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I. Introduction 

Nitroaromatic compounds, including 2,4,6-trinitrotoluene (TNT), RDX, HMX, tetryl, and associated 

byproducts and degradation products were released to the environment during manufacturing and 

load, assembly, and pack (LAP) processes at US Army Ammunition Plants (AAPs) and other military 

facilities. As a result of the release of these nitroaromatic compounds into the environment, many 

AAPs have been placed on the National Priorities List for Superfund cleanup (Fed Reg 60:20330). 

Many of these sites cover a wide expanse of relatively undisturbed land and provide diverse habitats 

that support a variety of aquatic and terrestrial species. Nitroaromatics are potentially toxic to the 

indigenous species at these sites and present a significant concern for site remediation. Table 1 

presents an overview of ranges of detected concentrations of the nitroaromatic compounds in 

groundwater, surface water, sediment, and soil at military and manufacturing sites. In addition to sites 

described in the text, the US Army Installation Restoration Data Management Information System lists 

soil concentrations at many sites. These values are also listed in Table 1. 

Presently no scheme exists for evaluating the potential hazards to aquatic organisms and 

terrestrial wildlife from munitions chemicals commonly found in water and soil at these sites. To 

determine if concentrations at a site might be harmful to the indigenous species, the maximum 

measured media-specific concentration can be compared to a criterion or screening benchmark. The 

criterion or benchmark is a concentration that should not result in adverse ecological effects to the 

populations of indigenous species. For some media, e.g., surface water and sediment, US 

Environmental Protection Agency (USEPA) methods are available for developing water quality 

criteria or screening benchmarks. For mammalian species, lowest-observed-adverse-effect levels 

(LOAELs) or no-observed-adverse-effect levels (NOAELs) for food and water can be calculated in the 

same manner that these levels are set for humans. For terrestrial plants and soil invertebrates and 

microbes, lowest- or no-observed-effect concentrations (LOECs or NOECs) can be determined from 

the available data. 

The USEPA refers to media-specific benchmark values to be used for screening purposes at 

Superfund sites as Ecotox Thresholds (USEPA 1996). Ecotox Thresholds are defined as contaminant 

concentrations above which there is sufficient concern regarding adverse ecological effects to warrant 

further site investigations. For surface water and sediment the preferred respective Ecotox Thresholds 

are the chronic Ambient Water Quality Criteria (WQC) and the Sediment Quality Criteria (SQC) 

based on Equilibrium Partitioning (EqP). The criteria and screening benchmarks presented here can 
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be considered Ecotox Thresholds. Suter and Tsao (1996) suggest that acute and chronic ambient WQC 

can be used as upper and lower screening benchmarks, respectively. Exceedance of an upper 

screening benchmark indicates that a contaminant is of concern; exceedance of a lower screening 

benchmark indicates the need for further assessment. 

This review presents a summary and analysis of available data on eight nitroaromatic 

compounds including environmental concentrations, environmental fate and transport processes, and 

ecotoxicity and bioaccumulation for aquatic and terrestrial biota. For those groups of organisms for 

which there are sufficient data, ecological criteria and screening benchmarks were developed. These 

criteria and screening benchmarks were developed by staff at Oak Ridge National Laboratory (ORNL) 

under a project jointly sponsored by the US Army and the USEPA. The methodologies for 

development of the screening criteria and benchmarks are discussed on the following pages. 

A. Calculation of Aquatic Criteria/Screening Benchmarks 

Numerical National Ambient WQC, developed by the USEPA's Office of Water, may be used as 

screening benchmarks for freshwater organisms. Although WQC have not been calculated by USEPA 

for the munitions compounds discussed here, the methods established by USEPA can be applied to the 

available data on these compounds. 

1. Tier I Water Quality Criteria. Calculation of Tier I WQC for protection of aquatic organisms is 

based on USEPA guidelines (Stephan et al. 1985). Criteria are of two types, acute and chronic. The 

acute WQC or Criterion Maximum Concentration (CMC) is the highest 1-hr average concentration 

that should not result in unacceptable effects on aquatic organisms and their uses. The chronic WQC 

or Criterion Continuous Concentration (CCC) is the highest 4-d average concentration that should not 

cause unacceptable toxicity during a long-term exposure. These thresholds should not be exceeded 

more than once every 3 yr. Development of acute and chronic WQC requires results of eight acute 

toxicity tests and three chronic toxicity tests. For the acute WQC, acceptable acute toxicity test results 

must be available for eight different aquatic families: (1) Salmonidae, (2) a second family in the class 

Osteichthyes, (3) a third family in the phylum Chordata, (4) a planktonic crustacean, (5) a benthic 

crustacean, (6) an insect, (7) a family in a phylum other than Arthropoda, and (8) a family in any 

order of insect or any phylum not already represented. 

If these eight data requirements are met, a Final Acute Value (FAV) is calculated. Several 

steps are involved in calculating the FA V. First, for each species for which more than one acute value 
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is available, the Species Mean Acute Value (SMAV) should be calculated as the geometric mean of 

the values. For each genus for which one or more SMAVs are available, the Genus Mean Acute 

Value (GMAV) should be calculated as the geometric mean of the SMAVs. The GMAVs for each 

family are ordered from high to low with ranks, R, from 1 for the lowest to N for the highest 

assigned. The cumulative probability, P, for each GMAV is calculated as R/(N+l). The four 

GMA Vs that have cumulative probabilities closest to 0.05 are then selected. If there are less than 59 

GMAV, these will be the four lowest. Using the GMAV and P values, the FAY is calculated as 

follows: 

where 

L 

and 

A = S(J0.05) + L 

LE (In GMAV) - S( E ( JP))] 
4 

The CMC, which is one-half of the FAY, is the fifth percentile of the distribution of 48- to 96-hr 

LC50 values or equivalent effective concentration (EC50) values for each criterion chemical. The CMC 

is intended to correspond to concentrations that would cause less than 50% mortality in 5% of 

exposed populations in a brief exposure. 

Following calculation of the FA V, a Final Chronic Value (FCV) can be calculated in the same 

manner as the FAY or, if chronic tests are not available for eight families, the FCV can be calculated 

by dividing the FAY by the Final Acute/Chronic Ratio (FACR). In the latter case, for each Chronic 

Value (CV) for which at least one corresponding appropriate acute value is available, an acute/chronic 

ratio is calculated. The CV is the geometric mean of the highest concentration that did not cause an 

unacceptable effect (NOEC) and the lowest concentration that did cause an unacceptable adverse effect 
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(LOEC) in a chronic study. A minimum of three CVs are needed to derive the ratio. Tests should 

have been conducted under flow-through conditions (static tests may be used for daphnids) and 

concentrations should be measured rather than nominal. Chronic tests may be life-cycle, partial life­

cycle, or early life-stage. Acute and chronic tests should have been conducted in the same laboratory, 

but tests conducted in different laboratories may be used. For each species, the mean acute/chronic 

ratio is calculated as the geometric mean of all acute/chronic ratios for that species. If no major trend 

is apparent in the acute/chronic ratios and they are within a factor of 10, the FACR is calculated as 

the geometric mean of all species mean acute/chronic ratios. 

The Final Plant Value (FPV) is defined as the lowest result from a test with an important 

aquatic plant species in which the concentration of test material was measured and the endpoint was 

biologically important. The test should be of 96-hr duration with a species of algae or a chronic test 

with an aquatic vascular plant. Although test procedures with plants are not well developed, results of 

toxicity tests with plants usually indicate that criteria that protect aquatic animals and their uses will 

protect aquatic plants and their uses. 

The chronic WQC or CCC is the lowest of three values: the FCV, the FPV, and the Final 

Residue Value. The Final Residue Value is defined as the lowest of the residue values that are 

obtained by dividing maximum permissible tissue concentrations, defined as either (a) a Food and 

Drug Administration action level or (b) the maximum acceptable dietary intake derived from a 

chronic wildlife study, by appropriate bioconcentration or bioaccumulation factors. No Final Residue 

Values are available for the munitions compounds. The few experimental bioconcentration studies for 

nitroaromatic munitions compounds suggest that these compounds do not bioconcentrate. Action levels 

were not considered here as they pertain to human consumption of aquatic organisms, and all 

screening benchmarks are based on ecotoxicity. The FA V and the FPV are presented here as stand 

alone values. Screening benchmarks for food or water intake for wildlife species were calculated 

separately. Therefore, the FCV as calculated here may be considered the same as the chronic WQC 

or CCC which is the preferred US EPA Ecotox Threshold for surface water. 

