controls (p <0.05). The P.pididymides of the rats at that treatment level were 

also significantly depressed (p <0.05). The sperm-hea~ counts for rats in the 

1.5 mg/kg-d treatment group were significantly reduced (p <0.05) from those of 

the control group when expressed on either a per testis or per gram testis 

basis. Sperm morphology parameters (e.g .• flagellar defects, atypically 

shaped heads) of that treatment group were not different from the control 

rats. At the 0.75 mg/kg-d treatment level no effects to sperm were observed. 

However, at the 3 mg/kg-d treatment level head counts of testicular sperm and 

a Treatment at the 6.0 mg/kg-d level was stopped prior to the scheduled 
sacrifice because of severe toxicity to the rats and consequently, 
quantitative comparisons with the other treatment groups were not made. 
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cauda sperm reserves "approached zero." Furthermore, sperm mobility and the 
numQer of sperm per mg of epididymal fluid could not be evaluated because of 
the clumping of degenerated spermatozoa. The seminiferous tubules of the rats 
in that treatment group were atrophic. The male rats treated with 3 mg/kg-d 
did not sire litters. The number of pups per litter for the male rats at the 
0.75 and 1.5 ~g/kg-d treatment levels was slightly lower than the controls (p 
<0.05), but the changes in litter sizes were not dose-related and were wit~in 
thenormal range. The authors considered the results "equivocal." Our 
literature review did not reveal any studies dealing with reproductive effects 
in humans. 

·-

Genotoxicity 

The genotoxicity of DNB has been assessed in three microbial systems 
<Salmonella typhimurium, Saccharomyces cerevisiae, and Escherichia coli). 
Positive results were obtained in three separate investigations using the 
~· typhimurium plate incorporation assay <McGregor~~·· 1980; Chiu et ~·, 
1978; Spanggord et ~·, 1982b). The combined range of doses examined was 1.0 
to 1680 ~g per plate. The lowest dose to exhibit a positive response was 
16.8 ~g/plate (Chiu et Ql., 1978). McGregor et ~ (1980) found that the 
addition of rat microsomal enzymes reduced the positive response. DNB did not 
induce reversions in a strain of~· typhimurium (i.e., TA100NR3) lacking 
nitroreductase activity (Spanggord et ~·, 1982b). This suggests that nitro 
group reduction is required for mutagenic activity of this compound. 

Results of testing for mitotic recombination with the yeast~· cerevisiae 
were negative in two separate investigations. McGregor et ~· (1980) used 
strain 05 in a suspension test with DNB at 4.0 mg/ml both with and without 
microsomal activation. The compound was not toxic, but did precipitate at 
this concentration. As the negative data were not presented and there is no 
report of the investigators examining lower, soluble concentrations of DNB, it' 
is not possible to evaluate these results with S. cerevisiae. Simmon et ~· 
(1977) studied the mutagenic activity of DNB in~· typhimurium with strains 
TA1535, TA1537, TA1538, TA98, and TAlOO. Positive responses were not obtained 
with or without metabolic n~tivation. In the~· coli DNA repair assay no 
differential growth was d;!~ected between repair-proficient and 
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repair-deficient ~trains following exposure to DNB with or without microsomal 

activation (McGregor et ~·, 1980). 

Estimation of Intake Limits to Protect Public Health 

Table 6-6 summarizes the dose-response data from the subchronic toxicity 

studies completed by Cody et ~· (1981) and Linder et ~· _(1986). Effects are 

observed at average dose rates as low as-0.4 mg/kg-d ~the Cody et ~· study 

(e.g., significant increases in spleen weights and wheel-running activity of 

male rats>, while Linder et !]_. noted only a m~.rginal, non:-dose-related 

(though statistically significant) decrease in the sizes of litters sired by 

rats in the 0.75 mg/kg-d treatment grou~. Neither study included measurements 

of methemoglobin formation. The early work by Kie5e (1949a, 1949b) with dogs 

receiving subcutaneous injections of DNB is unsuitable for defining a NOEL 

because of the small numbers of animals used, lack of statistical tests, and 

the intermittent nature of the dosing ,see Hentsel et !]_., 1979). Kiese 

(1949b) did note effects at doses as low as 0.1 and 0.2 mg/kg-d, but the 

equivalent oral doses are apt to be higher. 

Based on the two subchronic toxicity studies, the NOEL for DNB is 

probably below 0.4 mg/kg-d, which is the lowest-observed-adverse-effect level 

(LOAEL). Hith a safety factor of 1000, which accounts for the less-than

lifetime period of the study, the estimated ADI becomes 0.0004 mg/kg-d. By 

comparison, the oral rat LD50 of 83 mg/kg <Cody et ~·· 1981) multiplied by a 

factor of 1 x Jo-5 d-1 (see Appendix 0) yields a lower-bound estimate of an 

ADI of 0.0008 mg/kg-d. 

TOXIC EFFEC~S ON AQUATIC SPECIES 

Table 6-7 summarizes the results of various studies on the acute toxicity 

of DNB to aquatic species. Bluegill and rainbow trout were the most sensitive· 

vertebrate species in the acute tests, with 96-h LC5o•s of l .44 and 1.70 mg/L, 

respectively. Vander Schalie (1983) performed a dynamic acute test <using a 

flow-through system) with rainbow trout that lasted 30 d. The LCSO for that 

period was 0.37 mg/L, or more than a factor of 4.5 lower than the 96-h LCSO 

(i.e., 1.70 mg/U. Two early-life-stage <ELS) tests using rainbow trout were 

also conducted. These tests were used to define concentration-response 
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Table 6-6. Dose-response relationships for DNB from subchronic toxicity studies by Cody et ~· (1981) and 
Linder et al. (1986). 

Species No. of Duration 
(sex) Route animals Cwk) 

Rat Oral 20 16 
(male) 

Rat Ord 1 20 16 
(female) 

Dose rate 
mg/kg-d 
--
0.4a 

1. 1 b 

2.6c 

0.5a 

1. 3b 

3. 1 c 

Effects 

Significant increase (p <0.01) in 
wheel-running activity. Significant 
increase (p <0.01) in spleen weight. 

Significant increase (p <0.01) in 
wheel-running activity. Significant 
increase (p <0.001) in spleen weight. 

Significant increase (p <0.001) in 
spleen weight. Significant decreases 
in hemoglobin at weeks 5 and 10 
(p <0.05 and p <0.01, respectively). 
Significant decrease (p <0.001) in the 
weight of testicles. 

Significant increase Cp <0.01) in 
ovary weight. 

Significant increase (p <0.001) in 
spleen weight. 

Significant increase (p <0.001) jn 
spleen weight. 

Reference 

Cody et £1., 1981 
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Table 6-6. <Continued) 

Sp2cies 
(sex) 

No. of Duration Dose rate 

Rat 
(male) 

Route animals (wk) mg/kg-d 

Gavage 12 12 0. 75 

3.0 

Effects 

Significant decrease (p <0.05) in 
litter sized. 

Significant increase (p <0.05) 
in spleen weight. Significant 
decrease (p <0.05) in testicular 
sperm-head ccunt. Significant 
decrease (p <0.05) in litter sized 

No litters sired. Significant 
increase (p <0.05) in spleen weight. 
Significant cr.anges (p <0.05) in sperm 
morphology. Significant decrease 
(p <0.05) in testicular sperm-head 
count. Significant decrease (p <0.05) 
in cauda sperm reserves., 

a Average dose rate derived from consumption ot 3 mg/L of DNB in drinking water. 

b Average dose rate derived from consumption of 8 mg/L of DNB in drinking water. 

c Average dose rate deri\'ed from consumption of 20 mg/L of DNB in drinking water. 

Reference 

Linder et ~-, 1986 

d The authors note, ho~ever, that the number of pups was within the normal litter size. 



Table 6-7. Acute toxicity of DNB to aquatic organisms. 

Species 
Concentra t i o:1 

(mg/U 

Aquatic vertebrates 

Bluegi 11- 1.44 
Rainbow trout 1. 70 
Fathead minnow 7 
Fathead minnow 7 
Fathead minnow 16.8 
Channel catfish B. 13 
Golden orfe 10 

Redbelly dace 8 to 10 

Minnow 8 to 12 

Aquatic invertebrates 

Water flea 
Water flea 

27.4 
.19.6 

Effecta 

96-h LC50 
96-h LC50 
96-h LC50 
96-h LC50 
96-h LC50 
96-h LC50 
LC50 
(no time units) 
6-h TLM 

6-h TLM 

48 h LCSO 
48 h LCSO 

Reference 

van der Schalie, 1983 
van der Scha 1 i e, ! 983 
Liu et ~-, 1983b 
Bailey and._Spanggord, 1983 
van der Schalie, 1983 
van der Schalie, 1983 
Juhnke and Luedemann, 1978 
cited in Wentsel et ~ .• 1979 
LeClerc, 1950 cited in 
Wentsel et ~-. 1979 
LeClerc, 1960 cited in 
Wentsel et ~-, 1979 

van der Schalie, 1983 
Liu et ~-, l983b 

a LCSO: Concentration producing mortality in 501 of test species; TLM: 
threshold level for mortality. 

relationships for endpoints such as hatching success, fry survival, fry 
deformities, fry length, and fry weight over a 68-d period (60-d post hatch). 
Lowest-effect concentrations for the two tests were 0.84 and 0.97 mg/L, while 
the highest-no-effect levels were 0.44 and 0.50 mg/L. However, van der 
Schalie noted that the 30-d LCSO for rainbow trout was below the 
no-effect-levels defined in the ELS tests. Based on the concentra·;ion
response data for the dynamic acute test and the ELS test, he indicated that 
the no-effect concentration is 0.16 mg/L. 
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7. DATA-BASE ASSESSMENT FOR 1,3,5-TRINITROBENZENE (TNB) 

TNB is a by-product of both TNT synthesis and TNT photolysis <see 
Se~tion 2). It is formed during the nitration step of TNT synthesis as a 
result of the oxidation of methyl groups. Although the complete mechanism of 
TNB formation during TNT photolysis is unknown, Burlinson (1980) suggested 
that it is produced from the decarbony_lation of TNBAL, a major TNT 
photoproduct. The primary pathway for TNB appears to be biotransformation to 
3,5-dinitroaniline; degradation by photolysis and hyd1·olysis is minimal. TNB 
has been measured in natural waters and soil~ containing TNT, its parent 
compound. 

ENVIRONMENTAL PARTITIONING AND TRANSPORT 

Table 7-1 shows the chemical structure of TNB along with alternative 
names, its Chemical Abstracts Service Identification number <CASID~. empirical 
formula, and molecular weight. Chemical and physical properties that are 
applica~le to environmental assessments are found in Table 7-2. The partition 
coefficients presented in Table 7-3 are all calculated from regression 
equations. Most of the TNB continuously added to the upper-soil zones of the 
two reference landscapes (Table 7-4) should reside in the ground water and in 
the vadose zone under steady-state conditions. 

ENVIRONMENTAL TRANSFORMATION PROCESSES 

Photolysis 

Burlinson et i]. (1973) reported that TNB remained unchanged in an 
aqueo~s solution after 6 h of irradiation by a mercury lamp with a spectru~ 
similar to that of sunlight. Consequently, we do not expect that photolysis 
will be a significant transformation process for this nitroaromatic compound. 

Biotransformat~on 

Several stud~es have shown that TNB will undergo biotransformation. 
Mitchell ~tal. (1982), for exampie, found that only 6% of TNB was transformed 
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Tab 1 e 7-1. Chemica 1 i denti fi ers of TNB. 

Empirical formula: C6H3N306 Structural formula: 

Molecular weight: 213. 12 HO,. 

CASreg.no.: [99-35-4] )0~. RTECS no.: -DC3850000 

after 19 d in a water sample taken from the Tennessee River downstream from 

the Vviunteer Army Ammunition Plant. McCormick et ~· (1976) found the rate 

of reduction of TNB by Veillonella alkalescens to be approximately half that 

of TNT. The microbial transformation half-lives of TNT shown in Table 3-7 

range from 8 to 25 d, and therefore the estimated half-life of T~B should 

r~nge from approximately 16 to 50 d. 
We also calculated a microbial degradation rate for TNB from the 

exreriments of Burlinson (1980), who measur~d the degradation of TNT in 

Potomac River water. The TNB formed from the degradation of TNT decreased 

from 2.4 to 0.8 ppm on days 8 through 14. These concentration changes 

indicate that the half-life is about 4 d -- considerably lower than the values 

noted above. Because TNB resists photolysis and hydrolysis, and 

volatilization is slow, its loss was probably due to microbial action. Also, 

much less TNB was measured in water sa~ples to which river sediment was added, 

a further indication of microbial action; although some loss may be due to 

sediment adsorption. Burlinson suggested that microbial action on TNB caused 

the formation of the amine, 3,5-DNA (see Figure 2-2). 

Kayser et ~· (1977) reported that TNB was 99.51. transformed after a 48~h 

i n cub at i on peri o d i n a batch s t u d y u t i 1 i z i n g " a c t i vat e d s ·, u d g e organ i s m s .. 

suppl~mented with corn-steep nutrient. The only product isolated was 

3,5-DNA. (hambers et ~· (1963) found that TNB utilized scme oxygen in a 

mineralization experiment with phenol-adapted bacteria from sewage sludge. 

They did not state the cell population nor analyze the products. Bringmann 
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Table 7-2. Chemical and physical properties of TNB. Properties are for an ambient temperature 
of 20°C. 

Property 

Boiling point 

Freezing/melting point 

Density 

Vapor pressure 

Aqueous solubility 

Henry's law constant 

Units 

oc 

oc 

g/mL 

torr 

mol/L 
mg/L 

(L-torr)/mol 

Diffusion coefficients: Air m2/s 
Water m2fs 

Log octanol/water partition 
coefficient (K0 w) 

a See Appendix A. 

log Kow 

Value 

Sublimes or 
explodes 

122.5. 

l. 76 

1 x 1 o-4 

1 . 5 X 1Q-3 
330 

7 x 1 o-2 

6. 2 x 1 o-6 
6. 2 x 1 o-1 o 

l. 18 

Source 

Hindholz et ~ .• 1983 

Windholz~! !l·· 1983 

Hindholz et ~·, 1983 

Extrapolated from pressure
temperature data given in Meyer, 
198la 

Interpolateda from solubility
temperature data in Urbanski, 
1986a 

Calculated as the ratio of vapor 
pressure to aqueous solubility 

Estimateda 
Estimateda 

Hansch and Leo, 1979 



...... 
~ 
~ 

f ' ' 

Table 7-3. Partition coefficients for use in estimating human exposures to TNB. 

Partition 
coefficient 

P1antlsoi 1 
weight · 

Beef-fat/diet 

Fish/water 

SOC/water 

Parameter 

Ksp 

Kfd 

Kfw 

Koc 

Units 

Cmg/kg p1ant)a/(mg/kg soil) 

(ppm in fat)/(ppm diet) 

Cmg/kg fish)a/Cmg/kg water) 

Cmg/kg SOC)/(mg/kg water) 

a Wet-weights for plant and fish 

b See Appendix A 

Value Source 

2 Ca1culatedb from molecular 

1.6 x lo-3 Calculatedb from water 
solubility and log K0 w 

3 

77 

Calculatedb from log K0 w 

Ca1culatedb from solubility 
in water and melting point 



Table 7-4. Fractional distributions of TNB among the eight compartments of 
environmental landscapes representing areas in the U.S. where demilitarization 
operations occur. Distributions are based on the steady-state addition of TNB 
to the upper-soil layer. For details of the compartments, see Appendix B. 

Hestern eco~egion Southeastern ecoregion 

Compartment Fractiona of total inventory present 

Air 
Air particles 
Biota 
Upper soi 1 
Lower soil 
Ground water 
Surface water 
Sediments 

2.5 X 10-5 
3. 1 X 10-9 
7.3 x Jo-5 

0.016 
0.31 
0.67 
0.0029 
6. l X 10-5 

a Fractions do not add to one because of rounding. 

2. 5 X 10-5 
8.8 X 10-9 

- 0 0085 
0.066 
0. 10 
0.81 
0.013 
2. 7 X 10-4 

and Kuhn (1971) also accomplished complete oxidation in a two-step la~oratory 

procedure with Azotobacter agilis and activated sewage sludge. He would 
expect the amine biotransformation products to subsequently react with humic 
substances. 

Hydrolysis 

Spanggord et ~· (1980a) did not expect hydrolysis to be a significant 
environmental fate of TNB. Also, Sidgwick (1966) notes that TNB forms salts 
or complexes with strong alkalis; upon acidification, these salts revert to 
TNB and not a hydrolysis product. 

TOXIC EFFECTS ON ANIMALS AND HUMANS 

The toxicology of TNB was reviewed by Wentsel et ~· in 1979. In the 
discussions below, we summarize the salient characteristics of this compound 
and provide updated information derived from more recent studies. 
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Toxicokinetics 

Data dealing with the toxicokinetics of TNB are sparse. Most of the 
information on its absorption, distribution, and metabolism is from studies 
that examined the formation of methemoglobin in animals, or other toxic 
responses after ora 1 , derma 1, and i ntraperi tonea 1 administrations to 
laboratory animals. Absorption occurs fairly quickly, as the work of Senczuk 
et ~· (1976), cited i11 ~entsel et ~· (1979), showed. The peak level of 
methemoglobin (expressed as %of total hemoglobin) in ~istar rats occurred at 
approximately 3 h after a single dose of 85.2 mg/kg of TNB.- ~entsel et ~· 
(1979) also refer to an earlier study by Timofievskaya and Rodionova (1973), 
who applied TNB in the form of an ointment (33% TNB in fat) to the shaved 
skins of mice, and observed respiratory effects in the mice and changes in the 
color of their urine. ~atanabe et al. (1976) measured the amounts of --
diazo-positive metabolites in the urine of male rats that received 100 ~M/kg 
(i .p.) of TNB. They found TNB produced l .8 times more of the diazo-positive 
metabolites than did the controls (for comparison, DNB produced 6.0 times more 
of these metabolites). 

Toxic Effects on Organs and Systems 

Toxicological data on TNB are quite limited, ostensibly because this 
compound was never produced in commercial quantities, and thus there were no 
occupational health issues to prompt toxicity studies or epidemiological 
investigations. The few studies that have been done indicate that it can 
cause toxic effects to the liver, kidneys, blood, and the reproductive system. 

Hepatic effects. ~atanal>e et !.!_. (1976) measured the GOT and GPT levels 
1n ~istar rats 5 h after an i.p. administration of 100 ~M/kg (i.e., 
21.3 mg/kg) of TNB, and did not observe a statistically significant change 
compared with the controls. Fogleman et ~· (1955) administered 37 doses of 
25 mg/kg of TNB to two dogs over a 54-d period (equivalent to an average dose 
of 17 mg/kg-d) and found at autopsy that the livers of the dogs were heavier 
than controls, yet there were "no grossly observable pathological changes." 
In addition, sections taken cf the liver were "comparable lo controls." 
Neither of the above studies provide conclusive ev~dence on the potential for 



hepatotoxicity-- Watanabe et !1· (1976) measured enzy~e levels after only one 
administration, ana Fogleman et !!· (1955) used just two animals in their 
study. 

Renal effects. Fogleman et !!· (1955) found clear signs 0f renal 
toxicity in dogs administered doses of TNB ranging from 10 tv 100 mg/kg over 
different time periods. Pathological examinations of kidney sections from two 
dogs receiving an average dose of 17 mg/kg-d of TNB for 54 days showed that 
the endothelial and epithelial cells were undergoing proliferation and 
exhibited cloudy swelling. Other signs of renal toxicity ir:~luded 
degeneration of the loops of Henle and changes in the cells of the distal 
convoluted tubules. 

Hematological effects. TNB is a potent methemoglobin former. 
Intraperitoneal injections to rats of 21.3 mg/kg produced an average of 181 
methemoglobin (Watanabe et !! .. 1976); while for cats, i.p. injections of 5 
and 10 mg/kg produced maximum levels of methemoglobin of 35 and 441, 
respectively, one hour after administration (Kiese, 1974). Fogleman et !!· 
(1955) also observed varying degrees of methemoglobinemia (0.4 to 33.81 
methemoglobin) in two dogs receiving an average dose of 17 mg/kg-d over 
~4 days. The spleens of those two dogs were heavier than those of the 
controls <statistical significance not reported), and microscopic examinations 
of the spleens revealed thickened trabeculae. 

Reproductive effects. Korolev et !!· (1977) (cited in Hentsel et !l·· 
1979) did not detect any significant changes.in spermatogenesis of white rats 
at doses of up to 2 mg/kg (Hentsel et !!· (1979) noted that the doses were 
presumably administered daily by gnvage ~nJ that the methods were not clearly 
explained). 

Teratogenicity 

There are no data on the teratogenicity of TNB. 
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Genotoxicity 

McGregor et ~· (1980) used the~· coli W3110/pol A+, p3478/pol A- system 

to evaluate the ability of TNB to induce DNA damage. In this assay, 

DNA-repair deficient and DNA-repair proficient strains are cultured with the 

chemical of interest. Genotoxic effects are scored as the preferential 

killing of the repair-deftcient strain. TNB was toxic to E. co 1 i in the 

presence and absence of metabolic activation (59). However, the toxicity of 

TNB did not differ substantially between repair-deficient and 

repair-proficient strains. This suggests that TNB does not·damage DNA, at 
-

least under the conditions of this assay. Attempts by McGregor et al. to 

study the mutagenicity of TNB in the Saccharomyces cerevisiae assay were 

unsuccessful. The test compound precipitated in the inoculation medium at 

2.0 mg/mL. 

Positive responses have been observed using the Ames assay over a broad 

dose range with several strains of Salmonella typhimurium. The role of 

metabolic activation in the mutagenic response is not well defined, however. 

Spanggord et ~· (1982b) tested TNB at five doses (10 to 70 ~g/plate). These 

authors considered a test substance to be mutagenic if it elicited a 

,, reproducible, dose-related increase in the number of revertants over several 

dose l~vels. Based on these criteria, TNB gave a positive response in TA98 

and TAlOO both with and without 59. TNB was also mutagenic to test strains 

TAlS35 (with S9), and TA1537 and TA1538 (only in the absence of 59). 

McGregor et ~· (1980) evaluated the mutagenicity of TNB in the Ames 

a~say (0. 1 to 100 ~g/piate). They concluded that this compound was mutagenic 

in 31: strains <TA98, TAlOO, TA1535, TA1537, and TA1538). However, this 

response was quite variable and depended on the strain and on the presence or 

absence of S9. In general, the presence of metabolic activation appeared to 

increase the number of revertants, suggesting that in Salmonella, TNB is 

metabolized to a toxic intermediate. 

Carcinogenicity 

The only study dealing with the carcinogenic potential of TNB, was 

completed by Gorski (1969). TNB was administered by subcutaneous injections 

to 20 mice. Unfortunately, the author did not describe important detail~ of 
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that work regarding the actual doses, number of injections/animal or duration 
of study. Three m1ce died prior to the completion of the test, but the 
remaining 17 did not eA~ibit tumors. 

Estimation of Intake Limits to Protect Public Health 

Because cc inadequacies in the toxicological data-base for TNB (i.e., no 
chronic NOELs were defined, inconsistent dosing regimens, etc.), we have 
derived a provisional, or interim safe intake rate from an oral LD50 value. 
Fogleman et ~!· (1955) report the oral L050 of TNB to rats to be 
"approximately 505 mg/kg." This value lies in the mid range of other LD50 
values reported by Korolev et ~· (1977) and Timofievskaya and Rodionova 
(1973) (cited in Wentsel et ~·, 1979) for mice, rats, and guinea pigs, which 
ranged between 280 mg/kg (femal~ rats) and 730 mg/kg (guinea pig). A 
provisional lower-bound estimate of a safe intake is calculated as the product 
of 505 mg/kg and a conversion factor of l x lo-5 d-1 (see Appendix 0), or 
0.005 mg/kg-d. For comparison, we have calculated a daily intake based on the 
lowest-observed-effect level from one of the short term exposures of Fogleman 
et ~· in which two dogs received 13 ddily doses of 10 mg/kg over a 19-d 
period, equivalent to an average dose rate of about 7 mg/kg-d (the spleens and 
livers of these dogs were heavier than those of the controls, but no 
statistical significance was reported). This dose rate can be adjusted to 
obtain an estimate of an ADI by dividing by a factor of 1000, giving 
0.007 mg/kg-d comparable to the value estimated from the LD50. 

TOXIC EFFECTS ON AQUATIC SPECIES 

The results of acute toxicity studies with TNB are shown in Table 7-5. 
Dynamic tests conducted by van der Schalie (1983) with fathead minnows 
resulted in an LC50 of 0.46 mg/L for a 10-d exposure period. The same test 
with rainbow trout gave an LCSO of 0.43 mg/L for an 18-d exposure period. In 
addition to the acute tests, van der Schalie (1983) conducted ELS tests with 
fathead minnows and rainbow trout. The mean no-effect concentration in the 
ELS test with fathead minnvws was 0.08 mg/L. At 0.12 mg/L fry survival was 
significantly different (p <0.01) from controls and at 0.72 mg/L none of the 
fry survived. Two ELS tests were carried out with rainbow trout. The 



Table 7-5. Acute toxicity of TNB to aquatic organisms. 

Jpeciesa Concentration Effect Reference 
(mg/ U 

Channel catfish 0.38 96 h LC50 van der Schalie, 1983 

Fatht.ad minnow 0.49 96. h LC50 van d e-F- S-c h a 1 i e , 1983 

Rainbow trout 0.52 96 ·~50 van der Schalie, 1983 

Bluegill 0.85 96 h LC50 van der Schalie, 1983 

Fathead minnow 1 .03 96 h LC50 van der Schal ie, 1983 

Fathead minnow 1.1 96 h LC50 Liu et !]_., 1983b 

Fathead minnow 1. 1 96 h LC50 Bailey and Spanggord, 

Water flea 2.7 48 h LC50 Liu et ~·, 1983b 

Water flea 2.98 48 h Ecsob van der Schalie, 1983 

a Species: Fathead minnow= Pimephelas promelas; Channel catfish= 
Ictalurus punctatus; Rainbow trout= Salmo gairdheri; Bluegill = Lempomis 
macrochirus; Water flea= Daphnia magna. 

b The E C 50 was for- i mmo b i 1 i z at i on . 

average no-effect concentration for the two tests was approximately 

1983 

0.08 mg/L. At high~r concentrations, fry survival was significantly (p <0.01) 

reduced from that Jf the controls. A 21-d chronic toxicity study with daphnia 

indicated that the no-effect range was between 0.47 and 0.75 mg/L, showing 

that these invertebrates were less sensitive to TNB than the fathead minnow 

and rainbow trout. Finally, van der Schalie (1983) performed tests to 

determine the toxicity of TNB to an algae species, ~· ca~ricornutum. Growth 

of the algae was inhibited with respect to the controls at ali concentrations 

tested, ranging from 0.10 to 17.32 mg/L. 



8. DATA-BASE ASSESSMENT FOR 2-AHIN0-4,6-DINITROTOLUENE 
AND 4-AHIN0-2,6-DINITROTOLUENE 

Two important degradation products of TNT found in soils and plants are 

2-amino-4,6-DNT (2-A-4,6-DNT) and 4-amino-2,6-DNT (4-A-2,6-DNT) <see Table 8-1 

for chemical structure and identifiers). These products are formed by the 

mfCrobial reduction of nitro groups on the TNT molecule. To date little work 

has been done on their environmental chemistry and toxicology. In fact, there 

were no measured values available in the literature on key properties of the 

two compounds (e.g.' vapor pressure and solubility in water) and consequently, 

these properties had to be estimated <see Tables 8-2 dnd 8-3 for physical and 

chemical properties). 

Both of the amino compounds will undergo photolysis in surface water, and 

they are also susceptible to biotransformation. In addition, there is 

experimental evidence that suggests that the microbial reduction products of 

2-A-4,6-DNT and 4-A-2,6-DNT should bind to humic acids and other organic 

matter. Data for evaluating the potential human-health risks of these 

compou~ds are very limited, and no data were available on their toxicity to 

aquatic species or plants. 

ENVIRONMENTAL PARTITIONING AND TRANSPORT 

The partition coefficients for 2-A-4,6-DNT and 4-A-2,6-DNT as shown in 

Tables 8-4 and 8-5, respectively, are similar because the chemical properties 

from which the coefficients are estimated are not very different. The 

equilibrium distribution for 2-A-4,6-DNT shown in Table 8-6 ind·icates that the 

ground water compartment should retain the largest fraction of th~ total 

inventory of that compound in both arid (Hestern ecoregion) and humid 

<Southeastern ecoregion) climates. 

E~VIRONMENTAL TRANSFORMATION PROCESSES 

Photolysis 

Burlinson et ~· (1979a) found that distilled water solutions containing 

50 mg/L of 2-A-4,6-DNT required 7-1/2 h for the initial concentration to be 



Table 8-1. Chemical identifiers of 2-amino-4,6-dinitrotoluene and 4-amino-
2,6-dinitrotoluene. 

"""'""-ami no-4, 6-di ni troto 1 uene: 

Empirical Formula: C7H7N304 Structural formula: 

Molecular weight: 197.15 

CAS reg. flO. : [35572-78-2] 

RTECS no.: XU6090000 

4-amino-2,6-dinitrotoluene: 

Empirical Formula: C7H7N304 Struc tura 1 formula: 

Molecular weight: 197.15 

CAS ;eg. no.: [19406-51-~] 

RTECS no.: XU6080000 

diminished photolyti~ally 701., while 2 h was required for tne 4-amino 
analogue. The estimated half-lives are 4.3 hand l .2 h, respectively (the TNT 
photolysis half-life under these conditions was 0.5 h). One by-product of 
2-A-4,6-DNT was dinitroindazole (21. of the products). The products for 
4-A-2,6-DNT were 4-amino-2,6-dinitrobenzaldehyde and 4-amino-6-nitroanthranil, 
both in approximately 21. yield. Burlinson (1980) later showed that small 
amounts of both amino DNT•s formed and then disappeared in Potomac River water 
containing sediment that was exposed to sunlight. This could result from the 
combined action of photolysis, microbial action, or sorption onto sedime~t 
particles. 

Biotransformation 

Microorganisms reduce 4-A-2,6-DNT to 2,4-diamino-6-nitrotoluene 
~~'(2,4-diamino-6-NT) under both aerobic and anaerobic conditions. 

2-amino-4,6-DNT is reduced to both 2,4- and 2,6-diaminonitrotoluenes. Under 

• 
I 
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I 
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Table 8-2. Chemical and physical properties of 2-amino-4,6-dinitrotoluene. Properties are for an 
ambient temperature of 20°C. 

Property 

Boiling ooint 

Freezing/melting point 

Density 

Vapor pressure 

Aqueous solubility 

Henry's law constant 

Diffusion coefficients: Air 
Hater 

Log octanol/water partition 
coefficient (K0 w) 

a See Appendix A. 

units 

oc 
oc 

g/mL 

torr 

mol/L 
mg/L 

(L-torr)/mol 

m2/s 
m2/s 

log Kow 

Value 

Not available 
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Not available 

::: 4 X lQ-5 

1.4xlo-2 
2800 

::: 3 X lQ-3 

6. 1 X 10-6 
6. o x 1 o-1 o 

0.5 

Source 

Hei lbron, 1982 

Estimateda from melting and 
decomposition temperature 

Estimateda 
melting point 

Calculated as the ratio'of vapor 
pressure to aqueous solub1lity 

Estimateda 
Estimateda 

Estimateda using the fragment
constant method 

,. 



,.-.------~~~--~--~----------~--------~--........ .u-. ................ --------------~--·------------~-------

....... 
-.....! 
+:» 

,~, n () 

Table 8-3. Chemical and physical properties of 4-amino-2,6-dinitrotoluene. Properties are for an 
amoient temperature of 20°C. 

Property 

Boiling point 

Freezing/melting point 

Density 

Vapor pressure 

Aqueous solubility 

Units 

oc 
oc 

g/ml 

torr 

mol/L 
mg/L 

Htnry's la~ constant (L-torr)/mol 

Diffusion coefficients: Air m2Js 
Welter m2/s 

Log octanol/water partition loglu K0 w 
coefficient <K0 w) 

a See Appendix A. 

Value · 

Not available 

l 71 

Not a •; a i l a b l e 

= 2 x 1 c-s 

l.4xlQ-2 
2800 

:: l X ]Q- 3 

6.] X lQ-6 
6. 0 X lQ-1 0 

0.6 

Source 

Heilbron, 1982 

Estimateda from melting and 
decomposit1on temperature 

Estimateda 

Calculated as th2 ratio of vapor 
pres~ure to aque0~s solubility 

Estimateda 
Estimateda 

Estimateda using the fragment
constant method 
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Table 8-4. Partition coefficients for use in estimating human exposures to 2-amino-4,6-dinitrotoluene. 

Partition 

coefficient 

Pl anti soil 

Beef-fat/diet 

Fish/water 

SOC/water 

Parameter 

Ksp 

Kfd 

Kfw 
Koc 

Units 

(mg/kg plant)d/(mg/kg soil) 

(ppm in fat)/(ppm diet) 

(mg/kg fish)a/(mg/kg water) 

(mg/kg SQC)/(mg/kg water) 

a Wet-weights for plant and fish 

b See Appendix A 

Value Source 

3 Calculatedb from molecular weight 

6. 2 x w-4 Calculatedb from log K0w 

l Calculatedb from 

1.4 Calculatedb from log K0 w 
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Table 8-5. Partition coefficients for use in estimating human exposures to 4-amino-2,6-dinitrotoluene. 

Partition 

coefficient 

Plant/soil 

Beef-fatldi et 

Fish/water 

SOC/water 

Parameter 

Ksp 

Kfd 

Kfw 
Koc 

Units 

<mg/kg plant)a/(mg/kg soil) 

(ppm in fat)/(ppm diet) 

(mg/kg fish)a/(mg/kg water) 

<mg/kg SOC)/(mg/kg water) 

a Wet -weights for .p 1 ant and fish 

b See Appendix A 

Value Source 

3 Calculatedb from molecular weight 

7. Q X lQ-4 Calculatedb from log K0 w 

1 Calculatedb from log K0 w 

1.8 Calculatedb from log Kow 
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Table 8-6. Fractional distributions of 2-amino-4,6-dinitrotoluene among the 
eight compartments of environmental landscapes representing areas in the U.S. 
where demilitarization operations occur. Distributions are based on the 
steady- state addition of 2-amino-4,6-dinitrotoluene to the upper-soil layer. 
Not shown are fractional distributions for 4-amino-2,6-dinitrotoluene, whicn ) 
were almost identical. For details of the compartments, see Appendix B. 

Western ecoregion Southeastern ecoregion 

Compartment Fractiona of total inventory present 

Air 
Air particles 
Biota 
Upper soi 1 
Lower soi 1 
Ground water 
Surface water 
Sediments 

1. 2 X 

7.3 X 

3.2 X 

0.0046 
0.22 

0. 78 
0.0037 
7.5 X 

lQ-7 

1 o- 11 
J0-5 

J0-6 

a Fractions do not add to one because of rounding. 

l . 0 X lQ-7 
- 2.5 X 10-10 

0.0040 
0.021 
0.10 

0.85 
0.021 
4. l X lQ-5 

aerobic conditions. amine products do not accumulate, but under the anaerobic 
conditions, they both accumulate and are reduced further to the triamino 
analogue. Alkaline conditions also favor amine accumulation (see Hoffsommer 

et !l·· 1978; McCormick et ~ .• 1976; Kayser et !l·, 1977). 
McCormick et !l· (1976) presented experimental evidence showing that the 

4-position was favored for the reduction of a TNT nitro group to an amine. 
They found more 4,4'-azoxy compound than compounds resulting from reduction of 
the 2- position. Hoffsommer et ~· (1978) studied the batch reduction of 
4-A-2,6-DNT by activated sludge microorganisms with corn-steep nutrient that' 
resulted in a loss of 4-A-2,6-DNT from 15 to l .5 ppm in 3d. The associated 
half-life is about 0.9 d. In contrast, 2-A-4,6-DNT was reduced from 13 to 
6 ppm in 0.33 d (the half-life is 0.3 d). The authors suggested that further 
reduction of the remaining nitro groups and formation of polar products and 
polymers are the final fate of microbial action. They also noted 
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incorporation of l4c-labeled reduction products into the floc components of 

the s~udge after 30 d. The amine products themselves did not, however, 

accumulate. 
Kayser et ~· (1977) reported that the amino-ONT's were biodegraded by 

microorganisms in sewage sludge to 2,4-diamino-6-NT. Transformation of 

4-A-2,6-0NT occurred under four different environmental conditions in a study 

by 8urlinson <1980) dealing with degradation of TNT: (1) in a sample of 

Potomac River water exposed to sunlight; (2) the same as (1) but with sediment 

added; (3) the same as (1) but in the shade; and (4) the same as (1), but in 

the dark. The 4-A-2,6-0NT was not observed until after s~veral days had 

elapsed, although the TNT was disappearing during that time. 4-A-2,6-DNT was 

found to a far lesser extent (approximately 1% of the initial TNT 

concentration) in the sunlight and shade samples than in the dark samples 

(approximately 10% of the initial TNT concentration). It also seemed to 

increase in concentration from day 7 to day 38 in the dark sample. The data 

did not demonstrate a significant accumulation of amine products in the 38-d 

experiment. Rate data for biotransformation in env~ronmental media are not 

available. 

Complex formation 

Several authors have shown that 2-A-4,6-0NT, 4-A-2,6-0NT and their 

microbial reduction products will bind to humic acids, lipids, or proteins. 

Kaplan and Kapian (1983) showed that 2,4-diamino-6-NT, which is found in 

microbial reduction products, becomes increasingly bound with time and with 

higher humic acid concentration. Carpenter et ~· (1978) presented further 

evidence that TNT is reduced by microbial action and that the reduction 

products react with the lipid and protein components of an activated-sludge 

system. Three to five days after addition of 14c-TNT to the aerated sludge, 

no TNT could be detected. However, the presence of the 14c label in lipids, 

and protein precipitates, derived from extraction of the sludge, confirmed 

that TNT-derived products were incorporated in them. To test their hypothesis 

that the amino-products of TNT microbial reduction were reacting with the 

lipids and proteins, they prepared a mixture consisting of 2,4-diaminotoluene, 

as a surrogate for a TNT-reduction product, and glycerol, palmitoyl chloride 

and sebacyl chloride to represent the lipids and proteins. When they compared 
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the infrared <IR) spectrum for the surrogate precipitate with the IR spectrum 
for the TNT-sludge protein and lipid fraction-derived precipitates, they found 
similar absorbances, especially in the amine region (1630 to 1710 cm-1 and 
3000 to 3500 cm-1). Their work implied that the amine reduction products 
remained intact but reacted with lipids, fatty acids, and protein constituents 
of the microbial flora forming polyamides. They stated that polyamide 
linkages are known to_resist degradation and to be stable. 

Hoffsommer et ~· (1978) found 65.5% of the 14c activity in a bacterial 
floc after a 30-d biodegradation study with 14c.-TNT and sewage-sludge 
microorganisms. Only 9% of the total l4c was extracted fro~ the floc with 
benzene; 57% was extracted from the floc with sulfuric acid; and the remaining 
approximatP.ly 34% was mainly in the aqueous phase. From day 3 to day 30, the 
amount of 14c-labeled material that required extraction with HzS04 from the 
floc increased from 40 to 60%. These results demonstrate that approximately 
2/3 of the microbial reduction products were bound to the floc. However, 
Hoffsommer et !l· suggest that polymer formation is the ultimate fate of TNT • microbial reduction products. 

TOXIC EFFECTS ON ANIMALS AND HUMANS 

Neither 2-A-4,6-0NT nor 4-A-2,6-0NT are used in the synthesis of organic 
compo~~ds or as end products, and consequently there has been little interest 
in their toxic effects on humans or laboratory animals. The limited amount of 
work that has been ccmpleted suggests that they are less toxic than TNT. 

Toxicokinetics 

The only data available on the toxicokinetics of 2-A-4,6-0NT and 
4-A-2.5-DNT are from Ellis et !l· (1976). These researchers studied the acute 
oral toxicity to rats of the compounds and examined the distribution and 

excretion of radiolabeled 4-A-2,6-DNT. In their toxicity tests to determine 
the oral LD50 in Charles River rats, they noted toxic responses within 30 min 
of oral dosing for both isomers, indicating that the rate of absorption is 
fairly rapid. However, their analyses of the uptake and distribution of 
radiolabeled 4-A-2,6-DNT showed that only about 50% of that isomer was 
absorbed. Twenty-four hours after the administration of a single oral dose of 
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the radiolabel. 30.1"/. of the initial radioactivity was recovered in urine, 
0.21 in air, 44.4t in feces, and 5.5t in the gastrointestinal tract. Minor 
amounts were found in whole blood <0.2%), spleen (<0. 1%), kidneys (0. 1%), 
brain (<0.1%). lungs (<0.1%), and muscle (0.3%). Analysis of the urine sample 
by thin-layer-chromatography identified two polar components that contained 78 
and 221. respectively. of the total radioactivity in the urine. 

Toxic Effects on Organs and Systems 

Ellis et al. <1978) administered oral doses of 2-A-4,6-DNT and --
4-A-2.6-DNT that were acutely toxic to rats and mice. Symptoms of the acute 
intoxications included unconsciousness, depression, inactivity, and gasping 
breathing. These responses may have been caused by methemoglobinemia, a toxic 
response produced by many nitroaromatics (see Kiese, 1974). Table e-7 
summarizes the LDSO values estimated for the rats and mice. Ellis et ~· 
(1978) also investigated the dermal and ocular effects of the compounds. The 
only positive response was for 2-A-4,6-DNT, which proved to be a mild skin 
irritant. 

'·~ Teratogenicity 

There are no data on the teratogenicity of these compounds. 

Genotoxi city 

The mutagenicity of 2-A-4,6-DNT and 4-A-2,6-DNT in ~· typhimurium have 
been investigated by Won et ~· (1976) and Spanggord et ~· (1982b). Won 
et ~· reported that the mutagenic activity of TNT metabolites (including both 
aminodinitrotoluenes) in tester strains of~· typhimurium "were essentially 
similar to controls". Spanggord et ~· (1982b) used five tester strains 
(TA1535. TA1537. TA1538. TA98, TAlCO) with and without metabolic activation. 
In addition, they used a nitroreductase-deficient strain (TA100NR3) to study 
the role of this enzyme in the mutagenicity of nitroaromatic compounds. 
Positive mutagenic responses were defined as those that had a "reproducible 
dose-related increase in the number of revertant colonies over at least three 
dose levels." Using this criterion, they found that 2-A-4,6-DNT was positive 
in strains TA1535. (with S-9) TA1537. TA1538. TA98. and TAlCO with and without 
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Table 8-7. Oral LD50's of 2-amino-4,6-dinitrotoluene and 
4-amino-2,6-dinitrotoluene for rats and mice (data from Ellis et ~-, 1978). 