2. Tier II Water Quality Criteria. If Tier I WQC have not been derived by USEPA or if toxicity data 

are insufficient to derive Tier I acute and chronic WQC for protection of aquatic organisms according 

to the methods of Stephan et al. (1985), the USEPA's Proposed Water Quality Guidance for the 

Great Lakes System (USEPA 1993a) presents a method for derivation of benchmarks (analogous to 
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the CMC and CCC) with fewer data points than the number required for Tier I. These guidance 

values are referred to as Secondary or Tier II values. 

Tier II methodology uses adjustment factors termed Secondary Acute Factors (SAFs) to 

calculate Tier II values. The Secondary Acute Value (SA V), analogous to the Tier I FA V, is 

calculated by dividing the lowest Genus Mean Acute Value (GMAV) in the data base by the SAF (the 

data base must contain a GMAV for a species of daphnid). USEPA (1993a) lists SAFs for use in Tier 

II calculations; these SAFs are based on the number of satisfied data requirements for Tier I 

calculations (Table 2). The Secondary Maximum Concentration (SMC), analogous to the acute WQC, 

is one-half of the SA V. 

Following calculation of the SA V, a Secondary Chronic Value (SCV), analogous to the Tier I 

FCV, can be calculated depending on the availability of data. If data on eight species are not 

available, acute/chronic ratios (ACR) for the species of interest can be calculated. The geometric 

mean of the ACRs is designated the Secondary Acute/Chronic Ratio (SACR). The SCV is the SAY 

divided by the SACR. 

3. Lowest Chronic Values. For some of the chemicals listed in USEPA's WQC summary (USEPA 

1986), data were insufficient to calculate Tier I or Tier II values. For those chemicals for which there 

is not enough data to calculate a criterion but for which at least one chronic value is available, the 

LOEC for a species of daphnid or fish is listed. For comparison purposes, lowest chronic values for 

the munitions compounds are listed along with screening benchmarks in this review. 

4. Sediment Quality Benchmarks. There are many different approaches to the development of safe 

values for contaminants in sediments of which three- the measurement of interstitial (pore) water, 

spiked sediment toxicity tests, and Equilibrium Partitioning (EqP) - have been recommended (Jones et 

al. 1996). For the nonionic organic chemicals presented here, the EqP approach (Di Toro et al. 1991, 

USEPA 1993b) was used to develop sediment benchmarks. These values are called Sediment Quality 

Criteria (SQC), but because they have not been approved by the USEPA's Science Advisory Board 

and they incorporate Tier II values as described above, they will be referred to as Sediment Quality 

Benchmarks (SQB). 

The basic assumptions, methodology, and uncertainties in the EqP method are outlined in Di 

Toro et al. (1991) and USEPA (1993b). The basic calculation uses the chronic FCV (a concentration 

deemed safe for aquatic organisms) together with correction factors for the effects of organic carbon, 
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the predominant phase for sorption of hydrophobic chemicals. The procedure is as follows. The SQB 

is computed using the WQC FCV (or SCV if a FCV cannot be calculated) (in mg/L) and the partition 

coefficient KP (in Llkg sediment) between water and sediment. 

SQB = KP x FCV 

The partition coefficient is the ratio of the sediment concentration, C,, to pore water concentration, 

Cd. The sorption capacity of the sediment is determined by the mass fraction of organic carbon in the 

sediment ifoe) and is given by 

~ = !::, = foe X Koe 
cd 

where Koe is the partition coefficient for sediment organic carbon. The relationship applies to 

sediments with foe > 0.2% by weight. If the~ is not available, USEPA (1993b) recommends using a 

reliably measured or calculated octanol!water partition coefficient, Kow• to estimate the ~- The Koe 

may be estimated from the Kow for the chemical using the following equation (Di Toro 1985). 

log10(Koe) = 0.00028 + 0.983 log10(K0 w) 

Therefore, the SQB becomes 

SQB =foe X Kac X FCV 

This equation is linear in the organic carbon fraction, lao and the relationship can be expressed as 

If the organic carbon-normalized SQB, SQBoe, is defined as SQB/foe, then 

SQBoe = ~ X FCV 

Normalization to a sediment organic carbon content (SQBac) as recommended by USEPA is 

more useful than a SQB based on dry weight in that it allows comparison among sites when the foe in 

sediment at a particular site is known. In order to compare the SQBac to dry weight concentrations at 

a particular site, the dry weight concentration and the organic carbon concentration at the site must be 

known. The conversion is: mg chemicallkgoe = (mg chemical dry weight x 100)/foe· The organic carbon 

normalized concentration can then be compared with the SQBoe. 

B. Calculation of Terrestrial Screening Benchmarks 

1. Mammals. The general method used by ORNL in estimating screening benchmarks for wildlife is 

based on USEPA methodology for deriving human toxicity values (e.g., Reference Values, 

Reportable Quantities, and unit risks for carcinogenicity) from laboratory animal data (Sample et al. 
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1996). In the same manner that safe doses of contaminants for humans are based on studies using 

laboratory animals, reference doses or screening benchmarks for wildlife may be calculated by 

extrapolation among mammalian species. Screening benchmarks are safe exposure levels (NOAELs) 

for environmental media (food and water intake) for wildlife. In this approach a NOAEL for 

population-related effects (e.g., survival, reproductive function) is identified from a study conducted 

with a species of wildlife or laboratory animals, and the equivalent NOAEL for other species of 

wildlife (wildlife NOAEL) is obtained by scaling the test data (test NOAEL) on the basis of 

differences in body size according to the following equation (USEPA 1995a): 

[ 
test bw J 114 

Wildlife NOAEL = test NOAEL x 
wildlife bw 

where: wildlife bw = body weight of wildlife species in kg 

test bw = body weight of test species in kg 

test NOAEL = experimental dose in mg/kg/d 

The methodology for derivation of NOAELs is as follows. In cases where only a LOAEL is 

available, the NOAEL is estimated as being equivalent to 1/lOth of the LOAEL. If the only available 

data are a NOAEL (or a LOAEL) for a subchronic exposure (approximately 3 mon to 1 yr), then the 

equivalent NOAEL or LOAEL for a chronic exposure is estimated as being 1/lOth of the value for 

the subchronic exposure. The screening benchmarks for wildlife derived here are conservative as they 

are based on NOAELS. For a baseline risk assessment, LOAELs may be more appropriate and may 

be derived in the same manner. 

The dietary screening benchmark (Cf, the chemical concentration in food in mg/kg) that 

would result in a dose equivalent to the NOAEL (assuming no other exposure through other 

environmental media) is calculated from the food factor f, the amount of food consumed/unit bw/d: 

Cf = Wildlife NOAEL 

f 

Food factors for the species of wildlife used in the calculations are shown in Table 3; data sources are 

given in Sample et al. (1996). 

The drinking water screening benchmark (Cw, concentration of the chemical in mg/L) that 

would result in a dose equivalent to the NOAEL (assuming no other exposure through other 

environmental media) is calculated from the water factor w, the amount of water consumed/unit bw/d: 

Water factors for the wildlife used in the calculations are listed in Table 3. 
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Cw 
Wildlife NOAEL 

w 

If a species (such as mink) feeds primarily on aquatic organisms, and the concentration of the 

contaminant in the food is proportional to the concentration in the water, then the wildlife NOAEL 

and body weight, its food intake rate (F, in kg/d) and water intake rate (W, in Lid), and the aquatic 

life bioaccumulation factor (BAF) can be used to derive an overall Cw that incorporates both water 

and food consumption: 

NOAEL x bw 
Cw w w 

w + (F X BAF) 

The BAF is the ratio of the concentration of the contaminant in tissue (mg/kg) to its 

concentration in water (mg/L), where the organism and the prey are exposed. The BAF can be 

predicted by multiplying the bioconcentration factor (BCF), by the appropriate food chain multiplying 

factor (FCM). 

BAF = BCF x FCM 

The FCM is a function of the log Kow of the contaminant and the prey trophic level. Because 

mink feed on small fish, the FCM for trophic level 3 is used in the calculation. All of the munitions 

chemicals discussed in this review have Kow of ~ 3. 9. The FCM for all trophic levels for chemicals 

with Kow ~3.9 is 1.0 (USEPA 1993a). 

The BCF can be estimated from the log Kow for the chemical by the equation given in Lyman 

et al. (1982): 

log BCF = 0.76 log Kow - 0.23 

For chemicals with sufficient data, screening benchmarks were calculated for seven wildlife 

species. These species - shorttail shrew, white-footed mouse, meadow vole, cottontail rabbit, mink, 

red fox, and whitetail deer- represent species found throughout the US. Body weights for selected 

wildlife species are given in Table 3; data sources are listed in Sample et al. (1996). 

2. Plants. In the absence of criteria for terrestrial plants, LOEC values from the literature can be 

used to screen chemicals of potential concern for phytotoxicity (Will and Suter 1995a). These LOECs 

described herein are based on growth and yield parameters, in particular, a 20% reduction in growth 
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or yield was used as a level of significant effects for the screening benchmarks. Thus, the LOEC is 

the lowest applied concentration of a chemical that gave approximately a 20% reduction in the 

measured response. In some cases, only NOECs or thresholds are reported in the reviewed studies. 

Benchmarks are based on responses in both soil and soil solutions. 

3. Soil Invertebrates. According to the method of Will and Suter (1995b), a 20% reduction in 

growth, reproduction, or activity can be used as the threshold for significant effects on soil 

invertebrates. Where the data were available, screening benchmarks were established for both 

earthworms and other soil invertebrates. 

4. Soil Heterotrophic Processes. According to the method of Will and Suter (1995b), a 20% 

reduction in microbial activity can be used as a screening benchmark for microbial heterotrophs. 

Microbial processes include growth, respiration, and enzyme activities. 

C. Data Deficiencies 

1. Aquatic Data. For some of the compounds discussed here, only a few tests were available. Data 

deficiencies are due to (1) the chemical nature of the nitroaromatic munitions compounds and (2) lack 

of toxicity testing. The nitroaromatic munitions compounds are of low solubility and volatility and are 

stable in the absence of light and moisture. However, TNT, RDX, HMX, and tetryl are subject to 

photolysis during testing, especially in the presence of light necessary for some tests. Because TNT 

was not stable under static testing conditions and the products of photolysis were less toxic than the 

parent compound, results of static toxicity tests with TNT may be underestimates. Some of the 

compounds are also subject to hydrolysis, although at a slower rate than that for photolysis. Aquatic 

testing data were available for all chemicals except tetryl. 

With one exception, the screening benchmarks derived in this review were calculated 

according to Tier II guidelines, indicating the lack or inadequacy of studies needed for Tier I 

guidelines. Acute toxicity tests with eight species were found only for TNT. In most cases testing 

procedures followed those outlined in the USEPA guidelines. However, tests performed prior to 

guideline publication may deviate from the guideline procedures, e.g., the use of static tests instead of 

the prescribed flow-through tests. In a few cases, test results were either difficult to interpret due to 

inconsistent results or inappropriate for derivation of benchmarks. In spite of these data constrictions, 

the best and, in some cases only, available data were used to calculate the screening benchmarks. The 
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data used and exceptions to the testing protocol are noted in each section on calculations. Because 

some of the data do not meet USEPA data guidelines, these screening benchmarks should be 

considered best estimates based on the available data. 

The EqP approach was utilized to calculate screening benchmarks for sediment-associated 

organisms. This method is not applicable to compounds such as 3,5-dinitroaniline (DNA) and 2-

amino-4,6-dinitrotoluene (2-ADNT) that may ionize under environmental conditions. An alternate 

approach must be used for these compounds. The data deficiencies in the aquatic tests are applicable 

to the sediment benchmarks as the sediment benchmarks are based on the FCV or SCV. 

2. Terrestrial Data. Oral toxicity testing data utilizing mammalian laboratory species were located 

for all chemicals except DNA and 2-ADNT. In most cases multiple subchronic or chronic studies 

with consistent endpoints and toxicity values were located. No subchronic or chronic feeding studies 

were found for avian species. 

Data on terrestrial plant LOECs were found for four of the eight chemicals: TNT, 2-ADNT, 

RDX, and tetryl. Data on the toxicity of the munitions compounds to soil invertebrates and soil 

heterotrophic processes were sparse. 
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II. 2,4,6-Trinitrotoluene 

2,4,6-Trinitrotoluene (TNT) is a military-unique compound produced at munition production sites. 

TNT was produced and used extensively in explosives during World Wars I and II. It has found wide 

application as a high explosive in shells, bombs, grenades, demolition explosives, and propellant 

compositions (Army 1967). TNT is relatively insensitive to shock and must be exploded by a 

detonator. Small amounts may be used in industrial explosive applications and as a chemical 

intermediate in the manufacture of dyestuffs and photographic chemicals (ATSDR 1995a). General 

chemical and physical properties are presented in Table 4. 

TNT is manufactured by a continuous process in which nitric acid and oleum are used to 

nitrate toluene in six to eight stages. The crude TNT is purified with aqueous sodium sulfite (sellite). 

Impurities, representing approximately 3% of the final product, include the unsymmetrical isomers of 

TNT, dinitrotoluene isomers, and oxidation products (Small and Rosenblatt 1974, Ryon et al. 1984). 

A. Environmental Fate 

1. Sources and Occurrences. TNT is released to the environment from munitions production and 

processing facilities. It has been identified at 19 National Priorities List sites across the US (ATSDR 

1995a); these include AAPs as well as LAP plants. During World War II, five AAPs and 25 LAP 

plants were active. TNT is also present in the environment as a result of decommissioning activities 

and through field use and disposal practices such as open burning. TNT has been found in 

environmental media only in the vicinity of such sites. 

Air. A low vapor pressure, 1.99 x 104 mm Hg at 20oc (HSDB 1995a), indicates a low potential to 

enter the atmosphere. Nitroaromatics associated with munitions manufacture and processing have 

generally not been detected in atmospheric monitoring studies (Howard et al. 1976). 

Surface and Groundwater. Reported levels in production and processing facility effluents vary. 

Because of color changes when exposed to sunlight, effluents from production and processing 

facilities are referred to as red or pink water. Spanggord and coworkers (1982a) characterized 

wastewaters resulting from the production and purification of TNT. They reported that concentrations 

of 0.10-3.40 mg/L occurred in 20% of condensate wastewater from plants using the sellite 

manufacturing process. Concentrations in a lagoon receiving pink water ranged from 774-998 J.Lg/L 
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(Triegel et al. 1983); concentrations in pink water effluents from LAP plants ranged from 1-178 mg/L 

(Patterson et al. 1977). Concentrations in untreated waste water at the Radford AAP, Virginia, ranged 

from 101 to 143 mg/L (Nay et al. 1972) and up to 120 mg/L at several manufacturing plants 

(Freeman and Colitti, 1982; Andren et al. 1977). Concentrations in aqueous samples collected onsite 

at the Joliet AAP (Illinois) ranged from < 0.2 (J.g/L (the detection limit) to 1.0 mg/L, the latter in an 

open wastewater channel (Jerger et al. 1976). Sediment concentrations ranged from < 1 mg/kg to 

44,200 mg/kg (air dry weight) in a red water pond at the same site. Respective concentrations were 

lower at the Burlington, Iowa AAP. There, sediment concentrations below an inactive lagoon were as 

high as 300 mg/kg (Sanocki et al. 1976). At the Lone Star AAP, Texas, sludge from below pink 

water settling ponds contained up to 50,000 mg/kg (Phung and Bulot 1981). Concentrations in on-site 

streams at the Iowa AAP ranged up to 29 (J.g/L while average concentrations in stream sediment cores 

ranged up to Ill mg/kg (Sanocki et al. 1976). 

Runoff and leaching from lagoons and storage and disposal areas may contaminate surface and 

groundwater. However, concentrations downstream of discharge points rapidly decrease due to 

dilution and photolysis (Spanggord et al. 1980b). TNT has been found in groundwater collected at 

several munitions facilities. Concentrations up to 350 (J.g/L were measured in groundwater offsite at 

the Cornhusker AAP near Grand Island, Nebraska (Spalding and Fulton 1988). TNT concentrations 

of 320 (J.g/L (61 m downgradient) and 1 (J.g/L (326m downgradient) were measured in groundwater 

samples at the Hawthorne Naval Ammunition Depot, Nevada (Goerlitz and Franks 1989). TNT was 

not detected in ocean waters near ocean dumping sites for waste munitions (Hoffsommer and Rosen, 

1972) nor in ocean floor sediments near dumping sites (Hoffsommer et al. 1972). 