Cumpound 

2-A-4,6-DNT 
4-A-2,6-0NT 

Male 

2240 
1360 

Rat 
LD50 Dose <mg/kg) 

Mouse 
Female Male 

-· 

1394 
959 

l/22 

1342 

Female 

1522 
1495 

S-9; while 4-A-2,6-DNT was oositive in strains TA1535 (with S-9), TA1538 (w/o 

S-9), TA98 and TAlOO, with and without S-9. Negative results were obtained 

using the nitroreductase-deficient strain with both 2-A-4-,6-DNT and 

2-A-2,6-DNT. 

Carcinogenicity 

There are no data on the carcinogenicity of these compounds. 

Estimation of Intake Limits to Protect Public Health 

No subchronic or chronic toxicity studies have been completed on 

2-A-4,6-DNT and 4-A-2,6-DNT, and consequently safe intakes cannot be 

calculated using standard protocols. Therefore, we have made lower-bound 

estimates of the ADI's (denoted LB-AOI) of these compounds by multiplying 

their LD50's <Table 8-7) by a factor of 1 x 1o-5 d-1 (see Appendix 0 for a 

discussion of the methodology). The resulting LB-ADI values for 2-A-4,6-DNT 

range from 0.014 mg/kg-d (1 x lo-S d-1 x LD50 for female rats) to 

0.027 mg/kg-d (1 x lo-S d-1 x LD50 for male rats). For 4-A-2,6-DNT, LB-ADI 

values range from 0.01 mg/kg-d (1 x 1o-S-ld x LD50 for female rats) to 

0.015 mg/kg-d (1 x lo-5-1d x LD50 for female mice). 
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TOXIC EFFECTS ON AQUATIC SPECIES 

Data are available on the toxi: effects of the aminodinitrotoluenes to 
D. magna and fathead minnows. Liu et !!· (1983b) reported 48-h EC50 values 
for 2-A-4,6-DNT and 4-A-2,6-DNT as 4.6 and 5.4 mg/L, respectively, with 95% 
conf1dence intervals of 3.5 to 5.8 mg/L and 3.5 to 9.8 mg/L. The 96-h LCSO 
values of the two isomers for fathead minnows were 15.1 and 6.9 mg/L, with95% 
confidence- interVi1ls of 14.0 to 16.4 mg/L and 5.6 to 8.1 mg/L. 
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9. DATA-BASE ASSESSMENT FOR RDX 

RDX is the second most important explosive in the demilitarization 
inventory. Unlike TNT and its associated nitroaromatic co-contaminants, RDX 
is a hetarocyclic compound with three nitro groups bound to three ring 
nitrogen atoms (see_Table 9-1). It can undergo photolytic and microbial 
degradation, but hydrolysis is unimportant at the pH leve!s of most natural 
waters. Biotransformation occurs typically under anaerobic conditi~s. during 
which the RDX molecule can be transformed to low molecular-weight products. 

ENVIRONMENTAL PARTITIONING AND TRANSPORT 

The basic chemical and physical properties of RDX are presented in 

Table 9-2. 

Soil Transport and Adsorption 

Hale et ~- (1979) measured the movement of 14c-RDX through irrigated 
soil columns (152-cm long) over a 26-week period. The concentration profile 
of RDX showed that downward leaching occurred in each of four different soil 
types. After a two-week period 14c-RDX was d~tected at depths of 122 to 
152 em in a silty-clay loam and a basic-silt loam. At the conclusion of week 
26, RDX was also found at the bottom of the columns. 

Measurements of Kd and Koc by Tucker et ~- (1985), Spanggord et ~
(lg80b), Spanggord et ~- (1983a), and Sikka et ~- (1980) indicate that RDX 
does not strongly adsorb to soils and sediments. Tucker et ~- (1985) 
conducted soil sorption experiments with different kinds of soils and 
completed regression analyses of the soil properties and the soil-water 
partition coefficients. The soils in these tests were of low organic-carbon 
content; 9 of 12 were less than 1.3 wt1. organic carbon. They found that the 
Kd values for RDX could be estimated by use of regression equations, with 
independent variables consisting of the organic content of the soil, 
cation-exchange-capacity, pH, and silt content. They also suggested that an 

organfc content of at least 0.25 wt1. would be necessary for adsorption to be a 
critical process affecting RDX migration through soils. 
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Table 9-1. Chemical identifiers of RDX. 

Empirical Formula: C3H6N606 Structural formula: 

Molecular weight: 222.26 NOI 
I 

CAS-reg. no.: --[121-82-4] ("l 
RTECS no.: XY9450000 o~t/" "-/"'Ho1 

fucker et !l· (1985) derived a Koc value of 136 from the measurements 

with different soils. Spanggord et ~· (1980b) measured Kd values of 4.2 and 

1.4 for two sediments, and the associated Koc values were 127 and 42, 

respectively. Sikka et ~· (1980) measured the Kd of RDX for three sediments 

with varying clay and organic-carbon content. The Kd values were 4.15 for an 

organic-clay sediment (52 wt1. OC), 3.06 for a clay loam <4. 1 wt1. QC), and 0.8 

for a sandy loam (0.3 wt1. OC). The calculated Koc values are 7.7, 74.6, and 

,,..,,,.266.7, respectively. For comparison, the Koc calculated from the aqueous 

solubility and melting point of RDX (Appendix A) is 61. Hale et ~· (1979) 

measured the Kd for RDX in four soils with unspecified organic-carbon 

content. Values of Kd were 7.8, 6.4, 0.2, and 1.8. The geometric mean of the 

Kd measurements from the different studies above (see Table 9-3) is 2.17 with 

a geometric standard deviation of 3. 18 . 

. 

~artition Coefficients: Plant/Soil, Beef-Fat/Diet, and Fish/Water 

Partition coefficients for plant/soil, beef-fat/diet, and fish/water are 

presented in Table 9-4. The only measured values for partitionir.g in 

environmental media were fish uptake studies conducted by Bentley et ~· 

(l977b). In these studies, three species of fish (bluegill, channel catfish, 

and fathead minnow> were exposed to concentrations of 14c-ROX for 14 and 

28 d. 14C-residues were measured in edible tissue as well as viscera at 

different periods to determine whether equilibrium conditions had been 

~. achieveJ. The bioconcentration factors, as shown in Table 9-4, ranged from 

I 
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Table 9~2. Chemical and physical properties of RDX. Properties are for an ambient temperature of 20°C. 

Property 

Boiling point 

Freezing/melting point 

Density 

Vapor pressure 

Aqueous solubility 

Henry's law constant 

Diffusion coefficients: Air 
Water 

Log octanol/water partition 

a See Appendix A. 

Units 

oc 

oc 
g/mL 

torr 

mol/L 
mg/L 

(L-torr)/mol 

m2Js 
m2Js 

log Kow 

Value 

decomposes during 
melting 

205 to 206 

l. 82 

, x 1 o-9 

1 . 9 x 1 o-4 
42.2 

5 X 10-6 

6. o x 1 o-6 
5. 9 x 1 o-1 o 

0.87 

Source 

Dobratz, 1981 

Windholz et ~·, 1983 

Windholz et ~·, 1983 

Calculateda from a vapor pressure
temperature equation 

Average of 9 measured values 
reported in Sikka et ~ .• 1980 

Calculated as the ratio of vapor 
pressure to aqueous solubility 

Estimateda 
Estimateda 

Measured, Banerjee et ~·, 1980 



Table 9-3. Summary of measured Kd values for RDX. 

,,K.; Koc 
i 

1.4 42 

4.2 127 

116__ -

4. 15 7.7 

3.06 74.6 

0.8 266.7 

7.8 
6.4 
0.2 
1 .8 

Ref. 

Spanggord et ~· (1980b) 

Spanggord et ~· (1980b) 

Tucker et ~· (1985) 
Sikka et al. (1980) 

S i kka et a 1 . (1980) --
Sikka et al. <1980) --
Hale et a 1. (1979) --
Hale et al. (1979) --
Hale et a 1. ( 1 97 9) --
Hale et a 1. (1979) --

3.4 for catfish to 5.0 for minnows. These values are slightly higher than the 

lue estimated from Kow (i.e., 1.9); however, the residual 14c activity in 

"'tr'le fish tissue includes both RDX and its metabolites. 

Equilibrium Distribution in Reference Landscapes 

The predict~d equilibrium distribution of RDX among the eight 

compartments of the reference landscapes indicates that it tends to reside in 

the subsurface (see Table 9-5). This is consistent with the low Henry's law 

constant for ti1is compound, which limits its vo1itilization to the 

atmosphere. One important difference between the fractional distributions of 

the two ecoregions is that a greater proportion of RDX should reside in the 

lowor-soil zone of the Hestern ecoregion than in the Southeastern ecoregion. 

Thi:> rl .. ~ in part to differences in the characteristics of the soil zones 

<e.g., the lower-soil zone in the Southeastern ecoregion is r.ot as thick as 

the one for the Hestern ecoregion and consequently, there is less sorptive 

capacity for that zone) and the quantity of recharge, which affects the 

aching of RDX. 

lRfi 
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Table 9-4. Partition coefficients for use in estimating human exposures to RDX. 

--------------------------------------------------------------
Partition 
coefficient Parameter Units 

Plant/soil Ksp (mg/kg plant)a/(mg/kg soil) 

Beef-fz.tldiet Kfd (ppm in fat)/(ppm diet) 

Fish/water Kfw (mg/kg fi sh)a/(mg/kg wate,·) 

a Wet-weights for plant and fish 
b See Appendix A 

Value 

2 

2.2 X lQ-3 

2 

4. 1 

3.4 

Source 

Calculatedb from molecular weight 

Calculatedb from water solubility 
and log Kow 

Calculatedb from log K0 w 

Average of two measured values 
for bluegill, from Bentley 
et ~·. 1977a 

Average of two values for channel 
catfish, from Bentley et al .• 
1977a ----

5.0 Average of two values for fathead 
minnows. from Bentley et al., 
1977a ----



Table 9-5. Fractional distributions of RDX among the eight compartments of 
environmental landscapes representing areas in the U.S. where demilitarization 
operations occur. Distributions are based on the steady-state addition of RDX 
to the upper-soil layer. For details of the compartments, see Appendix B. 

Hestern ecoregion Southeastern ecoregion 

Compartment Fractiona of total inventory present 

Air 5.0 X lo-12 

Air particles 2.7 X lQ-9 

Biota 6.5 )( lQ-5 

Upper soi 1 0.014 
Lower soi 1 0.30 
Ground water 0.69 
Surface water 0. 0031 
Sediments 5.3 X lQ-5 

a Fractions do not add to one because of rounding. 

ENVIRONMENTAL TRANSFORMATION PROCESSES 

7. 5 X lQ-12 
1.1 x 1 o-9 

0.0078 
0.060 
0.10 
0.82 
0.014 
2.4 X J0-4 

RDX degrades both photolytically and microbially to low-molecular-weight 
compounds with fragmentation of its six-membered ring. Hydrolysis is 
significant only in alkaline waters (pH greater than 8). 

Photolysis 

Transformation of RDX in the environment occurs the fastest by 
photolysis. Spanggord et ~· (1980b) measured the degradation of RDX in 
distilled and filter-sterilized natural water in sunlight. During a cloudy 
January period with air temperatures ranging from -2 to l8°C, in Menlo Park, 
California, they calculated a half-life of 13 d from their measurements of RDX 
disappearance from distilled water in borosilicate tubes; 14 d for RDX in 
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Holston River water; and 9 d for RDX in Searsville Pond water (see 
Table 9-6). In a subsequent experiment during i1 sunny period in Harch with 
water temperatures ranging from 5° to 20°C, the half-life of RDX was l .8 d fn 
distilled water. Spanggord et ~· (1983a) also measured RDX photolysis in a 
4-cm-deep dish of lagoon water exposed to sunlight (see Table 9-6), and the 
decay constant was 6.6 x lo-7s-1 (equivalent to a 12-day half-life). Their 
data did not show an acceleration in the photolysis rate due to photo products 
or humic substances ~s was true for the p~otolysis of TNT. However, a large 
increase in the photolysis rate was obser~~d ~ith the incrtase in sunlight and 

. ambient temperatures between the January and March experiments that used 
distilled water. 

Similar experiments by Sikka ~t !!· (1980) using a mercury lamp confirm 
that RDX photolysis is not enhanced by humic substances in narural waters (see 
Table 9-6). They observed the disappearance of RDX in water in summer 
sunlight in Syracuse, New York. From the time-varying concentration d~ta they 
reported (Table 9-6), =~e calculate RDX half-lives of lC.S h in distilled water 
in August sunlight and 6.9 h in July sunlight in water taken upstream from the 
Holston Army Ammunition Plant. 

Dissolved oxygen and a photosPnsitizer showed no influence on the 
photolysis rates of RDX measured by Sikka et ~· (1980). Under UV irradiation 
(2S4 nm) the amount of photolytic degradation was 34t in a degassed water 
solution and 3lt in an undegassed solution after lS s. When a photosensitizer 
(methylene blue) was added, no significant rate enhancement was found in a 
2S minute period. 

Experimental data on the decrease of RDX photolysis with water de~th is 
provided by Kubose and Hoffsommer (1977). They passed UV light throuqh a 
succession of 1-cm cells fill~d with 29.5 ppm RDX in distilled water. They 
found that RDX disappeared 2200 times faster in the first em than in the 
fourth. In addition, Spanggord et al. (l983a) estimated an RDX photolysis 
rate constant of 4.S x lo-6 s-1 (3.9 x 1o-l d-1) at the surface of a waste 
disposal lagoon in fall and a rate constant of 2.3 x 10-8 s-1 (2 x lo-3 d-1>' 
at a depth of 15 em-- a factor of almost 200 lower. 

Spanggord et !!· (1980b) also used the quantum yield of RDX photolysis 
(0. 16 at 313 nm) and the methods of Zepp and Cline (1977) for calculating 
aqueous photolysis to predict half-lives of RDX in distilled water for four 
seasons at 20, 40 and SOoN latitude. Their values ranged from 1.1 d for 
summer at 20°N to 12.S d for winter at S0°N. Using values for midday solar 
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Table 9-6. Summary of data on RDX photolysis rates. 

RDX concentration 
Light sourcea (mg/L) Water sample Reaction vessel 

313 nm 1.3 Distilled water Tube 

Sunlightb 1. 3 Distilled water Tube 

Sunlightb 1.3 Holston R.' Tube 

Sunlightb l. 3 Searsville Pond' '(ube 

Sunlightd 16 Lagocn watere Dish 4 em-deep 

Sunlightd 16 Distilled water Dish, 4 em-deep 

300 nm 34. l Distilled water TJbe 

3GG nm 35. l Holston R. Tube 

Sunlighth 5l.G Holston R. Dish, 3.8-cm deep 

Sunlightj ll .2 distilled water Dish 

a Mercury lamps were used for the single wavelength light sources. 

b January sunlight, Menlo Park, California. 

c Natural waters were filter-sterilized. 

d June sunlight. 

e Samples from a lagoon at the Louisiana Army Ammunition Plant. 

f Calculated from a half-life of 13.9 min. 

9 Calculated from a half-life of 17.3 min. 

h July sunlight. 

Calculated from a concentration change of 51 .G to 5.q~ mg/L ot RD, in 22.4 h. 

j August sun1ight. 

k Calculated from a concentration change of 11.2 to 1.46 m'J/L in 31 h. 

Rate constant 
for photolysis 

( s -1) Reference 

---
3. 6 ~ 10-5 Spanggord ~ 21-, 198Gb 

6.3 ~ 10-7 Spanggord ~ !}. , 198Gb 

5.8 ~ 10-7 Spanggord et !}. , 1980b 

8.9 ~ 10-7 Spanggord et 21., l980b 

6.6 ~ 10-7 Spanggord et 21., l980b 

6.5 )( lG-6 Spanggord et 21-, 1980b 

6.] X lQ-4f Si kka ~ 21., 1980 

8.3 X 10-49 Sikka et 21., 1980 

2.8 X lQ-5i Sikka et 21-. l98G 

] .8 X lQ-5k Sikka et !} .. l98G 

.. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

radiance at 40°N and extinction coefficients derived from Zepp and Cline 

(1977). Sikka et !!· (1980) estimated photolysis half-lives of 2.0 to 10.4 h. 

for summer and winter. respectively. They corrected these half-lives for 

average daily 1rradiance and calculated half-lives of 6 and 20 h for summer 

and winter at 43°N (latitude of Syracuse. NY). 

The mechanism for RDX photochemical degradation apparently changes 

between 25~ nm UV irradiation-and irradiation at 290 nm. the effective 

lower-bound wavelength of natural sunlight. Kubose and Hoffsommer (1977) 

propose that the primary photochemical step with wavelengths greater than 

280 nm is cleavage of the nitramine bond. producing an azayl radical 1nd N02. 
-

In water. N02- and N03- will form. Under acidic conditions. the N03- ion 

becomes NO, which can combine with an azayl radical to form a mononitroso 

compound. Because NO cannot be formed under neutral conditions. the 

mononitroso-RDX is not found during photolysis of RDX in tap water with its 

natural buffering. Hith shorter wavelengths of light (i.e .• 220 nm). 

mononitroso-RDX is formed directly from cleavage of the N-0 bond. This may 

explain the faster photolysis rate measured by Kubose and Hoffsommer (1977) 

with 200 nm than with 280 nm light. They also observed different ratios of 

photolysis products. for example, more formaldehyde was formed at 220 nm than 

at 280 nm. 
Glover and Hoffsommer (1979b) prop0sed that the photolysis of RDX in 

water by UV light proceeds by three different initiating steps as shown by 

Fig. 9-l. One step is the cleavage of the N-0 linkage of a nitro group 

forming mononitroso RDX; the second step is a nitrogen-nitrogen bond cleavage 

yielding an amine; and finally, the formation of triazine. All these 

intermediate products are unstable and will react further. Among the "final" 

products is N-methylamino-N-nitrosamine (NH2-CH2-NH-NO), ammonia, formamide, 

nitrous oxide, nitrate and nitrite ions. 

Photolysis of solid RDX produces polymeric products as well as the small 

molecular-weight products of aqueous photolysis. Stals et ~· (1971) exposed, 

polycrystalline RDX to 254 nm UV light and isolated waxes. oils and solids; 

some of these were branched alkanes or esters. The fJrmation of higher 

molecular-weight compounds was presumably due to confinement of reaction 

intermediates. Smetana and Bulusu (1977) reported only gaseous products from 

the photolysis of polycrystalline RDX at 310 to 330 nm under a vacuum. 
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Biotransformation 

Microbial reduction of RDX usually takes place under anaerobic 

conditions. McCormick et ~· (1981) found that RDX disappeared from nutrient 

broth cultures within 4 d of anaerobic incubation, but found no loss in 

aerobic cultures or controls. The nitro groups were sequentially reduced to 

nitroso analogues and then to low molecular-weight products. Intermediates 

~1ntlude hydrazines and nitrosaMines (McCormick et ~·, 1981). 

Spanggord et ~· (l980b> found that aqueous solutions of RDX could be 

aerobically degraded by the adapted microbes in Holston River water containing 

sediment. After a 20-d lag time, the RDX concentration changed from 10 ppm to 

4 ppm over 16 d, and thereafter it remained unchanged. In Holston River water 

without sediment, 10 ppm ROX was not significantly degraded aerobically. 

Spanggord et ~· (l980b) repeated the above experiment with Searsville Pond 

water with it's own sediment and with Holston River sediment. No RDX 

degradation ~as found except w1th the Holston River sediment. Again, there 

was a 20-d lag time, but the half-life was 18 d. 

Sikka et ~· (1980) observed similar results: a 20-d lag time followed by 

a half-life of 7 d for RDX dissolved in Holston River water containing l wt% 

sediment. No details were provided on the amount of aeration. They also 

repeated these experiments and measured the evolution of 14co2 from the 

biotransformation of l4c-RDX in water. Evolution of 14co2 did not occur until 

after a lag time of about 10 to 20 d. They also found that the addition of 

yeast extract to the Holston River water increased the rate of 14co2 evolution. 

Spanggord et a1.· (1980b) reported that RDX does not undergo 

biotransformation under anaerobic conditions in Holston River or Searsville 

Pond water without added nutrients. With adapted RDX-transforming bacteria or 

added nutrients, however, RDX is transformed under anaerobic conditions. In 

~ne experiment they found that 25% of the RDX in a sample of Holston River 

water disappeared in 20 d (half-life of 48 d) with an RDX-transforming 

bacteria culture. When an aqueous basal-salts medium was used, 50% of the RDX 

was lost in 4 d. In Searsville Pond water containing 10 ppm RDX and 50 ppm 

yeast extract, the RDX concentration decreased to 0.1 ppm in 8 d. Spanggord 

et ~· (1983a) also found no loss of RDX in a lagoon water unless yeast 

extract were added. 
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In sununary, microbial degradation will occur only where sediment 

microbial populations have adapted to mineralize RDX. Furthermore, it appears 

that anaerobic conditions and added nutrients of some type are also required, 

with rare exceptions. 

Hydrolysis 

Hydrolysn -should be a significant environmental fate of RDX only in 

sufficiently alka1ine waters. Sikka et ~· (1980) measured hydrl)lysis rates 

of RDX in aqueous solutions at pH's from 2 to 9. At pH's of 2 and 5 no 

hydrolysis of RDX was observed, and at a pH of 7, a 5% concentration drop in 

all RDX solutions was recorded between days 9 and 12 of the experiment. At a 

pH of 9 and a temperature of 31°C, 29t of the RDX disappeared due to 

hydrolysis. 
The most useful measurements and data for hydrolysis at environmentally 

encountered pH's were made by Hoffsommer and Rosen (1973). After 112 d in 

seawater (pH= approximately 8), 11.6% of the RDX had hydrolyzed. Later, 

Hoffsommer et ~· (1977) measured the alkaline hydrolysis of RDX. Their 

second-order (in [OH] concentration) rate constant at 25°( was 

3.9 x lo-3 M-ls-1 <measured at high pH). We converted pH's of 7, 8, 9, and 12 

to the associated concentrati~ns of OH- and substituted those values into the 

second-order rate constant. The resulting half-lives were 58 yr, 5.8 yr, 

210 d and 4.9 h, respectively. 

TOXIC EFFECTS ON ANIMALS AND HUMANS 

RDX toxicity has beer. recently reviewed by Etnier (1986), and therefore 

this section will focus on studies dealing with the salient toxic properties 

of RDX and those toxicity studies that could serve as the basis for estimating 

safe intake rates of RDX. 

Toxicokinetics 

Absorption. McNamara et ~· (1974) reported that RDX did not penetrate 

the skin of dogs or rabbits when dissolved in DMSO, cyclohexanone, or 

acetone. This conclusion was based on the lack of physiological response in 
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dogs and on the absence of RDX in the blood of rabbits after dermal exposure 
to RDX. Although dermal absorption may be limited, dermatitis in RDX factory 
workers was noted during World War II <Sunderman, 1944, as cited in Etnier, 
1986). 

The existing data indicate that absorption of RDX after ingestion is a 
slow process. Von Oettingen (1949) observed that RDX was still present in the 
stomachs gf dogs four hours after gastric intubation. Schneider et !l· (1976) 
found-that 36.8 percent of the initial radioactivity of 14c-RDX (dissolved in 
DMSO) remained in the guts of rats 24 h after oral dosing. Less than 3 
percent was still present after 48 h. Schneider et !l· (1976) also noted that 
the minimum oral lethal dose of RDX in rats depended on the rorm in which RDX 
was applied. For example, powdered RDX appeared to be more toxic than 
granular RDX when administered orally to rats. In a separate study, Schneider 
et !l· (1977) administered 14c-ROX by gavage to swine (100 mg/kg) and rats (50 
or 100 mg/kg), and then measured the concentration of RDX in plasma and 
urine. In rats, the concentration of RDX in plasma reached a maximum within 
several hours and then declined. RDX plasma concentrations in swine began to 
increase within an hour of administration, but did not peak until nearly 
24 h. Convulsions in the rats occurred sooner than those observed in swine. 
Berry et !l· (1983) noted that epileptiform seizures in a German Shepherd dog 
began 9.5 h after the ingestion of an unknown quantity of RDX. 

Stone et ~· (1969) reported that the acute effects (e.g., convulsions) 
seen in military personnel after ingestion of RDX in a plasticized matrix 
<C-4) occurred within a few hours of ingestion. Woody et !l· (1986) measured 
RDX in the serum of a three-year-old child who accidentally ingested C-4 
<plasticized RDX). The peak concentration of RDX in serum occurred sometime 
before the first serum measurement, which was made approximately 24 h after 
ingestion. The peak concentrations in the urine and feces occurred at 48 and 
96 h, respectively. According to the case report, generalized tonic-clonic 
seizures began approximately 20 h after ingestion. 

Distribution. Schneider et al. (1977) studied the distribution of --
14C-RDX in rats after i .p. or oral administration. Animals received 50 or 
500 mg/kg (i.p.) or 100 mg/kg <oral). Although no statistical analysis was 
performed, these researchers concluded that the distribution of RDX in the rat 
was unaffected by either the route of administration or the dose. Schneider 
et !l· also observed that RDX accumulated, at least temporarily, in various 
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tissues. The ratio of tissue-to-plasma concentration ranged from 2.6 for the 
heart, to 8.8 for the kidney. The brain had a tissue/plasma concentration 

ratio of 3.4. These researchers also administered RDX by gavage to miniature 

swine and found even less evidence of preferential uptake between ~rgans. The 

urine of the miniature swine contained approximately the same concentration of 

RDX as did the plasma <Schneider et ~·, 1977). 
Woody et al. (19B6) measured a cerebral spinal fluid to blood-serum ratio 

~~ 

of 0.83 approximatety 24 hours after ingestion of C-4 (plasticized RDX) by a 

three-year-old male child. This ratio was considered to be indicative of 
extensive distribution or accumulation of RDX in the cerebral spinal fluid. 

Metabolism. Bradley (1977) showed that the metabolism of RDX in rats was 
affected by pretreatment with substances that induce or inhibit the mixed 
function oxidases, that is, phenobarbital and pyrazole, respectively. When 
rats received phenobarbital prior to administration of 14c-ROX, there was a 
significant increase (p <0.01) in the amount of radiolabeled urinary 
metabolites excreted within a 24 h period. The cumulative percentage of 
radioactivity excreted in the urine over 4 d was also significantly greater in 
these animals, compared to controls. Pretreatment with phenobarbital caused a 
significant increase (p <0.01) in the amount of radiolabel excreted as 14co2 
within the first 24 h after dosing. The total excretion of 14co2 over a 4 d 
period was not affected by phenobarbital, however. Animals given the MFO 
inhibitor pyrazole excreted significantly smaller (p <0.01) amounts of 

radioactivity in the urine than controls. Pyrazole treatment also decreased 
the excretion of 14co2 by approximately sot. Subchronic administration of RDX 
appears to inhibit its metabolism. Pretreatment of rats with 20 mg/kg RDX for 

4 d or 11 d prior to administration of 14C-RDX caused a significant decrease 
(p < 0.01) in the amount of urinary metabolites. The underlying mechanism of 
this inhibition is not known. 

French et ~· (1976) noted hepatocyte alterations in rats 24 h after oral 
dosing with RDX (100 mg/kg). At 120 hours after dosing, proliferation of the 

smooth endoplasmic reticulum was observed. This proliferation also suggests 
that RDX induces the MFO. 

Schneider et ~· (1978) found tl1at 3 to 5 percent: of a dose of 
14C-l abe 1 ed RDX was excreted as the unchanged parent co.r.pound in the urine of 

rats. The majority of the 14c label that was excreted in the urine could not 

be identified. Various one-carbon metabolites have been identified, including 
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14co2 exhaled from the lungs of rats <Schneider et ~-, 1977, 1978). 
Bicarbonate ion and formic acid have also been identified (Schneider et ~·, 
1978). No quantification of these metabolic end-products has been reported. 

Excretion. Schneider et ~· (1977) gave rats a single oral dose of 
5G mg/kg 14c-RDX, and followed the excretion of radioactivity for 96 h. 
Approximately 43 percent of the administered radiolabel was excreted via the 
1 ungs as l4co2 , wh U e urine acco~t~d-- for another 34 percent of the l4c 
label. The feces contained three percent of the radioactivity, and another 
ten percent was in the rat carcass. Hoody et ~· (1986) found that 
unmetabolized RDX was present at higher concentrations in th~ feces than in 
the urine of a three-year-old male child following accidental ingestion of an 
estimated 1.2 g of plasticized RDX <C-4). The apparent half-life for 
elimination of RDX from the cllild-was 15.06 h. 

Toxic Effects on Organs and Systems 

Neurotoxicity. Acute RDX toxicity in humans is primarily manifested in 
the central nervous system. Specific neurotoxic symptoms in humans include: 
hyperirritability, muscle twitching, generalized epileptiform seizures, and 
prolonged confusion and amnesia <Stone et ~ .• 1969). Laburatory animals 
exhibit similar symptoms. For example, Levine et ~- (1983b) noted that rats 
that died during a 104-week chronic study often had convulsions prior to 
death. This phenomenon was observed only with rats dosed at the 40 mg/kg-d 
level. Hyperactivity and fighting were also observed more fr~1uently among 
rats at this dose level than with rats fed at lower doses. Schneider et al. --(1977) also observed convulsions in rats given a single i .p. dose of 500 mg/kg 
RDX. 

Hematological effects. Levine et ~· (1983b) reported mild anemia in 
rats that received 40 mg/kg-d of RDX in the diet during a 104-week chronic 
study. Male rats were affected to a greater extent than females. 
Extramedullary hematopoiesis, sinusoidal congestion and increased quantities 
of a hemosiderin-like pigment were also observed in both male and female rats 
at 52 weeks into tne study. The hemosiderin-like pigment was also seen in 
rats dosed at 1.5 mg/kg-d. This pigment was considered to be a secondary 
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response to the hemo·l yti c-type anemia. Stone et !! . ( 1969) noted neutrophilic 
leukocytosis and elevated blood urea nitrogen in humans that had ingested up 
to 180 g of the plasticized RDX (C-4). 

Dermal effects. Sunderman (1944) <as reported in Etnier, 1986) 
demonstrated that RDX powder acted as a primary ir~itant when applied to human 
skin. McConnell et tl· (1946b) r-eported a number-of cases of mild dermatitis 
that were attributed to occupational exposure 1n explosives plants. It is 
unclear whether these cases of dermat1tis were caused by RDX or TNT. 

Renal and urinary bladder effects. Levine et tl· (1983b) noted distended 
bladders in male rats that received dietary doses of 40 mg/kg-d RDX for 
52 weeks. The bladders contained dark red fluid, and upon histologic 
examination, luminal distention and cystitis were found. The kidneys of these 
rats were dark brown and displayed dilation of the renal pelvis. Renal 
medullary papillary necro~!~ was also noted. Ketel and Hughes (1972) 
documented 40 cases of RDX toxicity wi'thin a one year period in Vietnam (cited 
in Etnier, 1986). Based on 18 complete case reports, adverse effects on the 
kidney were relatively minor, and occurred in only 161 of the affected 
individuals. 

Reproductive effects. Levine et !!· (1983b) found statistically 
significant (p <0.05) reductions in the weights of testes from rats that 
received dietary doses of 40 mg/kg-d RDX for 52 weeks. Spermatic granuloma of 
the prostate was present in some animals. Other histologic lesions included 
germinal cell degeneration, enlarged_seminal vesicles, and enlarged prostates. 

Ocular effects. Levine et !!· (1983b) found a statistically significant 
(p <0.05) increase in the number of cataracts in female rats that were given 
40 mg/kg-d for of RDX in the diet for 78 weeks. Female rats that received 
this dose for 104 weeks had a statistically (p <0.05) greater incidence of 
cataracts than the 78-week group. 

Hepatic effects. Liver injury was observ~d by Levine et !!· (1983b) in 
rats that received a 40 mg/kg-d dietary dose of RDX during a 104-week chronic 
study. Hepatotoxicity was manifested as hepatomegaly, hypocholesterolemia, 
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hypotriglyceridemia, and reduced serum-albumin/total-protein levels. French 
et ~· (1976) used conventional transmission electron micrographs to observe 
hepatocytes with dilation of the rough endoplasmic reticulum, mitochondrial 
swelling, and con~entric membrane arrays 24 h after oral administration of 
100 mg/kg-d RDX. At 48 h following RDX administration, there was 
proliferation of the smooth endoplasmic reticulum in the hepatocytes. Marked 
proliferation of the smooth endoplasmic reticulum was noted_after 120 h. 

Immur.e s ys tern effects. Exposure to RDX has been imp 1 i ca ted in an 
excessive incidence of systemic lupus erythematosus <SLE) at a ~unitions 
plant. In an attempt to determine whether RDX was the causitive agent, 
Hathaway and Buck (1977) conducted a cross sectional epidemiologic study cf 
individuals employed at five separate munitions plants. SLE can be 
characterized by the presence of antinuclear antibodies, and Hathaway and Buck 
(1977) used the fluorescent antinuclear antibody test (FANA) as a screening 
tool to detect individuals with SLE. They found no statistically significant 
differences in the number of individuals who tested· positive for the presence 
of FANA between exposed and unexposed workers. 

Teratogenicity 

Cholakis et ~· (1980) studied the teratogenicity of RDX in rats and 
rabbits. A known teratogen, hydroxyurea, was used as a positive control. No 
teratogenic effects were found in either species at dose rates up to 
20 mg/kg-d (oral administration). At the higher doses of 40 and 80 mg/kg-d, 
pregnant rats died before giving birth. A two-generation study with rats did 
not reveal any statistically significant effects in offspring at dose rates up 
to 20 mg/kg-d. 

Genotoxicity 

Simmon et ~· (1977), Cholakis et !1· (1980), and Hhong et ~· (1980) 
conducted in vitro microbial assays with five strains of Salmonella 
!Yphimurium <TAI535, TA1537, TA1538, TA98, and TA100). No evidence of 
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mutagenicity was found in any of these stuaies witn or without metabolic 

activation. Sim~on et al. (1977) also studied the genotoxicity of RDX in 

Saccharomyces cerevisiae. RDX was not mutagenic to~- cerevisiae; however 

Simmon et ~- (1977) noted that this organism is not ~ensitive to certain 

classes of chemicals, and thus may not provide a valid indication of the 

genotoxicity of RDX. 
Although ROX has given negative results in a11 mutagenicity studies -

conducted to date, mononitroso-RDX, which is structurally similar to RDX~ has 

been consistently active in assays of genotoxicity. Snodgrass (1984) 

summarized the results of a series of short-term tests on mononitroso-ROX <the 

actual assays were performed by Litton Bionetics). Mononitroso-RDX was not 

mutagenic to 5 strains of Salmonella typhimurium, with or without metabolic 
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activation. Incubation of CHO cells with mononitroso-RDX caused a significant I 
inr.rease in the incidence of chromosome aberrations and sister chromatid 

exchange. Mononitroso-ROX also induced DNA repair in primary rat hepatocytes, 

and caused a significant increase in the number of mutations in mouse lymphoma 

cells. There was no evidence that mononitroso-RDX produced dominant lethal 

effects in mice. 

Carcinogenicity 

Hart (1976), Levine et ~- (1983b), and Lish et ~- (1984) conducted 

lifetime bioassays on RDX. Hart (1976) administered RDX in the diet of 

Sprague-Dawley rats at 1 .0, 3.1, or 10.0 mg/kg-d over a two-year period. No 

significant evidence of toxicity was observed in the treated animals. Levine 

et ~- (1983b) administered RDX in the diet of Fischer-344 rats at 0.3, 1 .5, 

8.0, or 40.G mg/kg-d for 24 months. Although RDX was toxic- at doses above 

1.5 mg/kg-d (e.g., anemia, splenic lesions. hepatotoxicity, etc.), there was 

no evidence of carcinogenicity. 

In contrast with the previous studies conducted with rats, Lish et ~

(1984) found that RDX was carcinogenic to femule B6C3Fl mice. In their study, 

groups of 85 m~ce consumed RDX in the feed at doses of 1 .5, 7.0, 35.0, or 

100.0 mg/kg-d. The purity of ROX ranged from 89.2 to 98.7 wt%, with HMX as 

the primary impurity. Initially, the high-dose group received RDX at 

175 mg/kg-d, but increased mortality necessitated a reduction to 100.0 mg/kg-d 

at test week 11. There was a dose-related increase in hepatocellular 

carcinomas in female mice, but not male mice, that was not statistically 
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significant. However, the combined incidence of hepatocellular carcinomas and 
hepatocellular ~denomas was statistically significant Cp <0.05) for the female 

mice in the 7.0 and 35.0 mg/kg-d treatment groups. 

Estimation of Intake Limits to Protect Public Health 

The preponderance of toxicological data currently available indicate that 
RDX is probably noncarcinogenic. Short-term tests of genotoxicfty have given 
consistently negative results, and the only statistically significant 
carcinogenic response in laboratory animals was based on an analysis of the 
combined incidence of hepatocellular carcinomas and hepatocellular adenomas in 

female mice (Lish et ~ .• 1984). Moreover, the RDX used in the Lish et ~· 
study included HMX as a major impurity, and no long-term animal toxicity 
studies have examined its potential carcinogenicity. In consideration of the 

lack of epidemiological studies on the carcinogenicity of RDX, the negative 
results from assays of mutagenicity, tht: equivocal results of chronic toxicity 
tests with mice, and the absence of malignant tumors in rats after chronic 

dietary administration (Hart, 1976, Levine et ~·, .1983b), the most 
appropriate method for estimating a safe intake is to use a 

adjust an animal NOEL to obtain an equivalent human intake. 

used a NOEL of 0.3 mg/kg-d defined in the chronic rat study 

safety factor to 

Etnier (1986) 
conducted by 

Levine et ~· C1983b) to derive an acceptable daily intake of RDX for humans. 
The resulting intake was 0.003 mg/kg-d (0.21 mg/d for a 70 kg aduit) based on 
an uncertainty factor of 100. 

TOXIC EFFECTS ON AQUATIC SPECIES 

-
Bentley et ~· (1977a) examined the acute and chronic toxicity of RDX on 

aquatic organisms. Results from the static acute toxicity experiments are 

presented in Table 9-7. Chronic studies were conducted with the water flea, 
midge (larvae), and fathead minnow. Fathead minnows were the most sensitive 
species to chronic RDX exposure. After 30 d of exposure to 6.3 mg/L RDX, 

survival of fatread minnow fry was significantly lower than in controls. 

Bentley et ~· Cl977a) used an application factor of 0.1 to the bluegill 96-h 
LC50 value of 3.6 mg/L to calculate a water quality criterion of 0.35 mg/L ROX. 
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Table 9-7. Acute toxicity of RDX to aquatic organisms from Bentley et ~-. 
1977a). 

Species 

Vertebrates 

Bluegill 

Bluegill 

Bluegill 

Fathead minnow 
(7 days post hatch) 

Channel catfish 

Channel catfish 

Rainbow trout 

Invertebrates 

Hater flea 

Midge 

Algae 

S. capricornutum 

M. aeruginosa 

A. flos-aguae 

N. pelliculosa 

Concentration 
(mg/L) 

3.6a (1.9-6.6) 

7.6C (5.-10) 

6.od (5.4-6.5) 

J.sd <3.0-5.0) 

13C ( 8. 8-20) 

4.1 d (3. 5-4. 9) 

6.4d (5.4-7.4) 

) 100 

) 100 

3.2 

32.0 

32.0 

32.0 

Effect 

96-h LCSO 

96-h LCSO 

96-h.LCSO 

96-h LCSO 

96-h LCSO 

96-h LCSO 

96-h LCSO 

48-h ECsoe 

48-h ECsoe 

17t decrease in cell 
density in 96 h. 

1St decrease in cell 
density in 96 h. 

14t decrease in cell 
density in 96 h. 

17t decrease in cell 
density in 96 h. 

a For a water temperature of 20°C, a pH of 6.0, and a water hardness of 35 
mg/L (CaCOz). This concentration was derived from a static test. 

b 95t confidence interval 

c Obtained from a dynamic test 

d Obtained from a static test 

e EC50 based on immobilizdtion 
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10. DATA-BASE ASSESSMENT FOR HHX 

HMX is a by-product of ROX synthesis and is p·,·esent in military-grade ROX 

at levels of between 8 and 12 wt't. HMX is also a powerful explosive and is 

used in different exp1osive formulations. Because HMX has a chemical 
structure that is similar to that of ROX (see Table 10-1), its environmental 
properties parallel those of RDX. For example, the photolytic decay of HMX, 
although slower than RDX photo)ysis, is an important environmental 
transformation process for both e~plosives. Data on the toxic effects of_HMX 
are limited to the results of two toxicity studies with laboratory animals. 
Its aquatic toxicity has been evaluated in freshwater algae and fish. 

ENVIRON~ENTAL PARTITIONING AND TRANSPORT 

Pertinent chemical and physical properties of HMX are contained in 
Table 10-2 and estimated partition coefficients are shown in Table 10-3. The 
vapor pressure for HMX is extrapolated from approximately lo-9 to lo-15 torr, 

and consequently it is subject to some uncertainty. Similarly, the Henry's 
law constant is only an approximation because of the uncertainty in the vapor 
pressure es ti rna te. Even with such es ti rna ti on errors. it is c 1 ear from the 

equilibrium distributions of HMX in the two reference environments shown in 
Table 10-4 that this compound will preferentially reside in subsurface soils 
and ground water. 

J Kayser and Burlinson (1982) analyzed the concentrations of ROX and HMX in 

leachate from soil-column experiments connucted by Hale et !l· (1979). Their 
concentration data indicated that HMX (present as an impurity in ROX) leached 

through three different soils at the same rate as RDX over a three-month 
period. HMX concentrations were consistently about 10% of those of RDX, which 

is the approximate level of nMX in military-grade RDX. However. when Kayser 
and Burlinson (1982) extracted the soils, they found the HMX concentration in , 

relation to RDX to be higher than the 10% expected. · The proportionately 
higher concentrations of HMX were more pronounced in some of the soil 

extracts. The differ~nces could be due to different degradation rates between 

ROX and HMX or decreased- soil adsorption for HMX. Spanggord ~t !l· (1982c) 
measured the adsorption of HMX onto sediment from the Holston River. They 
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Table 10-1. Chemical identifiers of HMX. 

Empirical formula: 

Molecular weight: 

CAS reg. no.: 

RTECS no.: 

c4H8N8o8 
296.17 

[2691-41-0] 

XF7450000 

Structural formula: 
N01 I 

/N\ 
O,N-N"' ;-K01 

N 
I 
N01 

estimated upper limits for Kd and Koc as 8.7 and 670, respectively. In 

contrast. the K0 c predicted from HMX's aqueous solubility and melting point is 

129. 

ENVIRONMENTAL TRANSFORMATION PROCESSES 

The environmental degradation mechanisms and products of HMX are similar 

to those of RDX. however; the photolysis and microbial degradation of HMX 
·~ 

occur at slower rates. 

Photolysis 

The photolytic absorption spectrum of HMX is similar to that of RDX and 

is strongest below 290 nm <Maycock et ~ .. 1969), the point accepted _the 

effective 1 ower bound of the natura 1 sun 1 i ght spectrum (see Lyman et !!_ .• 

1982). Maycock et !!_. < 1969) a 1 so showed that RDX and HMX absorb UV and 

visible light in a similar manner. Spanggord et !!_. (1983b) measured the 

photolytic degradation of HMX and RDX in samples of distilled water, river 

water, and manufacturing waste water contained in boros i 1 i ca te tubes or in 

dishes. Their data showed that the photolytic loss rate of HMX in distilled 

water exposed to sunlight was faster than the photolysis rate of HMX in lagoon 

water. They attributed the difference to the increased screening of light 

caused by suspended partices in the lagoon water <see Table 10-5). 
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Table 10-2. Chemical and physical properties of HMX. Properties are for an ambient temperature of 

20°C unless otherwise noted. 

Property Units 

Boiling point oc 

Freezing/melting point oc 

Density g/ml 

Vapor pressure torr 

Aqueous solubility mol/L 
mg/L 

mol/L 
mg/L 

Henry's law constant (L-torr)/mol 

Diffusion coefficients: Alr m2/s 
Hater m2/s 

Log octanol/water prr~ition 
coefficient CK0 w> 

a See Appendix A. 

b Measured at 22°C. 

log Kow 

V~lue 

Not available 

285 (decomposes> 

1.9 

9 X J0-16 

8. 8 X J0-6 
2.6 

1 . 7 x 1Q-5b 
5.0 

1 X J0-1 0 

5. 1 X J0-6 
5.0 X J0-1 0 

0. 13 

Source 

Dobratz, 1981 

Dobratz, 1981 

Calculateda from a vapor 
pressure-temperature equation 

Spanggord et 21·, 1982c 

Glover and Hoffsommer, 1973 

Calculated as the ratio of vapor 
pres sure to aqueous so 1 ubi 1 i ty at 
20°C 

Estimateda. 
Estimateda 

Measured, Atlantic Research (1979), 
cited in Tucker et 21·, 1985 · 
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Table 10-3. Partition coefficients for use in estimating human exposures ~o H~X. 

Partition 
coefficient Parameter 

Plant/sci 1 Ksp 

Beef fat/die~ Kfd 

Fish/water Kfw 

SOC/water Koc 

Units Value Source 

<mg/kg plant)a/(mg/kg soil) 1 Calculatedb .from molecular weight 

(ppm in fat)/(ppm diet) 2.9 x lo-3 Calculatedb from Waler 

(mg/kg fish)a/(mg/kg water) 0.5 

Cmg/kg SOC)/(mg/kg water) 130 

670 

solubility and log K0 w 

Calculatedb from log K0 w 

Calculatedb from solubility 
in water and melting point 

Upper-bound value for a river 
sediment, based on measured values 
from Spanggord et ~-, 1982c 

a Het-weights for plant and fish 

b See Appendix A 



Table 10-4. Fractional distributions of HMX among the eight compartments of 
environmental landscapes representing areas in the U.S. where demilitarization 
operations occur. Distributions are based on the steady-state addition of HMX 
to the upper-soil layer. For details of the compartments, see Appendix B. 

Western ecoregion Southeastern ecoregioll 

Compartmen_t Fractiona of total inventory present 

Air 6.7 X lo-17 9.3 X 10-11 

Air particles 4.6 X lQ-9 1 . 2 X Jo-B 
-

Biota 4.B X lQ-5 0.0053 

Upper soi 1 0.021 O.OB2 

Lower soil 0.36 0.10 

Ground water 0.62 0.80 
Surface water 0.0026 0.010 

Sediments B.6 X lQ-5 3.5 X to-4 

a Fractions do not add to one because of rounding. 

Spanggord et ~· (1983b) calculated the light absorption .-ate at selected 
wavelengths for RDX and HMX and found that the RDX absorption rate was twice 
the HMX absorption rate. In addition, they estimated the quantum yield of HMX 
to be 0. 13. Spanggord et ~· (19B3b) estimated HMX photolysis rates at depths 

of 0 to 300 em in the Holston River, using the procedure of Zepp and Cline 
(1977) to calculate day-averaged photolysis rate constants. They found that 
the computer-derived estimates and their measured rate constants differed by a 

factor of two. Photolytic decay rates for summer and winter (40°N latitude) 
are summarized in Table 10-5 for different water depths. 

Photolytic degradation of HMX and RDX by natural light is caused by 

absorption of 1 i ght between 290 and 370 nm ( Spanggord et ~. , 1983b; Maycock 

et ~ .• 1969; and Smetana and Bulusu, 1977). Maycock et ~· (1969) suggested 
that light absorption in this range causes electronic transitions in the N-N02 
chromophore for both RDX and HMX. 
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Table 10-5. Rates of photolytic degradation for HMX (derived from data 
presented in Spanggord et !!·, 1983b). 

Concentration 
mg/L Derivation of half-life 

6 -

6 

6 

Loss f!:om distilled ... ,ater solution, 
in borosilicate tube in July sunlight 
in Menlo Park, CA 

Loss from distilled water solution, 
in 4-cm-deep dish in June sunlight 
in Menlo Park, CA 

Loss from lagoon water solution, 
in borosilicate tube in July 
sunlight in Menlo Park. CA 

6 Loss from lagoon water solution, 
in 4-cm-deep dish in June sunlight 
in Menlo Park, CA 

not specified Estimated by method of Zepp and 
Cline (1977) for Holston River water 
surface, Summer 

not specified Estimated by method of Zepp and 
Cline (1977) for Holston River water 
surface, Hinter 

not specified Estimated by method of 2epp and 
Cline (1977) for Holston River water, 
300-cm deep, Summer 

not specified Estimated by method of Zepp and 
Cline (1977) for Holston River water, 
300-cm deep, Winter 

Photolysis Calculated 
rate constant half-life 

(d-1) (d) 

0.302 2.2 

0:19 3.6 

0.10 6.9 

0.0099 70 

0.4 1.7 

0.069 10 

0.021 33 

0.0036 192 

The photolysis mechanism probably involves molecular decomposition 
because no photolytic intermediates accumulate. Torbit (1970) and Maycock 
et ~· (1969) studied the photolytic decomposition of HMX crystals with UV 
irradiation at a broad spectrum of wavelengths from 235 to 575 nm and at a 
single wavelength of 254 nm. These authors proposed a mechanism involving 
rupture of a C-N bond with subsequent loss of the N-N02 moiety. Torbit's work 
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also supported cleavage of the C-N bond. He measured the loss of N-N02 UV 

absorption' with irradiation time. Mass spectral analysis of the products of 

UV irradiation also indicated cleavage of the C-N bond. Maycock et ~-· (1969) 

found three photoproducts present initially. One fragment was too small 

(mass/charge (m/e) of 14) to use in determining a mechanism. The other two 

fragments indicated breakage of the C-N linkages of HMX. One had an m/e ratio 

of 30. which Maycock et ~. cons i d~e~_ -to be formaldehyde; the other had an 

m/e of 44, which was suspected to be dinitrogen oxide. 

These proposed mechanisms are in apparent conflict with those of Kubose 

and Hoffsommer ( 1977). They cone 1 uded from their study with RDX that 

irradiation of RDX with light at wavelengths above 280 nm initiated 

degradation by cleavage of the.N-N bond. Irradiation with shorter wavelengths 

ruptured the N-0 bond forming an N-ni troso intermediate. However. Spanggord 

et al. (1983b) found no evidence for the formation of N-nitroso derivatives in 
--
the photolysis of HMX. They proposed a mechanism with breakage of an N-N bond 

because 50% of the initial N02 groups became nitrate or nitrite 

(Figure 10-1). However, they noted that nitrate and nitrite also undergo 

further photochemical transformations. 

Biotransformation 

Biodegradation of HMX occurs aerobically only under very specialized 

conditions and under anaerobic conditions, the addition of nutrients is 

necessary. 

Spanggord et ~· (l983b) found that HMX was not degraded aerobically by 

naturally-occurring microbes in samples of water from uncontaminated ponds and 
-

streams near Menlo Park, California, even with added yeast extract. However, 

the adapted microbes in the effluent water from the Holston Army Ammunition 

rlant reduced HMX concentrations by 50% (6.1 to 3 ppm) in 2 d when 50 ppm 

yeast extract was added to that water. They were unable to culture the 

organism or find a chemical that was affecting the transformation. They also 

performed anaerobic biotransformation studies with HMX in a basal salts medium 

containing yeast extract. They found that the amount of HMX transformed 

increased as the amount of yeast was increased. 

In another set of experiments they studied the effect of different 

nutrients on biotransformation rates. Glucose, peptone, sodium acetate, and 

yeast extract did not significantly alter the transformation rates. Hhen 
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grown and washed bacter~al cells were used, yeast extract was more effective 

in promoting HMX biodegraJatian. McCormick et ~· (1984) measured the decline 

of HMX levels in sewage sludge under anaerobic conditions and nutrient broth. 

They found that HMX degraded more slowly than RDX under the same condi.tions. 

Microbial degradation of HMX begins with non-selective, but sequential 

reduction of the nitro groups of HMX to their nitroso analogues. Spanggord 

et ~· (1983b) identified mono-, di-, tri-, and tetranitroso-HMX from mass 
-

spectral analysis of the metabolites of ttMX- biodegradation. McCormick .tt ~· 
(1984) found the same inter111ediate:; in anaerobic biodegradation experiments 

using sewage sludges and nutrient broth. They found no hydrazines among the 

HMX met abo 1 i tes, a 1 though hydrazi ne intermediates were detected in simi 1 ar 

biodegradation experiments with RDX. They speculated that the absence of 

hydrazi nes from HMX degradation was due to a s 1 ower i niti a 1 rate of attack on 

HMX, which prevented accumulation of hydrazine. 

TOXIC EFFECTS ON ANIMALS AND HUMANS 

Most of the information on the toxicity of HMX comes from studies 

conducted by McNamara et ~· (1974) and Wilson (1985). The toxicity of HMX 

has also been discussed by Ryon et _!l. (1984). In the following data-base 

assessmen~. we review the data from these and other studies with respect to 

the toxicity of HMX to specific organs and systems. 

Toxicokinetics 

Absorption. Wilson (1985) measured HMX levels in the plasma of mice and 

rats that had received a single dose of radiolabeled HMX. A peak plasma 

concentration of 6 to 10 ~g/mL was observed in these animals after an oral 

dose of 500 mg/kg. The time course of plasma levels was similar in both 

c;pecies and the peak was reached 6 h after treatment. In contrast, peak 

plasma levels of HMX (0.5 to 1.0 ~g/ml) occurred within one hour in rats that 

were given a single intravenous dose of labeled HMX (2.0 mg/kg). These levels 

remained fairly constant for six hours, but by 24 hours, had decreased to 

0.2 )..lg/ml. Wilson also measured HMX in the plasma of rats that were fed HMX 
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in their diet for 90 d (treatments ranged from 50 to 4000 mg/kg-d) and 
concluded that plasma levels of HMX were "extremely low in relation to dose," 
and that furthermore, the quantity of HMX in the plasma did not increase 
"significantly"a with dose. 

McNamara et ~· (1974) found substantial differences in the toxicity of 
HMX to dogs, depending on the route of exposure. In genera 1, derma 1 
application of HMX (17.5 mg/kg in acetone, 21.9 mg/kg in cyclohexanone, or 
289.0 mg/kg in OMSO) did- not produce cbnsistent or p+edictable physiological 
alterations (i.e., changes in the EEG, EKG, blood pressure, heart rate, and 
respiratory rate). Conversely, intravenous administration of HMX (1.55 or 
3.1 mg/kg in cyclohexanone, 2.5 or 6.75 mg/kg in acetone, or 20 or 40 mg/kg in 
DMSO) caused chang~s in the EEG, blood pressure, and heart rate. In general, 
absorption of HMX by rabbits and guinea pigs appears to be similar to that 
noted in dogs. However, at a high concentration in a very lipophilic solvent 
CDMSO), HMX can penetrate the skin in amounts great enough to cause death. In 
particular, dermal application of 1.0 ml HMX (33% in OMSO) was lethal to 
rabbits after two or five treatments. Some deaths in guinea pigs were also 
recorded after single dermal applications of 465, 477, 507, or 546 mg/kg 
(McNamara et ~·, 1974). 

"--. Distribution. Reports of organ toxicity folL>wing exposure to tiMX 
indicate that this substance can reach the heart, central nervous system, 
immune system, liver, and kidneys (McNamara et ~·, 1974; Wilson, 1985). 
Wilson (1985) has also noted that following oral (500 mg/kg) or intravenous 
(2.0 mg/kg) administration of HMX to rats, the highest concentrations were 
found in the liver and kidneys, and the lowest levels in the brain. 

Metabolism and Elimination. Wilson (1985) compared the relative 
importance of respiratory, fecal, and urinary excretion of HMX by species and 
route of exposure. Ani rna 1 s were given 14(-HMX ora 11 y or intravenous 1 y, and 
excreta were recovered over a four day-period. The results of these 
experiments are summarized in Table 10-6. Fecal ei l:nination was the dominant 
route of excretion after oral administration of HMX: 70.0 to 85.0% of the 
recovered dose was excreted by this pathway. Urinary excretion of the 
radiolabel represented a minor portion of the recovered dose (3.0 to 4.0%). 
However, when HMX was given intravenously, urinary excretion became the 

a Wilson (1985) did not report the level of statistical significance. 
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Table 10-6. Excretion of 14c-HMX after oral or intravenous administration 

(data are from Wilson, 1985). 

Concentration or Percent radiolabel recovered in 

Species Route dose Cmg/kg) feces urine C02 carcass 

Rat Oral 500.0 85.0 4.0 0.7 0.5 
-

Mouse Oral 500.0 70.0 3.0 0.6 1.0 

Rat i. v. 2.0 3.0 61.0 5.0 6.0 

predominant route of elimination (61.0% of the radiolabel was recovered in 

urine), and fecal excretion decreased to 3.0%. Production of C02 represents a 

relatively minor pathway of HMX elimination (see Table 10-6). 

Toxic Effects on Organs and Systems 

Hepatic effects._ Wilson (1985) reported centrilobular degeneration in 

the livers of male rats that were fed an average of 8504 mg/kg-d of HMX per 

day for 14 d. In the same study, female ·.-ats that received 1280, 3055, or 

3474 mg/kg of HMX daily exhibited hepatocyte hyperplasia. Animals in all dose 

groups (333 to 9000 mg/kg) had reduced liver weights. Male and female rats 

that were given HMX in the diet for five weeks (4000 or 1500 mg/kg-d, 

respectively) had a "significant increase" in levels of alkaline phosphatase 

relative to controls. After seven additional weeks of treatment, only females 

still had abnormally high levels of this enzyme. A "significant" number of 

male rats fed 450, 1350, or 4000 mg/kg-d of HMX (over 90 d) developed enlarged 

centrilobular cells that had atypically colored nuclei and cytoplasm. In a 

90-d experiment, Wilson found that alanine aminotransferase and alkaline 

phosphatase activity were "slightly depressed" in male mice treated with 5 to 

200 mg/kg-d of HMX. Female mice (treatments of 10 to 750 mg/kg-d) also 

exhibited a slight depression of alkaline phosphatase. Mice that died before 

the end of a 14-d treatment period with HMX (100 to 5000 mg/kg-d) had a 

dose-related increase in the incidence of hepatocellular hyperplasia (Wilson, 

1985). 
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Renal effects. Blood urea nitrogen levels were "significantly" elevated 
in female rats given HMX in their diet (1500 mg/l<.g:..d) for 13 weeks (Wilson, 

85). The urine of these same rats had elevated levels of albumin as w~ll as 
reduced specific gravity and pH, by the twelfth week of treatment. Male rats 
that were treated with 4000 mg/kg-d of HMX excreted abnormally large amounts 
of albumin in their urine after five weeks of dosing. Localized atrophy and 
dilation of the kidney tubules was noted in female rats fed 270, 620, or 
1500 mg/kg-d of HMX for 13 \'!eeks. Femal~ rats at all dose levels (50, 115, 
270, 620, or 1500 mg/kg-d) exhibited a dose-related increase in kidney weight 
(Wilson, 1985). 

Dermal effects. McNamara et ~· (1974) found that a single application 
of 1.0 ml HMX (334 in DMSO, 75% in cyclohexanone, or 5.7% in acetone) was not 
overtly irritating to the abraded skin of rabbits. However, mild desquamation 
of the skin was observed after repeated applicaticn (5 d/wk for 4 weeks) of 
1.0 mL HMX (33%) in DMSO. Guinea pigs developed lor.alized erythema whe~ 1000 
or 2000 mg/kg of HMX in DMSO ( 33'1.) was app 1 i ed to their skin. The 
erythematous reaction elicited by 1000 mg/kg of HMX was not exacerbated by 

peated applications (McNamara et al., 1974). A suspension of HMX in 
,,physiologic saline (to a concentration of 60%) was "mildly irritating" when 

applied to the skin of rabbits (Wilson, 1985). 

Ocular effects. Cutaneous (2.0 to 33.0%) or intrade;mal (0.25%) 
application of HMX in acetone, DMSO, or cyclo~exanone (3 d/wk fnr 3 weeks) did 
not increase the incidence of cataracts in the eyes of guinea pigs over that 
of solvent controls (McNamara et ~·, 1974). Wilson (1985) reported t~1at dry 
HMX, or HMX in distilled water (60% suspension) was "practically 
non-irritating" to the eyes of rabbits. 

Cardiovascular effects. A single intravenous doc;~ of 40 mg/kg HMX in 
DMSO cau~ed cardiovascular collapse and death in dogs (McNamara et !}_., 
1974). Prior to deat~. animals developed bradycardia (slo~ing of the pulse 
rate). resniratory alterations, and a change in the EEG. A dog given an i .v. 
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dose of 2.5 mg/kg of HMX in acetone followed by 6.75 mg/kg of HMX {also in 
acetone) exhibited a a~op in blood pressure, a depressed respiratory rate. and 
temporary ~ardiac arrest (McNamara et !l·. 1974). 

Central nervous system effects. Administra~ion of 20 mg/kg intravenously 
of nMX in OMSO cau~ed hyperreflexia in dogs two hours after dosing (McNamara 
et !!_., 1974). Three hours later, one animal was extremely hyperactive, and 
underwent convulsive seizures. Dietary ingestion of HMX for 13-weeks (i500 or 
4000 mgikg-d) caused an increase in the relative brain weight of male and 
female rats <Wilson, 1985). Female rats (1500 mg/kg-d) also had elP.vated 
absolute brain weight. In the same experiment by Wilsoni ~ice of both sexes 
given HMX (5 to 750 mg/kg-d) had slightly higher brain weights than untreated 
controls. 

Hema_tological effects. During weeks five and 12 of a 13-week feeding 
study with HMX, Wilson (1985) observed a decrease in hemoglobin in high-dose 
male (4JOO mg/kg-d) and female (1~00 mg/kg-d) rats. In the twelfth week of 
this experiment, animals of both sexes also developed a "slight increase" in 
the levels of methemoglobin and had a reduced red-blood-cell count. 

Immune system effects. An unusually high incidence of systemic lupus 
erythematosus (SLE) at a munitions plant prompted an epidemiologic study to 
determine if there was a c~rrelation between exposure to explosives, and onset 
of this disease. The epidemiologic study by Hathaway and Buck (1977) 
encompassed three plants, where individuals were erposed to RDX, or to RDX in 
combination with TNT and/or HMX. However, no analysis of HMX concentrations 
in the air were conducted. Hathaway and Buck found no s ta tis ti ca 11 y 
s1gnificant differences in blood ch~mistry or in the presence of antinuclear 
antibodies (a predictor of SLE) between exposed and unexposed workers. 

Sunderman (1944) used a patch test to evaluate the ability of solid HMX 
to induce hypersensitivity reactions in occupationally exposed individuals. 
A 1 though he reported a positive response in some i ndi vi dl.ia 1 s, subsequent 
reports (~ilson 1985; McNamara et ~·. 1974) found no evidence that HMX caused 
allergic response in animals. 
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Lymphocyte depletion in the thymus and spleen was noted in female rats 

fed HMX daily, for 14 days n~11son, 1985). The actual daily dose that these 

animals received is not clear; although they supposedly belonged in the 

highest dose group of 9000 mg/kg, the author reported that the average 

achieved dose was 3055 mg/kg-d.- Similar abnormalities were observed in female 

rats that died before the end of the 14-day treatment period (these animals 

had received 1280 or 3474 mg/kg-d). A dose-related depletion of thymic and 

splenic cells was also found in mice given 100 to 5000 mg/kg-d of HMX over 

14 d. These effects apparently were found only in animals that died before 

the end of treatment. 

Teratogenicity 

There are no data on the teratogencity of HMX. 

Genotox i city 

Analytical grade HMX (in DMSO) was evaluated for its ability to inc.uce 

reverse mutations in five strains of Salmonella (TA98, TA1537, TA1538, TAlOO, 

and H\~::i35) (Whang et ~ .• 1980). In the spot test, concentrations of 0.625 

or i . 2 5 mg I spot reported 1 y gave neg at i v e res u 1 t s . No support i n g data were 

provided, and it Is not clear if these results were obtained with or without 

metabolic activation. HMX was also tested in a plate incorporation assay to 

which Aroclor-induced S-9 had been added. Apparently, 2.5 mg/plate of HMX was 

not mutagenic; again, no details of the experiment were included. 

Simmon et ~· (1977) evaluated the mutagenicity of compounds fou:1rl in 

wastewater from munitions p 1 ants. Compounds were tested before and after 

treatment .•i:h chlorine disinfection to distinguish the health hazards 

associ a ted with the treatment process from those inherent in the parent 

comoound. HMX (0.25 mU was tested in the Ames assay with Salmonella 

typhimurium, using a standard plate incorporation technique. Mutagenic 

activity was analyzed in tester strains TA98, TAlOO, TA1535, TA1537, and 

TA1538, both with and without metabolic activation. In a separate series of 

tests, HMX (0.005 to 0.25 mU was allowed to react with 10 to 1000 ppm of Cl2 

prior to testing in ~· typhimurium. HMX did not significantly increase the 

frequency of reverse mutations in any of the tests. HMX was also examined fer 
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lts ability to induce mitotic recombination in Saccharomyces cerevisiae 03. 
HMX (as well as all other compounds tested) gave a negative response with this 
organ i s m . S i mmo n e t a 1. ( 1 9 77 ) con c 1 u de d that ~ . cere v i s i a e w a s not an 
appropriate organism for an evaluation of the mutagenicity of the compounds 
tested. 

Carcinogenicity 

No studies have been conducted to evaluate the carcinogenic potential of 
HMX. 

Estimation of Intake Limits to Protect Public Health 

The only toxicological data available to estimate the safe intake rate 
for HMX are from subchronic (i.e., 13 weeks) toxicity studies that Wilson 
(1985) conducted with rats and mice. In the study with rats <Fischer-344), 
five groups consisting of 20 male rats and 20 female rats were administered 
HMX in their diet. An additional group of male and female rats were used as 
controls. The dajly doses for male rats in the five treatment groups were 50, 
150, 450, 1350, and 4000 mg/kg; and for female rats the doses were 50, 115, 
270, 620, and 1500 mg/kg. "Significant" (level of statistical significance 
not given) effects to livers (e.g., .. enlarged centrilobular cells with pale 
nuclei and dark cytoplasm .. ) were observed in males at dose rates at and above 
150 mg/kg-d. Kidney effects in the form of focal atrophy and dilation were 
observed in females at dose rates of 270 mg/kg-d and above. Male and female 
mice (86C3Fl) were divided into five treatment groups consisting of 20 males 
and 20 females. Dietary dose rates for the male mice in the different 
treatment groups were 5, 12, 30, 75, and 200 mg/kg-d, and for the fema 1 es the 
dose rates were 10, 30, 90, 250, and 750 mg/kg-d. At the highest dose rates 
for both sexes mortality was substantial (i.e., 13/20 males, 20/20 females). 
Laboratory studies of the mice did not reveal any major differences (e.g., in 
blood chemistry and histopathological examinations) between the exposed mice 
and the controls. Wilson (1985) did not identify a NOEL For either rats or 
mice, and no s ta tis tical tests were reported for comparisons between the 
control groups and the treatment groups. Subsequent comr.ounicn.tion with the 
author (Wilson, 1985) indicated that a conservative NOEL from these studies is 
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10 mg/kg-d for mice. An AOI can be derived by dividing 10 mg/kg-d by 1000, 

which includes adjustments for subchronic to chronic exposure and 

uncertainties associated with inter- and intra-species differences. The 

e s t i rna ted safe i n take i s therefore 0 . 0 1 mg I k ~-d . Because of t"h e : a c k of 

rigorous statistical tests in the above study, we estimated lower-bound <LB) 

AOI's by multiplying the oral LD50's determined by Wilson (1985) for mice and 

rats by an applica~~ion factor of 1 x lQ-5 d-1 (see Appendix 0). The oral LD50 

values ranged from 1960 mg/kg-d for male mice to 7590 mg/kg-d for female rats, 

and the corresponding LB-ADI's are 0.02 to 0.08 mg/kg-d. The LB-AOis are 

higher than the AOI derived from the subchronic study, ~hich suggests that a 

value of 0.01 mg/kg-d should protect the health of individuals chronically 

e~posed to this explosive. 

TOXIC EFFECTS ON AQUATIC SPECIES 

Bentley et ~- (l977b) performed acute toxicity studies on four species 

of freshwater vertebrates, four species of invertebrates, and four species of 

algae. HMX was mixed with acetone, forming a superstock solution for 

subsequent use in preparing test solutions of HMX with concentrations greater 

than HMX's solubility in water. Representative data from these studies are 

listed in Table 10-7. The 7-day-old fry of fathead minnows had the lowest 

96 h LC50 at 15 mgll. All other vertebrate and invertebrate species tested 

had LC50 or EC50 values greater than 32 mgll. All four aquatic algae species 

exposed to concentrations of 3.2 and 10 mg/L HMX showed greater chlorophyll-a 

content than controls. All four species of algae had an increased cell 

density at a concentration of 10 mg/L of HMX. Bentley et ~- (1977b) 

calculated a no-effect concentration for HMX of 0.75 mg/L as the product of an 

application factor (i.e., 0.05) and the 96 h LC50 for 7-day old fathead 

minnows (i.e .• 15 mg/U. Sullivan et ~· (1979) examined the results of 

Bentley et !}_. (1977b) in order to estimate a 24-h average concentration of 

HMX that would protect aquatic species. They used an application factor of 

0.01 with the LC50 for fathead minnows to derive a safe concentration of 

0. 15 mgll. 
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Table 10-7. Acute toxicity of HMX to aquatic organisms <Bentley et ~- 1977b). 

Species 

Vertebrates 
Rainbow trout 
Bluegi 11 
Fathead minnow 
FathPad minnow 

(7-days post hatch) 

Invertebrates 
~ater flea 
Midge 

Aquatic algae 
S. capricornutum 

~. f 1 os-aguae 

Concentration (mg/L) 

>32 

>32 

>32 

15 

>32 

>32 

10 
10 

Effect 

96-h LCSO 
96-h LC50 

96-h LC50 

96-h LCSO 

48-h ECsoa 
48-h ECsoa 

9t increase in chlorophyll-a content 

39t increase in chlorophyll-a contePt 

a Effective concentrations causing immobilization. 
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11. DATA-BASE ASSESSMENT FOR PENTAERYTHRITOL TETRANITRATE (PETN) 

PETN is used primarily as a booster explosive or as an energetic 

ingredient in primer formulations. fhis explosive is a minor component in the 

demilitarization inventory of explosives. PETN has been used as a vasodilator 

in the treatment of angina, and consequently, data are available on its 

pharnraco 1 ogi ca 1 properties. L itt 1 e work, however, has been done on its 

behavior in the environment. 

ENVIRONMENTAL PARTITIONING AND TRANSPORT 

Table 11-1 contains the chemical identifiers for PETN. Table 11·-2 

contains estimated and measured chemical properties, and Table 11-3 presents 

estimates of the coefficients for equilibrium partitioning between plant/soil, 

beef-fat/diet, fish/water, and SOC/water. The equilibrium distribution of 

PETN in the reference 1 andscapes representing the Western and Southeastern 

ecoregions <Table 11-4) indicates that subsurface transport will be the 

predominant transport mechanism. 

~NVIRONMENTAL TRANSFORMATION PROCESSES 

No studies have been completed that examine the transformation of PETN in 

environmental media. Consequently, our analysis of potential transformation 

processes is based primarily on inferences drawn from other studies. 

Photolysis 

PETN does not absorb light in the natural solar spectrum (Deb, 1957), and 

therefore no photolytic degradation is expected. 

Biotransformation 

No information was found on the microbial degradation of PETN in natural 

waters or soils. 
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Table 11-1. Chemical identifiers of PETN. 

E~pirical formula: 

Molecular weight: 

CAS reg. no. : 

RTECS no.: 

Hydrolysis 

C5H8N4o12 

316. 15 

[78-11-5] 

RZ2620000 

Structural formula: 

CH,ONO, 
I 

O,NQCH,-C-CH,ON0
2 I 

CH,ONO, 

A 1 though there are no data on the hydro 1 ys is of PETN in natural waters. 

Fraser (1968) did measure tl.~ hydrolysis rates of trinitroglycerine <TNG) and 

PETN in an ethanol/water/NaOH solution. PETN hydrolysis occurred at a rate 

that was approximat2ly 1000 times slower than that of TNG. The hydrolysis 

rates were second-order functions of hydroxide-ion concentration. Capellos 

et ~.(1984) measured the hydrolysis of TNG in a water/Ca(0H)2 solution at a 

pH of 7 and a temperature of 25°C. The hydro(ysis rate for TNG was 

0. 02 M-1 OHS -1 , or a ha 1 f-1 i fe of about 10 years, which suggests (if the above 

relationship between PETN and TNG holds) that the hydrolysis of PETN should be 

negligible. 

TOXIC EFFEC1S ON ANIMALS AND HUMANS 

In addition to its use as an explosive, PETN, like its three-carbon 

analog TNG, has also been used medicinally as a vasodilator in anti-anginal 

therapy. As a result of the mediul use of PET.N, relevant pharmacological 

information is available from low-dose animal tests and over 30 years of 

administration to ctngina patients. Studies of PETN have focused primarily on 

cardiovascular effects. 

Toxicokinetics 

Absorrtion. Oral administration of PETN to rats has shown that 

absorption proceeds fastest from the small intestine, slower from the large 

intestine, and slowest from the stomach (DiCarlo et ~-. 1965a). PETN appears 

to be the only organic nitrate commonly employed as a drug that is not readily 
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Table ll-2. Chem1cal and phys1cal propert1es of PETN. Propert1es are for an amb1ent 
temperature of 20°(. 

Property Unlts Value 

Bo1ling point oc Decomposes at 210 

Freezing/melting point oc 140 

Density g/mL 1. 52 

Vapor pressure torr 2 X J0-9 

mol/L 
mg/L 2 

IIIV I t L. 1. 0 X lQ-4 
mg/L 32 

A 

(L-torr)/mol :::: 3 X 10 

Diffusion coeff~cients: Air m2/s 
Hater m2/s 

Log octanol/water partition 
coefficient (K0 w) 

a See Appendix A. 

log Kow 

s. r x 10-6 
4. 9 X lQ-1 0 

2.2 

Source 

Lindner, 1980 

Windholz g.! !1·, 1983 

Windholz et !1·, 1983 

Calculateda from a vapor 
pressure-temperature equat1on 

Estimateda 
Estimateda 

Estimateda 
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Table 11-3. Partition coefficients for use in estimating human exposures to PETN. 

Partition 
coefficient Parameter Units 

Plant/soil Ksp (mg/kg plant)a/(mg/kg soil) 

Beef-fat/diet Kfd (ppm in fat)/(ppm diet) 

Fish/water Kfw (mg/kg fish)a/mg/kg water) 

SOC/water Koc (mg/kg SOC)/(mg/kg water) 

a Wet-weight for plants and fish 
b See Appendix A. 

j ----

Value Source 

Calculatedb from molecular 
weight 

4. 4 X 10-3 Calculatedb from log K0w 

22 Calculatedb from log K0w 

68 Calculatedb from log Kow 

I } ------- -
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Table 11-4. Fractional distributions of PETN among the eight compartments of 
environmental landscapes representing areas in the U.S. where demilitarization 
operations occur. Distributions are based on the steady-state addition of 
PETN co the upper-soil layer. For details of the compartments, see Appendix B. 

v.lestern ecoregion Southeastern ecoregion 

Compartment Fracticna of tot a 1 inventory present 

Air 1.1 X lo-9 9.0 X 10-10 

Air particles 2.8 X lo-9 8.2 X JQ-9 

Biota 3.4 X JQ-5 0.0041 
-

Upper soi 1 0.015 0.063 

Lower soil 0.30 0.10 

Ground water 0.68 0.82 

Surface water 0.0030 0.014 

Sediments 5.6 X JQ-5 2.6 X JQ-4 

a Fractions do not add to one because of rounding . 

..... absorbed through the oral mucosa (Gilman et al .. 1985). Davidson et al. 

(,,. ( 1970) reported that radio 1 abe 1 ed PETN wa-; detected in the b 1 ood of human 

volunteers within 15 minutes of administering 14c-PETN. DiCarlo et ~· 

(1967a) administered 10 mg/kg of 14c-PET'~ by gavage to rats and found that 7 

to 8% of the radio 1 abe 1 was absorbed dw. ~· .-:s the first hour. 147. after 2 h. 241 

after 4 h, and 60% after 18 h. 

Analyses of urinary metabolites indicate that both mice (see DiCarlo 

et ~-. 1964) and rats (see Crew et ~· 1966) absorbed over 40% of a 10 mg/kg 

dose of 14c-PETN in 24 hours. Davidson et ~· (1971) reported that 48 h after 

oral dosing, volunteers had absorbed a minimum of 60% of a 20-mg dose and 50% 

of a 40-mg dose. PETN remained present in the gastrointestinal tract after 

the three-day surveillance. Estimates of PcTN uptake based on urinary 

excretion may be low due to enterohepatic circulation of PETN or metabolites 

followed by fecal excretion <Davidson et ~ .• 1970). Fecal elimination of 33% 

of an intra-arterial dose of 2 mg/kg of 14c-PETN to rats indicated that 

enterohepatic recycling of PETN ii extensive (King and Fung, 1986). 

Since PE7N is not found intact in blood or urine, and is slowly absorbed, 

Davidson et ~· (1970) suggested that absorption might follow conversion to 
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the more readily absorbed compound PE-trinitrate <PE-tri-N> by enzymes or 

gastrointestinal bacteria. Studies by Carter and Goldman (1976) dealing with 

the metabolism of PETN in germ-free and conventional rats, however, did not 

show any differences between the amounts of 14C-PETN and its metabolites in 

the urine of the two types of rats. 

A more exact estimate of the amount of PETN absorbed requires additional 

data-on the extent of metabolism of PETN by gastrointestinal bacteria and the 

role of enterohepatic recirculation. The presence PETN metabolites in rat 

feces led King and Fung (1984) to suggest that unabsorbed PETN may be further 

metabolized by bacteria in the gut. 1J:! vitro studies of PETN degradation in 

rat urine and rat fecal homogenates, sterilized and unsterilized, show rapid 

and complete degradation of PETN by intestinal microflora (King and Fung, 

1984). 

Distribution and bioaccumulation. Davidson et ~· (1971) proposed that 

the major portion of an absorbed dose of PETN is rapid 1 y dis tri be'~ed into 

cells where active nitrate ~sters are further denitrated with the reiease of 

metabolties into systemic circulation. Peak radioactivity levels in blood 

occurred 2 to 4 h after single oral doses of 40 mg of l4c-PETN were orally 

administered to patients with coronary heart disease (DiCarlo et ~·, 1966). 

These levels remained high for about 6 h and consisted primarily of PE, 

PE-mononitrate <PEMN), and PE-dinitrate (PEON). The greatest quantity of 14c 

in the plasma was 1.44% of the dose, whereas whole blood contained as much as 

4.5% of the dose. DiCarlo et ~· (1965b) found that erythrocytes can degrade 

PETN faster than whole blood, and have a strong affinity for PETN and some of 

its metabolites. PE and PEMN were still found in the blood 24 h after josing. 

Davidson et ~· (1970) reported similar results from pharmacokinetic 

studies in which men received a single dose of 20 mg l4c-PETN. Peak 14c 

levels in blood occurred 4 to 8 h after dosing. PE and PEMN were the primary 

blood metabolites. PEON accounted for 28% of the radioactivity at 4 h, but 

had completely disappeared at 18 hours. At 24 h the 14c content of blood was 

40% of the peak level and at 48 h, it was 1 0'1. of the peak. PETN i tse 1 f was 

not detected in blood. The distribution of metabolites in the blood of rats 

dosed with 14c-PETN at 10 mg/kg reported by Crew et ~· (1966) is similar to 

the distribution observed in humans. DiCarlo et al. (1967a) noted that the 

PETN and/or its metabolites were quickly cleared from blood. Blood clearance 
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is rapid du~ to excr~tion and uptake into organs, where 14C-levels are higher 
than in blo0d after 1 h (Litchfield, 1971). 

After the oral administration of 14C-PETN (10 mg/kg) to rats (DiCarlo 
('"' ~-, 1967a), the l4c content of the kidneys increased over time from twice 
'-as high as the blood level at one hour to three times at four hours, to more 

than 20 times at 19 h. The 14c content of the liver at 1, 2, and 4 h was 
about three times g~eater than that in blood and nine times greater at 18 h. 
PE accounted for-100% of the radioactivity present in the 1 i ver. The sp 1 een 
concentrated 14c at about twice the liver rate so that at 18 h the 14c level 
was 19 times higher than in blood. At 18 h, the total radioactivity content -
of blood and organs examined was less than 3% of the original dose. The level 
of radioactivity in adipose tissue was always higher than that in blood and 
increased throughout the experiment. The fat-to-blood proportions increased 
from two at one hour, to five at two hours, to 33 at 18 h. At 18 h, 
approximately 56io of the radioactivity still remained in the body: 3io in 
adipose tissue, about 2% in the blood and organs, 17% in the ~arcass, and 34% 
ir. the gastrointestinal tract. 

Metabolism. PETN undergoes a stepwise de-esterification or denitration C" PE-tri-N, PEON, PEMN, and lastly, the complete denitrification to PE 
\Davidson et ~-. 1970; DiCarlo et ~-. 1967a, 1965a, Gilbert et ~-. 1982). 
In addition to these metabolites, Crew et ~- (1975) found gl1;curonides of 
PE-tri-N, PEON, and PEMN in blood taken from the ~earts of rats dosed with 
14c-PETN at 10 mg/kg. Crew et ~- (1971) discussed the formation of these 
three glucuronides in rat bile. Litchfield (1971) proposed that the 
metabolism of PETN and subsequent PE nitrate esters toPE and HN02 proceP1s by 
an e~zyme-catalyzed rea(tion with reduced glutathione, which serves as an H 
donor for the reductive process. 

DiCarlo et ~- Cl965b) reported that PETN is signifLa11tly denitrated in 
human plasma and to a greater extent in whole blood. The enzyme responsible 
for denitration appears to be concentrated in the erythrocytes. From in vitro 
studies of rat and human blood, King and Fung (1985) also concluded that 
enzymes in erythrocytes are important for PETN metabolism. The subcellular 
fractions of the heart and liver have also been shown to be important in the 
metabolism of PETN <DiCarlo et ~-. 1967b). 

( 
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Due to pharmacologic similarities between PETN and inorgan~c nitrates 

such as NaN03, it was long thought that the vasodilatory mechanism •Jf PETN 
involved the release of nitrate or nitrite ion. The hypotensive e7fect, 

however, is not temporally correlated with the level of inorganic nitr~te in 
the blood (Cass _et ~·, 1962). The vasodi lative potency of PETN and other 

organic nitrate esters is several orders of magnitude greater than that of the 
inorganic nitrites and nitrates. This increased potency is thought to be 
related to PETN's ability tOimore readily cross a cell membrane and to release 

nitrite witnin cells. 

Ignarro et ~- (1981) proposed that PETN exerts its vasodilatory effect 
-

after it is denitrated in the presence of cysteine or other compounds with a 
thiol group to form nitrite that is subsequently reduced to NO. Excess thiol 
groups combine with NO toform S-nitrosothiols that activate guanylate 
cyclase, elevate tissue cyclic GMP levels, relax coronary arteries, and 

decrease syste~ic arterial pressure. 

Excretion. Almost all of a 20-mg dose of 14c-PETN orally administered to 

humans was recovP.red from urine and feces in three days <Davidson et ~-, 
1970). The almost complete recovery of radioactivity suggests that the 

metabolism of PETN to C02 is negligible. Crew et ~· (1966) reported that 
0.28% of 14c-PETN administered to rats was eliminated as 14co2. Urinary 

excretion rates in humans are :;imilar to those in mice anJ rats. Davidson 
et !]_. (1970) reponed that volunteers eliminated 53% cf the original 
radiolabeled dose of PETN in 24 h, and 607. in 48 h. PEMN (51%) and PE (48"/.) 
were the primary uri~ary metabolites. Urinary excretion after a 40-mg oral 

dose of 14c-PETN to humans amounted to 347. of the initial radioactivity in 
24 h <DiCarlo et· !]_., 1966). In a separate study, Davidson et ~. (1971) 
orally administered 20 and 40 mg of l4c-PETN to volunteers and recovered 60 
and 507. of the radioactivity in the urine. 

~~ice orally dosed with l4C-PETN at 10 mg/kg eliminated 36"!. of the 

radiolabel in urine after 24 h, 45% in 48 h, and 58% in 72 h <DiCarlo et !}_., 
1965a). In a similar experiment, rats eliminated 281. of 14c in the urine in 

18 h after an initial dos:: of 10 mg/kg of 14c-PETN (DiCarlo et ~-. 1967a). 

The average amount of uriiiary excretion from several pharr.1acokinetic studies 
with rats (King nnd Fung, 1986, 1934; Crew et !}_., 1966J was about 25% in 

2 4 h . A f t e r 7 2 h r a t s do no t e x cr e t e s i g n if i c a n t 1 y mo r e r ad i o a c t i v i t y ( K i; ! g 

and Fung, 1984). In contrast to the metabolic constituents in human urine, PE 
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is the primary metabolite found in both moLtse urine (100% in 24 h) <DiCarlo 
et !l·, 1965c) and rat urine (73ic. at 18 h) (DiCarlo et !l-, 1967a'. 

Fecal excretion of 14c in humans following a 20-mg oral dose Jf 

radiolabled PETN accounted for 10% of the radioactivity in 18 h and 31.57. in 
72 h (Davidson et ~-, 1970). After a dose of 40 mg of 14c-PETN, 41.2% of the 
radioactivity was eliminated in the feces in 72 h. Analyses of ra~ feces 
showed that rats orally dosed with 14c-PETN at 10 mg/kg eliminated 10% of the 
radioactivity in i8 h <DiCarlo et !l·. 1967a). Rats intravenously dos~d with 
2 mg/kg, eliminated 33io of the rad1oactivity in 24 h (Kirtg and Fung, 1986). 
The presence of 14c in the feces after intravenous administration indicates 
that the metabolites of PETN undergo significant enterohepatic recirculation 
(King and.Fung, 1986). 

Toxic Effects on Organs and Systems 

Dermal effects. An angina patient who had taken 0.6 mg/kg-d continuous:y 
for 8 years developed an extensive red rash over most of his body, marked by 
desquamation of his palms, so1es, and perineum, and edema of his arms and 
legs. Improvement followed after the medication was stopped. ThE rash 
recurred when tablets were taken again. Medication with PETN was then stopped 
altogether and the rash subsided (Ryan, 19--:>). Using six New Zealand whii:e 
rabb~ts. Ellis and Helton (1975) determined by th2 Dra:ze procedure that 
des~nsitized PETN Clncludes aluminum and 3odium hydroxide) produced no ~ye 

irritation and a score of 0.00 on the skin irritation test. 