Soils. Detectable concentrations of TNT in soil at the Alabama AAP (Talladega County) ranged from 

< 0.4 to 2. 3 mg/kg (Rosenblatt and Small 1981). Areas sampled included a smokeless powder 

manufacturing area, magazine area, flashing ground, and an aniline sludge basin. At the Joliet AAP, 

soil concentrations ranged from less than the limit of detection to 87,000 mg/kg, with highest 

concentrations next to a LAP area (Phillips et al. 1994, Simini et al. 1995). At the Department of 

Energy's Weldon Springs site in St. Charles County, Missouri, TNT was detected in surface soil 

samples at an average concentration of 13,000 mg/kg (Haroun et al. 1990). At the West Virginia 

Ordinance Works, TNT and other nitroaromatics have been detected in soil at concentrations up to 

40,000 mg/kg at burning sites (Kraus et al. 1985). At the Lone Star AAP, Texas, surface soil samples 

at 0.2-0.6 m depth contained 19 mg/kg (Phung and Bulot, 1981). In a survey of TNT and 
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transformation products in a limited number of soil samples collected at AAP, depots, and arsenals, 

the following concentrations (air-dried weight) of TNT were found: Nebraska Ordnance Works, 0.12-

20,600 mg/kg; Umatilla Depot, Oregon, 131-38,600 mg/kg; Newport, Indiana, 0.4 mg/kg; Weldon 

Springs Training Area, Missouri, 0.12-13,400 mg/kg; Iowa AAP, 0.63-15,400 mg/kg; Raritan 

Arsenal, New Jersey, 1.19-745 mg/kg; Hawthorne AAP, Nevada, 4.4-13,900; Hastings East Park, 

Nebraska, 0.12-10.6 mg/kg; Milan, Tennessee, 1.1-35 mg/kg; Louisiana AAP, 12.4-14.8; VIGO 

Chemical Plant, Indiana, 0.56-7.61; Chickasaw Ordnance Works, Tennessee, 0.12; Sangamon 

Ordnance Plant, Illinois, 103 mg/kg; Lexington-Bluegrass Depot, Kentucky, 5.90 mg/kg; Eagle River 

Flats, Alaska, 0.12-115 mg/kg and Camp Shelby, Missouri, not detected (Walsh and Jenkins 1992). 

Four soil samples taken from the Naval Surface Warfare Center, Crane, Indiana, contained 

concentrations ranging from 0.12 to 2.3 mg/kg (dry weight) (Grant et al. 1995). The US Army 

Installation Restoration Data Management Information System records concentrations up to 711,000 

mg/kg at an unidentified site. 

2. Transport and Transformation Processes 

Abiotic Processes. No information on the transformation of TNT in air was found. TNT in the 

atmosphere should undergo direct photolysis as it does in surface water. Based on the rate of 

photolysis in distilled water, the estimated photolytic half-life in the atmosphere would range from 3. 7 

to 11.3 hr (Howard et al. 1991). Based on the estimated rate constant for reaction with hydroxyl 

radicals in the atmosphere, the photooxidation half-life would range from 18.4 to 184 d (Howard et 

al. 1991). 

Photolysis is the primary environmental transformation process in water. Laboratory studies 

of TNT photodecomposition in water indicate that decomposition occurs much more rapidly in 

sunlight than in darkness and the rate is accelerated by the presence of degradation products. In 

natural waters, the rate of photolysis is accelerated by the presence of natural substances (Spanggord 

et al. 1980b; Mabey et al. 1983). In laboratory studies, TNT photolyzed rapidly in natural water, 

with half-lives of 0.5 to 22 hr; in field studies, the compound rapidly declined within a short distance 

of discharge points. 

Photolysis results in the formation of pink water which is rich in nitro compounds. Numerous 

degradation products of TNT have been identified in pink water. Burlinson (1980) proposed a 

mechanism for photodecomposition of TNT; the major transformation products in natural water are 

1 ,3 ,5-trinitrobenzene, 4,6-dinitroanthranil, 2,4,6-trinitrobenzaldehyde, 2 ,4,6-trinitrobenzonitrile, and 
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2,4,6-trinitrobenzoic acid. In addition, a number of azo and azoxy derivatives formed by the coupling 

of nitroso and hydroxylamine products have been identified (Burlinson 1980, Jerger et al. 1976, 

Mabey et al. 1983, Spanggord et al. 1980a). TNT may be more persistent in deep, quiescent waters 

where sunlight is attenuated. Hydrolysis and volatilization from water are not expected under 

environmental conditions (HSDB 1995a). TNT was stable in seawater for 108 d under neutral 

conditions, indicating stability against hydrolysis (Howard et al. 1976). A calculated Henry's Law 

constant of 4.57 x 10-7 atm-m3/mole at 20°C indicates extremely slow volatilization from water or 

moist soils (HSDB 1995a). Water solubility of TNT is 130 mg/L (Ryon 1987). 

Numerous studies have also investigated the fate of TNT in soil. Jenkins (1989) exposed 

TNT -containing soils from two AAPs to available sunlight as well as fluorescent lighting over a 

period of 10 d. The soils, which were spread in a thin layer, were stirred several times/d. After 10 d, 

a loss of 10% compared to samples maintained in the dark was measured. 

Spanggord et al. (1980a) reviewed studies on sorption of TNT on soils and sediments and 

found sorption values of 5.5 to 19.3. Partition coefficients or Kv {[J.Lg chemical in soil/g of soil]/[J.Lg 

chemical in water/g of water]) in the following studies range from 4 to 53, indicating little sorption 

(strongly adsorbed chemicals have KP values greater than 100). 

Soils from 13 AAPs were tested for adsorption and desorption of TNT (Pennington 1988a, 

Pennington and Patrick 1990). The soils were primarily silt loams, low in organic carbon content 

(0.3-3.6%). Both adsorption and desorption reached steady states within 2 hr. With the addition of 

320 J.Lg TNT I g of soil, adsorption percentages ranged from 7. 5 to 32% (24-1 02 J.Lgl g). Sequential 

desorption with water indicated that most of the TNT was desorbed after three sequential desorption 

cycles. The average percent of TNT desorbed was 88%, i.e. remaining adsorbed TNT averaged 12% 

(7. 7-23%, 2-24 J.Lglg). Adsorption was highest in a clay soil (32% initially and 23% following 

sequential desorption). The average Kv value was 4, but the values varied with soil type (range, 2-11). 

In another study, KP values of four aquatic sediments were 5.5, 14.3, 16.5, and 22.2 after 24 hr 

equilibrium time, also suggesting low sorption (Sikka et al. 1980). Slightly higher values were 

measured by Spanggord et al. (1980b); the average Kv of 5 sediments (average organic carbon 

content, 3.3%) from water bodies receiving munition wastewater discharges was 53 and the average 

Koc [(J.Lg adsorbed/g organic carbon)/(~-tglmL solution)] was 1600. Cataldo et al. (1989) found that the 

fraction of soil-sorbed 14C-labeled TNT/TNT metabolites increased with time. The amount of label 

not readily removed by exhaustive extraction increased from < 6% at time 0 to 50% after 60 d of 

incubation. 
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The transport of pink water compounds including TNT (70 mg/L) through columns of garden 

soil (6.5% organic matter content) amended with microbes from activated sludge and anaerobic sludge 

digest was studied by Greene et al. (1984). Pink water solutions were continuously pumped through 

the columns and effluent samples were collected weekly over a period of 110 d. Flow rates were 

varied and some columns were amended with glucose. Low recoveries in the leachate from most of 

the columns and the presence of metabolites indicated that TNT had either remained in the soil or 

been biotransformed. 

Checkai et al. (1993) collected intact soil-core columns from an uncontaminated area at the 

Milan AAP in order to study transport and transformation of munitions chemicals in site-specific 

soils. The soil was a Lexington silt loam with a 15-cm A horizon containing 16 g/kg organic matter 

and a B horizon extending from 15 to 69 em and containing 5 g/kg organic matter. A mixture of 

munitions simulating open burning/open detonation ash was added to the soil surface. Concentrations 

were 1000 mg/kg TNT, 1000 mg/kg 2,4-dinitrotoluene, and 400 mg/kg 2,6-dinitrotoluene. The 

columns were leached with simulated rainfall over a period of 32.5 wk; controlled tension was 

applied. Initially, half (5/10) of the treatment columns yielded leachates containing low concentrations 

of TNT (0.09-0.21 mg/L). By d 10, TNT was no longer detectable ( <0.09 mg/L). No transformation 

products were detectable in the leachates. Neither TNT nor its transformation products were found in 

the soil during the first sampling at 6.5 wk. 

In a field study, TNT was mixed with soil at a ratio of 111000, placed in open-ended tubes 

buried in the ground, and allowed to weather for 20 yr (DuBois and Baytos, 1991). A bacterium 

(Pseudomonas aeruginosa) added to the tubes survived less than 6 mon. The half-life of TNT under 

these conditions was estimated at 1 yr. 