Cardiovascular effects. The desired effect of the medicinal use of PETN 
is the decreased frequency of angina attacks thrcugh 'lasodilation and the 
subsequent decrease in systolic and diastolic blood pre~sure. The decrease in 
blood pressure is normally accompanied by an increase in :1eart rate and a 
decrease in coronary vascular and total peripheral resista..1ce. Dai1y doses 
can range from 0.4 to 2.3 mg/kg and are divided into three or four doses 
(Kastrup et !l-, 1983). The vasodilatory effect lasts several hours. 
Occasional adverse effects c.t therapeutic levels include: rash, headache, 
nauser..., vomiting, 

Refe·,·ence, 1986). 

headaches, but no 

weak.ness, rest~essness, and dizziness (Physician's Desk 
Cc s s et ~. < 1962) reported that four vo 1 unteers deve 1 oped 
other syillptoms, after a sing 1 e ora 1 dos~ of 60 mg 
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(0.86 mg/kg) of PETN. "No untoward reactions'' were observed at the lower 
levels of 0.29 and 0.57 mg/kg. Two ir.dividuals receiving an oral dose of 
64 mg (appro:<imately i mg/kg) did not complain of any "untow.ard effects" sW"\. 
as flushed face, headache, or oppression in the chest and no change in blJ~

pressure or heart rate was reported (von Oettingen, 1944). 

The effects of PETN to the cardiovascular system have also been 
investigatedj_n_several studies with laboratory animals. Dogs that received 
PETN at 5 mg/kg by stomach tube experienced a peak decrease in mean arterial 
blood pressure (MABP) of 29% in 1.5 to 2 hours (von Oettingen, 1944). The 
MABP gradually returned to normal but was still 161o below normal at 3 hours. 
SpinGl pressure rose to a peak of 35% coincident with the decrease in blood 
pressure. 

Aviado et ~· (1969) observed vasodilatory effects, manifested as 
decreased pulmonary resistance, decreased blood pressure, and increased heart 
rate in dogs that had received single intravenous doses of PETN at either 100 

or 50 ~g/kg. Similar effects were not observed at a lower dose of 20 ~g/kg. 

Decre~ses of MABP by 59, 38, and 17 mm Hg were a 1 so observed in dogs 
intravenously dosed with PETN at 122f', 465, and 100 ~g/kg, respectively 
(~astila et ~ .• 1976). ~astila et ~· (1976) reported decreases in MA3P r&: 

30, 27, 18, and 12 mm Hg in rats intravenously dosed with PETN at 500, 25G, 

100, and 50 ~g/kg, respectively. IntrJ.\'enous doses of PETN caused reduced 
stress-induced tachycardia at 40 ~g/kg (Piris et !]_., 1978) and a slight 
decrP.ase in myocardial blood flow at 50 ~g/kg (Ashikawa, 1974) in 
anesthetized dogs. 

Respiratory effects. Moderate increases in respiratory rate and volume 
were observed in dogs dosed with PETN at 5 mg/kg. After an hour, these 
·~ffects returned to normal (von Oettingen, 1944). 

Other effects. Von Oettingen (1944) reported that no pathological 
changes in iun~s. livers, kidneys, spleens, brains, or vascular walls were 
detected following a one-year chronic feeding study where rats received 
2 mg/kg in their food each day. However, most of the kidneys of treated rats 
appeared to have a greenish fluorescence in contrast to the normal coloration 
of the control rat kidneys. 
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Teratogenicity 

No information is available. 

Genotox i city 

·rhe mutagenicity of PETN \':as examined by vihong et ~- (1980) in an investigation that included other explosives (e.g. tetryl, ROX, HMX). The ability of PETN to induce reversions in five strains (TA1535, TA1537, TA1538, TAlOO, TA98) of Salmonella typhimurium was examined. Negative results were obtained in the spot test at concentrations of 0.625 and_l.25 mg/spot. In the plate incorporation assay, with Aroclor 1254-induced rat microsomal 
activation, PETN exhibited no mutagenic effect at concentrations as high as 2.5 mg/plate. The negative data were not provided. 

Carcinogenicity 

There is no evidence. in the literature for the carcinogenicity of PETN. An NTP carcinogenicity bioassay has been completed and is now under review by the Pathology ~orking Group (Bucher, 1987). Male F344 rats and both sexes of B6C3Fl mice were exposed to a concentration of 2.5 wti'o PETN in food or J concentration of 5.0 wt%. Female rats were exposed to a concen'::ration of 0.62 wt% o:- a concentration of 1.25 wt%. Preliminary results are largely negative. However, there are some questions regarding the significance of Zymbal 's gland tumors in the rats <Bucher, 1987). 
Carter and Goldman (1976) proposed that highly carcinogenic nitrosamines could potentially be formed in the gastrointestinal tract following the ingestion of PETN. In an attempt to address whether PETN could be a source of nitrit2 and therefore nitrosamine formation, Boring et ~- (1983) found no evidence for the prerequisite nitrite contamination or generation in the gut. 

Estimation of Intake Limits to Protect Public Health 

Even though PETN has been used therapeu t i ca 11 y for many years in the treatment of angina pectoris, little i 5 known about the potential effects of long-term administration of this drug. At therapeutic doses (i.e., 10 to 20 mg three to four times per day) there are infrequent, reversible effects 
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such as headact:2, dizziness, nausea, and even allergic skiil reactions. Cass 

et !!._. (1962), for example, gave 60-mg doses (oral) of Peritrate <PETN) to 

four subjects, a 11 of whom deve 1 oped headaches. Doses ot 40 mg, however, ~ 

not cause any "untoward reactions". Ryan (1972) r8ported a case of _, 

erythroderma in an individual who had taken 40 mg daily (about 0.570 mg/kg-d, 

assuming a 70-kg body weight) of Peritrate for eight years for treatment of 

ang1na. During that time the individual also took occasional tablets of 

nitroglycerin. It is not clear, though, whether the onset of the skin 

disorder was directly caused by the cumulative use of PETN over th-e eight 

year:;. 

Infants represent a population subgroup that would be particularly 

sensitive to PETN exposures due to the potential for methemoglobin formation 

caused by the re 1 ease of r:i trite in b 1 ood fo 11 owing PETN uptake. The U.S. EPA 

(1985a) recommends a level of 1 mg/L as a limit for nitrite-nitrogen in 

drinking water to protect against methemoglobin formation in all age groups. 

The equivalent intak{! of PETN is approximately 7 mg/L (calculated by 

multiplying 1 ·mg/L by the ratio of a g-mole of PETN to the g-mole of N02 in 

PETN, or 316.15/46). The equivalent daily intake for an adult consuming 2 L 

of water per day and weighing 70 kg is 0.2 mg/kg-d. This is nearly a fact-

of three lower than the dose rate that may have 1 ed to the severe skin ,-

disorder in the subject receiving PETN to treat angina. A dose rate of 

0.2 mg/kg-d could still cause some vasodilation; however, it is unlikely to 

cause any demonstrable harm and may even be beneficial. Other estimates of 

safe intakes can be made for comparative purposes. For example, if the daily 

dose of 2 mg/kg administered to rats over a year, referred to earlier (von 

Oettingen, 1944), actually defined a chronic NOEL, then a safe intake could be 

calculated as 0.02 mg/kg-d, based on an uncertainty factor of 100. Ellis and 

Helton ( 1975) indica ted that the 1 etha 1 dose of PETN to rats is above 

5000 mg/kg, which when multiplied by an application factor of 1 x 10-5 d-1 

(see Appendix D), gives an intake rate of 0.05 mg/kg-d. 

TOXIC EFFECTS ON AQUATIC SPECIES 

A literature review completed by Burrows and Dacre (1975) did not reveal 

any studies dealing with the aquatic toxicity of PETN. Bentley et ~· (19-

conducted aquatic toxicity tests using desensitized PETN. Unfortunately, t~ 
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reported LCSO values that were greater than the solubility of PETN. The 

elevated values could have been an artifact of both the desensitizing action 

procedure, which was to boil the PETN in a water solution containing sodium 

hydroxide and atomized a I umi num, and the subsequent neutra I i za ti on with 

sulfuric acid that was required to produce a pH of 7 i~· the. teii;~dlutions. 
:! 
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12. DATA-BASE ASSESSMENT FOR TETRYL 

Our review of the available literature on tetryl, a booster explosive,") 
indicates that there are major gaps in our knowledge of its environmental
chemistry and toxicology. Although some aspects of its potential behavior in 
the environment have been studied recently (i.e., hydrolysis and photolysis), 
r:o work has addressed biotransformation _processes. Moreover, there is 1 i ttl e 
information on dose-response relationships for different toxic endpoints in 
humans and laboratory animals-- and thus our ability to derive an acceptable 
daily intake to protect human health is limited. 

ENVIRONMENTAL PARTITIONING AND TRANSPORT PROPERTIES 

Table 12-1 presents the structural formula and other identifiers for 
tetryl; chemical and physical properties are provided in Table 12-2; and 
partition coefficients are presented in Table 12-3. 

Information on the transport cf tetryl in soils is limited primarily to 
the work of Hale et ~· (1979), who studied the migration of tetryl through 
soil columns.- Kayser and Burlinson (1982), in follow-on work, analyzed soD·-) 
and water samples from the experiments of Hale et ~·to obtain additional · 
information on the environmental chemistry of tetryl. After 20 weeks, 
14c-tetryl was not detected in the effluent of 5 em-diameter, 61-cm-long soil 
columns irrigated at 5 em per week (Kayser and Burlinson, 1982; Hale et ~·, 
1979). However, examination of the effluent collected periodically showed 
14c-l abe 1 ed compounds as decomposition products. The product found in the 
largest amount was picric acid (a hydrolysis by-product of tetryl) and the 
remainder was judged to be composed of polar compounds that were water soluble 
and nonvolatile (Kayser and Burlinson, 1982). 

Hale et ~· (1979) also measured the partitioning of tetryl between water 
and each of the four soils used in the column experiments. The Kd values for 
the soils (measured by a shake-flask technique) ranged from 7.6 to 35.3 (see 
Table 12-4). To estimate the K0 c values for the soils, we divided the Kd 
values by the average organic-carbon <OC) content, calculated from data for 
different column intervals. The average OC values ranged from 0.56 wt% for the 
Bennington soi 1 to 2.2 wti. for the Genesee soi 1. The Koc va 1 ues ranged fro,.... ... ,\ 
1357 to 2948 (see Table 12-4). Our calculated Koc value, in contrast, 
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Tab 1 e 12-1. Chemica 1 i dent ifi ers of tetry 1 . 

Empirical formula: 

Molecular weight: 

CAS reg. no. : 

RTECS no.: 

C7H5NsOs 

287. 15 

[479-45-8] 

BY6300000 

S true tura 1 formu I a: 
H,c~_..N01 

o~vo, 

NO, 

was 271 (Table 12-3). One explanation for the higher r_neasured K0 c values is 

that the methylnitroamino group of tEtryl may be binding or complexing with 

humic materials. Evidence supporting this binding phenomenom comes from 

Bongiovanni et ~· (1984) who found that tetryl was more difficult- to extract 

at low concentrations in soil (i.e., 5 ppm) than other munitions. With one 

exception, Hale et ~· (1979) measured Kds that were an order of magnitude 

greater if the soil concentration was derived from the difference between the 

water concentration before and after partitioning, instead of the soi 1 

concentration measured by direct extraction of the sci 1. In other work, 

Lakings and Gan (1981) could not extract tetryl from plant tissue matrices, 

whereas they caul d extract other munitions with the same methods. They 

cone 1 uded that tetryl was i rrevers i b 1 y adsorbed to protein or other 

macromolecules. We suspect that the methylnitroamino group reacts with 

macromolecules in the same way that the amine microbial degradation products 

of TNT do (see Section 3). 

The equilibrium distribution of tetryl, as shown in Table 12-5, ought to 

be directly affected by its low Henry's law constant (among the lowest of the 

explosives at 1.5 x 10-6 L-torr/mol) and a moderc.tely high Koc value (i.e., 

greater than 271). More tetryl (three to ten percent) than the other 

explosives and co-contaminants examined should reside in the upper soil zone. 

ENVIRONMENTAL TRANSFORMATION PROCESSES 

The environmental fate of tetryl parallels that of TNT because of the 

structural similarity of the two compounds. For example, both have comparable 

photolysis rates (-A few days). Tetryl, however, has a functional group, the 

methylnitroamino group, that is subject to hydrolysis. Also, because of this 

methylnitroamino group, we suspect that tetryl binds to naturally occurring 
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Table 12-2. Chemical and physical properties of tetryl. Properties are for an ambient 

temperature of 20°C. 

Property 

Boiling point 

Freezing/meltiny point 

Density 

Vapor pressure 

Aqueous solubility 

Henry's law constant 

Units 

oc 

oc 

g/mL 

torr 

mol/L 
mg/L 

(L-torr)/mol 

Diffusion coefficients: Air m2Js 
Water m2Js 

Log octanol/water partition 
coefficient <K0 w> 

a See Appendix A. 

v 

log Kow 

Value 

Explodes at 
180 to 190 

1 30 to 1 32 

1. 73 

4 X 10-l 0 

2. 6 X 10-4 
75 

2 X 10-6 

5.3 X 10-6 
5. 1 X lQ-1 0 

2 

Source 

Windholz et ~·I 1983 

Windholz g! ~·I 1983 

L i n d n e r I 1 9 80 

Calculateda from a vapor 
pressure-temperature equation 

Taylor and Rinkenbackl 1923 

Calculated as the ratio of 
vapor pressure to aqueous 
solubility. 

Estimateda 
E~timateda 

Estimateda 
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Tuble 12-3. Partition coefficients for use in estimating human exposures to tetryl. 

N 
w 
00 

Partition 
coefficient Parameter Units 

Pl anti soil Ksp (mg/kg plant)a/(mg/kg soil) 

Beef-fat/diet Kfd <ppm in fat)/(ppm diet) 

Fish/water Kfw (mg/kg fish)a/(mg/kg water) 

SOC/water Koc (mg/kg SOC/(mg/kg water) 

a Het-weights for plant and fish 

b See Appendix A 

Value Source 

l Calculated a from molecular 
weight 

3. 7 X J0-3 Average of values calculatedb 
from water solubility and log 
Kow 

15 Calculatedb from log K0w 

270 Estimatedb from solubility in 
water and melting point. 
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Table 12-4. Partitioning of tetryl between water and soils (data from Hale 
et !!_., 1979) 

Soil type Kd Organic carbon, wt% Koc 

Brookston 34.3 1.8 1906 

Genesee 35.3 2.2 1604 

Princeton 11.5 0.39 2948 

Bennington 7.6 0.56 1357 

I macromolecules, lipids, and proteins; whereas only the microbial degradation 

products of TNT (i.e., 2-A-4,6-DNT and 4-A-2,6-DNT), but not TNT itself, bind 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
• 

or form complexes with these compounds. No information was found on the 

microbial degradation of tetryl. 

Photolysis 

Photolysis appears to be a major environmental transformation pr~cess for 

tetryl. Kayser et !!_. (1984), in studying the hydrolysis of tetryl, found 

that it disappeared with laboratory room light at a rate that was at least an 

order of magnitude greater than the hydrolysis loss rate in the dark. The 

experimental conditions were distilled water and "ambient" temperature. They 

found that 95% of the tetryl disappeared after 20 d; from these figures we 

calculate a half-life of 4.5 d. Sunlight photolysis is expected to be faster 

because of the increased intensity of the light. 

Hydrolysis 

Hydro 1 ys is is a major en vi ronmenta 1 fate of tetryl in the absence of 

light. Kayser et ~· (1984) measured the hydrolysis of tetryl in distilled 

water at a pH of 6.8 and a temperature of 40°C. The calculated half-life was 

63 rl. They estimated the half-life at 20°C to be about 300 d. Several of 

their preliminary measurements gave similar half-lives (see Table 12-6). 
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Table 12-5. Fractional distributions of tetryl among the eight comr;artment-; 
of environmental landscapes representing areas in the U.S. where 
demilitarization operations occur. Distributions are based on the 
steady-state addition of tetryl to the upper-sci 1 layer. For details of the 
compartments, see Appendix B. 

Compartment 

Air 
Air particles 
Biota 
Upper soi 1 

Lower soi 1 

Ground water 
Surface water 
Sediments 

Western ecoregion Southeastern ecoregion 

1.1 X 

7. 1 X 

6.9 X 

0.030 

0.43 

0.54 

0.0019 

1. 3 X 

Fractiona of total inventory present 

1o-12 

JQ-9 

JQ-5 

JQ-4 

1 . 3 X lQ-12 

1 . 6 X JQ-8 

0.0068 

0. 10 

0.099 

0.78 

0.0068 
4. 7 X JQ-4 

a Fractions do not add to one because of rounding. 

The hydrolysis reaction is second order in hydroxide ion concentration 

<Kayser et al., 1984), and therefore, a pH change from 7 to 8 shou~d increase 

the rate by an order of magnitude. The hydrolytic degradation rates 

determined by Kayser et ~· (1984) agree with the measurements of Hoffsommer 

and Rosen (1973) for tetryl in seawater (pH:::: 8). Hoffsommer and Rosen found 

that 881. of the tetryl had hydrolyzed after 101 d. The associated half-life 

for hydrolysis at pH 8 is approximately 33 d, which is an order of magnitude 

shorter than that at pH 7 <see Table 12-6). 

Biotransformation 

No information was found on the microbial degradation of tetryl. 

However, it is reasonable to assume that microbial action will reduce the 

nitro groups to amines. 
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Table 12-6. Hydrolysis half-lives of tetryl. 

Concentration 
(mg/L) pH Experimental conditions 

12 6 Distilled water in the dark at an "ambient 
temperature" 3.2% of the tetryl was lost in 
20da 

15 6 Distilled water in the dark at an "ambient 
temperature." 5. 1% of the tetryl was. 1 os t in 
20 da 

1 to 20 6.8 Distilled water at 40oca 

26 8 Seawater at 25°C., 88% of tr.e tetryl 
disappeared in 101 db 

a Kayser et ~·, 1984. 
b Hoffsommer and Rosen, 1973. 

TOXIC EFFECTS ON ANIMALS AND HUMANS 

Half-life 
(d) 

430 

2·60 

63 

33 

Much of the toxicity data available on tetryl is based on occupational 

exposures associated with its production in ordnance factories during the 

1930 Is and 1940 Is. Exposures to tetryl dust parti c 1 es occurred most 

frequently among workers who were either blending tetryl with graphite in the 

1 oadi ng p 1 ants, inserting the tetryl into booster bags, or packing it for 

shipment <Schwartz, 1944). The information derived from the occupational 

exposures is qualitative in natu~e. Few animal studies have been completed in 

the last 20 years, and most of the recent work on this explosive has focused 

on its genotoxicity. 

Toxicokinetics 

There are no data available that deal d1rectly with the toxicokinetics of 

tetryl. 
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Toxic Effects on Organs and Systems 

The primary health effects of tetryl are dermal and respiratory 

irritation, as demonstrated in various occupational-exposure studies. 

Generally, though, such studies lacked controlled conditions or did not 

identify other potentia 1 contaminants. Reviews by Bergman ( 1952) and 

McConnell et ~· (1946b) of the effects_ot occupational exposures to tetryl 

indicate that systemic responses were generally not observed. However, Hardy 

and Maloof (1950) presented limited evidence showing that tetryl workers did 

experience systemic effects in some instances. 

Dermal effects. Tetryl has caused allergic dermatitis among munition 

plant workers, and Foulger (1953) has noted that contaminated clothing can 

transmit tetryl dust among workers who subsequeut 1 y e.o<peri ence derma ti tis. A 

study by McConnell et ~· (1946b), which focused specifically on worker health 

in government--owned ordnance plants during World War II, showed that the 

number of cases of mild dermatitL attributed to tetryl exposure decreased 

overall by 811. over a period of approximately two years. The incidence of 

dermatitis cases decreased due to increased experience in the hi!ndl i ng of 

tetryl, technologic advances, and an increased emphasis on industrial hygiene 

programs. 

Bergman (1952) sumruarized ten years of experience in dealing with the 

toxic effects of tetryl among workers at the Picatinny Arsenal. Clinical 

signs of occupation a 1 exposures to tetryl were bright ye 11 ow skin and the 

discoloration of blond hair. According to Bergman, skin yellowing was not due 

to massive absorption, but rather a skin surface reaction. Initially, the 

skin became irritated, with erythema, itching, and dermatitis; then in the 

later stages severe edema occurred with exfoliation of the skin. Most workers 

become ~~hardened .. one to four weeks after the development of dermatitis and 

therefore were no longer irritat~d by tetryl <Schwartz, 1944). The most 

frequent sites of de~matitis are around the mouth and eyes, and on the r~eeks 

and neck. Dermatitis can also appear on other parts of the body touched by 

soiled hands (e.g., the arms and genitals). 

In a more recent article, Goh (1984) reported a case study of a woman 

working in an ammunition factory packing detonators with three explosives: 

TNT, RDX, and tetryl. After four months of work she noticed a yellowish 
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discoloration of her palms, fingers, and nails, and additionally deveioped 
swollen fingers, lips, and hands. A patch test was conducted to determine her 
sensitivity to these three compounds. After severa~ alterations to the skin 
test (i.e., a change in vehicles), it was found that sh~ was all~rgic to 
tetryl. Subsequently, she was trans fer red to another section of the factory, 
where her skin reaction diminished. 

Gell (1944) reported on the sensitization of guinea pigs to tetryl. Five 
different exposure routes were used; intradermal injectioR-,-application to 
scalded skin, subcutaneous implantation of capsules, skin inunction (to assist 
a b so r p t i on of fat-so 1 u b 1 e subs tan c e s ) i n a 1 an o 1 i n bas e ( 1 t v I v ) , and smoke 
inhalation (10% v/v, 30 min, six treatments). Some animals exhibited mild 
sensitization following the intradermal injection, and others showed a 
moderate response to the subcutaneous implantation of capsules. A marked skin 
reaction to inhaled tetryl dust occurred in only one out of eight animals. 
Six of eight animals in the inhalation group experienced anaphylactic 
sensitivity. Tetryl applied to a burn or to skin by inunction did not cause 
sensitization. 

Respiratory effects. The inhalation of tetryl dust commonly causes 
burning, itching, sneezing, and coryza of the nose, which frequently leads to 
a nosebleed. These symptoms may begin on the first day of exposure or as late 
as the third month. After cessation of exposure, bronchial complaints 
continue for 6 to 10 d however, reexposure can cause the recurrence of the 
symptoms. Hardy and Maloof (1950) described three case reports of workers in 
a "powder house" where tetryl concentrations in air ranged from 0.83 to 
17.7 mgfm3. One worker who operated a bagging machine in the powder house for 
five years suffered severe spasmodic coughing and wheezing. Another worker 
with undefined duties, but only employed for one year, had the same symptoms 
as the first emp1oyee, plus irritation of the nose and throat, vomiting 
spells, and weight loss. The third case reported involved a man exposed 
solely to tetryl for four years; he died after suffering from severe asthmatic 
coughing and common skin irritations. Bergman (1952) also mentioned the 
potential for lung disease due to tetryl dust exposure. 

Gastrointestinal effects. Hardy and Maloof (1950) reported dy~~~psia and 
epigastric pain with nauseC1 and vomiting in tetryl workers. Bergman (1952) 
found that workers experie;,ced nausea, vomiting, cramps, and diarrhea, but 
only on an empty stomach. 
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Centra 1 nervous system effects. I rritabi 1 ity, fatigue, genera 1 •na 1 a i se. 
headache, lassitude, and sleeplessness are symptoms that have been attributed 
to tetryl exposures (see Bergman, 1952). 

Hemato 1 ogi ca 1 effects. One symptom observed among workers who were 
overexposed to tetryl is epistaxis (i.e., nc.sebleed) <Bergman, 1952). To 
understand this response, Daniele (1964) studied the blood clotting changes 
(thromboelastograph, prothrcmbin time, blood prothrombin, la~ile factor, 
stable factor, and platelet count) in rabbits administered tetryl. Twelve 
rabbits and three contra 1 s wei"e given tetryl ora 11 y at a da i 1 y rate of 
0. 125 g/kg-d for 6 months. Every month thE rabbits had their b 1 ood drawn and 
the blood clotting factors examined. Daniele concluded that although some of 
the factors involved in the blood clotting processes <r;oaccelerin and 
platelsts) did not change significantly, there was clear evidence of decreased 
blood clotting capacity. 

Cardiovascular effects. Some cases of asymptc~atic hypotension in tetryl 
workers have been observed, but no details of these cases were provided in an 
art1cle by Bergman (1952). 

Hepatic effects_. Hardy and Maloof (1950) and Fati and Daniele (1965) 
briefly cited a study by Hells et ~· (1920), in ~hich rabbits and d(Jy:: wer~ 
administered unspecified lethal doses o~ tetryl. Only the dogs showed 
prominP.nt changes in the liver, with necrosis of liver lobules and severe 
fatty degeneration of the bile duct epithelium. In rats a 2 g/kg dose 
(duration was not mentioned) caused the same effects plus polymorphic nuclei, 
and frequent mobilization and proliferation of the Kupffer cells 
(Parmeggiani et ~·, 1956; cited in Fati and Danieie 1965). 

Fati and Daniele (1965) found consistent liver eff~cts in rabbits given 
tetryl orally. Two groups of male rabbits were administered daily oral doses 
of 0. 125 g/kg body weight for 6 or 9 months, respective 1 y. The first group 
had 8 rabbits who suffered from swollen livers whose ;-:211s had poorly 
distinguishable boundaries and slightly granulous opaque cytoplasm. The four 
rabbits in the second group, in addition to the toxicity observed in the first 
group, had liver necrosis, polymorphic nuclei, and signs of hyperchromatism 
and pyknosis. The Kupffer cells showed signs of hyperplasia. 

244 



• 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Renal effects. A brief review by Fati and Daniele (1965) of the renal 

effects observed in laboratory animais administered tetryl showed that kidney 

damage can include tubular swelling and congestion as well as degenerated 

ce 11 s. 

Teratogenicity 

~ 

There are no data currently available on the teratogenicity of tetryl. 

Genotoxicity 

The mutagenic activity of tetryl has been studied in several microbial 

test systems. Positive results have been obtained in~· typhimuriilm at tetryl 

levels ranging from 1 to 33.3 }Jg/plate in the plate incorporation assay and 

2.5 to 30.0 llg/ml in the suspension test (McGregor et ~·. 1980; Whang 

et ~ .• 1980). A reduced 1 eve 1 of mutagenicity was found . · the presence of 

Aroclor-induced rat microsomal activation. No posit1ve control or 

activation-requiring positive control was reported by either investigator. 

Using the yeast Saccharomyces cerevisiae as the indicator organism, both 

McGregor et ~. ( 1980) and Whang et ~. ( 1980) found that tetryl induced 

mitotic recombination. The levels examined were 5.0 to 400 llg/ml in the 

!'Uspension assay and 5 to 30 }lg/plate in the plate ir::..Jrporation assay. 

McGregor et ~· (1980) obtained a negative response in the suspension ~ssay 

when rat S9 ~ds used. 

Whang et ~· ( 1980) a 1 so found a mutagenic response with tetryl in the 

fungus Neurospora crassa. In both the plate incorporation assay and the 

suspension test. a concentration-related increase in ad-3+ reversions was 

obtained. No increases in reversion frequency weye found when a frameshift 

mutant strain of !!· crassa V·lS emp~oyed. Whang et ~· (1980) suggest that 

tetryl induces base-pair substitutions. However, McGregor et al. (1980) found -- ' 

increases in reversion frequency in both base-pair substitution and fcamesr1ft 

strains of~· typhimurium. In the£. coli DNA repair assay, McGregor et ~· 

(1980) tested tetryl at five doses, ranging from 0.1 to 10 mg/plate. No 

differential growth was observed in plates containing tt:e strain proficient in 

DNA repair compared to plat~s containing the repair-·deficient strain. 
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Carcinogenicity 

Griswold et al. (1968) studied the carcinogenicity of tetryl along wfth --
34 other compounds in female Sprague-Dawley rats by gavaging 40-d-old rats 
with a 40-mg dose every three days over a 30-d period. There were 20 rats in 
the tetryl treatment group and at the end of the nine-month observation period 
three rats had died. No details were given on the possible causes of death. 
The total dose of 400 mg per rat (equivalent to approximately 67 mg/kg-d 
distributed over the 30-d period, assuming that the rats weighed 0.2 kg) 
resulted in one r~t with a mammary lesion and a stomach adenoma; -by 
comparis~n. five out of 132 rats in the controls developed mammary lesions: 
3-carcinomas, 1-fibroadenoma, and 5-hyperplasias. No statistical C)mparisons 
were presented. Ti'te primary deficienc~es of this study are its short 
<one month) exposure period and the lack of alternative treatment levels. 
Consequently, no firm conclusions can be drawn regarding tetryl's carcinogenic 
potentia 1. 

Estimat:0n of Intake Limits to Protect Public Health 

None of the toxicity studies reviewed provided dose-response nata that 
clearly defined a no-observed-effect-level. The estimated daily dose of 
67 mg/kg-d used in the study by Griswold et ~· (1968) was the low~st dose 
rate reported and the associated effects attributable to that exposure ~re 
unclear. At 45 d after the initial 30-d exposure period one rat had died, but 
whether this was related to tetryl toxicity is unknown. Fati and Daniele 
(1965) orally administered 125 mg/kg daily to male rabbits for six to nine 
months and observed liver toxicity. According to EPA protocol (U.S. EPA, 
1985b) for using an uncertainty factor (UF) wi~~ animal data, aUF of 1000 is 
used to extrapolate the results of subchronic studies to chronic exposures. 
For the dose ratP.s noted above, the use of a UF of 1000 gives daily intak~s 
ranging from 0.067 to 0.125 mg/kg-d. However, these dose rates are based on 
lowest-observed effect levels, and so scfe intakes derived on a~ actual NOEL 
may be lower. To bound our estimates of a safe intake, we multiplied thP. 
maximum tolerated dose (MTO) <the highest single dose that does not cause 
mortality) from Griswold et ~· (1968), which was 2000 mg/kg (400 mg per 
0.2-kg rat), by the application factor of 1 x 10-S d-1 (see Appendix 0) to 
obtain a lower-bound estirnate of a safe intake rate of 0.02 mg/kg-d. This 
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value is about a factor of three lower than the 0.067 mg/kg-d value noted 

above, and so it is reasonable to use the 0.02 mg/kg-d as a provisional intake 

rate for tetryl. ) 

TOXIC EFFECTS TO AQUATIC SPECIES 

Burrow~ and Dacre {1975) completed a literature review on the aquatic 

toxicity of tf:.tryl and did not identify any relevan.t· citations. He were 

unable to locate any recent articles dealing with tetryJ •s aquatic toxicity. 
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13. DATA-BASE ASSESSMENT FOR AHHOHIUH PICRATE AND PICRIC ACID (PiOH) 

Ammoniun picrate <Explosive 0) was used primarily during the second World 
War and has subsequently been replaced by oth~r explosives <Kaye, 1978). It 
now represents less than ten percent of the explosives in the demilitarization 
inventory. Very little has been published on the environmental chemistry and 
toxico-l-ogy of this explosive, apparently because it has not been produced for 
many years. Ammonium picrate, ·which is quite soluble in water, hydrolyzes to 
PiOH; consequently this degradation product is the co-contaminant of greatest 
importance. Fortunately, there is considerably more~ information available on 
PiOH, and for convenience we have covered both compounds in Section 13. 

ENVIRONMENTAL PARTITIONING AND TRANSPORT PROPERTIES 

Tables 13-l and 13-2 contain information related to the indentification 
of a~monium picrate ar.:..i PiOH. Tables 13-3 and 13-4 present data on the 
chemical and physical properties of the t~o compounds. The relatively high 
solubilities in water (>10,000 mg/L) of ammonium picrate and PiOH distinguish 
these compounds from the other explosives and co-contaminants. Because of 
their high solubility, PiOH and ammonium picrate should have little affinity 
for the organic content of soils. However, the interaction of picrates with 
soils requires consideration of more than organic-carbon content. The picrate 
ion has a high affinity for metal cations and will form precip1tates; thus it 
is retained in soi 1 s. Pi crates also have unusual 1 nteracti ~ns with plant and 
animal systems. They bind to proteins, staining them yellow; and they inhibit 
photosynthetic electron transport <Oettmeier and Masson, 1982). 

Soil Transport and Adsorption 

Information on the environmental transport of ammonium picrate is limited 
to inferences drawn from studies that did not specifically examine the factors 
affecting its behavior in soils and ground waters. Ruchhoft and Norris 
(1946), for example, found that activated carbon and- unspecified soils had 
limited abilities to remove ammonium picrate dissolved in water. This is 
consistent with the relatively low value of Koc (i.e., 0. 19) predicted from 
its solubility in water and melting point (see Table 13-5). However, 
VanDenburgh et a1. (1980) investigated ground water contamination resulting 

249 



Table 13-1. Chemical identifiers of anvnonium picrate. 

Molecular weight: 

CAS reg . no. : 

RTECS no.: 

246. 14 

[131-74-8] 

Table 13-2. Chemical identifiers of PiOH. 

Empirical formula: 

Molecular weight: 

CAS reg. no.: 

RTECS no.: 

C6H3N307 
229.11 

[88-89-1] 

TJ7875000 

Structural formula: 

Structural formula: 

-

from the leaching of am~onium picrate, TNT, and other substances from disposal 

beds at an ammunition plant, and discovered that TNT had migrated further in 

ground water than d.mmonium picrate (measured as PiOH). One explanation for 

the greater mobility of TNT-- despite its considerably higher K0 c value-- is 

that the adsorption of the ammonium picrate/PiHO is controlled primarily by 

the clay content of the aquifer material rather than the organic content, and 

consequently the movement of ammonium picrate/PiOH was retarded relative to 

TNT. Evidence supporting this comes from Chang and Anderson (1968), who 

showed that PiOH was an effective flocculater of clays. 

Nose (1983) calculated a Freundlich adsorption coefficient of 3.84' for 

PiOH using a "volcanic ash upla.nd soil" that had a pH of 5.6, a carbon content 

of 4.8 wt1, and a CEC of 22 meq/100 g. The estimated K0 c value for this soil 

type is 80 (i.e., 3.84/0.048), which is almost a factor of 20 higher than the 

K0 c estimate of 4.1 calculated from PiOH's melting point and water solubility 

<see Table 13-6). 
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Table 13-3. Chemical and physical properties of ammonium picrate. Properties are for an 
ambient temperature of 20°C. 

Property Units Value 

Boiling point oc Not applicable 

Freezing/melting point oc Decomposes w/o 
melting at >265 

Density g/mL 1.72 

Vapor pressure torr No data 

Aqueous solubility mol/L 4. l X lQ-2 
mg/L 10,000 

Henry's law constanta (L-torr)/mol 

Diffusion coefficients: Air m2/s 5.7 X lQ-6 
Hater m2/s 5. 7 X lQ-1 0 

Log octanol/water partition log Kow __ b 
coefficient <K0 w) 

a Cannot be calculated without an estimated vapor pressure. 

b See Appendix A. 

Source 

Kaye, 1978 

Kaye, 1978 

Kaye, 1978 

Estimatedb 
Estimatedb 

I 
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Table 13-4. Chemical and physical properties of PiOH. Properties are for an ambient 
temperature of 20°C. 

Property Units 

Boiling point oc 

Freezing/melting point oc 

Density g/mL 

Vapor pressure torr 

Aqueous solubility mol/L 
mg/L 

Henry's law constant (L-torr)/mol 

Diffusion coefficients: Air m2/s 
Water m2/s 

Log octanol/water partition 
coefficient <K0 w> 

a See Appendix A. 

log Kow 

Value 

>300 (explodes) 

121 . 8 

1. 76 

2 X lQ-8 

4. 8 X lQ-2 
11 • 000 

4 x 1 o-7 . 

6. 1 X lQ-6 
6 .o x w-lo 

2.03 

Source 

Verschueren, 1983 

Verschueren, 1983 

Kaye, 1978 

Extrapolated from 
temperature-pressure data 
given in Meyer, 1981. 

Freier, 1976 

Calculated as the ratio of 
vapor pressure to aqueous 
so 1 ubi 1 ity. 

Estimatedb 
Estimatedb 

Anderson (no date), as 
cited by Hansch and Leo, 
1979 
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Table 13-5. Partition coefficients for use i~ estimating human exposures to ammonium picrate. 

N 
(Jl 

w 

Partition 
coefficient Parameter Units 

-

Plant/soil Ksp (mg/kg plant)a/(mg/kg soil) 

Beef-fatldi et Kfd (ppm in fat)/(ppm diet) 

Fish/water Kfw (mg/kg fish)a/(mg/kg water) 

SOC/water Koc (mg/kg SOC)/(mg/kg water) 

a Het-weights for plant and fish 

b See Appendix A 

Value 

2 

0.2 

Source 

Calculatedb from molecular 
weight 

Calculatedb from solubility in 
water and melting point. 
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Table 13-6. Partition coefficients for use in estimating human exposures to PiOH. 

Partition 
coefficient Parameter Units 

Plantlsoi 1 Ksp <mg/kg plant)a/(mg/kg soil) 

Beef-fatldi et Kfd <ppm in fat)/(ppm diet) 

Fish/water Kfw <mg/kg fish)a/(mg/kg water) 

SOC/water Koc (mg/kg SOC)/(mg/kg water) 

Soil/water Kd (mg/kg soil)/(mg/kg water) 

a Het-weights for plant and fish 

b See Appendix A 

.J 

Value Source 

2 Calculatedb from molecular 
weight 

1. 1 X lQ-3 Average of values calculatedb 
from water so 1 ubi 1 ity and 1 og 
Kow 

16 Calculatedb from log K0w 

Measured value for skin of 
rainbow trout, 
Cooper et ~-, 1984 

4.4 Ca1culatedb from melting 
point and water solubility. 

3.84 Freudlich adsorption 
coefficent determined by 
Nose (1983)· 
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Partition Coefficients: Plant/Soil, Beef-Fat/Diet, and Fish/Hater 

All of the partition coefficients for ammonium picrate shown in 
Table 13-5 were estimated from regression equations. For PiOH, data were 
available on its bioconcentration in rainbow trout {Table 13-6). 
Cooper et ~- {1984) exposed rainbow trout to water containing 0.45 mg/L of 
14C-PiOH for 42 d. The bioconcentration factor varied from approximately one 
for the skin of fhe fish to under one for muscle. 1 i ver. gi 11 s, and 
intestines. They attributed the preferential uptake in skin to the ability of 
PiOH to b·ind with proteins {PiOH stains proteins yellow). Burton et ~
(1984) exposed American oysters to water containing 0.~5 or 0.05 mg/L of 
14c-PiOH for 42 d. The uptake of the PiOH followed a biphasic pattern, but 
equilibrium conditions were not attained at either exposure. The accumulation 
factors ( underestimates of the true uptake or bi oconcentra ti on under 
equilibrium conditions) ranged from 65.5 {0.45 mg/L exposure) to 16.6 
(0.05 mg/L exposure). 

Equilibrium Distribution in Reference Landscapes 

Without an estimate of the Henry•s law constant for ammonium picrate, we 
were unable to estimate its equilibrium distribution among the reference 
landscapes. However, PiOH, which has similar chemical properties, distributes 
primarily to ground water, as shown in Table 13-7. 

ENVIRONMENTAL TRANSFORMATION PROCESSES 

In this subsection we examine environmental transformation data on 
ammonium picrate and PiOH. The main transformation processes for PiOH are 
photolysis and dissociation. Dissociation to picrate ion is rapid for PiOH. 
At low PiOH concentrations, the degree of dissociation depends on the pH a~d 
buffering capacity of the aqueous system; because PiOH is a relatively strong 
acid (pKa "' 0.29, Oettemeier and Masson, 1982) dissociation in dilute 
solutions is ~sser.tially r.omplete. 
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Table 13-7. Fractional distributions of PiOH among the eight compartments of 
environmental landscapes representing areas in the U.S. where demilitarization 
operations occur. Distributions are based on the steady-state addition of 
PiOH to the upper-soil layer. For details of the compartments, see Appendix B. 

Compartment 

Air 
Air particles 
Biota 
Upper soil 
Lower soil 
Ground water 
Surface water 
Sediments 

Western ecoregion Southeastern ecoregion 

Fractiona of total inventory present 

4.7 X lo-13 

2.3 X lo-lo 

2.4 X lo-5 

0.0051 
0.2? 
0.77 
0.0037 
1 .o x lo-5 

8. 6 x lo-13 
1. 8 x 1 o-1 o 
0.0030 
0.024 
0 0 10 

0.85 
0.020 
5.6 x lo-5 

a Fractions do not add to one because of rounding. 

Photolysis 

Ammonium picrate is stable in sunlight ~ccording to work done by Ruchhoft 

and Norris (1946). Unfortunately, addition~l details on their experiments 

were not reported. 

Biotransformation 

Neither ammonium picrate nor PiOH is transformed readily by microbial 

action. Ruchhoft and Norris (1946) found that in lt sewage sludge, there was 
' 

no degradation of ammonium picrate at any concentration from 0 to 1000 ppm 

during a 5-day incubation period. Concentrations of ammonium picrate above 

100 ppm reduced the BOD of the medium. Using fresh sewage, activated sludge, 

and 300 ppm ammonium picrate, they observed (_1) an immediate loss of 100 ppm 

ammonium picrate, but no further loss during aeration; (2) loss of BOD after 
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2 h aeration; and (3) no change in suspend\;J solids. Hhen they added ammonium 
picrate to strong sewage, they observed a .. reduction... After 17 d they 

, recovered only 33.61 of the anvnonium picrate. No mention of pr.odut:ts was 
given, but hydrolysis to PiOH and reduction of a nitro group to form picramic 
acid are the likely by-products. Osmon and Klausmeier (1973) found that 
microorganisms growing in a complex medium saturated with ammonium picrate 
were unable to de-grade that explosive. It is conceivable, though, that the 
ammonium picrate served as a biocide at its solubility limit. 

Pitter et ~· (1974) found that PiOH resisted biodegradation by .. adapted 
activated sludge .. in a comparison study with other r.itroph-enols. The lack of 
biodegradation can be attributed to the toxicity of PiOH to microbes. Mondal 
and Mukherjee (1975) studied antibacteric. 1 activity of several chemicals 
including PiOH on two plant pathogens, Xanthomonas oryzae and~ citri. PiOH 
was one of the best growth inhibitors. Vaicum and Eminovici (ly74) treated 
.. laboratory scale activated sludge units .. with PiOH as a representative 
industrial toxicant. Ten days after injection of 50 ppm PiOH, four of the 
five s 1 udge characteristics had returned to norma 1 . COO, protein content. 
glucide content and dehydrogenase activity recovered but catalase activity was 
an order of magnitude below the initial value. Hhen 200 ppm PiOH was added, 
no stable recovery was noted for any criteria. 

On the other hand, several authors report PiOH being readily 
biodegraded. Mogilevich et ~· (1972) reported that two bacteria, Pseudomonas 
aurantiaca and ~· fluorescens, reduced the para and then the ortho N02-groups 
of PiOH to amines in water. Also, McCormick et ~l· (1976) determined the rate 
of reduction of PiOH in a hydrogen atmosphere to be 1/2 the rate of TNT with 
Veillonella alkalescens in a phosphate buffer solution. 

Hyman et ~· (1979) studied the biotransformation of PiOH using a 
specially adapted bacterium, Pseudomonas aeruginosa, isolated from TNT waste 
ponds. The PiOH was added to a bas a 1 salts medium containing 0.11 yeast 
extract as a nutrient. Anaerobic conditions were maintained by continuously 
bubbling argon gas through the fermentation solution. After 30 d, 221 of the 
PiOH had disappeared (the associated half-life is 84 d). They reported that 
two percent of the product was picramic acid, but did not isolate other 
products. However, they observed no biotransformation of PiOH with organisms 
from activated sludge, compost, garden soil, or estuarine sediments. Their 
conclusion was that ammonium picrate and PiOH will persist in the environment. 
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Hydrolysis 

Ammonium r.icrate dissolved in water at a neutral pH will quickly 

dissociate to the picrate ion because of its pKa <-0.29; Oettmeier and Masson, 

1982). Also, a rapid metabolic "hydrolysis" occurs in biological systems. 

Week~ -;t dl. (1983)~ measured the picrate ion concentration i'l the blood and 

urine of rodents following dermall-and intraperitoneal administration of PiOH 

and ammonium picrate. After dermal administration of PiOH to rabbits, picrate 

ion concentration was greatest 6 h later in the blood and 24 h later in the 

urine. 

TOXIC EFFECTS ON ANIMALS AND HUMANS 

There is very little information on the biological effects of ammon.um 

picrate. At physiologic pH, ammonium picrate dissociates to PiOH and the PiOH 

subsequently dissociates to form the picrate ion, which exists in equilibrium 

with its protonated form, PiOH. Previous reviews of the toxicity of these 

substances include those of Berkowitz et al. (1978) and the National Research 

Council (NRC) (1982). 

Toxicokinetics 

Absorption. No experimental studies have evaluated the rate or extent of 

absorption of arrmonium picrate in humans. However, reports of toxicity 

experienced by munitions workers suggest that ammonium picrate can be absorbed 

through the skin and/or lungs <Schwartz, 1944). The data 0f Sunderman et ~

(1945) imply that ammonium picrate .:an be absorbed through the lungs of 

rabbits or guinea pigs (see section on Toxic Effects to Organs and Systems). 

PiOH is absorbed through the skin of humans when applied topically (Dennie 

et ~-. 1929; Schwartz, 1944; Baer, 1976). Absorption of PiOH can also occur 

across the gastrointestinal tract following ingestion in drinking water 

(Harris et al., 1946). 

Von Oettingen (1949) cited the work of Ilzhofer (1918) as evidence that 

PiOH is not absorbed through the skin. However, Denni~ et ~- (1929) applied 

a St solution of PiOH to the intact skin of a dog, and within 24 h the blood 

tested positive for PiOH. PiOH was also measured in the blood and urine of 
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dogs after subcutaneous injection of either 0.05 g/kg or 0.075 g/kg (Dennie 
et ~-, 1929). 

Distribution and bioaccumulation. Sunderman et ~- (1945) nct~d staining 
of the skin and nasal cavity, end discoloratian of the hair in individuals 
occupation a 11 y exposed to amm0ni um pi era te dust. Ex~erj_menta 1 exposure of 
rabbits and guinea pigs-to ammonium plcrate dust IJm!er similar occupational 
conditions (i.e., 8 h/d exposure) revealed granular deposits (presumably of 
picrate> in the blood, liver, kidneys, lungs, heart, thyroid, and adrenal 
gland. 

Yellow staining of the nails and skin has been observed after PiOH was 
applied in ointment <staining was noted at sites separate from the area of 
application) <Dennie et ~-. 1929). Malmejac (1917) was cited by Dennie 
et ~- (1929) as having measured PiOH in the blood and spinal fluid of humans 
exposed to PiOH. Occasional reports of central nervous system (CNS), hepatic, 
and renal toxicity after PiOH exposure imply that it is widely distributed 
<Dennie et ~-. 1929; Harris et ~-. 1946; von Oettingen, 1949). 

Autopsies of dogs that were exposed to PiOH by a single subcutaneous 
injection (0.05, 0.075, or 0.10 g/kg) found PiOH in the blood, urine, 
subcutaneous fat, intestine, liver and kidney (Dennie et ~-· 1929). PiOH•s 
effects on the CNS, liver, a.!'ld kidney suggest that its distribution is 
extensive (von Oettingen, 1949; H~idobro, 1971). 

Metabolism and elimination. At physiologic pH, ammonium picrate exists 
as picrate ion in equilibrium with a trace of PiOH. Aromatic nitro compounds 
such as PiOH typically undergo metabolic .reduction to ami.1es (Parris, 1980). 
There is some evidence to suggest that in vivo one of the ortho nitro groups 
of PiOH is reduced to the corresponding amine, forming picra~ic acid (see 
Barral, 1915; GliPrbet and Mayer, 1932, cited in von Oettingen, 1949). 

Weeks et ~- (1983) gave rabbits i!. single intraperitoneal (i.p.) dose 
(60 rng/U or a single dermal application (600 mg/kg) uf ammonium picrate. 
Blood and urine were then analyzed for the presence of picrate. After dermal 
exposure, picrate ion was still detectable in the blood and urine seven days 
after exposure. Following i.p. administration, picrate was measured in blood 
samp l2s taken between six and 24 h, but was net present after this time. 
Picrate was not detectable in 11rine aiter 48 h. 
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Von Oettingen (1949) cited early reports by Karplus (1883) and Walko 
(1901), that provided qualitative information on the metabolic fate of PiOH in 
humans. Exposure to PiOH was followed by excretion of unchanged PiOH, 
picrate, and picramic acid in urine. Walko (1901) reported that dogs an~ 

rabbits given subcutaneous or intravenous injections of PiOH eliminated an 
unspecified portion of the dose as picramic acid. Elimination of picramic 
acid in the urine of humans exposed to PiOH was a 1 so measured__lly_ Barra 1 
(1915). Harris et !l· (1946) identified unchanged PiOH in the urine of 
individuals who had ingested PiOH in drinking water for four weeks. This 
suggests that PiOH is slowly eliminated from the bodf: 

Twenty four hours after a single dermal application of PiOH (600 mg/kg), 
rabbits had measurable quantitie~ of picrate ion in the urine. Picrat~ was 
still present in the urine after 7 d. Following a single i.p. dose of PiOH, 
picrate was detectable in blood and urine for 24 and 72 h, respectively (Weeks 
et ~l .. 1983). Dennie et !l· (1929) injected d. dog subcutaneously with 
0.05 g/kg of PiOH and recovered unmetabolized PIOH in the urine. 

Toxic Effects on Organs and Systems 

Hepatic effects. A six-week exposure to ar11monium picrate dust 
(approximately 0.0088 to 0.1942 mg/m3, 8 h per d~y) produced glycogen 
infiltration ar.d periductal fibrosis in the liver of rabbits. Rabbits exposed 
ro ammonium picrate dust for a year developed granular deposits in the liver 
and one ar;mal had "moderate" cirrhosis. Guinea pigs exposed under identical 
conditions for nine or 12 months had chronic congestion of the liver 
<Sunderman et !l·, 1945). 

Harris et !l· (1946) observed a variety of toxic symptoms in navy 
personnel who had ingested unknown amounts of PiOH in dri.lking water (exposure 
occurred over a period of severa 1 weeks>. Of 20 i ndi vi dua 1 s whose blood was 
analyzed clinically, one had a "slight but definite elevation of bilirubtn". 
Althuugh Harris et !l· (1946) did not discuss ·the implications of this 
finding, elevated blood b1lirubin is characteristic of jaundice. 
Von Oettingen (1949) also noted that ingesrion of relatively large ~mounts of 
PiOH (1 teaspoon and 5 g) caused jaundice. Furthermore, i nha 1 a ti on exposure 
to PiOH has been associated with urobilinogen J.nd urobilin in the urine 
(specific data were not given) (von Oettingen, 1949). Increased levels 01 
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these substances in urine can be due to impaired liver function or to 
increased urobilinogen production following hemolytic disease (Krupp et ~-. 
1982). It has been suggested that PiOH may cause destruction of RBC; 
therefore, 1t is not clear :.-;i1ether liver function is impaired, or if increased 
lysis of RBC leads to an increase in heme breakdown products (von Oettingen, 
1949). Dogs given a. single subcutaneous injection of 0.05, 0.075, or 
0 . 1 0 g I!<. g of Pi OH de v e 1 oped c I o u d y s we 11 i n g of the I i v e r (0 en n i e e t ~ . , 
1929). 

Renal effects. Rabbits and guinea pigs exposed .to ammonium picrate dust 
8 h per day for nine to 12 months (approximately 0.0088 to C.l942 mg/m3) 
developed various pathological abnormalities of the kidneys <Sunderman et ~·, 
1945). The kidneys of rabbits displayed cloudy swelling and brown granular 
deposits; guinea pigs had globular deposits in the kidney tubules, and one 
animal had several "minute" hemorrhages. Microscopic hematuria (red blood 
cells in the urine) was observed in 138 out of 383 individuals who had 
consumed water contaminated with PiOH (Harris et ~·, 1946). Although three 
individuals developed hematuria within 24 h of exposure, the duration of 
exposure for the remaining 135 was :10t discussed. Harris et !]_. (1946) noted 
that the widespread hematuria was only c i rcums tanti ally related to urinary 
tract involvement. Of all of the instances of hematuria, only three men 
showed clinical evidence of kidney impairment. One had gross hematuria, while 
the others developed hematuria, albuminuria, and generalized edema. 
Von Oettingen (1949) cited Rutledge (1936) who reported two cases of nephritis 
(accompanied by albuminuria, hen1aturia, and edema) after a solution of PiOH 
was used in nasal spray. Dennie et ~- (1929) observed glomerulitis, cloudy 
swelling, and gelatinous degeneration of the kidney in dogs injected· 
subcutaneously with single doses of PiOH (0.05, 0.075, or 0.10 g/kg). 
Non-specific kidney damagP was also reported in dogs given repeated doses of 
1.8 mg/kg of PiOH (route not specified) (Koizumi, 1915, ~n von Oettingen, 
1949). 

Ocular effects. Direct contact of PiOH with the eye has reportedly 
produced corneal ulcers in humans, however, neither the concentration of PiOH 
or the exposure period were given (Y.ittsteiner (1902), cited in 
vcn Oettingen, 1949). Inhalation of PiOH dust caused severe irritation of the 
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mucous membranes of the eyes and respiratory tract of cats <I1zhofer 1918, 
cit~d in von Oettingen, 1949). 

Dermal effects. Exposure to ammonium picrate and PiOH ·has caused 
dermatitis in both humans and animals. There is evidence that this 1s due to 
involvement of the immune system (allergic sensitization) rather than to any 
inherent primary irritant capacity of these compounds. However, because it is 
difficult to distinguish between the phenomenon of immunologic sensitization 
and the physical manifestation of this response (dermatitis), we have not 
attempted to separate the two. 

Occupational exposure to ammonium picrate dust at o-.0088 to 0.1947 mg/m3 
produced dermatitis among workers~ the length of exposure ranged from two to 
24 months (Sunderman et ~·· 1945). Although dermatitis was correlated with 
exposed areas of skin {hands, face, forearm), there was not a clearly defined 
re 1 a ti onshi p between exposure concentration and deve 1 opment of dermatitis 
(i.e., there were 7 reports of dermatitis among 71 individuals exposed to 
ammonium picrate; however, no cases «ere reported among those individuals 
exposed to the greatest concentrations). In an attempt to determine whether 
ammonium picrate was a primary irritant or if it induced a delc.ytti-type 
l1ypersensitivity reo.ction, Sunderman et ~· (1945) conducted a pauh test of 
immunologic hypersensitivity on 23 volunteers (12 of these individuals had not 
been previously exposed to ammonium picrate). No primary reactions were 
observed in any of these individuals, which suggests that ammonium picrate is 
not a primary irritant. However, reapplication of the ammonium picrate patch 
to tne same .1rea of skin produced a pas iti ve reacti en in one person. 
Additionally, a factory guard ~ho submitted to patch-testing with ammonium 
picrate developed an allergic reaction that was not restricted to the 
localized area of application. 

Schwartz (1944) also described sensitization dermatitis among munitions 
workers that handled ammonium picrate (specific exposure conditions were no~ 

given). This dermatitis was characterized by edema. papules, vesicles, and 
desquamation. Ammonium picrate was not irritating to rabbits when applied 
topically as a dry powder. However, ten intradermal injHtions of 0.1, 1.0, 
or 10.0 "L ammonium picrate (0.1 ml each) produced "mild" sensitization in 
rabbits (Weeks et ~-, 1983). 

PiOH exposure produces dermatitis that is similar to that caused by 
ammonium picrate. PiOH-induced dermatitis is characterized by papules, 
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vesicles, excoriations, and edema <Dennie et ~·, 1929; von Oettingen, 1949; 

Schwartz, 1944; Baer, 1976). There are many anecdotal case reports that have 

described severe dermatitis following local application of ointmerts 

containing PiOH. Dermatitis developed on the face, hands, feet .• anal, and 

scrotal regions. In most instances, the dermatitis remained localized, but in 

scme individuals the reaction became systemic <Dennie 

et ~ .• 1929; 1,1on Oettingen, 1949; Schwartz, 1944; Baer, 1976). In several 

cases, a generalized exfoliating dermatitis developed (with universal edema) 

that required hospitalization: Although ultimately reversible, recovery often 

took six weeks or longer (Dennie et ~·, 1929; Sulzberger and Wise, 1933). 
Sulzberger and Wise (1933) described sensitization dermatitis (delayed

type hypersensitivity) that developed after application of butesin picrate. 
However, Baer (1976) noted that both butesin and PiOH are allergens, and it is 

difficult to distinguish individual effects of each drug. 

PiOH is a potent allergen that causes delayed-type hypersensitivity 
reactions in animals. Maguire and Chase (1972) and Chase and Maguire (1973) 
have characterized the sensitization response to PiOH by guinea pigs. The 

reaction is distinguished by vesiculation of th~ epidermis, edema, and 
exocytosis. The initial response to PiOH took two to three days to develop; 

after this period of time, animals became increasingly sensitive. After three 
or more days of repeated applications, 0.06 to 0.006% solutions induced 
dermatitis. Weeks et ~· (1983) reported that dry PiOH was a 'slight' 
irritant when 0.5 g was applied to intact or abraded skin of rabbits. 

Central nervous system effects. An early report (Dennie et ~·, 1929) 

discusses what appears to be CNS involvement after dermal application uf PiOH 

.to an individual. The individual developed slowed speech, difficulty in 

walking, and unequal dilation of the pupils approximately six weeks after a 

severe allergic response to PiOH. 

Pretreatment of mice with PiOH enhanced the analgesic effect of morphine, 

and prolonged the sleeping time induced by phenobarbital (Huidobro, 1971). 

A single oral dose of 0.5 g of PiOH caused increasing paralysis in cats that 

ultimately resulted in respiratory failure <Ilzhofer, 1918; von Oettingen. 
1949). 
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Teratogenicity 

There is no information available on the teratogenicity of ammonium 
picrate or PiOH. 

Genotoxicity 

Microbial assays. Ammonium picrate was tested t,y Litton Bionetics 
(1979a) for its ability to induce reverse mutations in Salmonella typhimurium 
(Ames test). In a standard plate incorporation assay, arnmonium picrare was 
added at 0.50, 1.0, 10.0, 100.0, 500.0, or 1000.0 rng pe: plate. Ammonium 
picrate was not mutagenic to test strains TA1535, TA1537, TA1538, TA98, or 
TAlOO, either with or without metabolic activation. Although solvent and 
positive controls were used, it appears that replicate tests were not 
conducted. 

. .. 

Litton Bionetics (1979a) also measured the frequency of forward mutations 
in Saccharomyces cerevisiae induced by ammonium picrate. The concentrations 
and test protocol' were essentially as noted above for~- typhimurium; however, 
different incubation times and temperatures were used for the two organisms. 
Ammonium picrate was not mutagenic at any of the concentrations used, either ,, 
with or without exogenous metabolic activation. 

Chiu et ~· (1978) tested PiOH along with 52 aromatic, heterocyclic, and 
aliphatic nitro compounds for mutagenicity in ~- typhimurium strains TA98 and 
TAlOO. A standard plate incorporation assay was conducted without the 
addition of S9. At concentrat1ons ranging from 0.1 to 10.0 ·l-iM per olate, 
PiOH did not induce a significant increase in the reversion frequency of 
either strain .. In contrast to the results of Chiu et ~- (1978), Gocke et ~· 
(1981) found that PiOH induced a positive, concentration-dependent response in 
~· typhimurium strains TA1538 and TA98. These results were obtain~d at 
concentrations ranging from 1.0 to 10.0 mg per plate and were independent of 

' metabolic activation. 
The ability of PiOH and picramic acid to induce mutations in four strains 

of~· typhimurium was exam1ned by Wyman et ~· (1979). PiOH was not mutagenic 
to strains TA98 or TAlOO in the absence of 59. However, addition of S9 
produced a positive response in both strains. rhe data for these experiments 
wer~ not presented. Picramic acid at 1.0 to 200.0 mg per plate caused a 
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dose-related increase in the number of revertants in strains TA98. TAI538, and TA1535. Strain TAlOO also gave a dose-dependent increase in revertants, but only at doses up to 100 mg per plate. These responses were obtained without the addition of metabolic activation. The effect of 59 on the picramic 
acid-induced mutation rate was not reported. 

Yoshikawa et ~· (1976) reported that PiOH and picramic acid were 
mutagenic to ~· typhimurium, strain TA98. Pl()H_and picramic acid were tested at 15, 50, or 150 mg per pI ate, either with or without 59. Both compounds gave an apparent dose response when 59 was present (the number of revertants increased with concentration). However, the authors' interpretation of a 
positive mutagenic response was not ~upported by statistical analysis, nor by any control data. 

In an abstract, Won (1977) stated that PiOH was not mutagenic to~typhimurium (strains TA98 and TAlOO) in the absence of metabolic activation. When 59 was added, PiOH induced revertants in both strains. Picramic acid was mutagenic in strains TA98, TAlOO, TA1537, and TA1538, but was negative in TA1535. It is not clear if the results with picramic acid were obtained with or without 59. Furthermore, no information was provided on the 
concentrations, specific protocol used, or actual revertant counts. 

PlOH induced reverse mutations in a streptomycin-dependent strain of 
Escherichia coli, B/5d-4 CDemerec et ~·, 1951). Bacteria were incubated in 0.010 to 0.018% PiOH for three hours, prior to plating on streptomycin-free agar. Treatment of £. coli with 0.010% PiOH did not affect the number of mutants. At levels of 0.017 to O.Ol8t of PiOV .~ere was a six to ten-fold 
increase in the number of reverse mutations. However, these concentrations greatly reduced the survival of colonies: depending on the experiment, survival varied from I .9 to 34%. 

Chromo soma 1 a berra ti ons. Ammon i urn pi era te without met abo l i \: ac ti va ti on induced a statistically significant (p <0.01) increase in the frequency of sister chromatid exchang~s (SCE) in mouse lymphoma cells, compared to solvent cuntrols (see Litton Bionetics, 1979a). These increases were observed at all concentrations (15.6, 31.3, 62.5, 125.0, anj 250 ~g/rnU. The highest 
concentration of ammonium picrate (250 ~g/ml) induced an increase in SCE that was st~!~5tically significant (p <0.01) compared to both solvent and negative controls. When exogenous activation was added to lymphoma cells, the number 
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of SCE produced in solvent controls was greater than that seen without 

metabolic activation. However, the frequency of SCE h exposed cells was not 

significantly different from controls. Metabolic activation apparently 

increased the toxicity of ammonium picrate; this necessitated the use of much 

lower concentrations of ammonium picrate in the assays that included S9. The 

greatest concentration used was 31.3 llg/mL (range of 1.0, 2.0, 3_.9, 7.8, 

15.6, or 31.3 llg/mU. Amounts greater than 31.3 llg/mL apparently inhibited 

replication, as cells at these concentrations did not enter second metaphase 

(Litton Bionetics, l979a). In contrast to ammonium picrate, picramic aiid did 

not induce a statistically significant increase in SCE, either with or without 

metabolic activation. Picramic acid (0.625, 1.25, 2.50, 5.0, 10.0, or 

20.0 llg /mU was added to mouse lymphoma ce 11 s, and the number of SCE per 

chromosome, as well as the number of SCE per cell were tabulated. When these 

resu 1 ts were compared against those obtai ned with a so 1 vent contra 1, no 

significant difference in the frequency of SCE was observed (Litton Bionetics, 

1979b). 

Oral exposure of HAIICR mice to ammonium picrate did not cause overt 

chromosomal breakage in bone marrow cells. Animals received either a single 

dose, or five separate doses of ammonium picrate (separated by 24 h). Cells 

were harvested at six, 24, or 48 h after treatment. At the three dose levels 

studied (2.23, 7.43 or 22.3 mg/kg), ammonium picrate did not induce a 

statistically significant increase in chromosomal aberrations (Litton 

Bionetics, l979a). The clastogenic activity of picramic acid was also 

analyzed by Litton Bionetics r1979c). The dosing protocol was the same as 

that used to evaluate a~monium picrate, except that mice received doses of 

7.6, 25.2, or 75.6 mg/kg. T~e number 0f chromosomal. aberrations in cells from 

treated animals was not significantly different frorn controls (Litton 

Bionetics, 1979c). 

A study by Litton Bionetics (1979a) examined the activity of ammonium 

picrate in the mouse dominant lethal assay, which evaluates the ability of a 

compound to induce ~enetic damage in spermatozoa of treated male mice. The 

endpoints used to assess damage included a fertility index, the average number 

of implants per female, and the number of resorptions per female. Ammonium 

picrate given by gavage to male mice (2.23, 7.43 or 22.3 mg/kg) did not cause 

st~tistically significant increases in any of the indices. In a similar assay 
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with picramic acid administered at doses of 7.56, 25.2, or 75.6 mg/kg to mice, 
no dominant lethal mutations were observed (Litton Bionetics, 1979d). 

PiOH did not induce micronuclei in mouse-bone marrow erythrocytes <Gocke (k et ~·· 1981). Negative results were obtained in mice treated orally ~ith 
1 .0, 1 .5, or 2.0 mmol/kg, or with 0.1, 0.3, or 0.4 mmol/kg intraperitoneal ly. 

Gene Mutations in Drosophila. PiOH was tested wlth 52 additional coded 
compounds for mutagenicity in Drosophila melanogaster under contract to the 
National Toxicology Program. The chemicals were tested in three laboratories 
(University of Wisconsin, Brown University, and Bowling Gr~en University) by 
the sex-linked recessive lethal mutation and the reciprocal translocation 
tests. The results on the mutagenic activity of the compounds assayed were 
presented, along with the data, by Woodruff et ~· (1985). PiOti did not 
induce sex-linked recessive lethal mutations when administered by feeding. 
Compounds with negative results in feeding studies were re-examined by 
injection. 

Negative results were obtained at the University of Wisconsin following 
injection of PiOH at a concentration of 400 ppm. Tests conducted at Brown 
University had equivocal results at 1000 and 1500 ppm PiOH. Clear, positive 
results were obtained following an injection of 1500 ppm PiOH at Bowling Green 
State University. Examination of the injection study data from all three 
laboratories showed that the percentage of recessive-lethal mutations 
increased wHh increasing concentration of PiOH. Comparison of the total 
treated population to the total control population revealed the percentage of 
lethals in the treated group was significantly higher (p = 0.02) than 
controls. PiOH did not induce reciprocal translocations in Drosophila 
following 1500 ppm injection <Woodruff et ~-, 1985). 

Gocke et ~- (1981) examined the ability of PiOH to induce sex-linked 
recessive mutations in Q. melanogaster. Males received a single dose of 
1.25 mM PiOH dissolved in 5'Yo saccharose. The percentage of sex-linked 
recessive lathals was significantly higher (p < 0.05.) in the treated 
population (0.53t) compared to controls (0.271.). 

Gene Mutation Assays in Mammalian Cells. The mouse lymphoma forward 
mutation ass~y uses L5178Y/Tk cells to detect gene mutations that affect the 
thymidine kinase locus. Cells inct.~bated with 500.0, 1000.0, 2000.0, 2500.0, 
or 3000.0 ~g/ml of ammor.ium picrate (without 59) did not indue .. a 
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statistically significant increase in mutations. Although different 
concentrations of ammonium picrate were used to evaluate mutagenicity with S9 
(31.0, 125.0, 300.0, 400.0, 500.0, or 1000.0 J.lg/ml), metabolic activation did 
not increase the mutagenicity of ammonium picrate (Litton Bionetics, l979a). 

Summary. None of the investigations reviewed here found ammon1um picrate 
to be mutagenic. However, the clearly positive response obtained in SCE 
experiments indicate that ammonium picrate can cause chromosomal damage. PiOH 
induced mutations in four separate studies with ~- typhimurium. However, it 
is not clear whether or not metabolic activation is requi(ed. When injected 
into Q. melanogaster, PiOH gave positive results in the recessive lethal 
mutation assay, but was negative for reciprocal trans1ocations. In contrast, 
conflicting results were reported when PiOH was fed to Q. melanogaster. PiOH 
did not cause chromosomal damage in the mouse micronucleus assay. The ability 
of picramic acid to induce mutation or chromosomal damage has not been 
adequately characterized. Available information indicates that it caus:::s 
reverse mutations in Salmonella. The role of metabolic activation in this 
response has not been defined. 

Carcinogenicity 

Van Esch et ~- (1957) conducted a very limited study of the 
carcinogenicity of PiOH. In this experiment, Wistar rats received 500 ppm 
PiOH in their diet daily for 2 1/2 years. At the end of this time, autopsies 
were conducted on all animals. Although specific data were not given, treated 
males reportedly did not develop a greater incidence of tumors than controls. 
The only tumor data reported for female rats was the incidence and time to 
appearance of mammary gland tumors. The incidence of these tumors was greater 
in controls (67%) than in treated animals (57%). The average time to 
appearance of mammary gland tumors was 22 months in treated animals compdred 
to 25 months in untreated controls. The data reported in this study were 
extremely sketchy, and interpretation is limited by a number of factors. They 
used a very smiill sample size (10 male and 10 female rats), and administered 
PiOH at only one dose level. Very little specific pathology data were given, 
and it is not possible to determine the sensitivity of techniques us0d to 
detect tumors. Finally, virtually nothing is known about the gastrointestina1 
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absorption or subsequent metabolism of PiOH, and it is impossible to know what 
proportion of the ildministered dose actually entered the bloodstream. In 
summary, this study is inadequate to evaluate the carcinogenicity of PiOH. 

Estimation of Intake Lim; to Protect Public Health 

The limited toxicity data on ammonium picrate and PiOH provide few 
studies from which a safe and acceptable daily intake can be calculated. None 
of the studies that are available adequately define a no-observed-adverse-
effect-level <NOAEU for either compound. Consequently, we have derived 
alternative intake estimates based on the existing studiei and have compared 
them with a lower-bound estimate of an acceptable daily intake computed from a 
lethal dose, using the methology described in Appendix D. The two studies 
used to define minimum-effect dose rates were those of Sunderman et ~- (1945) 
and Van Esch et ~- (1957). 

Sunderman et ~- (1945) evaluated the effects of ammonium picrate on 
rabbits and guinea pigs as part of a larger study that examined the health 
effects on workers occupationally exposed to ammonium picrate. (As noted in 
the discussion of Toxic Effects on Organs and Systems, ammonium picrate 
elicited allergic sensitization re:;.ctions in some individuals.) Sunderman 
et ~- collected a series of air samples at the site of "milling" and 
"preforming" operations to estimate the concentration of ammonium picrate 
present in the atmosphere of the plant. Measured values of ammonium picrate 
ranged from 0.0088 to 0.1942 mg/m3 (geometric mean = 0.04 mg/m3). To 
replicate human exposure conditions, rabbits and guinea pigs were placed at 
the sampling locations (i.e., milling and preforming operations) for sh< or 
52 wks. A 1 though the number of ani rna 1 s involved in this study was sma 11 (for 
rabbits, n=4; for guinea pigs, n=8), and no contro 1 animals were used, the 
results of this investigation represent the only da·a that have documented 
specific exposure conditions and specific adverse effect5 of ammmonium picrate , 
on animr.ls. Analagous data for humans do not exist. 

R-~bbits exposed to ammonium picrate 8 h/d, 5 d/wk for 6 wk exhibited 
glycogen infiltration and periducta1 fibrosis of the liver, tracheal 
congestion, and "acute catarrhal tracheltis". When exposure lasted for 
12 months (8 h/d, 5 d/wk), Sunderman et ~- documented bronchial degeneration, 

(, granular deposits in cardiac muscle and hepatic tissue, "moderate" hepatit: 
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cirrhosis (one animal), and cloudy swelling of the kidneys. A similar 
spectrum of effects was observed in guinea pigs exposed under identical 
circumstances. Three of the guinea pigs died before the end of the 
experiment, but at widely different times. It is not known whether or not 
exposure to ammonium picrate was a factor in their deaths. 

To calculate the dftily dose that animals received, we assumed that both 
species absorbed 100 t of inhaled ammonium picrate. Because ventilation rates 
for rabbits and guinea ~i gs were not ava i 1 able to us, these rates were 
calculated by multiplying the alveolar ventilation rate of a standard, 0.25-kg 
rat (7.02 L/h) times the ratio of rabbit or guinea pig body ~eight to rat body 
weight, raised to the 0.74 power (U.S. EPA, 1988). This approach was taken 
because physiological parameters such as this are assumed to vary in 
proportion to body weight to the 0. 74 power (Paustenbach et al., 1989). 
Because Sunderman et !]_.did not provide the body weights for experimental 
animals, a representative body weight for each species was obtained from 
Lehman (1954), as cited in Lu (1988). The specific values were 2.0 kg for a 
rabbit, and 0.75 kg for a guinea pig. 

The daily inhaled dose CDID) of rabbits calculated from the geometric 
mean concentration of ammonium picrate is: 

DID = 0.04 ~ x 
m3 

1m3 
X 32.7 l X 8 h X 5 d X 

1000 L h d 7 d 

= 0.0038 mg/kg-d (3.8 ~g/kg-d) 

1 ( 1 3- 1 ) 
2.0 kg 

The DID of guinea pigs calculated from the geomet~i~ ~~an concentration 
of ammonium picrate is: 

DID = 0.04 ~ x 
m3 

1m3 
X 15.8 l X 8 h X 5 d X 

1000 L l h d 7 d 

= 0.0048 ~g/kg-d (4.8 ~g/kg-d) 

(13-2) 
0.75 kg 

If it is assumed that the sma 11 er of these two va 1 ues, thP DID of 
rabbits, represents a chronic LOAEL, a safe intake can be calculated by 
dividing the LOAEL by an uncertainty factor CUF). The EPA guidelines 
(U.S.EPA, 1985) for calculation of an acceptable daily intake propose that an 
UF of 100 be applied if extrapc1a.ting from valid, long-term animal studies 
when human data are not availabie. Alternatively, the guidelines propose that 
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an UF of 1000 be applied when no human data are available, and extrapolation 
is from anima 1 studies of 1 ess than chronic exposure. A 1 though Sunderman 
et ~· utilized a 1ong exposur!: period (52 wk) the small number of 
experimental animals and complete absence of control animals make it difficult 
to interpret the relative validity of reported results. Consequently, an UF 
of 1000 is probably appropriate. If _this UF is applied to the calculated 
inhaled dose, an intake of 0.0038-pg/kg-d is obtained. 

There are no 1 i feti me studies of the effects or ammon i urn pi era te in 
animals or humans. Howeve:, Van Esch et al. (1957) administered PiOH to rats 
over a 2-1/2 year period. Animals received 500 ppm daily tn their diet. As 
discussed earlier, Van Esch g_! ~· (1957) reported that treated males did not 
have a greater incidence of tumors than control animals. Female rats had a 
somewhat lower ~nc)dence of mammary gland tumors than untreated controis. The 
authors concluded that PiOH was not carcinogenic and that it did not cause 
adverse effects in animals at the dose used in this study. However, this 
study was extremely limited in its scope, in that the only biological endpoint 
evaluated was the incidence of tumors. It is not at all apparent if other 
adverse effects occurred, nor is it evident liidt they were looked for. 
Furthermore, it appears that tumors were documented only on the basis of gross 
examination. Although on the surface this study appears to docume,t a NOAEL 
of 500 ppm (500 mg/kg>, it merely suggests that under the limited conditions 
of this study, PiOH did not elicit an increase in the incidence of tumors. 
This study is also flawed by the use of a very small number of animals (10 of 
each sex>. Also, although PiOH was given to animals in the diet, no analysis 
of food was conducted and there is no assurance that rats actually received 
the full dose. 

Even with a 11 of these 1 i mi tat ions, the Van Esch et ~. ( 1957) report 
remains the only lifetime study of PiOH toxicity, and we used the apparen! 
NOAEL to calculate a safe intak~. To derive the safe intake rate, we made 
assumptions regarding the average weight of rats and the average amount of 
food consumed. Specifically, we assumed that rats weighed 200 g and that they 
consumed 15 g of food per day (Meh 1 man et ~. , 197~). Therefore, the 
estimated daily intake <DI> of PiOH is 

or = 500 ~X 0.015 kg X 
kg d 

-=---1 _ = 37.5 mg/kg-d 
0.2 kg 
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As noted in the discussion uf Sunderman et ~· (1945), selection of a 
~recific UF depend~ on the source and quality of the data (U.S. EPA, 1985b). 
Although Van Esch et al. (1957) studied rats treated with PiOH over a 
2-1/2 year period, there are enough deficiencies in the study to warrant 
selection of an UF of 1000. This UF is used when "acute or chronic data in 
all species are limited or incomplete" (U.S. EPA, 1985b). Calculation of an 
ADI using aUF of 1000 gives a value of 0.0375 mg/k-§-d- (37.5 ~g/kg-d). 

A final alternative for calculation of an ADI involves the use of LD50 or 
LDlow values, where LDlow is defined as the lowest lethal dose reported in the 
literature. As discussed in Appendii< 0, LDSO or LDlow val-ues expressed in 
mg/kg can be used to calculate a lower-bound AOI if adequate toxicological 
data are not avail.~ble. Although there are no documented LD50 values for 
ammonium picrate or PiOH, Lewis and Sweet (1984) reported that the LDlow 
values for orally administered PiOH were 100 mg/kg (guinea pig) and 120 mg/kg 
(rabbit). Application of a factor of 1 x 10~5 d-1 to the LDlow values gives a 
lower-bound intake rate of approximately 0.001 mg/kg-d (1 .0 ~g/k~-d). 

TOXIC EFFECTS TO AQUATIC SPECIES 

Dawson et ~· (1977), in a study of the aquatic toxicity of 47 industrial 
chemicals, determined the 96-h LC50 of ammonium ~.crate to bluegii 1 sunfish to 
be 220 mg/L. In earlier work, Grindley (1946) found that it took an average 
of 26 h before minnows (Phoxinus phoxinus ~.) overturned at a concentration of 
200 mgll of sodium picrate. Goodfellow et ~· (1983) studied the acute 
toxicity of PiOH and picramic acid to rainbow trout (Salmo gairdneri) and 
American oysters (Crassostrea virginica)_. The 96-h LCSO for LC50 was 
46.2 mg/L. For comparison, Heitmuller et ~· (1981) reported a 96-h LC50 of 
1 30 mg/L for sheephead minnows <Cypri nodon vari ega tus). exposed to Pi OH. For 
bluegills (Lepomis macochirus>. Buccafusco et ~· (1981) reported a PiOH-
96-h LC50 of 170 mg/L. The work of Goodfellow et ~· (1983) also showed that 
picra' ·acid was more toxic than PiOH to American oysters. with the 

associated 144-h LC50 values of 69.8 and 245.9 mg/L, respectively. 
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14. HEALTH AND ENVIRONMENTAL DATA AVAILABLE ON EXPLOSIVES AND 
ASSOCIATED CO-CONTAMINANTS 

The health ~nd environmental data available on ~he various explosives and 
associ~ted co-contaminants of concerr. were reviewed in the previous sections. 
In this concluding section, we will identify deficiencies in the data bases 
for the different substances and m~ke recommendations for research to address 
the defi ci enci es. Our i ndi vidual assessments were organized around four 
primary topics: Environmental Partitioning and 1rdnsport Properties, 
Environmental Transformation Properties, Toxic Effects on Animals and Humans, 
Toxic Effects on Aquatic Species, and Toxic Effects on Plants. These topical 
areas cover subjects that are relevant to assessments of the potential risks 
of operations involving the disposal or destruction of conventional ordnance. 
In our reviews of the available data. ~e observed deficiencies in information 
common to most of the explosives, as well as deficiencies specific to each 
substance. He begin the following discussions, therefore, with a review of 
the general deficiencies in the data bases, with subsequent discuss;ons 
focusing on individual compounds. 

JATA-SASE DEFICIENCIES APPLICABLE TO MOST COMPOUNDS 

Of the four topics considered, data o~ the effects of the 2xplosives on 
plants were generally lacking. We did not find any information in the 
literature indicating that plant effects had been observed at sites witi1 
residual levels of explosives in soils. Only one study demonstrated 
phytotoxicity, and that study dealt with the effects of TNT on nJtsedge grown 

.~ in a hydroponic solution. However, unless there is demonstrable evidence that 
residual explosives in soil~ have caused phytotoxic effects, we do not 
recommend studies on plant effects. Consequently, it would be prudent to 
conduct a survey of 08/00 grounds to ascertain whether such damage has 
occurred. 

A more important limitation of the existing data bases is the absence of 
data on the uptake of the explosives by plants. Uptake by food-chain crops is 
important because it represents one possible exposure pathway to soil 
contaminants. He note, however, that plant uptake data are genera-lly 
navailable on other organic compounds a~ well. Unfortunately, there are no 
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reliable structure-activity relationships available that can be used to 

predict uptake for specific crops, and thus there is no alternative method of 

estimating this factor. For the j:urposes of the data-base a?sessment, we 

derived upper-bound estimates of uptake using an empirical relationship 

reported by Topp et ~ < 1986) for barley. Clearly, more research is needed 

to address the various factors influencing the uptake of organic contaminants 

such -as those addressed in this report (see the discussion in Appendix A for 

additio~al details). He recommend that studies be initiated that examine the 

uptaKe of radiolabeled explosives in selected crops. 

The lack of data on bioconcentration factors for t~e various co~pounds in 

beef and dairy products was another important limitation of the data bases. 

In lieu of actual data on these factors, we used regression equations 

developed by Kanaga (1980) that predicted bioconcentration in beef fat as a 

function of a compound's log K0 w or aqueous solubility. These equations, 

though, only accounted for about 60t of the variance in the measured 

bioconcentration factors of selected organic compounds in cattle. It would be 

beneficial to have specific studies conducted on the major explosives (i.e., 

TNT and RDX) to determine the extent to which they are bioconcentrated in beef 

fat. 
One of the more important parameters affecting the transport of 

explosives and associated co-contaminants is the soil/water partition 

coefticient, Kd· Often this parameter is estimated from the soil organic 

carbon <SOC)/water partition coefficient, Koc· and the organic carbon content 

of soil. Unfortunately, other factors such as clay content, cation exchange 

capacity, and pH can also influence the partitioning of an organic substance 

he tween water and soi 1 , and these factors need to be exp 1 ored more fully. 

Ideally, Kd measurements should be conducted with a broad range of native 

soils or aquifer materials from OB/C~ grounds to determine the variability in 

Kd values across different sites. Similarly, additional studies are needed on 

the extent of aerobic and anaerobic biodegradation of explosives in nativ~ 

soils, as well as ground and surface waters associated with OB/00 sites. Many 

of the studies we examined used nutrients to enhance biodegradation--this 

practice may be helpfu1 in determining whether biotransformation is possible, 

but it does not provide transformation-rate data useful for modeling of the 

transport and transformation of organic substances in soils and waters. 

274 



1 

I 

] 

] 

i 
] 

I 
1 
l 
] 

] 

] 

] 

Another general data deficiency for the various explosives and 

co-contaminants was the lack of studies involving teratogenic effects. For 

the sake of completeness, teratogenicity studies should be performed on the 

major explosives. Consideration should also be given to the development of 

more systematic approaches to the development of pharmacokinetic and toxicity 

data on the compounds of concern. 

DATA-BASE REQUIREMENTS FOR SPECIFIC EXPLOSIVES AND CO-CONTAMINANTS 

The individual data bases on the explosives and associated co
contaminants we assessed also varied a great deal in their coverage of the 
four various health and environmental topics considered. Explosives like TNT 
and RDX had obviously been the subject of considerable research, reflecting 
their importance in conventional weapons, while other explosives such as 
tetryl only had limited amounts of data--probably due to the fact that it has 
largely been replaced by other explosives. In the subsections below, we 
review the principal limitations of the data bases on each of the compounds 
considered, and make appropriate recommendations for dealing with the 
deficiencies identifiPJ. 

TNT 

The data base for TNT was the most complete, except for the general 

deficiencies common to a 11 the compounds considered. One concern that was 
raised in our analysis of the cancer bioassays completed using military-grade 
TNT was the possibility that an impurity <such as 2,6-DNT) was the source of 
the carcinogenic responses observed in the bioassays conducted with rats and 

mice. This topic needs to be investigated further because of the potential 
implications for defining a safe daily intake of TNT. 

2,4-DNT 

This nitro aromatic compound has been detected in the soils at many 08/0D 
sites. However. only one investigator has reported a Kd value for 2,4-DNT 

(Spanggord et ~. 1980b). Therefore, we recommend that additional 
partitioning studies be carried out using native soils from 08/0D sites. 
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Also, it would be useful to carry out further studies on the biotransformation 
of 2,4-DNT in different soils. 

2-6-01H 

The weakest components of the data base on 2,6-DNT were related to its 
partitioning and transport in environmental media and its toxicity to aquatic 
species. For exarrple, its solubility-in water has not been measured, and all 
of the partition coefficients (i.e., Ksp· Kfd· Kfw• and K0 c> were estimated, 
not measured. Thus, we reconvnend that the aqueous so 1 ubi l i ty b-e 
e~perimentally determined along with its log octan6l/water partition 
coefficient, which is useful for estimating other properties (see 
Appendix A). S1.mi 1 arly, more studies are needed to ascertain whether soi 1 

microbes are c.1pable of degrading this compound. Furthermore, additional 
studies should be considered to define its toxicity to a variety of aquatic 
species. However, before such aquatic toxicity studies are commissioned, 
their usefulness for assessing the impacts of 2,6-DNT at 08/00 sites needs to 
be determined. 

ONe 

Measurements are needed of the soil/water partition coefficient for DNB 
in selected soils as well as its bioconcentration factor in aquatic species. 
Although the toxicity of DNB has been examined in two subchronic studies, a 
clearly defined NOEL was not defined. Consequently, it would be prudent to 
institute studies to clearly define a subchronic NOEL. 