Biotransformation. TNT is biodegraded in water, soil, sediment, and sludge by bacterial and fungal 

species under both aerobic and anaerobic conditions (Spanggord et al. 1980a); the process occurs 

more slowly than photolysis, with the estimated half-life ranging from 1-6 mon in surface waters 

(ATSDR 1995a). Transformation occurs faster under anaerobic conditions than under aerobic 

conditions (Preuss et al. 1993). Reduction of a nitro group is the first step in transformation. 

Spanggord et al. (1980b) demonstrated the degradation of TNT in natural waters collected 

below several AAPs. Degradation in water alone was slow, with half-lives of 19 to 25 d. Addition of 

organic nutrients or sediment accelerated the process. Studies with 14C-ring labeled TNT demonstrated 

that while the nitro groups were reduced, ring cleavage did not occur. The metabolites formed in 
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water, soil, or sediments include 2-amino-4,6-dinitrotoluene, 4-amino-2,6-dinitrotoluene, 

hydroxyaminodinitrotoluenes, 2 ,4-diamino-6-nitrotoluene, 2, 6-diamino-4-nitrotoluene, 2, 4, 6-

triaminotoluene, and tetranitroazotoluene compounds (Fig. 1) (Burlinson 1980, Carpenter et a!. 1978, 

Hoffsommer eta!. 1978, Jerger eta!. 1976, McCormick eta!. 1976, Parrish 1977, Spain 1995, 

Spanggord eta!. 1980b, Weitzel eta!. 1975, Won eta!. 1974). The formation of azoxy compounds 

probably results from the condensation of hydroxylamino and C-nitroso compounds. Although 

complete mineralization did not occur in most of the above studies, ring degradation of 14C-ring­

labeled TNT was reported under special conditions. For example, it occurred in tests using the white­

rot fungus, Phanerochaete chrysosporium (Fernando et a!. 1990), under carefully controlled anaerobic 

conditions (Funk et a!. 1993), and following removal of the nitro groups (Marvin-Sikkema and de 

Bout, 1994). Under anaerobic conditions, 2,4,6-trihydroxytoluene and p-hydroxytoluene, and several 

unidentified intermediates were present (Funk et a!. 1993). Phloroglucinol and pyrogallol were 

reported as products of 2,4-diamino-6-nitrotoluene degradation under aerobic conditions (Naumova et 

a!. 1988). 

Cataldo et a!. (1989) amended various soils with unlabeled or 14C-labeled-TNT and isolated 

the degradation products. The soils ranged from sandy to silt loams with organic carbon contents of 

0.5 to 7.2%. The isomers 2-amino-4,6-dinitrotoluene and 4-amino-2,6-dinitrotoluene (as determined 

by HPLC and mass spectrometry) appeared almost immediately in the soil and increased dramatically 

by d 10. After 60 d of incubation the two isomers accounted for > 80% of the TNT-derived activity 

in two of the soils. Similar, but slower transformation occurred in radiation sterilized soils, indicating 

that abiotic processes may account for some or all of the transformation. The 4-amino-2,6-

dinitrotoluene isomer was present at nearly twice the abundance of the 2-amino-4,6-dinitrotoluene 

isomer (Harvey eta!. 1990). In Palouse soil, 4% of the TNT was oxidized to 14C02 . 

B. Aquatic Toxicology 

1. Invertebrates and Fish - Acute Effects. Studies of the acute toxicity of TNT, conducted on five 

species of invertebrates and four species of fish are reported in Table 5. These tests typically lasted 

48 hr for invertebrates (except the rotifer) and 96 hr for fish; the reported endpoint was mortality 

(LC50 values). Test temperatures ranged from 20 to 25 oc except for studies with rainbow trout 

(10°C) or where the effect of temperature was determined. Median lethal concentrations for 

invertebrates ranged from > 4.4 mg/L to > 29 mg/L; for fish, LC50 values ranged from 0.8 mg/L to 

3. 7 mg/L. Pederson (1970) and Liu et a!. ( 1983b) found that the acute toxicity of TNT was only 
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minimally affected by water temperature, hardness, and pH. Both acute and some chronic studies 

were complicated by the photochemical transformation of TNT and the resulting presence of 

degradation products. According to Liu et a!. (1983b), extensive photolysis of TNT reduced the 

toxicity of the resulting solutions to aquatic organisms. 

Smock eta!. (1976) reported a 96-hr EC50 of 0.46 mg/L for behavioral response of bluegill 

sunfish. Responses consisted of shock (gasping at the surface and lethargy) followed by loss of motor 

control. A concentration of 0.05 mg/L produced no behavioral response. 

Won et al. (1976) evaluated the acute toxicity of TNT to two saltwater species, a copepod, 

Tigriopus californicus, and oyster larvae, Crassostrea gigas. Groups of 100 copepods and 200 oyster 

larvae (average age 20 d) were incubated at 20ac for 72 and 96 hr, respectively, and evaluated for 

mortality. The lowest concentration resulting in death of copepods was 2. 5 mg/L ( 18% mortality); 

mortality was 44% at 5 mg/L. For oyster larvae, the 5 mg/L concentration resulted in no deaths, but 

the 10 mg/L concentration was toxic, resulting in a mortality of 82%. LC50 values were not 

computed. 

2. Invertebrates and Fish - Chronic Effects. Chronic tests, conducted with two species of 

invertebrates and three species of fish are reported in Table 6. The 48-hr test with rotifers (Snell and 

Moffat, 1992) can be considered a chronic test because several generations were produced within the 

time period. Although EPA-recommended flow-through conditions were not used in the study with 

rotifers, incubation occurred in the dark, limiting the photolysis of TNT. The lowest concentration 

that statistically significantly affected reproduction of the rotifer over a period of 48 hr was 5.0 mg/L. 

However, the EC50 for reproduction estimated from a linear regression was 4.0 mg/L. 

In a 28-d study, Daphnia magna was tolerant of TNT concentrations of :S;0.48 mg/L. Using 

flow-through conditions, Bailey et a!. (1985) tested the chronic effects of TNT at concentrations of 0, 

0.03, 0.08, 0.24, 0.48, and 1.03 mg/L on D. magna. Daphnids were observed for mortality, 

reproductive success at 14, 21, and 28 d, onset of reproduction, and body length of young. These 

concentrations had no effect on cumulative mortality, time to first brood, or length. Significant 

decreases occurred in the number of young produced at d 14 and 21 at the 1.03 mg/L concentration 

in one series, but not by d 28. The authors considered this a transitory effect, but because average 

daphnid survival in the environment is less than 28 d, they felt that the impaired reproduction could 

have biological significance and thus considered this an effect level. The no-effect level was 0.48 

mg/L. 
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Bailey et al. (1985) investigated the effects of TNT on early life stages of channel catfish, 

rainbow trout, and fathead minnows. In 30- or 60-d studies, the lowest effective concentration was 

0.24 mg/L, which resulted in decreased survival of rainbow trout fry at 60 d. However, in a two­

generation study, a concentration as low as 0.04 mg/L decreased several reproductive parameters of 

F0 fathead minnows. Groups of channel catfish eggs were exposed in duplicate flow-through chambers 

to concentrations ofO.O, 0.11, 0.15, 0.30, 0.66, or 1.35 mg/L; the temperature was 25°C and the 

photoperiod was 16 hr light:8 hr dark. Following hatch, the fry were exposed in the chambers for a 

30-d period. Groups of 30 eggs of fathead minnows were exposed under similar conditions (with a 

variable photoperiod) to concentrations of 0.0, 0.07, 0.10, 0.16, 0.42, or 0.84 mg/L for a total of 30 

d. Fry length was additionally measured. Groups of 60 eggs of rainbow trout were exposed at 12 oc 
to concentrations of 0.0, 0.07, 0.12, 0.21, 0.49, or 0.93 mg/L (through 30 d post hatch) or 

concentrations of 0.0, 0.02, 0.04, 0.13, 0.24, 0.50, 0.87, or 1.69 mg/L (through 60 d post hatch). 

Fry were weighed and observed for deformities in the second test. 

Concentrations of :$; 1.35 mg/L had no effect on percent hatch of eggs or survival of channel 

catfish fry over a 30-d period. In tests with rainbow trout, hatch was decreased at 0.93 mg/L in the 

first test, but in the second test, hatch was not affected by concentrations of :$; 1.69 mg/L. 