TNB 

The various partition coefficients for TNB have yet to be measured, qut 
transformation studies have been completed that indicate that it can undergo 
biotransformation. The weakest aspect of the data base is the absence of a 
suitable toxicity study that can be used to establish an acceptable intake to 
protect public health. Supporting studies are also needed to describe its 
pharmacokinetic properties. 
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2-A-4,6-DNT and 4-A-2,6-DNT 

As discussta earlier, the amino dinitrotoluenes are degradation products 

of TNT in the environment. L itt 1 e work has been done on either compound, and 

consequently a number of studies need to be performed, starting with 
experimental mecsurements of all key properties (e.g., vapor pressure, 

solubility in water, and octanol/water partition coefficient). Other studies 

should address factors affecting their transport ami- transformation in soi 1 

and water. Finally, both pharmacokinetic and toxicity studies are necessary 
to derive estimates of acceptable intakes. 

RDX 

RDX, like the other major explosive TNT, has been the subject of 
I considerable research over the years. We did net identify any major gaps in 

the data base on this ccmpound that need to be addressed at this time. 
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HMX 

HMX is the primary impurity in RDX and is also a high explosive with 
app l i cations of its own. The data avail ab 1 e on the transport- and 
transformation-related parameters are generally adequate, but there needs to 
be a lot more research focused on its pharmacokinetic and toxic properties. 
In particular, ·subchronic and chronic toxicity studies need to be cmnplet~d in 
parallel with pharmacokinetic studies. 

PETN 

The primary deficiency cf the data base on PETN is the absence of any 

studies dealing with its transformation in environmental media. Of particular 
' 

interest are studies on biotransformation in soils and water because metabolic 

studies with animals indicate that it will probably be degraded through a 
step-wise denitration process. Additionally, experiments are needed to 

determine the various partitioning factors discussed above. Finally, there 

have been no acute studies on the aquatic toxicity of PETN, and a~-mi~imum 
one or two species should be tested to determine a 96-h LC50 value. 
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Tetryl 

The aqueous solubility and vapor pressure of tetryl need to be 

determined, as does its log oct a no l /water partition coefficient and its 

bioconcentration factor for one or more aquatic species. The 
biotransformation of tetryl has not yet been studied, and we recommend that it 

be given a high priority. Also, there have been no toxicity studies with this 

explosive within the la::;i: 20 years, and little is known_ about its 
pharmacokinetic properties. Similarly, no studies have been completed on its 
aquatic toxicity. Thus. toxicity and pharmacokinetic :;tudies should also 

receive a high priority. 

Ammonbm Picrate and Picric Acid 

Despite the fact ammonium picrate accounts for almost 101 of the 

explosives in the demilitarization inventory, hardly any research has been 

conducted on this explosive in years. Fortunately, ammonium picrate does 

dissociate to picric acid, and more is known about the environmental chemistry 

and toxicology of that compound. Nevertheless. we believe that studies are 

indeed needed on the pharmacokinetic and toxicologic properties of ammonium 

picrate and on its behavior in the environment. It is especially important to 

conduct toxicity studies that can be used to define NOELs for ammonium picrate 

and picric acid i.hat can be used to define acceptable intakes to protect 
public health. 
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APPENDIX A 

CHEMICAL/PHYSICAL PROPERTIES AND ENVIRONMENTAL 
PARTITION COEFFICIENTS: CALCULATIONS AND SUPPORTING DATA 

In this Appendix we present estimates of the chemical properties and 
environmental partition coefficients that are needed to predict the trans~ort 
of explosives and their co-contaminants in the environment and to predict 
food-chain transfers to man. The chemical and physical properties considered 
include vapor pressure, octanol/water partition coeffictent, aqueous 
solubility, Henry's law constant, and molecular-diffusic1 coefficients in air 
and in water. Vapor :Jressure and aqueous solubility are estimated at a 
reference temperature of 20°C; estimates are based on extrapolations or 
interpolations of these parameters at various temperatlires, as well as on 
predictions derived from other chemical properties. Partition coefficients 
for the individual compounds include soil/water (Kd), soil or sediment organic 
carbon <SO()/water <Koc>. soil/plant <Ksp>. fish/water (Kfw>. and 
beef-fat/diet (Kfd). Estimates of these parameters are based on regression 
equations relating various properties (e.g., water solubility, octanol/water 
partition coefficient, or molecular weight) to the partition coefficient of 
interest. 

VAPOR PRESSURE 

The vapor pres sure of a so 1 i d or 1 i quid chemica 1 is the pres sure of the 
gas phase that is in equilibrium with the solid or liquid phase at any given 
temperature. The evaporative escape, or volatilization, of a chemical depends 
on the vapor pressure of the compound, as well as the environmental conditions 
that influence diffusion from the solid or liquid surface. Combined with 
aqueous solubilities at the same temperature, vapor-pressure data permit the 
calculation of Henry's law constants that can be used along with the diffusicn 
coefficient of a compound in water to determine the the volitization rate of 
organic chemicals dissolved in water. Organic chemicals with relativ~iy low 
vapor pressure, high aqueous solubility, or high adsorptivity to solids are 
less likely to vaporize and become airborne than compounds with high vapor 
pressure, low solubility in water, or low adsorption to solids and sediments. 
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Host of the equations and correlations in the literature for estimating 

vapor pressure are designed for accuracy between the normal boiling point (Tb) 

and the critical temperature <Tc>. a range of primary interest in process 

engineering. However, environmental studies usually involve temperatures 

below the boiling point, where the above~mentioned estimation methods are less 

accurate. Hence, there is a need for reliable vapor-pressure estimates for a 

wide variety of explosive compounds, preferably at 20°C. -There is a 

particular need for a method of estimating very low vapor pressures (i.e., 

«1 torr), where it is very difficult to determine accurate pressure val-ues 

experimentally. 

Vapor-Pressure Equations 

Many equations have been proposed that relate the pressure and temperature 

of the gas phase in equilibrium with the condensed phase. Good correlation 

with the experimental values is obtained with the Antoine equation: 

B log P = A -v t + c . 

A simpler equation is frequently suitable over limited temperature ranges: 

B 
log Pv = A - T 

(A-1) 

(A-2) 

In these equations, the Pv term is tre vapor pressure of the compound in torr 

(mm Hg), t is the temperature in °(, T is the absolute temperature in K 

<Kelvins), and A, B, and Care empirical constants that are unique for each 

chemical compound <see, for example, Lo.ilge's Handbook of Chemistry <Dean, 

1985), 13th ed., pp. 1028-1053, for a tabulation of these constants, based on 

1 east-square fits of experi menta 1 data, and app 1 i cab 1 e temperature ranges of 

several hundred organic compounds). Dobratz (1981) has provided a 

comprehensive table of modified Antoine equ~tions, as well as melting points 

and boiling points, for chemical explosives. In Table A-1 we provide a 

summary of Pv-T equations for the explosives and co-contamindnts from various 

literature sources. 
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Table A-1. Vapor pressure/temperature equations for selected military 
explosives and co-contaminants. 

Temperature 
Explosive Equationa range ( 0 0 Reference 

TNT log Pv "" 12.31 - 5175/T 15 to 75 Pe 11 a, 1977 
__ 2 ,_4-DNT lo~ Pv = 13.08 - 4992/T 4 to 71 Pe 11 a, 1977 

2,6-0NT log Pv = 13.99 - 5139/T 4 to 50 Pe 11 a, 1977 
1 ,3,5-TNB log Pv = 5.5345 - 993.6/(t + 11.2) 202 to 312 Dean, 1985 
1 , 3-DNB log Pv = 4.337 - 229.2/(t - 137) 252 to 292 Dean, 1985 
RDX log Pv = 14.18 - 6798/T 55.7 to 97.7 RoSP"' and 

Dickinson, 1969 
HMX log Pv = 16. 18 - 9154/T 97.6 to 129.3 Rosen and 

Dickinson, 1969 

PETN log Pv = 16.73- 7750/T Edwards, 1953, 

Tetryl log Pv = 13.71 - 6 776/T 85 to 106 Dobratz, 1981 

a In these equations, Pv represents vapor pressure in torr; T, absolute 
temperature in K; and t, temperature in °C. 

Graphical Methods 

In the absence of applicable vapor pressure/temperature equations for 

some explosives, it is possible to plot measured data from the literature on 
semilogarithmic paper, with vapor pressure on the logarithmic ordinate, and 

inverse absolute temperature (T-1) on the abscissa. A best-fit straight line 

may be drawn through the data points, and the vapor pressure determined at 

20°C on the resultant plot, either by interpolation or extrapolation. It 
should be stressed that extensive extrapolation of the data will result in 

less reliable pressure values than those obtained by interpolation. Table A-2 . 
summarizes measured vapor-pressure data for the compounds of interest. 

A second technique, which is equivalent to graphical extrapolation of the 

data, involves the insertion of a se 1 ec ted temperature < i . e, 20°0 in an 
Antoine equation even though the equation is valid for a different temperature 

range, and calculation of the co~responding vapor pressure. Again, it should 
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Tab 1 e A-2. Measured vapor pressures for se 1 ected mi 11 tary exp 1 os 1 ves and 

co-contam1nants. 

Measured values 

Explosive Vapor pressure (torr) Temperature (°C) 

TNT 

2,4-0NT 

2,6-0NT 

1 ,3,5-TNB 

1 ,3-0NB 

ROX 

0. 27 x-- lQ-6 
1~fo- x 10-6 
1. 72 )( lQ-6 
3. 98 X lQ-6 
8.82 X lQ-6 
4. 24 X lQ-5 

1. 23 X lQ-5 
2.85 X lQ-5 
1 :32 X lQ-4 
3.40 X lQ-4 
1. 28 X lQ-3 
5.21 X lQ-3 
1.25 X lQ-2 
3. 97 X lQ-2 

2. 56 X lQ-5 
8.02 X lQ-5 
3. 53 X lQ-4 
1 . 1 o x 1 o-3 
3.62 X lQ-3 
1.29 X lQ-2 

3.75 X lQ-1 
1. 50 x 100 
1 .05 X 100 
1. oo x 1 o2 

7.50 x 1o-2 
2. 63 x 1 oa 
3. 75 x 1 QO 
4. 31 X 1QO 
7.03 X 100 
1.11 X 101 
1 . 70 X 101 
3.75 X 1Ql 

19.95 X 101 
68. 55 X 1Q 1 

1 .00 X lQ-7 
4.05 X lQ-4 
1 .05 X 10-J 
2. 55 X lQ-3 
3.98 X lQ-3 

12.0 
20.0 
21.5 
25.5 
30.0 
40.0 

4.0 
10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
71.0 

4.0 
10.0 
20.0 
30.0 
40.0 
50.0 

122 
150 
200 
270 

90 
130 
150 
140 
150 
160 
170 
200 
250 
290 

48 
110 
121 
131 
138.5 
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. Reference 

Leggett, 1977 

Pella, 1977 

Pella, 1977 

Meyer, 1981 

Meyer, 1981 
Jordan, 1954 
Meyer, 1981 
Jordan, 1954 

Meyer, 1981 

Rosen and Dickinson, 1969 
Meyer, 1981 



Table A-2. (Continued). 

Measured values 

Explosive Vapor pressure (t~rr) Temperature (°C) Reference 

HMX 3.3 x lo-9 99 
1. 8 x 1 o-s 109 
4.0--x-lo-8 - 115 

Rosen dnd Dickinson, 1969 

3 .o x 1o-1 129 

PETN 8.25 X lo-4 97 
3. 15 X 10-3 110.6 

Meyer. 1981 

1.13 X 10-2 121 
3.75 X 10-2 131 . 6 
7.05 X 10-2 138.8 

Picric acid 7.5 X 10-3 122 
2.0 X 100 195 

Meyer. 1981 

5.0 X 101 255 -

be noted that the resultant estimated value of vapor pressure will be less 

reliable the greater the discrepancy between 20°C and the applicable 

temperature range. 

Y.!P.or Pressure Estimation with 1 imited Data 

Because there are apparently no measured vapor pres~ure/temperature data 

or Antoine-ty~e equations in the literature for 2-A-4,6-DNT and 4-A-2.6-DNT, 

it was necessary to use the fo 11 ow; ng equation deve 1 oped by Mackay et !]_. 

(1982), based on boiling point. melting point, and ambient temperature (i.e .• 

20°(): 

ln Pv = -(4.4 + lnTb)[1.803(Tb/T- 1)- 0.~03 ln(Tb/T)]- 6.8<Tm/T- 1) (A-3) , 

where Pv =vapor pressure (atm), Tb =normal boiling point (K). 

T =temperature corresponding to estimated pressure (K), -1nd Tm =melting 

point (K). Furthermore, s i neE no measured boi 1 i ng-poi nts were ava i 1 able for -

the two amino compounds. decomposition temperatures measured by Nielsen et !]_. 
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(1979) were used to estimate an upper limit for the vapor pressure at 20°C. 

(The liquid will decompose at or below its boiling point.) 

2-A-4,6-0NT. With a measured melting point of 176°C (449 K) !Heilbron, 

1982) and a decomposition temperature of 307°C (580 K), the vapor pressure can 

be calculated from Eq. A-3 as, 

ln Pv = -(4.4 + ln 580) [1.803 (~~~~-1)- 0.803ln_{~~~)]- 6.8 (~~~- 1) 

= -16.72 

Pv == 5.5 x 10-8 atm = 4 x 10-5 torr. 

4-A-2,6-0NT. This compound, with a measured melting point of 171°C 

(444 K> (Heilbron, 1982) and a decomposition temperature of 325°C (598 K) has 

an estimated Pv of: 

ln Pv = -(4.4 + ln 598) [1.803(~~~ - 1) c-0.803 ln(~~~)] - 6.8 (~~j- 1) 

= -17.57 

Pv = 2.3 x 10-8 atm = 2 x 10-5 torr. 

Vapor Pressures for Explosives and Co-contdminants 

Although Tables A-1 and A-2 provide vapor pressure-temper~ture equations 

and measured vapor pressure data for a number of military explosives over a 

wide range of temperature, the primary jnterest in this report is in pressures 

at 20~C. In Table A-3, Pv values at 20°C are summarized for all explosives 

(except ammonium picrate) or co-contaminants under consideration, and the 

source or estimation method used in each case is identified. 

ESTIMATION METHODS FOR K0w 

Three basic methods of estimating the octanol/water partition coefficient 

<Kow> are from retention times <RT) on reverse phase HPLC, fragment constants, 

and from other solvent/water partition coefficients. Logarithms of reverse-
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Table A-3. Summary-of vapor-pressure values at 20oc for selected military 
explosives and their co-contaminants. 

Explosive or 
co-contaminant 

TNT 
2,4-DNT 
2,6-DNT 
1 , 3-DNB 
1 ,3,5-TNB 

2-A-4,6-DNT 

4-A-2,6-DNT 
RDX 

HMX 

PETN 
Tetryl 
Ammonium picrate 

Picric acid 

Vapor pressurea 
(torr) 

1.1 X lQ-6 

1. 3 X lo-4 

3.5 X lQ-4 

2 X lQ-4 

1 x 1o-4 
:::: 4 X lQ-5 

:::: 2 X iQ-5 

1 x lo-9 

9 X lo-16 

2 X lo-9 

4 X lo-lo 

2 X lQ-8 

Source/estimation method 

See Tab~e_A-2 measured (Leggett, 1977) 

See Table A-2 ~easured(Pella, 1977) 

See Table A-2 measured (Pella, 1977) 

See Table A-2 (extrap.b) (Meyer, 1981) 

See Table A~2 <extrap.b) (Meyer, 1981) 

Calculated (Mackay et ~ .. 1982) 

Calculated (Mackay et ~ .. 1982) 

See Table A-1 (equation) (Rosen and 
Dickinson, 1969) 

See Table A-1 (equation) (Rosen and 
Dickinson, 1969) 

See Table A-1 (equation) (Edwards, 1953) 

See Table A-1 (equation) (Dobratz, 1981) 

See Table A-2 (extrap.b) (Meyer, 1981. 

a Vapor pressures that are extrapolated or calculated have one significant 
figure. 

b Extrapolated graphically. 

phase HPLC capacity factors are proportional to log Kow· For the 

fragment-constant method, only a knowledge of chemical structure is needed. 

For molecules th?.t are structurally complex, it is desirable to have a 

measured value of K0 w for a c·Jmpound with a similar structure. Sets "'f 

fragment constants have been reported by Hansch and Leo (1979). It also·is 

possible to estimate K0w from linear regression equations that relate the 

solubility of a~- ~und in different solvents to log Kow· 

Fragment-Constant Method 

In the fragment-constant method (Hansch and Leo, 1979) for estimation 

oct a no 1 /water partition coefficient, empi rica 11 y derived atomic or group 
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fragment constants (f) and structural factors (F) are used. The calc~lations 

are made in terms of log K0 w = suiii of fragments (f) and factors (F). Hansch 

and Leo (1979) have provided fragment values (f) for more than 100 atoms and 

a tom groups. Each fragment has two f va 1 ues that depe:.d on whether it is 

bonded to an aliphatic or aromatic structure. In addition, 14 different 

fact0rs (F) must be considered, related to molecular flexibility, 

unsaturation, multiple halogenation, branching, and interactions with H-polar 

fragrr.:.;nts. 

For complex molecules (e.g., 2-amino-4,6-dinitrotoluene) it is highly 

desirable to have a measured log K0 w value for a structurally similar compound 

<e.g., 2,4-dinitrotoluene). This measured value can then be modified by the 

addition Ol subtraction of appropriate for F values: 

1 og K0 w (new c .• emi ca 1) 

= log Kow (similar chemical) ± fragments (f) ± factors (F) . (A-4) 

HPLC Method 

The log Kow of an organic compound is proportional to the log of its 

capacity factor on reverse-phase HPLC {Garst and Wilson, 1984). The capacity 

factor is proportional to the retention time CRT) of the compound minus the RT 

of the solvent alone. Thus, an increase in retention time on reverse phase 

HPLC is expected with an increase in log Kow· In Table A-4, we list the 

retention times of energetic materials along with measured log K0w values. It 

1s evident that RTs generally increase with increasing log K0 w. except where 

values are close. The RT values can therefore be used to estimate the Jog K0 w 

of the compounds without measured log Kow· For example, tetryl will have a 

log Kow of approximately 1.5; 2,6-DNT will have a log Kow of slightly less 

than 1.98; and PETN will have a log Kow of 2 to 2.5. Likewise, we expect the 

amino-DNT isomers to have log Kow values greater than that of TNT. 

Regression Equation Based on Water Solubility 

Regression equations are available for estimating Kow from a compound's 

so 1 ubi 1 ity in water in cases where it is di ffi cu 1 t to app 1 y the fragment

constant method because of the 1 ack of a suitab 1 e "backbone" chemica 1 , 
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Table A-4. Measured log Kow and retention time (RT) on reverse phase HPLC for energetic 
materials. Compounds of unkno~n log Kow placed by RT order. 

Measured 
log Kow 

Kayser Voyksner Maskarinec Lloyd Burlinson 
RTa RTb RTC RTO RTe Compound 

Compounds that do not significantly ionize in water 

H~IX 
POX 

EGDN 
1,3,5-TNG 
1 , 3-DNB 
Tetryl 
TNT 
TNG 
L,6-DNT 
2,4-DNT 
4-nitrotoluene 
PETN 

4-amino-2,6-DNT 
1-amino-4,6-DNT 

0. 13g 
0.87h 

1 . 16 i 
l. l8j 
l. 49k 

1 . 601 
1 . 62; 

1 . 98j 
2.37m 

Compounds that ionize in water 

Anvnonium picrate 
PiOH 2.03n 

2.0 
3.4 

5.3 

5.8 
7.8 

11.6 

12.0 

0.8 

8.3 
12.75 

17 
17.25 

19.8 

13.25 

10 
13 

28 
29 

35 
36 

48 

a Kayser (1983) reported RT. 
b Voyksner and Yinon (1980), estimated RT from chromatograms. 
c Maskarinec et a1. (1984) estimated RT from chromatograms. 
d Lloyd (1983--) estimated RT from chromatograms. 
e Bur1inson (1980) reported RT. 
f Kaplan and Kaplan (1982b) reported RT. 
g Atlantic Research (1979), cited by Tucker et a1. (1985). ----

2 
2.7 

3 

3.2 
4.3 
5. 1 
4.8 
5.7 
6.0 
7.3 
8. 1 

2.3 

6.8 

10.6 

14 
16 

Kaplan 
RTf 

5.85 

6.4 
6.3 
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Footnotes continued, Table A-4 

~Banerjee et ~· (1980). 

I 

~ Cossum and Roberts (1981), cited by Hansch and Leo (1986). 
J Nikaitani and Hansch (no date), cited by Hansch and Leo (1979). 
k Verschueren (1983). 
1 Gould and Hansch (1986), cited by Hansch and Leo (1986). 
m Fujita et a1. (1964), cited by Hansch and Leo (1979). 
n Anderson-<1979), cited by Hansch and Leo (1979). 



inadequate fragment constants, or the need to add or subtract fragments, which 

can 1 ead to unacceptab 1 e errors. One such equation is from Chiou et ~. 

( 1977) : 

log K0w = 5.00 - 0.670 log S 

where Sis the aqueous solubility of the organic compound in ~mol!L. 

Equation A-5 is based on 34 organic compounds and has an r2 value of 0.97. 

Estimation of Log K0 w Values 

<A-5) 

He have es ti rna ted 1 og K0 w values for those mi 1 i tary exp 1 os i ves or 

co-contaminants for which measured values have not been found in the 

literature. To minimize uncertainty in the estimates using the 

fragment-constant method, similar "backbones" were selected for each 

compo~nd. In most cases, measured log K0 w values were available (Hansch and 

Leo, 1979), and only limited modification of the backbones was necessary to 

predict log K0 w's for the corresponding explosive compounds. 

2,6-Dinitrotoluene 

Using 2,4-DNT as a building block (log Kow = 1.98 <Nitaitani and Hansch 

(no date), cited by Hansch and Leo, 1979)), 

log K
0

w(2,6-DNT) = log K
0
w(2,4-DNT) + F~_ 2 (N02, CH 3) 

= 1.98 + (-(0.08)(-0.03 + .87)) 

= 1.98 - 0.067 

= 1.91::: 1.9 

The log K0 w of 2,6-DNT is slightly less than the log Kow of 2,4-DNT as we 

predicted from its HPLC RT. 
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2-Amino-4,6-dinitrotoluene and 4-Amino-2,6-dinitrotoluene 

Values of log Kow calculated from several structurally similar compounds 

yielded log Kow values of less than two. For example, starting with TNT, and 

then substracting a nitro group factor and adding an amino factor: 

log K0 w (4-amino-ONT) .. log K0w <TNTr--f<f'(-N02) + f<f'C-NH2) 

= 1.60- (-0.03) + (-1.0) 

= 0.63 = 0.6 

The value of 0.63 is reasonable when compared with the log K0 w values obtained 

by substituting either an ortho or a para amino group for a nitro group in 

nitrotoluene: 

log Kow (P-nitrotoluene) = 2.42 (Tichy and Bocek (no date), as cited by Hansch 

and Leo, 1979) 

log K0 w (p-aminotoluene> = 1. 41 (Tichy and Bocek (no date), as cited by Hansch 

and Leo, 1979) 

difference = 1. 01 

and 

log Kow (o-nitrotoluene) = 2.40 (Tichy and Bocek (no date) as cited by 113.r"JSCh 

and Leo, 1979) 

log K0 w (o-aminotoluene) = 1.32 (Tichy and eocek (no date) as cited by Hansch 

and Leo, 1979) 

difference = 1 .08 

Furthermore, because the log Kow of o-aminotoluene is 0.09 less than its para 

i3omer, we suggest that an estimate for the log Kow of 2-amino-4,6-0NT should 

be approximately 0.09 less than the 4-amino-2,6-0NT. If we are correct in 

calculating a log Kow for 4-amino-4,6-DNT from TNT, th~n 2-dmino-4,6-DNT 

should have a log Kow of approximately 0.54 <= 0.5). The lack of agreement 

with the predicted log K0w from HPLC could be attributed to .1ydrogen 

extraction from the water, making the amino-DNTs partially ionic. 
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!etryl 

Calculation of the log K0w for tetryl from substituent factors is 

complicated by the lack of a factor for the methyl nitro amino group. He 

therefore used solubility measurements to calculate log Kow· Because tetryl 

has a relatively high melting point, we used a formula that incorporates a 

melting point correction.-

log K0 w = 6.5- 0.89 logS- 0.015 TM <Banerjee et ~ .• 1980) 

S = micromoles/L = 260 

TM =melting point in oc = 131 

log K0 w = 2.39 <= 2.4) 

(-A-6) 

This value is almost an order of magnitude greater than that predicted from 

HPLC measurements Clog K0 w = 1.5). It is conceivable that the reported 

solubility is incorrect or that Eq. A-6 is ·inappropriate for this type of 

compound. In lieu of experimental data, we recommend a log Kow of 2. 

PETN 

In order to calculate the log K0 w of PETN it is necessaryto derive 

values for the substituent factors needed. He approached the calculations by 

two routes. First, we derived the factor for -ON02 from the log K0 ws of TNG 

and p~opane with proximity factor corrections, and obtained a value of -0.03. 

Using this factor and proximity corrections, we calculated a value of log Kow 

for PETN of 2: 

log K0 w <TNG)a = log K0 w (propane)b + 3f(-0N02) - 3f(H) + 2Fp_2 

1.62 = 2.36 + 3f(-0N02) - 0.69 - 1 .04f(-0N02) 

-0.05 = 1 .96f(-0N02) 

fC-ON02) = -0.03 

aRoberts et a l. ( 1983). 

bJow and Hansch (1979), as cited by Hansch and Leo, (1979). 
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and 

log K0w CPETN) = log K0w (neopentane)a + 4fC-ON02) - 4fCH) + 6Fp_3 
log K0w CPETN) = 3.11 - 0.12- 0.92- 0.04 
log K0 w CPETN) ~ 2.03 = 2 

Next, we calculated the log K0w of PETN from ethyleneglycoldirdtrate by 
deriving a factor for the entire -CH2-0N02 group. CIt was unc 1 ear if 
additional proximity factors were needed because models showed somewhat 
similar interactions between the nitro groups.) 

fC-CH2-0N02) = % log K0w CEGON)b 
= 0.58 

log K0w CPETN) = f(C) + 4fC-CH2-0ND2> 
= 0.20 + 4(0.58) 
= 2.52 ~ 2.5 

These values~for the log Kow of PETN are in reasonable agreement with the 
estimates from HPLC retention times. Therefore, we expect the log K0 w for 
PETN to be between 2 and 2.5. As a best estimate, we have selected the mean 
of these two values, which is 2.2. 

Ammonium Picrate 

Methods for estimating the log K0 w of ammonium picrate are not available 
because ammon~um picrate exists as an ion pair in water solution. 

Summary 

Table J\-5 summarizes the derivation of the log Kow values for the 
explosives and related co-contaminants. 

aJow and Hansch (1979), as cited by Hansch and Leo, (1979). 
bRoberts et a1. (1983). 
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Table A-5. Summary of log Kow values for selected mi 1 itary explosives and 

associated co-contaminants. 

Compound 

TNT 

2,4-DNT 

2,6-DNT 

1 • 3-DNB 

1,3,5-TNB 

2-P,-4. 6-DNT 

4-A-2,6-DNT 

RDX 

HMX 

PETN 

Tetryl 

Picric acid 

log Kow 

1.84 

l. 60 

l. 98 

1.9 

1.49 

l. 18 

0.5 

0.6 

0.87 

0. 13 

2.2 
(2 to 2.5) 

2 
( 1 . 5 to 
2.4) 

2.03 

Source/method Reference-

Estimation Rosenblatt (1981) 

Measurement Gould and Hansch (1986), 
cited by Hansch and 
Leo (1986) 

Mea~urement Nikaitani and Hansch <no 
date), cited by Hansch 
and Leo (1979) 

Estimation See footnote (a) 
(fragment-constant) 

Measurement Vershueren (1983) 

Measurement Nikaitani and Hansch (no 
date), cited by Hansch 
and Leo (1979) 

Estimation See footnote (a) 
(fragment-constant) 

Estimation See footnote (a) 
(fragment-constant) 

Measurement Banerjee et ~· (1980) 

Measurement Atlantic Research (1979), 
cited in Tucker et al. --
(1985) 

Estimation See footnote (a) 
(fragment-constant) 

Estimation See footnote (a) 
(solubility regression 
equation) 

Measurement Anderson (1979), 
cited by Hansch and Leo. 
(1979) 

a See calculat~ons in this appendix. 
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HATER SOLUBILITY 

The aqueous solubility of a chemical compound is an important parameter 

in predicting its environmental transport and distribution. The aqueous 

solubility of a chemical can be defined as the maximum amount of that chemical 

that will dissolve in pure water at a specific temperature. For consistency 

in the calculation or estimation of vapor pressures, solubilities, and Henry's 

law constants, we have expressed solubilities in moles/Land mg/L at 20°C. In 

general, chemicals that are highly soluble in water are distributed more 

eas i 1 y and rapidly in surface and ground waters than are chemica 1 s of 1 ow 

solubility. Very soluble compounds tend to have relatively low adsorption 

coefficients for soils and sediments, as well as comparatively low 

hioconcentration factors in aquatic life. They are also more susceptible to 

oiodegradation by microorganisms in soils and surface waters. Water 

solubility can also affect transformation by hydrolysis, photolysis, 

oxidation, and reduction in water. In this discussion, primary emphasis 'iii 11 

be p 1 aced on the corre 1 a ti on of aqueous so 1 ubi 1 i ty with temperature~ the 

identification of sources of solubility data for chemical explosives, and on 

methods of estimating solubility in the absence of experimental data. The 

solubilities of the explosives and co-contaminants are summarized in Table A-6. 

Experimental Data 

Frequently, solubi.iity data are presented in the literature for 20 to 

25°C, but occasionally at other temperatures. In the latter case, it is 

possible to draw a st~aight line through the data points on a semilogarithmic 

plot <solubility vs r-l) and then either extrapolate or interpolate-to the S 

value corresponding to (293K)-1 on the abscissa. 

Regression Equations <S - Kowl 

Regression equations (Lyman et !!_., 1982) have been derived for many 

classes of orga.nic compounds (e.g., alcohol, esters, aromatics, etc.), which 

correlate water solubility at 25°C with the octanol/water partition 

coefficient <K0w). Yalkowsky et al. (1983) present the following regression 
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Table A-6. Aqueous solubilities of explosives and co-contaminants. In cases where there are two 
values listed, the preferred value 1s list2d first. 

Expiosive or 
Co-contaminant 

TNT 

2 ,4--DNT 
2,6-DNT 
1,3,5-TNB 

1 ,3-0NB 

2-A-4,6-0NT 
4-A-2,6-0NT 
RDX 

Solubility 
mg/L Mol!L 

124 5.4 X J0-4 

270 1 . 5 X 10-3 
910 5. 0 X 10-3 
330 J . 5 X 10-3 

180 1. 1 x lo-3 

2800 1.4 X 10-2 
2800 1.4 X 10-2 

42.2 1.9x10-4 

T en.p. 
0 ~~ 

20 

22 
20 to 25 
20 

20 

20 to 25 
20 to 25 
20 

Source/Method Reference 

Average of two measured valuesa Spanggoru ~ ~·, 1980a 
ar.d Urbanski, 1986a 

Measurement Department of the Army, 
Average of two estimated valuesb 
Interpolatedc from two measured Urbanski, 1986a 
values 
Interpolatedd from tw0 neasured Freier, 1976 
values 
Average of two estimated valuese 
Average of two estimated valuesf 
Average of nine meas~red valuesg Sikka et ~·, 1980 

1967a 

~ H:-iX 2.6 8.8 X 10-6 20 Measurement Spanggord et ~· 1982a 
U'1 

PETN 

T e try 1 
Ammonium picrate 
Picric acid 

5 
2 

32 

75 
10,000 
11 ,000 

1. 7 X 10-5 
6. 3 X 10-6 

1 . 0 X 10-4 

2. 6 x w-4 

4. 1 X 10··2 
4.8 X 10-2 

22 
20 

20 

20 
20 
20 

Measurement Glover and Hoffsommer, 1973 
Measurements See Small and Rosenblatt, 1974 

Extrepolated using solubilities Department of the Army, 1967b 
lt elevated temperaturesh 
Measurement 
Measurement 
Measurement 

Urbanski, 1~86b 

Kaye, 1978 
Urbanski, 1986a 

a Values are 130 mg/L {Urbanski, 1986a) and 117 mg/L {Spanggord, 1977 as cited in Spanggord et ~}., 1980a). 
b Estimated values are 7.6 x 10-3 mol/L from Eq. A-7 and 2 .. 5 ~ 10-3 mol/L using the UNIFAC method (see text). 
c Measured values given in Urbanski (1986a) are 300 mg/L at 17°( and 1100 mg/L at 50°(. 
d Measured values given in Fre:er (1976) are 70 mg/L at 13°( and 650 mg/L at 30°(. 
e Estimated values are 9.07 x 10-4 mol/L from Eq. A-7 and 2.7 x 10-2 mol/L using the UNIFAC method (see text). 
f Estimated •. •lues are 1.06 x 10-3 mol/L from Eq. A-7 and 2.7 x 10-2 mol/L using the UNIFAC method (see text). 
g The measured values at 20°( reported in Sikka et ~- ( 1980) are 43.4, 42.7, 41.9, 41.6, 41.8, 42.4, 41.9, 42.5, and 42.8 mg/L. 
h The solubilities reported in Dept. of the Army (1967b) are 43 mg/L at a temperature of 25°( and 180 mg/L ~t 96°(. 



equation, relating aqueous solubility S (mol/L) to K0w and melting point (MP) 

(
0
(), which has been found satisfactory for estimating the aqueous 

solubilities of 162 aromatic compounds: 

log S = -0.944 log K0w - O.OlMP + 0.323 . (A-7) 

UNIFAC Method 

The UNIFAC method for determining the solubility of an organic compound 

in water or other solvent is based on the estimation of-the compound's 

activity coefficient in the aqueous phase. The solubility of an organic 

liquid in water is calculated (see Arbuckle, 1983) as 

55.6 a 
S = ro (A-8) 

y 

where Sis in mol/L; a is the activity of the organic liquid in the aqueous 

phvs€ (unitless); and yro is the infinite dilution activity coefficient of the 

or':ldnic substance in water. The activity (a) of hydrophobic compounds in 

water 1s approximately one (Banerjee, 1985). For sol ids in solution, y00 

should be adjusted by multiplying it by exp[-0.023 <Tm-293)] where Tm is the 

melting point (K) of the organic compound (Arbuckle, 1983). Bant:rjee (1985) 

improved the accuracy of Eq. A-8 by developing a regression equation relating 

yro to aqueous solubilities of 50 organic compounds. The resulting equation 

( r:! = 0. 96) i s 

logS= 1.20 + 0.782 log (l/y 00
) 

(A-9) 

An activity coefficient in the UNIFAC estimation system is equal to the 

sum of two terms, one term representing the combinatorial effect of diffP.rent 

functional groups of the molecule (represented by group volume and surface 

area parameters) and the other a residual term accounting for the interaction 

of the functional groups within the solvent system (see Fredenslund et ~·· 

1975). To calculate th"' comrinatorial and residual terms. the compound's 

structure must be broken down into functional groups or fragments to estimate 
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the appropriate coefficients (see Grain (1982) for a discussion of the UNIFAC 
method and tables covering group volume and surface area parameters as well as 
group interaction parameters). 

Estimation of Water Solubilities 

We were unable to find solubility data for 2,6-0NT, 2-amino-4,6-DNT, and 
4-A-2, 6-DNT, and so we es ti rna ted their so 1 ubi 1 i ties using Eq. A-7 and the 
UNIFAC method. To avoid relian_ce on either method, we took the average of the 
two solubilities for each compound to repre~ent our best estimate. 

2,6-DNT. For 2,6-DNT the solubility estimated from Eq. A-7 (with K0w = 
1.9 and MP = 65°C) was 7.6 x lo-3 mol/L. The value of y 00 estimated from the 
UNIFAC method was 73,330 and from Eq. A-9, S = 2.5 x w-3 mol/L. The average 
solubility is therefore 5.0 x lo-3 mol/L. 

2-Amino-4,6-0NT and 4-Amino-2,6-DNT. The solubilities of 2-amino-4,6-DNT 
and 4-amino-2,6-DNT were estimated from Eq. A-7 as 9.07 x lo-4 and 1.06 x lo-3 
mol/L, respectively, calculated from Kow values of 1.74 and 1.68, and melting 
points of 176 and 171°C. The value of y 00 from the UNIFAC method for both 
compounds was 3482, resulting in a solubility of 2.69 x 10-2 mol/L. The 
average solubility of the compounds from the two methods is 1.4 x lo-2 mol/L. 

DIFFUSION COEFFICIENTS OF CHEMICALS IN AIR AND WATER 

The diffusior. coefficient of a compound in air is used in GEOTOX to 
estimate the flux of a compound from soil to the atmosphere, and the diffusion 
coefficient of a compound in water is used to estimate the flux from sediments 
to water. Methods for estimating the diffusion coefficients of chemical 
compounds in air have been reviewed by Tucker and Nelken (1982). One method 
they suggest is both simple and accurate for nonpolar s!)ecies at low to 
mcderate temperatures. The method is based on the following correlation: 

(A-10) 
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where 
DG =diffusion coefficient of species B in dir, m2/s; 

I 

I 
T = temperature, K; 

Mr = <MA + Ma)IMAMB in which MA and t-Aa are respectively, the molecular I 
weights of air and species B; 

p = pressure, atm; I 
VA = ~alar volu~e of air, cm3Jmole; and 

v8 =molar volume of species B, cm3Jmole. I 
The method recommended by Tucker a.1d Nelken (1982) for- estimating the 

diffusion coefficient of a compound in water is 

where 

13.26 X 10-9 

1.14 V}_.589 
11w B 

DL 

llw 
va 

= 
= 
= 

diffusion coefficient of species B in water, m2/s; 

viscosity of the water, cP; and 

molar volume of species B, cm3Jmole. 

(A- 1 1 ) 

Table A-7 contains the estimates of DG and DL for the explosives and 

associated co-contaminants. Calculations were based on the following 

parameter values: T = 293 K; VA= 20.1 cm3Jmol; MA = 29 g/mol; P = 1 atm; and 

11w :;.; 1.0023 cP. Va was calculated using the LeBas method as described in 

Tucker and Nelken (1182). 

COEFFICIENTS FOR EQUILIBRIUM OISTRI BUTIONS OF CHeMICALS BETWEEN SOl LIWATER 

(Kd) AND SOIL-ORGANIC-CARBON/WATER <K0 c) 

The key parameter in the ana 1 ys is of the transport and fate of the 

explosives and their co-contaminants in surface soils (or sediments) is the 

equi 1 i bri urn partitioning of those substances between soi 1 and water. The 

distribution of a ch~mical between the solid and liquid phases in soil is 

described by the partit1on coefficient Kd that relates the amount of chemical 

sorbed to soil particles to the concentration in water, or 
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Table A-7. Diffusion coefficients in air and water for explosives and co-contaminants. 

-
Molecular Coefficient Coefficient for 

Empirical weight LeBas molar for diffusion for diffusion in 
Compound formula (g-mole) volume (cm3/mol) i n a i r ( m2 Is e c) water (m2/sec) 

TNT C7H5N··06 227.06 ' 203.7 5.9E-06 5.8E-l0 

2,4-0NT C7H6N204 182.06 175.2 6.4E-06 6.3E-10 

2,6-DNT C7H6N204 182.06 l75.Z 6.4E-06 6.3E-10 

1 , 3-DNA C6H4(N02>2 168.05 153.0 6.8E-06 6.8E-l0 

1,3,5-TNB C6H3N306 213.05 181 . 5 ,6.2£-06 I 6.2E-10 

,.., 2-A-4,6-DNT C7H7N304 197.08 189.4 6. 1E-06 ' 6.0E-10 
\.0 
\.0 

4-A-2,6-DNT C7H7N304 197.08 189.4 6. lE-06 6.0E-10 

RDX C3H6N606 222.09 195.0 6.0E-06 5.9E-l0 

HMX C4H8N80a 296.12 265.0 5. 1E-06 S.OE-10 

PETN c5H8N4012 316.09 265.6 5. 1E-06 4.9E-10 

Tetry1 c7H5N5o8 287.08 251 . 5 5.3E-06 5.1E-10 

Ammonium picrate C6H6N407 246.08 211.4 5.7E-06 5.7E-10 

~·icric acid C6H3N307 229.05 189.8 6.1E-06 6.0[-10 



Cs mg/kgC soi 1) 
Kd = Cw = mg/kg<water) 

(A-12) 

The actual va 1 ue of Kd for a chemical in a soil rna tri x is a function of the 

properties of the chemica 1 (e.g., hydrophobicity) and the hast soil <e.g. , 

organic-carbon ~ontent of the soil! pH of the soil, eation-exchange capacity, 
- -

particle-size distribution, etc.). For discussion-s of these and other 

factors, se~ Lyman Et ~· ( 1982). Because of the i nherer.t vari abi 1 i ty in the 

soil properties at different sites, the preferred approach for developing 

values of Kd for assessment of the transport of explosives and relat~d 

compounds at 08/00 sites is to actually measure Kd for the compounds and soils 

of interest. 

Different studies have shown that the orga~ic carbon content of soils 

governs the equilibrium distribution of neutral organic compounds between soil 

water and soil solids. More precisely, the Kd of these types of organic 

compounds increases as the soi 1 organic carbon <SOC) content increases 

(Karickhoff et ~ .• 1979; Corwin and Farmer, 1984). From this relationship, 

Kd can be estimated as the product of the wt% SOC for a given soil (denoted by 

f0 c) and a partition coefficient that describes the partitioning of a chemical 

between organic carbo~ and soil water (i.e., K0 c). Expressed mathematically, 

(A- 13) 

where 

= mg chemical/kg of SOC 
mg chemical/kg cf soil water 

-:~.nd 

foe = wt% SOC. 

There are a number of empirical relationships for estimating the Koc of a 

chemical from its water solubility or log octanol/water partition coeffic~ent, 

K0 w (see Lyman et ~ .• 1982). ~e selected the following equation reported by 

Karickhoff (1985): 
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log Koc = -0.83 log SOL - O.Ol(MP- 25) - 0.93 , (A-14) 

where SOL is the mole fraction solubility, and MP is the melting point ir. oc. 

This regression equation was based on data for 47 organic compounds 

representing five chemical families. The r2 value is 0.93. For some of the 

exp 1 os i ves there were no measured so 1 ubi 1 i ty va 1 ues (e.g., 2, 6-0NT) or the 

measured values were orders of magnitude apart (e.g., PETN). For these two 

chemicals we calculated leg K0 c from the log K0 w -using the formula derived by 

Karickhoff (1981): 

log Koc = 0.989 log K0w - 0.346 , ·- (A-15) 

This equation was derived from linear regression of data for 47 organic 

compounds. Table A-8 presents the estimated values of K0 c for the explosives 

and co-contaminants. 