Concentrations resulting in reduced survival and decreased length and weight were 0.24 and 0.50 

mg/L, respectively. There was no increase in deformities at the tested concentrations. 

Although percent hatch of fathead minnow eggs was not affected by concentrations :$;0.84 

mg/L, fry survival was reduced at 30 d for the 0.84 mg/L treatment concentration (50% for controls 

vs 32% for treated group) and fry length was reduced in one of the two duplicate chambers at 0.84 

mg/L. Statistical analyses were not performed. In comparing the 30-d studies, rainbow trout and 

fathead minnows appear more sensitive to TNT exposure than channel catfish. 

Bailey et al. (1985) also studied effects of chronic exposure of fathead minnows to 

concentrations of 0.00, 0.04, 0.10, 0.25, 0.56, or 1.21 mg/L of TNT over two generations. The F1 

generation was observed for 30 or 60 d post hatch under test conditions. F0 and F1 egg and fry 

survival, length, deformities and F0 fertility indices were determined. Most reproductive parameters 

of breeding pairs that developed from the F0 eggs were adversely affected at all concentrations. The 

overall effect on reproduction was due to reductions in survival of breeding pairs and frequency of 

spawns per pair. Total survivability and total productivity indices indicated that TNT had a deleterious 

effect on fathead minnows at all concentrations. 

Incipient LC50 values, the concentration above which 50% of organisms cannot survive 
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indefinitely, were determined for several aquatic species (Liu et al. 1983b). The tests were conducted 

under flow-through conditions for various periods of time. Incipient LC50 values and exposure time in 

hr (in parentheses) were: D. magna, 0.19 mg/L (192); L. variegatus, 13.9 mg/L (336); L. 

macrochirus, 1.4 mg/L (312); 0. mykiss, 1.9 mg/L (240); /. punctatus, 1.6 mg/L (288), and P. 

pro me las, 1. 5 mg/L (384). These values for lethality are higher than for the longer-term studies in 

which reproduction was the endpoint. 

3. Plants. Short-term and chronic tests using growth parameters as the endpoint were conducted with 

several species of algae and an aquatic vascular plant (Table 7). As noted by some of the authors, the 

light necessary for plant growth in these static tests resulted in photolysis of the TNT. Fitzgerald et 

al. (1952) exposed cultures of the bluegreen algae, Microcystis aeruginosa, grown in 125-mL flasks at 

22°C to TNT for 24 hr. A concentration of 8 mg/L resulted in 100% mortality. Bringmann and 

Kuehn (1980) tested Scenedesmus quadricauda colonies for effects using the cell multiplication 

inhibition test. Colonies were exposed to a series of TNT concentrations for 16 hr at 27°C; effects 

were measured by comparing turbidimetric values expressed by the extinction of primary light of 

monochromatic radiation at 578 nm for a 10-mm thick layer. The "toxicity threshold" was 1.6 mg/L. 

In longer-term studies, Won et al. (1976) evaluated the toxicity of TNT to the green alga, 

Selenastrum capricornutum. Incubation was for 7 d and toxicity was evaluated in terms of dry weight 

and morphological alterations. A concentration of 2.5 mg/L significantly depressed growth (44% of 

controls) and produced a population of ballooned, extensively granulated cells. A chronic EC50 was 

not calculated. 

Smock et al. (1976) exposed cultures of S. capricornutum to concentrations of 0, 1, 3, 5, 7, 

or 9 mg/L for 17 d and cultures of M. aeruginosa to 0, 5, 10, 15, 25, or 50 mg/L for 15 d under 

static test conditions. Concentrations up to 3 mg/L had no effect on the growth of S. capricornutum. 

An initial decrease in growth occurred at concentrations ;;:::: 5 mg/L, but the effect disappeared by d. 

17. For M. aeruginosa, no effects on growth occurred up to a concentration of 15 mg/L, temporary 

decreases occurred at 25 mg/L, and growth was permanently retarded throughout the 15-d assay at 50 

mg/L. This result contrasts with that of Fitzgerald et al. (1952) who reported 100% mortality for M. 

aeruginosa at 8 mg/L. Smock et al. (1976) reported that TNT could no longer be measured in the test 

solutions after 7 d. 

Liu et al. (1983b) studied the effects of TNT on several species of algae: S. capricornutum, 

M. aeruginosa, Anabaenajlos-aquae (bluegreen algae), and Navicula pelliculosa (diatom) using the 
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USEPA bottle technique (static test). Effects were detected by measuring cell concentrations following 

exposure to a series of TNT concentrations for 14 d. Growth stimulation occurred at low 

concentrations. The lowest concentrations that inhibited growth were 4.1 mg/L for S. capricornutum 

and M. aeruginosa, 8.2 mg/L for A. flos-aquae, and 18 mg/L for N. pelliculosa. However, photolysis 

of the TNT, as indicated by the reddish-brown color of the solutions, made the results of these tests 

unreliable. In a more recent study, the 96-hr EC50 for growth of S. capricornutum was 1.1 mg/L 

(Sunahara et al. 1995). Details of the study were not given. 

Schott and Worthley (1974) exposed the aquatic vascular plant, Lemna perpusilla, to 

concentrations of TNT ranging from 0.01 to 50 mg/L for 11 d. A concentration of 0.5 mg/L had no 

effect on colony growth, whereas growth was depressed at 1.0 mg/L and death occurred at 

concentrations ;::;5.0 mg/L. A change in pH (6.3 or 8.5) did not affect toxicity. 

4. Metabolism and Bioconcentration. Studies on the metabolism of TNT by aquatic organisms were 

not located in the available literature. Calculated and measured log octanol-water partition coefficients 

(log Kow) values of 1.6-2. 7 (ATSDR 1995a) indicate a low potential for bioconcentration. 

The potential for TNT to bioconcentrate in aquatic species as determined by uptake of 14C­

labeled-TNT was evaluated by Liu et al. (1983a, 1983b). Tests were performed for 96 hr under static 

exposure conditions. The 4-d bioconcentration factor (BCF) was calculated by dividing the average 

amount of radioactivity in the biological samples by the amount in the test water; no corrections were 

made for metabolites. For intact organisms, the BCF ranged from 202 to 453 (Table 8). The authors 

felt that steady-state conditions were not achieved; thus, the values represent one point on the uptake 

curve. Because steady-state conditions were not reached and metabolic products were not considered, 

Liu et al. (1983a, 1983b) also calculated the potential to bioconcentrate in fish using a calculated log 

Kow (2.03) and the relationship between log Kow and the steady-state BCF developed by Veith et al. 

(1980). The calculated value BCF of 20.5 represents a low potential for bioconcentration. Although 

the implication of not reaching steady-state in the laboratory study would be empirical BCF values 

that are too low, it should be noted that the measured values are much higher than the modeled value. 

C. Aquatic Criteria and Screening Benchmarks 

1. Aquatic Organisms. Although the US EPA has not calculated numerical national WQC for TNT, 

sufficient data are available to do so according to the guidelines (Stephan et al. 1985). Data are 

sufficient for deriving both acute and chronic criteria. Acceptable acute toxicity test results were 
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available for eight different families: (1) Salmonidae (Oncorhynchus mykiss), (2) a second family in 

the class Osteichthyes (Lepomis macrochirus), (3) a third family in the phylum Chordata (lctalurus 

punctatus or Pimephales promelas), (4) a planktonic crustacean (D. magna), (5) a benthic crustacean 

(Hyallela azteca), (6) an insect (Tanytarsus dissimilis), (7) a family in a phylum other than 

Arthropoda (Lumbricus variegatus), and (8) a family in any order of insect or any phylum not already 

represented (Brachionus calycijlorus). 

Genus Mean Acute Values were calculated using results from both the static and flow-through 

tests in Table 5 as the values were very similar. The nine GMA Vs were ordered and the four lowest 

were assigned ranks (R) from the lowest to highest: rainbow trout, Rank 1; bluegill sunfish, Rank 2; 

channel catfish, Rank 3; and fathead minnow, Rank 4 (Table 9). The tests with bluegill sunfish 

conducted at lOaC were not included in the GMAV calculation. From these data a FAV was 

calculated. 

s = 2.75 

L = [L(ln GMAV) - S(L(yP))] = 

4 

A = S(J0.05) + L = 0.1250 

= 7.55 

-0.4893 

FAV = e 0
·
1250 1.1332 mg/L 

The CMC is one-half of the FAVor 0.57 mg/L. 