PLANT/SOIL PARTITIO~ COEFFICIENT <Ksp> 

The uptake of a soil contaminant by a food-chain crop can be estimated by 

a partition coefficient, Ksp (or plant concentration factor), that is defined 

ctS 

Concentration of contaminant in crop (mg/g fresh wt) 
Concentration of contaminant in soil (mg/g dry wt) (A-16) 

Values of Ksp ar•~ available for a relatively small number of organic 

compounds, primarily pesticides and herbicides that are used in agricultural 

applications. The plant concentration factor is a complex function of several 

dyna,llic proceJses. The ravaiiai:Jility of a soil contaminant for subse~11ent 

uptake, for example, depends largely on the binding or adsorption of the 

contaminant to the soil matrix and the rate of depletion from processes (e.g.~ 

leaching, biotransfarmati~n. volatilization, etc.) that lower the 

:oncentration of the organic contaminant in the root zone. Consequently, the 

bioavailability of a contaminant is controlled by its chemical/physical 

properties and the properties of the soil environment (e.g., organic-carbon 

content, particle size, etc.), and the climate at a specific site (e.g., OB/00 
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Table A-8. Calculated values of Koc from Eq. A-14 or A-15. 

Explosive or 
co-contaminant 

TNT 

2,4-DNT 

2,6-DNT 

1 , 3-DNB 

1 , 3, 5-TN8 

2-A-4,6-DNT 

4-A-2,6-DNT 

RDX 

HMX 

PETN 

Tetry1 

Pi·:r1c acid 

Sol ubi 1 ity 
in water 

(mo 1 es/U 

5.4E-04 

1 . SE-03 

1 . 1 E-03 

1 . SE-03 

1 . 9E-04 

8.8E-06 

2.6E-04 

4.8E-02 

Melting 
point ( oo 

80.7 

70.0 

89.5 

122.5 

205.5 

285.0 

131 . 0 

121 . 8 

Solubilitya 
(mole fraction) log K0 w 

9.73E-06 

2.70E-05 

1 . 98E-05 

2.79E-05 

3.42E-06 

1 . 6E-07 

4.69E-06 

8.65E-04 

1.9 

0.5 

0.6 

2.2 

log K0 c 

2.67 

2.41 

1. 53 

2.33 

1. 88 

0. 15 

0.25 

1.80 

2. 11 

1. 83 

2.43 

0.64 

470 

260 

34 

210 

77 

1.4 

1.8 

63 

130 

68 

270 

4.4 

a At low concentrations, the solubility in mole fractions is equal to the 
ratio of moles of solute to the moles of water. A liter of water contains 
55.5 moles. 

b Values are given to two significant figures. 

grounds). Plant uptake of contaminants occurs not on 1 y through the 

rootsystem, but also through the deposition of vapors and particles on 

ftJliage. The concentration of a contaminant in a r 1 ant wili change with time 

in response to differences in the rates of uptake and loss. Generally, the 

uptake rate is greatest during the early growth of a plant and subsequently , 

slows as the plant mi\tures (Casterline et ~·· 1985; Schl}unert et ~ .• 1985). 

Losses of a contaminant can occur through trans pi ration and metabolism. 

Because the concentrations of a contaminant in soil and plant vary with time, 

the values of Ksp also change. In fact, it can take most of the growing 

season before equilibrium is ~eached between plant and soil concentrations. 

Kloskowski et ~· (1986) also have shown that the uptake of a soil contaminant 

is influenced by the llagingll of the contaminant; that is, plant uptake of a 
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freshly added organic compound is different from uptake of a substance that 

has resided for a long peiiod in soil. 

Given the variability in the different chemical, soil, climate, and plant 

properties that affect the uptake of organic chemicals by plants, it is not 

surprising that little work has focused on the development of techniques for 

esti rna ti ng p 1 ant uptake of organic chemica 1 s. Topp et ~. ( 1986), however, 

have examined some of the factors affecting the uptake of organic chemicals by 

plants and have derived a regression equation in wnich the Ksp for barley is 

calculated as the molecular weight of an organic chemical, that is, 

log Ksp = 5.943 - 2.385 log MH, ( A-17) 

where MH is the gram-molecular weight of an organic compound. This equation 

was based on measured uptake values for 14 different compounds, and the r2 

value is 0.89. These researchers examined other regression equations, using 

Koc cr2 = 0.70) and Kow (r2 = 0.80), but MH had the highest r2 value. The 

uptake measurements, though, are for short-term (i.e., 7-d) uptake 

experiments, and therefore Eq. A-17 may nl)t be genera 11 y applicable to the 
-

estimation of the uptake that occurs over the entire period of plant growth 

prior to harvest. Furthermore, the estimate of Ksp is for barley, and its 

applicability to other crops is unknown. Plants with greater lipid content or 

with oil channels are expected to have much greater uptake of lipophilic 

compounds. Despite these limitations, the Ksp predicted from Eq. A-17 

represents the best estimate of plant uptake, and for the purposes of the 

data-base assessments, we have adopted these values as default Ksp values in 

lieu of measured data. In Table A-9 we have listed the estimated uptake 

factors for all of the explosives and their co-contaminants. These values are 

within the range of plant bioconcentration factors recommended by Small (1984) 

for different classes of organic chemicals. 

BIOCONCENTRATION FACTORS FOR FISH (Kfw) 

The ratio between the concentration of an organic compound in fish (units 

of mg cor.taminant/kg fish weight) and the concentration of the contaminant in 

water (mg/kg) under steady-state conditions is commonly known as the 

bioconcentration factor, wh~ch is denoted as Kfw in our notation (the more 
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Table A-9. Estimated barley uptake factors <Ksp> for explosives and their 
co-contaminants. Ksp values predicted from Eq. A-17. 

Explosive or co-contaminant 

-TNT 

l ,3,5-TNB 

l , 3-0NB 

2,4-DNT (2,6-DNT) 

2-A-4,6-0NT (4-A-2,6-0NT) 

RDX 

HMX 

PETN 

Tetryl 

Picric acid 

Gram-molecular 
weight 

227. l 

213. l 

168. l 
182. 1 

197. 1 

222. 1 

296. l 

316. 1 

287.1 

229. 1 

a Values have been rounded off to the nearest integer. 

Predicted 
Kspa 

2 

2 

4 

4 

3 

2 

1 

2 

commGi1 term is BCF, and we sha 11 use it i nterchangeab 1 y with Kfw). The BCF 

for an organic chemical is a function of dynamic uptake and elimination 

processes in fish that are in contact with the chemical dissolved in water; 

see Bysshe (1982) and Spacie and Hamelink (1982) for details. ,A.s might be 

expected, this partition coefficient is positively correlated with the 

lipophilicity of a compound (as measured by its octanol/water partition 

coefficient, K0 w> ~nd inversely correlated with its aqueous solubility. 

Many regression equations have been published that prPdict 

bioconcentration as a function of K0 w. These equations are of th~ JPneral 

form log Kfw = alog K0 w +b. A review of the literature on tr.2 predict~··..-
, 

e quat i on s for K f w by Van G e s tel e t ~ . ( 1 9 8 5 ) i n d i cates that the mo s t n 1i a L~ l e 

equation is one developed by Veith and Kosian (1983), or 

log Kfw = 0.79 log K0w- 0.40 (A-18) 
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Equation A-17 was based on bioconcentration data for 122 chemicals and has an 

r2 of 0.86 (r = 0.928). This is an improvement ov._r an earlier equation by 

V:-Hh et ~- (1980) for 84 compounds (i.e., log Kfw = 0.76 log K0 w - 0.23, 

with r2 = 0.82). 
Although regression equations like Eq. A-18 are valid for many oryaniL 

compounds, some exceptions should be noted. First, organic compounds 

incorporated in sediments are also _available for fish uptake--a pathway that 

is not directly accountP.d for in this equation. Knezovich et ~- (1987), in a 

review of the literature on the bioavailability of organic compounds sorbed to 

sediments, have shown that the bioaccumulation of xenobiotic compounds from 

contaminated sediments can be important. Nevertheless, there are presently no 

methods for predicting bioaccumulation that directly account for the various 

uptake pathways Ci .e., the water column, sediment, or even diet). 

In Table A-1 0 we have tabula ted the values of Kfw for the compounds 

consider~o in this report. 

BEEF-FAT/DIET PARTITION·COEFFICIENT (Kfd) 

Kenaga (1980) has developed regression equations relating the octanol/ 

water partition coefficient and aqueous solubility of organic chemicals to 

their partitioning between the fat of cattle and their diet, defined by the 

beef-fat/diet partition coefficient, Kfd· Based on 28-d feeding studies for 

23 organic chemicals (including eight chlorinated hydrocarbon insecticides and 

15 miscellaneous chemicals), the resulting regression equations using Kow and 

Csol (in mg/L) wer8: 

-
log Kfd = 0.5 log Kow- 3.457 , Cn = 23, r2 = 0.62) (A-19) 

and 

log Kfd = -0.495 log Csol - 1 .476. (n = 23, r2 = 0.67) (A-20) 

The values of Kfd for the explosives and co-contaminants are presented in 

Table A-11. For the purposes of the data-base assessments, we have taken the 

average of two Kfd values for each compound. For PETN and 2,6-DNT we have 

included only the values calculated from log K0 w because the solubility 

measurements varied greatly for PETN and were unavailable for 2,6-DNT. 
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Table A-10. Esti~ates of Kfw for military explosives and related 
co-contaminants. Kfw values predicted from log Kfw = 0.79 1og K0w- 0.40. 

Explosive or 
co-contaminant log Kow 

TNT 1.6 

2,4-DNT 1. 98 

2,6-DNT 1.9 

1 , 3-DNB 1. 49 

1 , 3, 5-TNB l. 18 

2-A-4,6-DNT 0.5 

4-A-2,6-DNT 0.6 

ROX 0.87 

HMX 0.13 

PETN 2.2 

Tetryl 2 

Picric acid 2.03 

log Kfw 

8.64£-01 
--

~.l6E+00 

1.10£+00 

7. 77£-01 
5.32£-01 

-9.75£-01 

-9.27£-01 

2.87£-01 

-2.97£-01 
l .34£+00 

6.03£-01 
1 .20£+00 
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Table A-ll. Estimates of the beef fat/diet partition coefficient, Kfd· for explos.ives and their 

co-contaminants using the two regression equations from Kenag.t (1980). 

ExjJlosive or 

co-contaminant 

K0w-based estimates 

TNT 

2,4-DNT 

2,6-DNT 

1, 3-DNB 

1 ,3,5-TNB 

2-A-4,6-DNT 

4-A-2,6-DNT 

RDX 

HMX 
PETN 

Tetryl 

Picric acid 

lo!:J Kow 

1 . 6 

1. 98 

1.9 

1.49 

l. 18 

0.5 

0.6 

0.87 

0. 13 

2.2 

2 

2.03 

a Csol expressed in mg/L. 

1 og Kfd 

-2.66 

-2.47 

-2.51 

-2.71 

-2.87 

-3.21 

-3. 16 

-3.02 

-3.39 

-2.36 

-2.46 

-2.44 

Kfd 

2.2£-03 

3.4E-03 

3. lE-03 

1.9£-03 

l . 4E-03 

6.2£-04 

7.0£-04 

9.5E-04 

4.1£-04 

4.4E-03 

3.5£-03 

3.6£-03 

C50 1-based estimatesa 

log Csol 

2.09 

2.43 

2.26 

2.52 

l. 63 

0.41 

1. 88 

4.04 

log Kfd 

-2.51 

-2.68 

-2.59 

-2.72 

-2.28 

-1.68 

-2.41 

-3.48 

Kfd 

3. lE-03 

2. 1 E-03 

2.6£-03 

1 • 9£-03 

5.2£-03 

2. lE-02 

3.9£-03 

3.3£-04 

b Average calculated from the log Kfd values (i.e., 10 (log Kfd + log Kfd/2)). 

Averageb 

Kfd 

2.6£-03 

2.7E-03 

2.2£-03 

1 . 6E-03 

2.2£-03 

2.9£-03 

3.7£-03 

1 . 1 E-03 



APPENDIX B 

CONCENTRATIONS OF EXPLOSIVES IN ENVIRONMENTAL MEOlA: 

MODELING, DETECTION METHODS, AND MEASURED LEVELS 

The concentrations of explosives and associatPd co-contaminants in 

environmental media resulting from demilitarization operations can be measured 

directly or predicted using environmental transport models. This appendix 

provides background information on the GEOTOX model referred to in earlier 

sections that we used to estimate the equilibrium distribution of contaminants 

in reference ecoregions. Later in the appendix we identify the analytical 

methods available for detecting explosives, and present data on concentrations 

of explosives and co-contaminants that have been measured in environmental 

media at different locations in the U.S. 

GEOTOX MODEL 

The GEOTOX mode~ s i mu 1 a tes t:1e transport and transformation of a 

contaminant in -a multi-media system comprised of several environmental 

compartments (e.g., soil, ground water, atmosphere, etc.) Figure B-1 depicts 

the compartmental structure of GEOTOX. This model was used in our Phase I 

effort (Layton et ~. , 1986; McKone and Layton, 1986) to determine the 

distribution of demilitarization by-products in environmental media and to 

estimate human exposures from di ffer~nt pathways (e.g., inhalation, water 

ingestion, etc.). He used GEOTOX in our data-base assessments in order to 

indicate which environmental media are potentially the most important jn terms 

of transport from the surface soi 1 1 ayer, which is the primary source-term 

region for residuals associated with opett-burning and open-detonation 

operatiGns. 

Table B-1 shows the values used to define the landscapes or compartment' 

properties of the Hestern and Southeastern ecoregions. These two eccregions 

represent humid and arid are~s where demilitarization facilities are located. 

Our Phase I report provides data on the derivation of the various landscape 

properties. Important differences between the two landscapes are the amount 

of annual precipitation, thickness of the soil zones, and the ground water 

inventory. Our estimates of the fractional distributions of explosives and 
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Fig. B-1. Diagram of the eight-compartment structure of GEOTOX. Dashed lines 
represent flows of liquids and gases, while solid lines represent flows of 
so 1 ids. 
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T bfi.· ' p 1 d . G 0 f h ( ' S h . a _ J-1. arameter va ues use 1 n EOT X or t e . _stern and out eastern ecoreg1 ons. ' 
Landscape property 

1 area 
2 height of the air compartment 
3 humidity 
4 precipitation onto land 
5 precipitation onto surface water 
6 total surface water runoff 
7 land surface runoff 
8 soil flux to lower atmosphere 
9 residence time of particles in the lower atmosphere 

10 biota dry mass inventory 
11 biota dry mass production 
12 biota dry mass fraction 
13 evapotranspiration from soil 
14 evaporation from surface water 
15 thickness of the a soil horizon 
16 bulk density of the soil in the a horizon 
17 water content of the soil in the a horizon 
18 volumetric air content of the soil 
19 mechanical erosion rate 
20 irrigation from ground water 
21 thickness of the b soil horizon 
22 water content of the soil in the b horizon 
23 bulk density of the soil in the b horizon 
24 volumetric air content in the b horizon 
25 groundwater inventory 
26 porosity of rock in the ground water zone 
27 density of rock in the ground water zone 
28 fraction of the total surface area in surface water 
29 average depth of surface waters 

Units 

km2 
(m) 
(kg/L) 
(cm/yr) 
(cm/yr) 
(cm/yr) 
(cm/yr~ 
(kg/km /yr) 
(yr) 
(kg/km2) 
(kg/km2Jyr) 

(cm/yr) 
(cm/yr) 
(m) 
(kg I U 
{kg/ L) 
(L/L) 
(kg/km2/yr) 
(cm/yr) 
(m) 
(kg/L) 
( kg/L) 
( 1 /L) 
{kg/km2) 
{ L/L) 
( kg/L) 

(m) 

Parameter Value 
Western I Southeastern 

ecoregion ' ecoregion 

l. 00 
1.00 

. 5.00 
3.20 
0.30 
1.26 
1.10 
7.50 
8.20 
7.00 
9.00 
3.30 
1. 88 
0.1 s 
1. 60 
1. 50 
3.80 
7.00 
1. 19 
0. 68 
1.00 
3.00 
1. 70 
5'.00 
1.10 
3.50 
1. 70 
8.42 
6.00 

eOO 
e03 
e-6 
eOl 
eOO 
eOl 
eOl 
e03 
e-3 
eOS 
e04 
e-1 
eOl 
eOO 
e-1 
eOO 
e-1 
e-2 
e06 
eOO 
e01 
e-1 
eOO 
e-2 
elO 
e-1 
eOO 
e-3 
eOO 

1.00 
1.00 
1.14 
9.90 
2.00 
4.00 
3.50 
7.50 
8.20 
3.10 
1.60 
3.30 
5.98 
1.20 
2.50 
1.50 
4.20 
3.00 
4.11 
2.00 
2.00 
2.80 
2.00 
2.00 
4.60 
1.00 
2.33 
1. 90 
6.00 

eOO 
e03 
e-5 
eOl 
eOO 
eOl 
eOl 
e03 
e-3 
e07 
e06 
e-1 
eOl 
eOO 
e-1 
eOO 

· e-1 
e-2 
eOS 
eOO 
eOO 
e-1 
eOO 
e-2 
e09 
e-1 
eOO 
e-2 
eOO 



Table B-1. <Continued) 

Pararneter Value 
Hestern Southeastern 

Landscape property Units ecoregion ecoregion 

-
30 suspended sediment load in surface water (kg/L~ 8.90 e-3 8.90 e-4 

31 deposition rate of suspended sediment · (kg/m /yr) 3.83 e03 3.90 e02 

32 thickness of the sediment layer (m) 5.00 e-2 5.00 e-2 

33 bulk density of the sediment layer <kg I L) 1.50 eOO 1.50 eOO 

34 porosity of the sediment zone 0.20 eOO 0.20 eOO 

35 resuspension rate from the sediment layer (kgtm2/yr) 3.83 e03 3.90 e02 

36 ambient environmental temperature (k) 2.83 e02 / 2.90 e02 

37 boundary-layer thickness at air/soil interface (m) 1.00 e-2 : 1.00 e-2 

38 boundary-layer thickness at water/air interface (m) 1.00 e-2 I 1 .00 e-2 

39 boundary-layer thickness at sediment/water interface (m) 2.00 e-2 2.00 e-2 

40 fraction organic carbon in the upper soil zone 1. 20 e-2 1. 60 e-2 

41 fraction organic carbon in the lower soil zone 2.00 e-3 1.00 e-3 

w 42 fraction organic carbon in the groundwater zone 2.87 e-4 2.87 e-4 
....... 
N 43 fraction organic carbon in the sediment zone 2.00 e-2 2.00 e-2 

44 wet deposition scavenging efficiency 1.00 eOO 1.00 eOO 

---~-----~-~----~-



co-contaminants among the compartments are based on the continuous addition to 

the surface soil layer without subsequent chemical transformation of a 

contaminant. Chemical-specific input parameters consisted of the 

l gram-mo 1 ecu lar weight of a compound, Henry • s 1 aw constant, diffusion 

coefficients in air and water, and these partition coefficients: Ksp· K0 c. 

Kfw· and Kfd (for both meat- and milk-~~t). 
To gain more insight ;;,to tne- relati'le importance of the various 

landscape and physicochemical parameters on lifetime exposures, we performed 

an ana 1 ys is of the sensitivity of 1 i feti me exposures to TNT to 10% decreas-es 

in the input parameters to GEOTOX. Table_ B-2 shows the results of that 

analysis. Precipitation had the strongest influence on lifetime exposures, 

fo 11 owed by the organic carbon content of the upper soi 1 1 ayer and Koc. Many 

of the parameters that affect exposure are related to the subsurface 

envircnmP.nt, and this is reasonable because under steady-state conditions, TNT 

resides primarily in soil and ground water. 

ANALYTICAL METHODS 

Various demands for identification and detection of trace quantities of 

{,_ exp 1 os i ves have prompted the deve 1 opment of methods for the ana 1 ys is and 

detection of explosive residues <Cumming and Park, 1983). Military 

requirements have led to sensitive field-detection methods. Chromatography is 

used in most methods, and specialized detectors have been developed. Older 

schemes are being replaced by resin concentration in the field, followed by a 

minimum of cleanup a11d separation by either gas chromatography <GC) or 

high-pressure liquid chromatography (HPLC). UV detection is being replaced by 

methods specific to N02 groups. 

Field Methods for Analysis 

Ma 1 otky and Downes ( 1983) deve 1 oped a 11 k it.. with the capabi 1 i ty to 

analyze 28 explosives and energetic materials. The kit weighs 5.9 kg and 

occupies only 14 L. It contains three simultaneous thin-layer chromatography 

(TLC) experimEnts using different hexane-ethyl acetate so 1 vent mixtures. 

(_Spots of refere:1c~ samples of nn, RDX, picric acid, and tetryl are 

chromatographed beside the sample. The silica gel on the TLC plate contains a 
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I 
Table B-2. Sensitivity of lifetime average exposure <mg/Kg-d) to I 
environmental transport model inputs for TNT. 

Local sensitivity ... l 
Parameter (x) dE/dx II 

Precipitation (cm/y) 

Organic-carbon content in the upper soil layer (unitless) 

Koc• soil organic-carbon/water partition coefficient (unitless) 

Bulk density of the upper soil layer (kg/L) 

Water content of the upper soil layer (kg/L) 

Ambient environmental temperature (K) 

Henry's law constant (torr-L/mol) 

Porosity of rock in the groundwater zone (unitless> 

Rock density in the groundwater zone (kg/L) 

Orgaric-carbon fraction in the ground water zone 

Boundary-layer thickness at the soil/air interface (em) 

Diffusion coefficient in air (m2/s) 

Wet depos:tion scavenging efficiency <unitle~~) 

Yearly average wind speed (m/s) 

Height of the air compartment 

-3. 10 

-0.22 

-0.18 

-0.10 

0.095 

0.037 

-0.031 

-0.024 

0.022 

0.022 

0.019 

0.017 

0.015 

-0.015 

-0.015 

dye that fluoresces orange when excited by a lantern-type, 250-nm UV source. 

The compound then remains as a gray spot. 

Wyant (1977) developed a kit to detect explosives on the surface of 

letters and other materials. His goal was a non-toxic, non-defacing reagent 

that would yield a color when sprayed. The chem~cals should have a long shelf 

life and high specificity (few false positives or negatives). The target 

explosives were dynamite (TNG and ethyleneglycol dinitrate, EGDtl), TiH, RDX, 

and PETN. The reagent che:s·~n for TNT detection was 1,3-diphenylacetone-
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tetraethylammonium hydroxide. The test produced a red or rea-orange co 1 or 

when TNT was sprayed with the re~gent. For nitrate esters, the reagent chosen 

was procaine and N,N-dimethyl-1-naphthylamine in equal parts of acetic acid 

and distilled water. The surface to be tested was first sprayed with 120 g 

zinc dust in 100 ml benzene and then with the above reagent, yielding a red or 

red-violet color. 

the same 1 eve 1 . 

This reagent system was a 1 so chosen for RDX_ge_tecti on at 

The only stJrface chat interfered with these tests was 

leather, p~obnb~y due to its dark color. 

Spangler et a l. ( 1985) described ail i on-mobi 1 i ty spectrometer for 

detecting explosive vapors using a membrane inlet system. It was a portable 

sys tern without gas hottl es that ana 1 yzed vapors by either reactant ion 

(background) sub:raci:ion or chloride ion/molecular reaction chemistry. The 

explosives studied ~ere TNT, 2,4-DNT, RDX, Compositio~ B, and dynamite. Their 

method ir.volved .. sniffing .. the headspacE over the compound of ·interest. Their 

detection limit of TNT vapors was l to ·~o pg. 

Preservation Methods 

Improved preservation methods for explosives include chemical 

preservation and storage on resins. Miller~!~· (1983) developed a sampling 

and preservation protocol for munitions in water samples. The munitions were 

dinitrophenol (DNP), RDX, TNB, DNB, 2,4-DNT, 2,4,6-TNT, tetryl, diphenylamine 

<DPA), nitrobenzene <NB), /.,6-DNT, TNG, and PiOH. Preservation was achieved by 

(1) adding acetonitrile to make a 10% solution; 

(2) acidifying with glacial acetic acid to pH 3.5; 

(3) removing sediment by centrifugation; 

(4) sea1ing in amber glass bottles with Teflon-lined caps; and 

(5) storing at 4°( in the dark. 

Differ:ilces in the chemicals necessitated their being prepared for HPLC 

analys1~ by two methods: 1) mJP, RDX, 1,3-DNB, 1,3,5-TNB, 2,4-DNT, TNT, 

tetryl and DPA were extracted by addiny 10 g NaCl to 100 ml of explosive-lade~ 

~ater; adjusting the pH to 3.0 with glacial acetic acid; extracting with three 

20-ml portions of methyl2ne chloride. It was then concentrated and exchanged 

into acetonitrile and 2) NB, 2,6-DNT, TNG, and PiOH were recovered by adding 
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10 g NaCl to 100 ml of water; extracting with one 20-ml portion of me thy 1 ene 

chloride; adding 1 mL 0.005 M t-butyl ammonium ~ydroxide to form an ion pair 

with the PiOH; extracting with three addition a 1 20-ml portions of methylene 

chloride. Finally, it was evaporated and exchanged the solvent for 

acetonitrile. A field test using well water from the Sunflower Army 

Ammunition Plant showed an equai recovery of munitions on day 1 and, after 

storage, day 21. However, the amount recovet·ed on day 1 ranged from 23 to 88/. 

of that initially added (Miller et ~·· 1983). This loss was not addressed: 

instead, the authors claimed the method was validated for storage. 

The same authors extracted sediment samples in -a 10-to-1 ratio of 

solvent-volume to sediment-weight with 1 h of .. wrist-action shaking ... DNP, 

ROX, TNB, DNB, 2,4-DNT, 1NT, and DPA were extracted into a 95-to-5 ratio of 

methylene-chloride to methanol-solution. Hexane was the solvent of choice for 

TNG, NB, and 2,6-DNT. PiOH and tetryl adhered to the sediments. 

Pereira et ~· (1979) extracted TNT and its metabolites from 1 L of 

ground water from the Hawthorne Naval Ammunition Depot, Nevada, using three 

50 ml portions of benzene. The combined extracts were dried over anhydrous 

sodium sulfate, filtered through glass wool, and concentrated. The extract 

was separa~ed by column chromatography on deactivat~d alumiila, eluted with 

benlene, and concentrated. The authors did not mention recovery percentages. 

Maskarinec et ~· (1984) studied several resin systems for the 

concentration of munitions in water in th~ field. Resin not only eliminated 

the transport of refrigerated water bottles, but helped preserve the samples. 

HMX and RDX were stable in water samples for 3 weeks, but were stable for more 

than 9 weeks on the resins. TtH degraded equa 11 y in both s i tua ti ons. They 

cone 1 uded that the Porapak-R and Porapak-S resins \"I ere superior. to the 

Amberlite XAD-4 resin. The Poropaks are hydrophilic and thus attract the 

po 1 ar munition compounds. Less break through occurred with munition-waste-

water effluent passing through the Poropaks as well. ·,·he explosives studied 
' 

included HMX, ROX, TNT, 2,6-0NT, 2,4-DNT, PETN, and TNG. Detection limits 

approached 1 mg/L when followed by high-pressure liquid chromatography (HPLC). 

Richard and Junk (1986) used XAD-4 resin and claimed measurement of 

munition levels of 0.1 mg/L. They showed above 97% recovery for TNT, 2,4-DNT, 

2,6-DNT, 1,3,5-TNB, 1,3-0NB, TNB, and RDX using 60-80 mesh (150-180 }.lm 

diameter) XAD-4 columns. They reported RDX concentrations 1n ground water 

extracted by three different methods: (1) methylene chloride extract1on; 
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(2) 20-50 mesh (300 to 800 ~m in diameter) XAD-2, XAD-4, and XAD-7 resins; 

and (3) the 60-80 mesh XAD-4 mentioned above. Methods (l) and (3) gave nearly 

equivalent results, while (2) had about 65 to 90% recovery of the compounds. 

The recovery with coarser mesh was thus much poorer. 
Douse (1985) used a more polar resin, Amberlite XAD-7, for cleanup of 

gunfiring handswabs. He prepared a column_with a 2.5 mm (interior diameter) 

soda-glass tube and 18 mg of XAD-7 hf:)~ds (100 tc 200 ~iii 1n diameter). Ethyl 

acetate was used to remove the explosives (again, the smaller-diameter 

particles appear to have given better recovery). 
-

Strobel and Tontarski (1983) proposed a cleanup ·scheme for post-blast 
-

debris employing several steps: (1) an aqueous solution of the explosive was 
put on a nonpolar column (they recommended a column packed with a silica gel 
coated with a cyclohexyl-bonded phase); the column is washed with 
acetonitrile/water (20:80) to remove polar waste; (2) the nonpolar column is 
eluted onto a polar column (they recommended a column coated with a 
cyanopropyl bonded phase) with methylene ch1oride/cyclohexane (l:l); it is 
washed with hexane, eliminating the nonpolar contaminants; and (3) it is then 
e 1 u ted w i t h ace ton i t r i l e I water ( 7 0 : 3 0) for H P L C an a l y s i s . They found more 
than 94% recovery for this procedure with RDX, TNT, tetryl and PETN. They 
only recovered 24% of the HMX. The co1umns contained 500 mg of sorbent and 
had a volume of 2.8 ml. The explosives were eluted by two 500-ml washes 
placed on top of the columns; the columns were then placed in a centrifuge and 
the elu~nt collected. 

Laboratory Methods 

Separation of munitions can be achieved by several chromatographic 

methods. HPLC is preferred over gas chromatography (GC) because munitions are 

thermally labile, and the heating and possible degradation of compounds is 

avoided. In the last few years this equipment has become more sophisticated, 

and nitro-specific detectors are lowering the detection limits. 

Maskarinec et ~· (1984) listed the special detectors that can be used 
with HPLC and GC to optimize the detection of explosives. The GC detectors 

inc 1 uded nitrogen-phosphorus -detectors, electron-capture detectors. 

thermionic-ionization detectors, and ther:na !-energy analyzers. The HPLC 
detectors work by UV absorption; chemical reduction to the corresponding amine 
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followed by fluorescence detection; photolytic cleavage of the C-N02 bond, 

forming nitrite ions, which are electrochemically oxidized to nitrate; and 

electrochemical reduction of the nitro group to the corresponding amine. 

Ultraviolet detection is not as effective for explosives as the nitro-specific ) 

detectors because many other contaminants also absorb in the UV, masking the 

munition pealc.s. In addition, HMX and PETt, do not absorb at 254 nm, a common 

UV de_!e~tor wavelength. At shorter wavelengths they do absorb, but so do many 

other organic compounds, increasing background noise. 

Goff et al. (1983) described the use of the TEA detector for both GC and 
--

HPLC. TEA i nvo 1 ves a pyro 1 ys is of the ex it stream from the chromatograph, 

cleaving the R-N02 bond and then catalytically reducing the N02 to NO. This 

is followed by a cold trap, which traps solvent and pyrolysis products, but 

not the NO. The NO reacts with ozone, producing the monitored, 

characteristic, chemiluminescent reaction. TEA is thus highly selective for 

N02 and NO functional groups. Using a laboratory mixture of TNT, 2,4-DNT, 

RDX, tetryl, EGDN, and TNG, they found sensitivity in the 4- to 125-pg level 

on GC and with the inc 1 us ion of PETN, in the nanogram l eve 1 for HPLC. They 

suggested that HPLC is the better method for analyzing thermally l~bile HMX 

and PETN. The detector response was linear over three orders of magnitude. 

They also provided a list of compounds that do not interfere with the TEA 

analyzer. 
Douse (1985) compared the TEA detector with the electron capture detector 

(ECD). Examples of GC separations of explosive mixtures showed excellent 

s epa rations on chroma tog rams employing both det~c ti on methods. Explosive 

mixtures (150 to 500 pg) containing TNT, 2,4-0NT, RDX, tetryl, TNG, EGDN and 

other nitroaromatics showed slightly better separation on chromatograms using 

ECD detection. 2,4-DNT and TNB eluted closely but were separated with TEA. 

~hen handswabs were used, far greater interference from extraneous substances 

obscured sample peaks using ECD detection. Douse concluded that TEA 

approaches the sensitivity of ECD and exceeds it in selectivity for nitro 

compounds in gunfiring handswabs. Low nanogram levels were detected. 

Pereira et !1_. (1979) also used GC coupled with electron capture to 

analyze ground water samples from the Hawthorne Naval Ammunition Depot (~he 

extraction and seoaration are descri~ed above). They obtained the spectrum 

presented in Fig. B-2 showing 2,4-DNT, TNT, 4-amino-2,6-DNT, and 

2-amino-4,6-D~T in the ground water. They identified the compounds by 
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coupling the GC to a mass spectrometer <MS) (the mass spectra for these 

compounds are shown in their paper). Their focus was i denti fica ti on. not 

quantification. 

To use the electrochemical reduction detection scheme (EO), Maskarinec 

et ~· (1984) modified an amperometric detector. They carefully prepared and 

maintained the gold-mercury thin-film electrode and replaced it weekly. 

Identification and quantification of HMX, RO~~-TNT, 2,4-DNT, 2,6-DNT, and PETN 

were achieved with ED, while HMX and RDX were lost in the absorption of other 

organic compounds that are detected by UV at 210 nm <See Fig. 8-3). The be-st 

separation was achieved with DuPont Zorbax-ODS columns. Tile combination of 

Poropak resins and HPLC-ED yi e 1 ded a detection 1 i mit of 1 mg!L for 

environmental water samples. 

Bratin et ~· (1981) used a similar procedure to analyze the explosive 

content in ethanol-acetone handswabs after gunfiring. Table B-3 provides 

their results on detection limits of UV and ED detectors for explosives. They 

noted that UV-detection 1 imits improved at 200 nm; however, detector 

sensitivity still did not approach ED and selectivity was significantly 

decreased. 

Bowermaster and McNair (1983) described improvement in the detection of 

explosives by using microbore columns for HPLC. They analyzed blast samples 

containing TNT, RDX, and PETN. They also found improvement in signal, but 

more noise by using a longer pathlength in the UV detector. PETN was enhanced 

by detection at 210 nm. They concluded that for a dirty RDX sample, TEA, ED, 

or other nitro-specific detector wou 1 d have been better. They c 1 aimed 

detection limits in the 100- to 500-pg range. 

Miller et ~· (1983) also used HPLC with UV detection of an explosive 

mixture to test their preservation protocol discussed above. Using a reverse 

phase with gradient elution from 1001.. to 10% acetonitrile, they achieved 

separations with detection limits between 50 and 90 ppb for DNP, RDX, TNB, 

DNB, 2,4-0NT, TNT, tetryl, and DPA. For NB, 2,6-DNT, TNG, and PiOH, they used 

an isocratic separation of 35/65 v/v with acetonitrile-0.005 t1 t-butyl 

ammonium hydroxide/water as the solvent. Detection limits were similar to the 

above except for TNG, which had a detection limit of 1.6 ppm. 

Meier et ~· (1978) also used HPLC coupled with UV (230 nm) detection for 

analysis of explosives. They separated TNT, tetryl, and their degradation 

products with a 401. acetonitrile/water mobile phase and separated HMX and RDX 
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detection of HPLC of explosive mixture after sorption and desorption on 
Porapak-R resin. (a) ED (20 L injected). (b) UV absorption at 210 nm (50 L 
injected) (from Maskarinec et !]_., 1984). 
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Table B-3. Detection limits of unltraviolet (UV) and electrochemical 
reduction (EO) detectors (Bratin et ~·, 1981). 

Detection limits (ng) 

Explosive UV at 254 nm EO at -0. 1 v 

TNT 0.65 0.14 

2,4-DNT 0.57 0. 16 

2,6-0NT 1.2 0.17 

Tetryl 0.77 0.21 

Picric acid 0.47 0.065 

ROX 0.38 0. 17 

HMX 1.5 0.29 

PETN 0.40 

TNG 160.0 0.38 

with a 30t acetonitrile/water mobile phase. With direct injections of 1 ml of 

contaminated water, detection limits were 50 ppb. 

Another method of detection following GC separation is mass 

spectrometry. Cumming and Park (1983) ag·reed that conventional MS is limited 

because of extensive fragmentation. ThE1Y suggested new techniques such as 

,.Single Ion Monitoring .. <SIM) of the most abundant ion and the negative-ion 

mode (NI) as detectors of nanogram levels of explosives. SIM and NI spectra 

are given for explosives TNT, ROX, and PETN, and the propellents EGON and TNG. 

MEASURED CONCENTRATIONS OF MUNITIONS IN ENVIRONMENTAL MEDIA 

Obsolete munitions have been d~tonated and burned as means of disposal 

since the turn of the century. Results of selected ground- and water

contamination studies on various sites are listed in Tables B-4 and B-5. 

These tables provide an overview of the concentrations detected in different 
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Table B-3. Detection limits of unltraviolet (UV) and electrochemical 
reduction (EO) detectors (Bratin et ~·, 1981). 

Explosive 

TNT 

2,4-DNT 

2,6-0NT 

Tetryl 

Picric acid 

RDX 

HMX 

PETN 

TNG 

UV at 254 

0.65 

0.57 

1.2 

0.77 

0.47 

0.38 

1.5 

160.0 

Detection limits (ng) 

nm EO at -0. 1 v 

0.14 

0. 16 

. 0. 17 

0.21 

0.065 

0.17 

0.29 

0.40 

0.38 

with a 301 acetonitrile/water mobile phase. With direct injections of 1 ml of 

contaminated water, detection limits were 50 ppb. 

Another method of detection following GC separation is mass 

spectrometry. Cumming and Park (1983) agreed that conventional MS is limited 

because of extensive fragmentation. They suggested new techniques such as 

.. Single Ion Monitoring .. <SIM) of the most abundant ion and the negative-ion 

mode (NI) as detectors of nanogram 1 eve 1 ~; of exp 1 os i ves. SIM and NI spectra 

are given for explosives TNT, ROX, and PETN, and the propellents EGON and TNG. 

MEASURED CONCENTRATIONS OF MUNITIONS IN ENVIRONMENTAL MEUIA 

Obsolete munitions have been detonated and burned as means of d1sposal 

s i nee the turn of the century. Resu 1 ts of se 1 ected ground- and water

contamination studies on various sites are listed in Tables B-4 and B-5. 

These tables provide an overview of the concentrations detected in different 
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Table B-4. Concentrations of TNT and associated co-contaminants found in soils and waters by various 

investigators. 

Compound Media 

TNT Soi 1 

Depth 

Surface 
Surface 
Surface 
Surface 
lft 
4ft 
Not stated 
Not stated 
Not stated 

Surface 

0.05 m 
0.15-0.20 
0.46-0.51 
Not stated 
Surface 
0-6 in 
6-18 in 
Residue 
Surface 
0-6 in 
0-6 in 
6-18 in 
Residue 
Surface 
Residue 
Surface 
0-6 in 

Description 

Savanna AD, a soil analysis 
Blue Grass Facility, washout lagoon area 

Blue Grass Facility, burning/demolition area 

Blue Grass Facility, detonation area 

Blue Grass Facility, detonation area 

Blue Grass Facility, detonltion area 

Cornhusker AAP, core samples, leaching pits 

Cornhusker AAP, core samples, cesspools 

Alabama Anmy Ammunition Plant Surveys 

old burning ground 
old flashing ground 

Savanna AD dry lagoon, flood plains 

dry lagoons upland 
Louisiana AAP, lagoons (discontinued 1981) 

Louisiana AAP, lagoons (discontinued 1981) 

Louisiana AAP, lagoons (discontinued 1981) 

Iowa AAP, lagoon sediment 
Hawthorne AAP, open burning area 

Iowa AAP, open burning are3 

Iowa AAP, open burning area 

Iowa AAP, open burning area 
Iowa AAP, open burning area 
Kansas AAP, open burning area 
Louisiana AAP, open burning area 

Louisiana AAP, open burning area 

Louisiana AAP, open burning area 

Louisiana AAP, open burning area 

Radford AAP, open burning area 

Radford AAP, open burning area 

Ravenna AAP, open burning area 

-

Concentration 
(ppm) 

88,100-406,000 
3.74-7.78 
0. 22-1760 
0.978 
0.223 
0.239 
70-30,000 
3-300 

<0.037-0.694 
<0.037-2.35 
290,000 max 
12,000-181,000 
9340 
1250 
400 
0.012-0.210 
1230 
2700-12,900 
1370-6600 
2400-91 '500 
3360 
2350-21 , BOO 

1250-13 '400 
2080-15,800 
1470-56, 100 
20,000 
23,307 
12,945 
2263 

Reference 

Noland et ll·. 1984 
Mizell et ,li., 1982 
Mizell et .2J.., 1982 
Mizell et al., 1982 
Mi ze 11 et .2J.. . 1982 
Mizell et ll·, 1982 
Rosenblatt, 1986 
Rosenblatt, 1986 

Rosenblatt & Small, 1981 
Rosenblatt & Small, 1981 
Rosenblatt, 1981 
Rosenblatt, 1981 
Spanggord et ll· , 1983~ 
Spanggord et ~ .• 1983a 
Spanggord et ~·. 1983a 
Clear and Collins, 1982 
Newe 11 , 1984 
Newe 11 , 1984 
Newe 11 , 1984 
Newe 11 , 1984 
Newe 11 , 1984 
Newe 11 , 1984 
Newell, 1984 
Newe 11 , 1984 
Newell, 1984 
Newe 11 , 1984 
Newell, 1984 
Newe 11 , 1984 
Newell, 1984 
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Table b-4. <continued). 

Compound 

TNT 
( cont 'd.) 

- -

Media 

Soil 

River 

Ground 
water 

-

Depth 

6-18 in 
Surface 
0-6 in 
0-6 in 
Surface 
Surface 
Not stated 
Not stated 
Not stated 
Not stated 
Not stated 
Not stated 
Not stated 
Not stated 
Not stated 
Not stated 
Not stated 
Not stated 
Not stated 

Surface 
Sediment 

Shallow 

27 ft 

20-23 ft 

- -

Description 

Fort Wingate AAP, 0~en burning area 

Fort Wingate AAP, open burning area 

Seneca AAP, open burning area 
Redstone ARS, open burning area. 