The FCV was calculated by dividing the FA V by the F ACR. Because data from chronic 

toxicity tests using eight families were not available, the chronic criterion was derived from three or 
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more acute/chronic ratios (ACR). Using the data in Tables 5 and 6, ACR were available for a rotifer, 

a daphnid, rainbow trout, and the fathead minnow (Table 10). The chronic values are geometric 

means of LOECs and NOECs. With the exception of the rotifer, all chronic tests were performed by 

the same investigator under flow-through conditions and several of the acute and chronic tests used to 

calculate ACR were performed by the same investigator. Because a lowest-effect concentration was 

not attained in the tests with the channel catfish, this species was not used. On the other hand, a clear 

no-effect concentration was not attained for the fathead minnow; but, in order to consider a sensitive 

species, the LOEC of 0.04 mg/L from the two-generation study was used in the calculations. The 

FACR is the geometric mean of 2.36, 16.6, 7.59, and 75.5 or 12.2. 

FCV = FAV = 1.13 = 0.093 mg/L 
FACR 12.2 

Three of the ACRs are within a factor of approximately 10 of each other; the ACR for the 

fathead minnow was higher than the other values, but was included to be conservative. The test with 

the fathead minnow was a full life-cycle test and indicates the sensitivity of fish reproduction and 

development to TNT. Thus, the lowest-chronic-effect value for fish (0.04 mg/L) may be a better 

screening benchmark than the FCV or chronic WQC and can be used until a no-effect value is 

established. Aquatic screening benchmarks are listed in Table 11. The LOEC of 1.0 mg/L for growth 

of S. capricornutum is also listed in Table 11. 

2. Sediment-Associated Organisms. No laboratory studies utilizing benthic organisms and sediments 

were located. In a survey of periphyton and benthic macroirivertebrate communities in streams at the 

Iowa AAP, no correlations could be made between aqueous and sediment levels of TNT and diversity 

indices (Sanocki, et al. 1976). Concentrations in on-site streams ranged up to 29 p.g/L while average 

concentrations in stream sediment cores ranged up to 111 mg/kg. Because no experimental studies 

were available, the SQB was calculated using the EqP approach. 

USEPA suggests using a reliable Kow for calculation of SQB using the EqP method. Because 

Kow values are available, a Koc can be calculated and a SQBoc can be determined. Measured and 

calculated log Kow values (Table 4) are within a small range of each other. The calculated log Kaw 

value of 2.03 (Liu et al. 1983a) is close to the geometric mean of the values. Using the relationship 

between Kow and Koc, i.e., (log10[Kocl = 0.00028 + 0.983 log10 [KowD, the Kocis 99. The FCV as 

calculated above is 0.093 mg/L. The organic carbon-normalized SQB, i.e., mg/kg organic carbon 

(mg/kgoc) is: 
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SQBoc = l<uc x FCV 

SQBOC = 99 Llkg X 0.093 mg/L = 9.2 mg/kgoc 

If an organic carbon content in the soil of 1 % is assumed, the SQ B 1% is calculated as: 

SQB,% = 0.01 x 99 Llkg x 0.093 mg/L = 0.09 mg/kg 

D. Terrestrial Toxicology 

1. Mammals. No subchronic or chronic studies on the toxicity of TNT utilizing mammalian wildlife 

were located. Laboratory studies utilizing laboratory animal species were summarized in the 

companion document to this one, Toxicity Summary for 2,4,6-Trinitrotoluene (Opresko, 1995a). In the 

first study, Dilley eta!. (1982) administered TNT to dogs, rats, and mice for 13 wk. Groups of 2 

male and 2 female beagle dogs were administered doses of 0, 0.2, 2.0, or 20 mg/kg/d in gelatin 

capsules. Additional treated groups were sacrificed at 4 wk and at 17 wk (following a 4-wk recovery 

period). The animals were observed once daily and weighed weekly and food consumption was 

measured daily. Prior to, during, and at sacrifice, blood samples were taken for hematology and 

clinical chemistry parameters. At sacrifice, major organs were weighed and tissues and organs were 

examined microscopically. 

Clinical signs and toxic symptoms appeared in dogs administered 20 mg/kg/d. In this group, 

clinical signs of loose stools, diarrhea, and orange-colored urine were observed. One moribund male 

was sacrificed at wk 12. At the 13-wk sacrifice, males had significantly lower body weights and 

significantly increased liver, adrenal, and spleen (accompanied by hemosiderosis) weights. Males and 

females in the high dose group had significantly decreased mean corpuscular hemoglobin 

concentrations and females in this group had a lower serum glutamic pyruvic transaminase level. 

Anemia was present during the treatment period. Effects were minor in dogs administered 2.0 

mg/kg/d. 

Groups of 5 male and 5 female Swiss-Webster mice were administered 0, 0.001, 0.005, 

0.025, or 0.125% TNT in their diet for 13 wk (Dilley eta!. 1982). The respective calculated doses 

were 1.56, 7.46, 35.7, and 193 mg/kg/d for males and 1.57, 8.06, 37.8, and 188 mg/kg/d for 

females. The protocol was the same as in the study with dogs above. Body weight gains were not 

affected by treatment. Spleens of mice of both sexes in the highest treatment group were enlarged 

(statistically significant) and enlargement was accompanied by hemosiderosis. Livers of male mice 

treated for 13 wk and allowed a 4-wk recovery period were enlarged and evidence of necrosis was 

present in 2/5 mice. Alterations in hematology values occurred at the 4-wk observation, primarily in 
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the high-dose treatment group, but the changes were not statistically significant at 13 wk. 

In the same study (Dilley et al. 1982), groups of 5 male and 5 female Sprague-Dawley rats 

were administered 0. 0.002, 0.01, 0.05, or 0.25% TNT in the diet for 13 wk. Doses calculated by 

the authors were: 0, 1.40, 6.97, 34.7, and 160 mg/kg/d for males and 0, 1.45, 7.41, 36.4, and 164 

mg/kg/d for females. Rats receiving the highest dose exhibited anemia, with reduced erythrocytes, 

hemoglobin, and hematocrit. Body weight gains for both sexes were significantly depressed in this 

treatment group; spleen weights were significantly increased and testes weights were significantly 
decreased compared with controls. Histopathological examinations revealed hemosiderosis of the 

spleen and atrophy of the testes. Testicular atrophy was still present in a group of male rats allowed a 

4-wk recovery period. 

Levine et al. (1981, 1984) conducted a 13-wk study in which groups of 10 male and 10 

female Fischer 344 rats were administered TNT (99% pure) in the diet at 0, 1, 5, 25, 125, or 300 

mg/kg/d. Thirty animals served as controls and received rodent chow alone. A significant reduction in 

weight gain occurred in animals receiving 125 and 300 mg/kg/d. At doses of ;;::: 25 mg/kg/d, food 

intake was reduced and hypercholesterolemia and anemia occurred. Enlarged spleens with congestion 

and hemosiderosis, enlarged livers with hepatocellular hypertrophy, testicular atrophy with 

degeneration of the seminiferous tubular epithelium, and slight increases in kidney weights with 

deposition of pigment were observed in rats receiving 125 or 300 mg/kg/d. Elevated methemoglobin 

levels and cerebellar lesions were observed only at the 300 mg/kg/d dose level. 

In a 6-mon study, groups of 6 male and 6 female beagle dogs were administered TNT by 

capsule at doses of 0, 0.5, 2, 8, or 32 mg/kg/d (Levine et al. 1990). Toxicologic endpoints included 

clinical signs, body weights, food consumption, clinical biochemistry, hematology, urinalyses, organ 

weights, and gross and tissue morphology. The high dose of 32 mg/kg/d was lethal to two female 

dogs. TNT was toxic to the liver as evidenced by hepatocytic cloudy swelling and hepatocytomegaly 

at all doses, with lesions at the 0.5 mg/kg/d dose being trace to mild. Hemolytic anemia, 

methemoglobinemia, and splenomegaly with accompanying histologic lesions were also observed. 

In the first chronic study, groups of 75 male and 75 female Fischer 344 rats were 

administered TNT in the diet at concentrations of 0.0, 0.4, 2, 10, or 50 mg/kg/d for up to 24 mon 

(Furedi et al. 1984a). Dose levels for this study were selected on the basis of results in the above 13-

wk study (Levine et al. 1981). Ten rats/sex/dose were sacrificed at 6 and 12 mon and surviving 

animals were sacrificed at 24 mon. Survival rates were not altered at 24 mon, but decreases in body 

weight occurred at 10 and 50 mg/kg/d. The major toxic effects observed at 24 mon were anemia with 
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secondary splenic lesions, hepatotoxicity, and urogenital lesions. Hyperplastic and/or neoplastic 

lesions of the liver, kidneys, and urinary bladder were also observed. These effects were seen at 

doses of 10 and 50 mg/kg/d. Some organ weights were increased, including testes weights, at the 

interim sacrifices but not at study termination. Splenic congestion, increased amounts of pigment 

deposition in the kidneys, and bone marrow fibrosis were observed at doses ~ 2 mg/kg/d. 