Lone Star AAP, open detonation area 

Volunteer AAP, open detonation area 

Alabama AAP, unspecified 
Bluegrass, unspecified 
Cornhusker AAP, unspecified 
Ft. Wingate DA, unspecified 
Iowa AAP, unspecified 
Joliet AAP, unspecified 
Longhorn AAP, unspecified 
Milan ~AP, unspecified 
Navajo \l/., :J~speci fi ed 
Savann ... .'1D, unspecified 
Tooele AU, un~pecified 

Umatilla AD, unspecified 
Volunteer AAP, unspecified 

Blue Grass Facility, seep of ground water 

Savanna AD - TNT reclamation washout 

Hawthorne Naval Ammunition Depot, Nevada 

beneath and downgradient from disposal beds 

Concentration 
(ppm) 

2810 
3180 
9270 
2467 
3510 
2470-14,400 
7900 max 
1758 max 
38,000 maK 
4936 max 
2000 maK 
482,000 maK 
4.6 max 
13 max 
188,800 max 
140 max 
100 max 
28('0 max 
3400 max 

0.0194 
0.289 

0.62 

Blue Grass Facility, downgradient from lagoon, 0.139 

bedrock well 
Hawthorne Naval Ammunition Depot, Nevada 

beneath and downgradient from disposal 

beds used from 1952 to 1968 

- - - - -

0.002-0.11 

- - -

Reference 

Newe 11 , 1984 
Newe 11 , 1984 
Newell, 1984 
Newe 11 .1 1984 
Newe 11 , 1984 
Newe 11 , 1984 
Tucker ~ £1., 1985 
Tucker et 2}., 1985 
Tucker Pt 2}., 1985 
Tucker ~ !l., 1985 
Tucker et ll·, 1985 
Tucker et 2}., 1985 
Tucker et 2}., 1985 
Tucker et 2}., 1985 

Tucker et ~l·, 1985 
Tucker et 2}., 1985 
Tucker et 2} .• 1985 
Tucker et al ., 1985 
Tucker et 2}., 1985 

Mizell et 2}., 1982 
Rosenblatt, 1981 

Pereira gl 2}., 1979 

Mizell et 2}., 1982 

Van Denburgh et 2}., 1980 

- - - - -
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Table B-4. (continued). 

Compound Media 

TNT Ground 
(cont'd.) water 

2,4-0NT Soil 

Depth 

Not stated 
Not stated 
Not stated 

20 ft 

Surface 
Surface 
Surface 
1 ft 
4 ft 
Not stated 
Not st~.ted 

Not stated 

Surface 

6-18 in 
Residue 
Surface 
Not stated 
N ·t statec 
Not stated 
Not stated 

Description 

Alabama MP 
Milan MP 
Savanna Depot, limestone bedrock 

under lagoons 
Iowa MP, Lagoon (discontinued, 1955) 

Blue Grass Facility, washout lagoon area 

Blue Grass Facility, burning/demolition area 

Blue Gras~ Facility, detonation area 

Blue Grass Facility, detonation area 

Blue Grass Facility, detonation area 

Cornhusker MP, core samples, leaching pits 

Cornhusker MP, core samples, cesspools 

Alabama Army Ammunition Plant Surveys 

(8oth DNT's) 
old burning ground 
old flashing ground 
smokeless powder manufacturing area 

magazine area 
propellant shipping area 
rifle-powder finishing area 

Savar.na Army Depot, dry lagoon flood plains, 

some 2,6-DNT 
Badger MP, open burning area 

Radford AAP, open buring area 

Volunteer AAP, open detonation area 

Alabama AAP, unspecified 
P.luegrass, unspecified 
Cornhusker AAP, unspecified 
~t. Wingate DA, unspecified 

Concentration 
(ppm) 

21.9maK 
15.8 maK 
D.42 

0 . 172-0 . 850 

up to 0.56 
0.98-27.6 
2.06 
9.31 
1. 84 
0-2 max 
0-3 max 

<0.102-0.875 
<0.102-1.845 
<0.112-1.44 
<0.208 
<0.208 
<0. 112-6.095 
94,000 maK 

4690-20,100 
62,572 
2790-19,400 
16 max 
27 max 
26 max 
0.3 max 

Reference 

Tucker et ll·· 1985 
Tucker et 21·, 1985 
Rosenblatt, 1981 

Clear and Collins, 1982 

Mizell et ll·, 1982 
Mizell et 21 .. 1982 
Mizell et ,li., 1982 
Mizell et ,li., 1982 
Mizel11et _li., 1982 
Rosenb)att, 1986 
Rosenblatt, 1986 

Rosenblatt & Small, 1981 
Rosenblatt & Small, 1981 
Rosenblatt & Small, 1981 

Rosenblatt & Small, 1981 
Rosenblatt & Small, 1981 
Rosenblatt & Small, 1981 
Rosenblatt, 1981 

Newe 11 , 1984 
Newe 11 , 1984 
Newe 11 , 1984 
Tucker et 21·, 1985 
Tucker et 21 .. 1985 
Tucker et _li., 1985 
Tucker et ,li., 1985 



Table B-4. (continued). 

Concentration 

Compound Media Depth Description (ppm) Reference 

2,4-DNT Soi 1 Not stated Iowa AAP, unspecified 30 max Tucker f1 !l .. 1985 

(cont'd.) Not stated Joliet AAP, unspecified 9210 maK Tucker f1 ll·· 1985 

Not stated Milan AAP, unspecified 1 max Tucker t1 ll·. 1985 

Not stated Navajo OA, unspecified 67 max Tucker~ 2}., 1985 

Not stated Savanna AD, unspecified 38 max Tucker t1 2}. • 1985 

Not stated Tooele AD, unspecified 80 max Tucker et 2} .• 1985 

Not stated Umatilla AD, unspecified 4.3 max Tucker et ll·· 1985 

Not stated Volunteer AAP, unspecified 660 max Tucker t1 al .• 1985 

River Surface Iowa AAP Long Creek watershed 0.002 Clear and Collins, 1982 

f. round 27 ft Blue Grass Facility, downgradient from lagoon, 0.0033 Mizell t1 2} .• 1982 

water bedrock well 
w 20 ft Iowa AAP, Lagoon (Discontinued 1955) 0.029-0.035 Clear and Collins, 1982 
N 
0'1 Not stated A 1 abama AAP 4.342 max Tucker t1 2}., 1985 

Not stated Volunteer AAP 8. 7 max Tucker et 2} .• 1985 

2,6-DNT Soil Maximum Cornhusker AAP, core samples. cesspools 0-4 Rosenblatt, 1986 

Surface Blue Grass Facility, burning/demolition area 5.07 max Mizell let 2}., 1982 

Surface Blue Grass Facility, detonation area 0.985 Mizell'et ll·, 198" 
I 

1ft Blue Grass Facility, detonation area 2.1 Mizell .tl 2} .• 1982 

Not stated Alabama Army Ammunition, Plant surveys 
(both DNT's) 

Not stated old burning ground <0.102-0.875 Rosenblatt & Small, 1981 

Not stated old flashing ground <0.102-1.845 Rosenblatt & Small. 1981 

Not stated smokeless powder manufacturing area <0. 112-1.44 Rosenblatt & Small. 1981 

Not stated magazine area <0.208 Rosenblatt & Small, J981 

Not stated propellant sh'~ping ar£a <0.208 Rosenblatt & Small, 1981 

Not stated rifle-powder i~nishing area ~0.112-6.095 Rosenblatt & Small, 1981 

- - - - - - - - - -



Table B-4. (continued). 

Concentration 
Compound Media Depth Description (ppm) Reference 

2,6-DNT Soil Not stated Alabama AAP 4.8 maM Tucker et ~ .• 1985 
Not stated Bluegrass Facility 5.1 max Tucker tl ~·, 1985 
Not stated Cornhusker AAP 3.8 max Tucker tl ~·, 1985 

(cont 1 d.) Not stated Iowa AAP 6 max Tucker et ~ .• 1985 

Not stated Joliet AAP 2540 10ax Tucker t1 !l·, 1985 
Not stated Hi lan AAP 0.88 max Tucker et ll·, 1985 
Not stated Navajo DA 5.4 ma11 Tucker et ll·, 1985 
Not stated Tooele AD 300 max Tucker et ll·, 1985 
Not stated Urr:a t i 11 a AD 5.4 max lucker .tl ll·, 1985 
Not stated Volunteer AAP 300 maM Tucker et ll·, 1985 

Ground 20 ft Iowa AAP, Lagoon (discontinued, 1955) 0.008-0.060 Clear and Collins, 1982 
w 
N water Not stated Alabama AAP 1 .085 max Tucker et !! .. 1985 
-....J 

Not stated Volunteer AAP 6.9 max Tucker et ~·, 1985 

Soil Surface Savanna AD, soil analysis nd-35. 1 Noland .tl ~., 1984 
Surface Blue Grass Facility, burning/demolition area 0.48-2.35 Hi zell tl ll·, 1982 
Surface Blue Grass Facility, detonation area 1.24 Mizell _ti_tl., 1982 

1ft Blue Grass Facility, detonation area 2.35 Mizell et ll· I 1982 
4ft Blue Grass Facility, detonation area 0.482 Mizell et ,tl. I 1982 

Ground 20 ft Iowa AAP, Lagoon (discontinued, 1955) 0.036-0.050 Clear .and Collins, 1982 

water 

1,3,5-TNB Soi 1 Surface Blue Grass Facility, washout lagoon area 1.16 Mizell till·· 1982 
10 ft Blue Grass Facilitv. ~a~hout lagoon area 7.14 Hi zell et ll·, 1982 
Surfac; Blue Grass Fa~ility, burning/demolition area up to 1.66 Mizell et ,tl., 1982 
1 ft Blue Grass Facility, detonation area 9.31 Mizel~ et ll·, 1982 
Surface Savanna AD, soil analysis 57.0-2.56 . Noland et ll·, 1984 

,.ii 



Table B-4. (continued). 

Concentration 

Compound Media Depth Description (ppm) Reference 

--· 
1 ,3, 5--!NB Sci 1 MaKimum Cornhusker AAP, core samples, leaching pits 4-100 Rosenblatt, 1986 

(cont'd.) MaKimum Cornhusker AAP, core samples, cesspools 0-30 Rosenblatt, 1986 

Alabama Army Ammunition Plant Surveys 

Not stated magazine area <0.368-2.54 Rosenblatt & Small, 1981 

Not stated old flashing ground <0.368-3.92 Rosenblatt & Sma~l, 1981 

Not stated smokeless powder manufacturing area <0.614 Rosenblatt & S~a11, 1981 

Not stated Alabama AAP 3.9 maK Tucker f1 ~ .. 1985 

Not stated Bluegrass 7.1 maK Tucker ~ !!·, 1985 

Not stated Cornhusker AAP 1109 maK Tucker ~ !l·, 1985 

Not stated Ft. Wingate DA 7.8 maK Tucker ~ il·, 1985 

Not stated Iowa AAP 200 maK T•JL~er tl ll·, 1985 

Not stated Joliet AAP 2610 max Tu~k~r ~ il·, 198: 

w 
Not stated Milan AAP 54 maK Tucker tl al., 1985 

N Not stated Navajo DA 3.7 maK Tucker et ll·· 1985 

ex:> 
Not stated Savanna AD 96 maK Tucker ~ !l·, 1985 

Nol st.tlod Um:ltllh AD 7 lllolK Tucker 1U AJ.., 1985 

Not stated Volunteer AAP 390 m4x Tucker ltl Ill·, 198S 

Lagoon Not stated Louisiana AAP, ·:~posal lagoon 0.2-~4.17 Spanggord et ll·, l983a 

water (discontinued 1981) 

River Not stated Savanna AD, limestone bedrock 0.314 Rosenblatt, 1981 

water under lagoons ' 

Ground 27 ft Blue Grass, downgradient from lagoon, 0.072 Mizell et ~l·, 1982 

water bed rock well 

20 ft Iowa AAP, lagoon (discontinued, 1355) 0.010-1,900 Clear and Collins. 1982 

Not stated Alabama AAP 4.484 maK Tucker tl 21., 1985 

Not stated Joliet AAP 1 .610 max Tucker gl ll·, 1985 

Not stated Iowa AAP 2.3 maK Tucker et !1., 1985 
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Table B-4. (continued). 

Compound 

4-A-2,6-DNT 

2-A-4,6-DNT 

Media 

Soi 1 

Lagoon 
water 

Ground 
water 

Soi 1 

Lagoon 
water 

Ground 
water 

Depth 

Not stated 

Not stated 

20-23ft 

Sha 11 ow 

Not stated 
Not stated 

Not stated 

Shall ow 

Description 

Holston River sediment 

I 

Louisiana AAP, disposal lagoon 
(discontinued 1981) 

Hawthorne Naval Ammunition Depot, Nevada 
beneath and downgradient from disposal 
beds used from 1952 - 1968 

Hawthorne Naval Ammunition Depot, Nevada 
beneath and downgradient from disposal beds 

Savanna AD, soil analysis 
Holston River sediment 

Louisiana AAP, tjisrosal lago0n 
(discontinued 1981) 

Hawthorne Naval Ammunition Depot, Nevada 
beneath and downgrodient from disposal beds 

a AAP = Anny Ammunition Plant, AD= Anny Depot, ARS =Arsenal and DA =Depot Activity. 

Concentration 
(ppm) 

0.097 nta~ 

0.42-2.35 

detected 

detected 

27.9 max 
0.0675 max 

0.77-1.48 

found 

,. 

Reference 

SpanqgJrd ~ i!., 1981 

Spanggord et il·, 1983a 

Van Denburgh g1 il·, 1980 

Pereira et il·, 197~ 

No1anj et il·, 1984 
Spang<JC':'"~ e t i!. , 1981 

Spanggord et il·, 1983a. 

Pereira et il·, 1979 
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Table B-5. Amounts cf ROX, HMX, tetryl, PETN, ammonium picrate, and co-contaminants found in soils and 

waters. 

Compound 

RDX 

Media 

Soi 1 

lagoon 
water 

Depth 

Surface 
Maximum 
Maximum 
Surface 
Surface 
0-6 in 
Residue 
Residue 
Residue 
0-6 in 
6-18 in 
Residue 
Surface 
0-6 in 
6-18 in 
0-6 in 
0-6 in 
0-6 ·in 
5ft 
10 ft 
~ludge 

1. 2-l . 8 m 

3.6-4.5 m 
Surface 
.05 m 

. 15-.20 m 

.46-.51 m 

Not stated 
Not stated 
No_t stated 

Oescri;>tion 

Savanna AD, a soil analysis 
Cornhusker AAP, core samples, leaching pits 

Cornhusker AAP, core sam~l~s. cesspools 

Savanna AD, dry l~goons, ~pland 

Holston AAP. open burning 
Holston AAP, open burning 
Holston AAP, open burning 
Iowa AAP, open burning 
Kansas AAP, open burning 
louisiand AAP, open burning 
louisiana AAP, open burning 
louisiana AAP, open burning 
louisiana AAP, open burning 
Ravenna AAP, open burning 
Fort Wingate AAP, open burning 
Fort Wingate AAP, open burning 

Picatinny ARS, open burning 
Hi1an AAP, open detonation 
Blue Grass, washout lagoons 
Blue Grass, washout lagoons 
lone Star Ammunition Plant, settling ponds 

lone Star Ammunition Plant, settling ponds 

lone Star Annunition Plant, settling ponds 

Savanna AD, dry lagoon sediment 

lousi.>,1a AAP, lagoon SE:diment (inactive, 1981) 

~ousiGna AAP, lagoon sediment (inactive, 1981) 

lousiana AAP, lagoon sediment (inactive, 19&1) 

Iowa AAP, pink water lagoon (inactive, 1955) 

lousiana AAP, lagoon water (inactive, 1981) 

llNl Site 300 lagoon 

Concentration 
(ppm) 

28.6-145 
2-40 
0.7-4 
3000-4000 
74,000 
1834-10,200 
3513-5339 
4600-5200 
1340 
2120-2230 
1400-41 • 300 
2230-50,400 
1400-39.100 
2976 
3110 
3060 
1219 
6780 
4.7 
7.9 
58,000 
1 i. 3 
3.7 
3,000-4,000 
120,000 
3,000 
400 

0.166-.219 
5.6-28.9 
0.03-2.1 

!Reference 

Noland et ~., 1984 
Rosenblatt, 1986 
Rosenblatt, 1986 
Rosenblatt, 1981 
Newe 11 , 1984 
Newell, 1984 
Newe 11 , 1984 
Newe 11 , 1984 
Newell, 1964 
Newe 11 , 1984 
Newe 11 , 1984 
Newell, 1984 
Newe 11 , 1984 
Newell, 1984 
Newe 11 , 1984 
Newe 11 , 1984 
Newe 11 , 1984 
Newe 11 , 1984 
Hi zell et ~·, 1982 
Mizell et ~·, 1982 
Phung and Bulot, 1981 
Phung and Bulat, 1981 
Phung and Bulat, 1981 
Rosenblatt, 1981 
Span9gord et .2J.., 1983a 
Spanggord g1 A}., 1983a 
Spanggord et ~., 1983a 

Clear and Cell ins, 1982 
Spanggord et 2}., 1983a 
Raber, 1933 
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Table B-5. (contiliued). 

Compound 

RDX 
(cont'd.) 

HMX 

Media 

River 
water 

Ground 
water 

Soi 1 

River 
water 

Depth 

Surface 
Surface 
Surface 
Not stated 
Not )~ated 

27 ft 

20 ft 

Not stated 
Not stated 
Not stated 

Surface 
0-6 in 
Residue 
Residue 
0-6 in 
6-18 in 
Residue 
Surface 
Residue 
0-6 in 

Not stated 
Not stated 

... ..... ... ...... ~ 

Description 

Blue Grass, ground water seep 
Iowa AAP, Spring Creek, facility boundry 

Iowa AAP, Brush Creek watershed 
Holston River, North bank, 0.1 km 
Holston River, 33 km 

Blue Grass, downgradient from lagoon, 

bedrock well 
Iowa AAP, bedrock well, demolition area 
Iowa AAP, Brush Creek wells 
Iowa AAP, pink lagoon area 

(discontinued 1955) 
Iowa AAP 
Milan AAP 
Louisiana AAP 

Holston AAP, open burning 
Holston AAP, open burning 
Holston AAP, open burning 
Iowa AAP, open burning 
Louisiana AAP, open burning 
Louisiana AAP, open burning 
Louisiana AAP, open burning 
Louisiana AAP, open burning 
Ravenna AAP, open detonation 
Milan AAP, open detonation 

Holston River, Nor~h bank, 0.1 km 
Holston River, 8 km 

....... ~ .......... 

Concentration 
(ppm) 

0.036 
0.062 
0. 086-0. 185 
0.055 
0.0065 

0.201 

0.018 
1. 5 max 
14.0 

36.0 max 
30.0 max 
17.8 max 

33,339 
1693-5996 
1730-7268 
5900 
1360-1590 
2670-9850 
1690-5900 
5950 
19,596 
1380 

0.0075 mall 

0.0003 max 

-"'*" .__._.. -

Reference 

Mizell et al., 1982 
Clear 1 and Collins, 1982 
Clear and Collins, 1982 
Spanggord et ~ .• 198! 
Spanggord et ~ .• 1981 

Mizell et ll·. 1982 

Clea~ and Collins, 1982 
Clear and Collins, 1982 
Clear and Collins, 1982 

Tucker et ~., 1985 
Tucker et ~ .• 1985 
Tucker et ~., 1985 

Newell, 1984 
Newell , 1984 
Newe i1 , 1984 
Newell , 1984 
N(:we 11 , 1984 
Newe 11 , 1984 
Newe 11 , 1984 
Newell , 1984 
Newe 11 , 1984 
Newe 11 , 1984 

Spanggcrd et ~., 1981 
Spanggord et ~·, 1981 

~ .... 
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Concentration 

Compound Media Depth Description {ppm) Reference 

Lagoon Not ctated Lousiana AAP, lagoon water {inactive, 1981) 2.87-6.36 Spanggord et !l· , 1983a 

water LLNL Site 300 lagoon 0.3-4.4 Raber, 1983 

Ground Not stated Milan AAP 2.6 Tucker et !l., 1985 

water Not stated Newport AAP 0.59 Bauer, 1985 

Tetryl So i 1 Surface Alabama Army Amunition Plant, 0.554 Rosenblatt & Small, 1981 

demolition landfill 

Surface Alabama Army Amunition Plant, >0.500 Rosenblatt & Small, 1981 

rifle powder finish 

Surface .AMC-wide all analysis, open burning Detected 4.8% Newe 11 , 1984 

Surface AMC-wide all analysis, open detonation Detected 3.7"/. Newe 11 , 1984 

w 0-8 in Picatinny Arsenal, open burning 176.0 1985 
w 

Bauer, 
N 8-14 in Picatinny Arsenal, open burning 35. 1 Bauer, 1985 

Picatinny Arsenal, open detonation 2.5 Bauer, 1985 

Ground 20 ft lowj), AAP, pink lagoon area 0.046 Cle~r and Collins, 1982 

water {discontinued, 1955) 

Anmonium Waste Not stated Wash waters and evaporation ponds 100-300 Ruchhoft and Norris, 1946 

Picrate water 

a AAP =Army Ammunition Plant; ARS =Arsenal; AD= Army Depot. 
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en vi ronmenta 1 samp 1 es. More comprehensive data on the extent of soi 1 and 

water contamination at open-burning and open-detonation sites are contained in 

a series of reports completed by the U.S. Army Environmental Hygiene Agency 

(see, for example, Newell, 1984; Bauer, 1985; and Resch, 1985). 
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APPENDIX C 

CARCINOGENIC POTENCY ASSESSMENT FOR 2,6-DNT 

The term carcinogenic "potency" as used here refers to the quantitative 

expression of increased tumorigenic response p9r unit dose rate at the 

characteristically low dose levels of environmental concern. Responses are 

predicted from tumor response-dose data using the "linearized" multistage 

dose-response extrapolation model that has been adopted. for environmental 

regulatory purposes by the U.S. EPA and by similar agencies in many states 

(U.S. EPA, 1986; Anderson et ~ .• 1983; CDHS, 1985). The following 

carcinogenic potency assessment proceeds in three steps: (l) selection of 

bioassay data sets indicative of DNT carcinogenicity suitable for 

dose-response assessment, (2) selection of appropriate response and dose 

information to use in the process of dose-response assessment for the animal 

bioassay data, and (3) potency quantification using the latter data. 

SELECTION OF BIOASSAY DATA INDICATIVE OF DNT CARCINOGENICITY 

The rodent bioassay data sets used for this potency assessment include 

all those that reflect a significantly increased incidence of a given type of 

malignant tumor, or of a histogenically related set of benign and malignant 

tumors, among animals exposed to 2,6-DNT compared to those not exposed to this 

compound. These data sets include studies of the carcinogenicity to rodents 

of pure 2,6-DNT as well as mixtures containing 2,6-DNT, either as a major 

component (a 1 ong with 2, 4-DNT in DNT mixtures such as tONT> or as a trac~ 

contaminant (in TNT). The potencies for 2,6-DNT derived here tram the latter 

data sets involving mixtures are not strictly comparable to potencies based on 

tumor incidence in animals exposed to pure 2,6-0NT. Nevertheless, 

2,6-DNT-based potencies describing increased tumor incidence associated with 

exposure to ONT mixtures are presented here to allow a qualitative test of the 

hypothesis. currently advanced by severa 1 researchers (Long and Rickert, 1982; 

Kedderis et ~ .• 1984; Rickert et ~·· 1984; Goldsworthy and Popp, 1986; 1986; 

Leonard et ~ .. 1987) that 2,6-0NT is the DNT isomer responsible for the 

carcinogenic activity of DNT observed in rodents. We also include a potency 

assessment for the 2,6-DNT component of the TNT used in the rodent bioassays 
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completed by Furedi et ~l· (1984a, 1984b) to investigate whether the positive 
response observed in this study is consistent with the hypothesis that 2,6-DNT 

is again the causative agent, ~ather than TNT itself. 
All of the studies referred to above are listed in Tables C-1, and C-2. 

These bioassay data sets are used here because they represent the only chronic 
exposure studies with well-defined exposure-response data that indicate a 
positive carcinogenic response for DNT in animals, and because comparable 

human epidemiological data are not available. 

·-
ADJUSTMENT OF ANIMAL BIOASSAY DOSE-RESPONSE DATA 

For those bioassay data sets considered here, lifetime, time-weighted 
average {TWA) dose rates of DNT in mg/kg-d are presented for each study, and 

these values are listed in Table C-1. In each of these dietary bioassays, 

treated feed was continuously available to the exposed animals. Therefore, no 

adjustment was necessary to convert the TWA experimental administered doses to 

lifetime equivalent doses. 
For all bioassays involv~ng DNT mixtures or TNT (i.e., all studies except 

the bioassay of Leonard et !l· (1987) in which pure 2,6-DNT was administered ) 

in the feed of rats), the corresponding lifetime TWA dose of 2,6-DNT used here 

for potency analysis is shown in Tables C-1 and C-2. These values are derived 

directly from the respective studies cited in these Tables, except for the 

Furedi et !l· (1984a, 1984b) and CIIT {1982) studies where 2,6-DNT was assumed 

to comprise 0.25 and 18.8 wt1.., respectively, of the total DNT dose 
administered. 

Although 2,6-DNT does show some potential for direct mutagenic activ)ty 
in in vitro mutagenicity assays, in vivo hepatocellular assays in rodents 

suggest that the proximate cause of DNT toxicity is most likely a reactive 

metabolite of a gut-microfloral metabolite of a liver-generated primary 

DNT -met abo 1 ite, which has been secreted into bi 1 e and recyc 1 ed, after 

microbial activation, to the liver for further metabolic activitation 

<Goldsworthy and Popp, 1986). Therefore, it is likely that the most 

appropriate input dose use for carcinogenic potency analysis would be the 
.. effective .. TWA dose (rate) of proximate (or at least primary) DNT-metabol ite 

formed (e.g., per day). In both rodents and humans, a given DNT dose appears ./ 

to be almost completely metabolized to primarily urinary metabolites within a 
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Tabl~ l-1. Carcinogenic potencies calculdted from 2,6-uNT component of DNT dose. 

Study, 
species, 
(str.:lin) 

Leonard 
et 2.}. 1987d 
Rats 
(F-344) 

CIIT. 1982e 
Rats (F-344) 
(albino CD-F) 

Sex and 
weight (l-.9) 

Male 
00325 

M 
0032 

F 
0024 

Dose tmg/kg-d) 
2,4-DNT 

Total DNT component of 
app1i0d duse DNT do~u 

0 0 
700 0 

1400 0 

0 0 
700 0 

1400 0 

0 0 
3500 2606 

0 0 
35o0 2606 

0 0 
30388 2o588f 

l3 0 451 100276 

0 0 
30379 2.581e 

130633 10o416 

2,6-DNT 
component of 

DNT dus0 

0 
700 

1400 

0 

7o0 
14.0 

0 
606 

0 

6°6 

0 
0.637f 
20529 

0 
0.637f 
20563 

Tumor 

Tyf!Ua ln..; i d .. ·n.:c 

H(( 0/20 
17/20 
t0/20 

tiC( or 0/20 
NN 19/20 

20/20 

HCC or ono 
NN 15119 

HCC 0120 

9119 

HCC or 10/61 
NN 19/709 

23/239 

5/57 
12/61 
66/68 

95% UCL potency values 
in kg-d/mq of 2,6-DNT 

swb SAC 

304 20 

600 3508 

3.0 18 

1 0 30 708 

00224 1.3 

0 019 1 0 3 
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Table C-1. (Continued). 

Study, 
species, 
(strain) 

Ellis tl 21 .. 
1979h 
Rat 
(CD Charles 
River) 

se~ and 
weight (kg) 

M 
0.6 

F 
0.41 

M 

0.6 

F 
0.41 

-------

Total DNl 
applied dose 

0 
0.575 
3.92 

34.5 

0 
0.706 
5. 14 

45.3 

0 
0.575 
3.92 

34.5 

0 
0.706 
5.14 

45.3 

Dose {mg/kg-dl 
2,4-DNT 

component of 
DNT dos~ 

0 
0.563i 
3.84 

33.8 

0 
0.69i 
5.0 

44.4 

0 
0.563i 
3.84 

33.8 

0 
0.69i 
5.0 

44.4 

2,6-DNT 
component of 

DNT dose 

0 
0 .0112i 
0.08 
0.7 

0 
0.014i 
0. 1 

0.9 

0 
0.0112 i 

0.08 
0.7 

0 
0.014i 
0.1 
0.9 

Tumor 

Typ~a 

NN ur 
HCC 

U/L3 

HCC 

lncid~nce 

1/25 
2/28 
2119 
8/L'9 

O/j5 
1/27 

19/35 

1/25j 

2/28 
2/19j 
6/29 

0/23 
0/35 
1/27 

19/35j 

- -

951. UCL potency values 
in kg-d/mg of 2,6-DNT 

I 
B'rlb ; SAc 

0. 73 3.5 

1.6 9.5 

0.5:.i 2.7 

1.0 5.8 

- -- -- - -- ., 
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Footnotes for Table C-1. 

a HCC = Hepatocelluldr carcinoma. NN =Neoplastic nodule. 

b 

c 

d 

e 

f 

BW Body weight interspecies dose extr~polation method; equipotent doses assumed t~ be in mg/kg. 

SA • surface area interspecies dose extrapolation method; equipotent doses assumed to be in mg/kg 2/3 

' 

Twelve month chronic study using male F-344 rats. 

A 24 month chronic study with ~eri;il sacrifice~ (hepatocellul.;r c<Hcinonla5 uuserved 111 mdle~ dl the 

week 26 sacrafice and in females at the week 55 sacrifice). 

I 
Percents of 2,4-DNT (76~~) and 2,6-DNT (19/:) in the tDNT used in this study .lho ,isted in Rickert et i,l. (1984)

1 

and not in the original report CIIT ( 1982). 

g Tumor incidence at the week 104 scheduled sacrifice wJs used. The high-dose group, i. wl•ich dll a~imals were 

Sdcrificed at 55 weeks, was not used. 

h Two-year study using CD rats. 

unscheduled deaths. 
Incidence data are from the 24-month scheduled sacritice and also include 

Percents of 2,4-0NT (98%) and 2,6-0NT (2%) in the DNT formulation used in this study are given in the 

original report. The dose values given here have been calculated from those percentages. 

j Inr:idence derived from raw datil tables in Ellis et 2.].. (1979). These figures are slightly different 

from those in the suiMlary table presented in original report. The summary table figures are as follows: 0/28 

(low-dose males), 1/19 (mid-dose males), 18/34 (high-dose females}, respectively. 
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Table C-2. Carcinogenic potencies for 2,6-DNT in TNT. 

Study, 
species, 
(strain) 

Dose {mg/kg-dJ 
2,4-0NT 2,6-DNT 

component of 
DNT dose 3 

Tumor 
95i~ UCL potency values 

in kg-d/mg of 2,6-DNT 

Furedi tl ,li. 

( 1984a) 
Rat (F-344) 

Furedi tl .J 1. 
( 1984b) 
Mice 
( B6C3F 1 l 

Furedi ct _tl. 

(1984a) 
Rat ( F-344) 

Sex and 
weight (kg) 

f 

0.£9 

F 

0.038 

F 

0.29 

Total DNT component of 

applied dose DNT do~e3 

0.0 0.0 

0.394 0.002 
1. 910 0.01 

9.908 0.05 

49.245 0.25 

0.0 0.0 

1 .509 0.0075 
10.10 0.05 

70.90 0.35 

0.0 0.0 

0.394 0.002 

1. 970 0.01 

9.908 0.05 

49.245 0.25 

Type Incidence Bwb 

u.o Urinary 0/~4 

0.001 bladder: 0/54 

0.005 papilloma 0/55 2.0 

0.025 or 1/55 

0. 123 carcinom.J 17/55 

0.0 S111cen 9/54 

0.00375 leukemia 15/54 2.7 

0.025 or malignant 17/54 

0. 175 lymphoma 21/54 

0.0 Uri nary 0/54 

0.001 bladder: 0/54 

0.005 carcinoma 0/55 0.80 

0.025 0/55 

0.123 12/55 

a Maximum amounts of 2,4-0NT are appro~imatley 0.5 wt% in TNT(m) and 0.25 wt% for 2.6-0NT (see Table 2-1). 

b BW = body weight interspecies dose extrapolation method; doses in mg/kg arc assumed to be equipotent. 

c SA= Surface area intcrspecies dose extrapolation method; doses in mg/kg21 3 arc ~ssumed to be equipotent. 

SAC 

13 

33 

5.0 

- - .-.. ,. 



period of one to severa 1 days (Long and Rickert, 1982; Rickert et £1., 1981 ; 

Levine et !]_., 1985a); measurab 1 e amounts of unmetabo 1 i zed DNT have been 

observed to be excreted in -occupation a 11 y exposed humans, but not in 

experimentally exposed rats (Turner et £1., 1985). In the absence of adequate 

pharmacokinetic data on DNT metabolism in both rodents <used in the ;lioassays 

considered here) and in humans (tne target population for whom risk is to be 

extrapolated from radent bioassJy data), the T~A administered pose of DNT is 

used as input to the potency analysis. This is equivalent-to-the assumption 

that a constant fraction of the applied TWA dose is consistently converted to 

the effpctive metabolized or metabolite dose in both rodents and humans, -and 

t~dt this fraction is the same for both rodents and humans~ We note, however, 

that Turner et al. (1985) did find that there are differences in DNT --
metabolism <see section on metabolism in Sections 4 and 5) between humans and 

rodents. 

For the purpose of potency assessment by the "linearized" multistage 

model described below, it is appropriate to adjust tumor incidence data for 

any significantly increased tumor type in order to provide an approximate 

control for competing causes of death that might act to eliminate animals 

before they have a chance to get tumors of that type. This is done by 

removing from all incidence denominators those animals dying prior to the 

occurrence of the first tumor of the type being counted. This type of 

adjustment was not performed on any of the bioassay data sets considered here, 

primarily because the relevant time-to-tumors information was not available to 

us. Time-to-tumors information was available for the Ellis et al. (1979) and --
ern (1982) studies, but the information indicated rhat adjustment was not 

ne(essary for the data on tumor incidence from these two studies. 

CARCINOGENIC POTENCY EXTRAPOLATION BASED ON ANIMAL BIOASSAY DATA 

RH:a!! that carcinogenic "pote!'lcy" refers to a quantitative expression of 

increased tumorigenic response per unit of incurred dose at very low dose 

levels, and that the following carcinogenic potency assessment is based on a 

quantitative analysis of animal bioassay data sets under the assumption that 

2,6-DNT is carcinogenic to both animals and humans at the low environmental 

dose levels 0f potential concern. The rationale for using this assumption for 

a suspect hlman carcinogen, such as 2,6-DNT, is the potential for this 
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compound, or one of its reactive metabolites, to covalently bind to critical 

cellular macromolecules in an "inriependent hit" fashion, which is presumed to 

be necessary by the ''linearized'' multistage dose-response extrapol~tion model 

used in this potency assessment. This rationale is discussed in detail 

el~ewhere (e.g., U.S. EPA, 1986; Anderson et ~-. 1983; COHS, 1985). 

Arguments against using this assumption in dose-response extrapolation focus 

on the possibility that observed carcincgenicity of compounds like TNT in-

bioassays conducted at high doses may be caused primarily by increased 

cellular and/or subcellular (e.g., peroxisome) proliferation (i.e., by tumor 

promotion or some epigenetic mechanism, rather than by inHiation or some 

genotoxic mechanism), and that this induced cell behavior has a threshold-type 

dose-response relationship. 
Low-dose potency extrapolatton from dichotomous tumor-response information 

in ani rna l bioassay data sets was performed with a version of the computer 

program GLOBAL79 (Crump and Watson, 1979) to numerically fit parameters to the 

multistage dose-response extrapolation model where 

Increased risk = R = 1 - e 

g . 
-E q. 01 

• 1 1 1= (C-1) 

in which g is the number of exposed groups in the bioassay, 0 is the dose level 

in mg/kg-d at which the risk function is evaluated, and the qi values are the 

muitistage parameters (with ql being the low-dose "potency" parameter) in 

(mg/kg-d)-1 to be fitted, in accordance with a widely used regulatory 

procedure (Anderson et ~-· 1983; CDHS, 1985). The input to this program for 

each data set consisted of the values for total lifetime TWA applied dose, 0 

(in mg/kg-d) and corresponding tumor incidence data given in Tables C-1 and 

C-2. For each data set, we used GLOBAL79 to ca 1 cul ate a on e-ta i I ed 95"L 

upper-confidence lim~t (UCL> for the linear parameter, ql, of the multistage 

model, denoted ql•(O) in units of (mg/kg-d)-1. At any given, very low dose, 

the multistage model predicts an increased risk that is approximately equal to 

the product of ql and dose. Calculated values of ql*<o>. corresponding to 

each of the bioassay data sets considered here are given in the Tables C-1 and 

C-2. Note that, according to the multistage model implemented in GLOBAL79, 

the value of ql must be ':freater than or equal to 0, whereas the value of ql• 

is restricted to being greater than 0. 
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Interspecies Dose Equivalence 

Following the suggestion of Mantel and Schneiderman (1975), the U.S. 
t:nvironmental Protection Agency and similar agencies in many states assume, 
for regulatory purposes, that mg/(surface art:a) is an equivalent measure of 
lifetime THA dose between species for carcinoger.~ (Anderson et ~ .• 1983). 
Specifically, for purposes of carcinogen risk assessment, the EPA assumes that 
a THA lifetime dose expressed as a dose rate in units of mg/kg213_d is 
equivalent between species, because to a close approximation, surface area is 
proportional to the 2/3rd power of body weight, as would be -the case for 
perfect spheres of equa 1 uniform density. Given this assumption and a 
lifetime dose rate for an animal of Da mg/kg-d, then the equivalent human THA 
dose rate would be Ma/f, where the dose equivalence factor f is here given by 

(C-2) 

in which Hh and Ha are the weights of humans (generally as~umed to be 70 kg) 
and the test animal, respectively. 

Analyses of available bioassay data suggest that extrapolation of lifetime 
animal cancer risk estimates based on either a mg/(surface area) or a mg/kg 
dosage scale may lead to reasonable projections of corresponding human cancer 
risk (Crouch and Hilson, 1979; Hogan and Hoe 1 , 1982; Crouch, 1983). However, 
the basis upon which interspecies potency correlations were made on either 
dosage scale in these particular studies has been called into o,uestton 
(Bernsteir: et ~ .• 1985). The Mantel and Schneiderman (1975) suggestion relied 
on by the U.S. Environmental Protection Agency explicitly offered only a "first 
approximation ... [where the] basic assumption i3 that the locus of action of any 
drug is on sc:ne surface area" -- an approximation that was suggested for use 
because "[n]o suitable data exist on the quantitative extrapol~tion of 
carcinogenic effects from animal to man." But following the logic of the 
original Mantel and Schneiderman suggestion, it would be reasonable to use a 
mg/kg dose-equivalence assumption whenever a chemical• s carcinogenic effect 
could reasonably be attributed to steady-state action at potential sites 
distributed throughout a target tissue mass. Even if the suspected susceptible 
cellular targets are restricted to lie within a thin layer in susceptible 
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organs <as may be the case for certai11 stem-cell populations), the mg/kg dose

equivalence assumption would still be appropriate if the dose is fairly 

equally distributed throughout the body mass, rather th~n concentrated within 

the susceptible layer, for its duration in the body. 

In the absence of definitive empirical data, however, it is simply not 

known which interspecies dose-extrapolation assumption better reflects reality 

in the context of extrapolating tumor response data in animals to anticipated 

response in humans. Existing data do not rule out either approach. Thus, 

extrapolation of potency values from animals to humans is here carried_out 

using both a dose per body weight (BW) and a dose per body surface area (SA) 

extrapolation method. 

Potency Assessment for 2,6-0NT 

The results of the potency assessments for all the chronic bioassays with 

technical grade ONT and pure 2,6-0NT are shown in Table C-1. Po~~ncies of 

2,6-0NT ranged from 0.19 to 6.0 kg-d/mg, a factor of over 30 different (i.e., 

6/0.19). If 2,6-0NT were indeed the isomer that accounts for the tumorgenic 

responses observed in the animal bioass~ys, then we would expect to have less 

variability in the 2,6-0NT potencies than in the 2,4-0NT potencies. To 

examine this, we calculated the potencies for 2,4-otH by multiplying the 

potenciP.s (based on body weight) for 2,6-0NT in Table C-1 by the ratios of the 

2,6-0NT dose rates to the 2,4-0NT dose rates, which is justified because only 

a linear transformation in applied dose is involved. The resulting 2,4-0NT 

potencies ranged from 0.011 to 0.74 kg-d/mg, a range of 67. That this range 

is more than two times greater than the range of calculated 2,6-0NT potencies 

is qualitatively consistent with the hypothesis that 2,6-0NT alone can explain 

the tumor-response data considered here. To further test this hypothesis, we 

calculated the ratio of the geometric variance of the 2,4-0NT potencies to 

that of the 2,6-DNT potencies. This ratio is 2.28, which is the critical, 

value of an F-distribution with seven degrees of freedom and a equal to 

0.15. Although not conclusive, this analysis is also consistent with the 

hypothesis that 2,6-0NT is the active isomer. 

We a 1 so ca 1 cu 1 a ted the potencies of 2, 6-0NT in TNT< m) administered to 

rats and mice \see T~ble C-2). These potencies are well within the r~nge of 

the values presented in Tabl~ C-1, again suggesting that 2,6-0NT could be tht 
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agent responsible for tumorigenesis. The tumor sites involved in 
TNT(m)-induced carcinogenesis. however. were different. One possible 
explanation for the latter difference is that the pharmacokinetics of the 
2.6-DNT were affected by the comparatively large amount of TNT·administered so 
that the site of action was altered. Alternatively, another impurity in the 
TNT(m) could be responsible fvr the observed tumors. 
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APPENDIX D 

ESTIMATION OF DAILY INTAKES FOR TOXIC 

SUBSTANCES LACKING CHRONIC TOXICITY DATA 

Several of th2 explosives and associated co-contaminants addre~sed in the 

data-base assessments have limited toxicological data. This presents a 

problem in situations where decisions need to be made regarding 11 Safe 11 levels 

of those substances in soils, water, etc. Normally, a safe intake level or 

acceptable daily intake <AOU is calculated from a no-observed-effect-level 

(NOEL) defined in a chronic toxicity study conducted with laboratory animals . 

A safety or uncertainty factor is used to adjust the NOEL intake rate 

(mg-kg/d) to a safe intake for humans, that is, 

ADI NOEL 
= """SF 

(0-1) 

Often the only type of toxiological data on a substance is an oral LDSO '') 

(i.e., the median lethal dose to a population of laboratory animals). To 

determine whether this parameter caul d be used to derive 1 ower-bound ( LB) 

estimates of the chronic NOEL's of organic chemicals, -.;e statistically 

analyzld the ratios of chronic NOEL's to oral LOSO's for sets of organic 

chemicals administered to different test species (i.e., rat, mouse, guinea 

pig, cat, dog, rabbit, hamste1, and monkey) <see Layton et ~·, 1987). Based 

on our statistical analyses, the NOEL (mg/kg-d)/LOSO (mg/kg) ratios 

representing the 5th cumulative percentile of lognormal distributions ranged 

from approx1mettely 5 x lQ-4 to 1 x lQ-3 d-1. The ratios were then used to 

estimate a LB-AOl from 

R(p) x LDSO (oral) 
L 8-AD I = ~;.;...._.;..;.,S::-::F;-::-.:;-;;...__;:...::..;_;:;...;__:_ (0-2) 

where R (p) is a NOEL/LDSO ratio that corresponds to a specific cumulative 

percentile value p on a lognormal distribution. Hith a safety factor of 100, ·~ 

the resulting application factors for estimating a LB-ADI <see Eq. D-2) 

347 



from an oral LD50 range from 5 x to-6 to 1 x lo-5 d-1. For the purposes of 

our data-base assessments, we have used a value of l x to-5 d-1, which will 

yield LB-ADI values that hava a high probability (-951) of being below an ADI 

based on a chronic NOEL--if one were available in the literature. 
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