In the second chronic study, groups of 75 male and 75 female B6C3F1 mice were 

administered TNT in the diet at doses of 0.0, 1.5, 10, or 70 mg/kg/d for up to 24 mon (Furedi et al. 

1984b). Ten mice/sex/group were sacrificed at 6 and 12 mon. Survival rates were not altered at 24 

mon, although mice administered 10 and 70 mg/kg/d had reduced body weight gains. The major 

systemic effects were a mild anemia for both sexes receiving 70 mg/kg/d and probable hepatotoxicity 

as indicated by enzyme level changes. Leukemia and malignant lymphoma of the spleen were present 

in females receiving 70 mg/kg/d. Some organ weight changes were observed (e.g., liver and brain) 

but were not supported histologically. Testes weight and microscopic appearance were unaltered. 

2. Birds. No subchronic or chronic studies on TNT toxicity to birds were located. 

3. Plants. Tubers of yellow nutsedge (Cyperus esculentus) were germinated in hydroponic solutions 

containing 0, 5, 10, or 20 mg/L TNT (Palazzo and Leggett 1986). Solutions were replaced after 3 wk 

and plants were harvested after 42 d. Leaf and root growth were significantly reduced at all TNT 

concentrations compared to the control. At the 5 mg/L concentration, root growth (dry weight) was 

reduced by 95% compared with the control value (0.06 g compared with 1.18 g); root length (6 em) 

was 26% of the control value (23 em). Plant height was 18 em compared with the control value of 28 

em. Rhizome dry weight was affected at concentrations ~ 10 mg/L. Although tuber dry weights were 

greatly reduced compared to controls, the differences were not statistically significant. 

Thompson et al. (1997) studied the effects of TNT on tulip polar (Populus deltoides) 

transpiration. Prerooted cuttings were placed in hydroponic solutions containing 0, 1, 3, 5, 10, or 15 

mg TNT/L. The solutions were replenished every 1-2 d. At the 5 mg/L concentration, a decrease in 

growth as indicated by decreased biomass (following chlorotic symptoms and leaf abscission) was 

evident. Transpiration was affected at 7 d. The 1 mg/L concentration had no effect on growth or 

transpiration. The authors also reported on the effects of irrigation with a solution of 5 mg/L of TNT 

on transpiration of larger trees that were planted in sand. The larger trees showed a smaller decrease 

in transpiration than the laboratory-grown cuttings even though their daily TNT uptake rate was twice 
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that of the cuttings. 

Yell ow nutsedge was grown in pots containing either Tunica silt or Sharkey clay soils and 80 

f.Lglg (mg/kg, dry weight) of TNT (Pennington 1988a). Forty-five d after planting, plant yields of the 

treated plants from the two soils were higher than yields of controls, but the differences were not 

statistically significant. 

Phaseolus vulgaris (bean), Triticum aestivum (wheat), or Bromus mol/is (blando broom) were 

grown in pots with TNT at concentrations of 10, 30, or 60 ppm (mg/kg soil, dry weight) (Cataldo et 

al. 1989). Two soils were tested, Palouse (1.7% organic matter) and Cinebar (7.2% organic matter). 

Plant height was reduced by >50% in all species in both soils at the 60 mg/kg concentration and a 

reduction of - 25% occurred in the wheat and grass at the 30 mg/kg concentration. Marked chlorosis 

and tip burn were also observed at the 60 mg/kg concentration. No phytotoxic symptoms were 

observed at the 10 mg/kg concentration. 

During a field survey at the Iowa AAP, a dry lagoon that had not been used for 20 yr was 

identified. The sediment in the lagoon contained 3030 mg/kg of TNT and was barren of vegetation 

(Sanocki et al. 1976). Little or no growth of ryegrass, sorghum, and alfalfa took place in soil 

amended with 1000 or 2000 mg/kg of TNT (Banwart and Hassett 1990). 

The root elongation test was conducted with lettuce (Lactuca sativa) seeds placed in TNT 

amended agar (Toussaint et al. 1995). After 96 hr at 5 and 50 mg/L, root tip blackening and negative 

geotropism occurred, with roots growing away from the agar. The calculated EC50 was 2.34 mg/L. 

Cucumber and radish seedling survival and growth tests were conducted with munitions­

contaminated soils from the Joliet AAP (Simini et al. 1995). Toxicity of soil was highly correlated 

with TNT concentrations although the results may have been influenced by the presence of other 

contaminants. The LOECs of TNT at two sites within the plant were 7 and 19 mg/kg. 

4. Soil Invertebrates. Earthworm survival and growth tests were conducted with munitions­

contaminated soils from the Joliet AAP (Simini et al. 1995). Toxicity of soil was highly correlated 

with TNT concentrations although, as noted above, the results may have been influenced by the 

presence of other contaminants. The LOECs of TNT for all endpoints at two sites within the plant 

were 7 and 19 mg/kg. 

Parmelee et al. (1993) used a soil microcosm to test the effects of TNT on soil fauna 

communities and trophic structure. TNT was added at 0, 25, 50, 100, or 200 mg/kg to tubes 

containing soil with natural populations of invertebrates. After 7 d, nematode numbers were increased 
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in the treated soils as a result of greater numbers of hatchlings. Total microarthropod numbers at 200 

mg/kg were reduced by 50% compared to controls, but the difference was not statistically significant. 

The reduction in oribatid mite numbers was statistically significant at this concentration. Only 15% of 

the applied TNT was extractable after 7 d. 

Using several soil types, Phillips et al. (1993) tested the toxicity of TNT to the earthworm, 

Eiseniafoetida, over a 14-d period. Concentrations were 0, 80, 110, 140, 170, and 200 mg/kg in an 

artificial soil (1.4% organic matter) and 0, 150, 300, 400, and 500 mg/kg in a naturally-occurring 

forest soil (5.9% organic matter). Although survival was 100% for all concentrations in the artificial 

soil, there was an increasing weight loss with increasing concentrations. Statistical analyses of weight 

loss data indicated a NOEC of 110 mg/kg and a LOEC of 140 mg/kg. In the forest soiL lethal effects 

started at 150 mg/kg (7% mortality). The LC50 was estimated at 325 mg/kg and the LOEC was 150 

mg/kg. 

5. Soil Heterotrophic Processes. The effect of TNT on soil and water microorganisms was studied 

using solutions. Concentrations greater than 50 mg/L inhibited the growth of most fungi, yeasts, 

actinomycetes, and gram-positive bacteria (Osmon and Klausmeier 1972, Klausmeier et al. 1973). 

Most organisms grew when concentrations did not exceed 20 mg/L. Degradation was most rapid 

when organic nutrients such as yeast extract were added to the medium. Acclimated and unacclimated 

microbial populations collected from several AAP were not inhibited by 100 mg/L (Jerger et al. 

1976). Anaerobic degradation was initially inhibited at 100 mg/L, but not inhibited by 200 mg/L as 

the acclimation period increased. Jerger et al. (1976) as well as several other authors identified the 

majority of microorganisms in acclimated cultures as gram-negative bacteria, including Pseudomonas 

spp. 

No significant difference was seen in TNT tolerance of actinomycetes (Streptomyces spp.) 

isolated from TNT-contaminated or uncontaminated soils (Pasti-Grigsby et al. 1996). When incubated 

in nutrient solutions at 25, 50, 75, or 100 mg/L, only a few strains grew at >50 mg/L in yeast malt 

agar whereas all strains grew at 100 mg/L in a richer agar. 

6. Metabolism and Bioaccumulation 

Animals. In mammalian species, TNT is absorbed by inhalation, ingestion, or skin contact. More 

than 50% of an orally administered dose is absorbed in most test species. Metabolism is extensive and 

rapid, with 50 to 70% excreted in the urine and the remainder in the feces; the majority of the 

27 



ingested compound is excreted within 24 hr. Distribution to the tissues is less than 1 %. Several 

metabolites including the dinitroaminotoluene, diaminonitrotoluene, hydroxyaminodinitrotoluene, as 

well as glucuronide-conjugated metabolites, have been recovered from the urine. The urine of some 

species is bright red in color (ATSDR 1995a). 

No laboratory studies on bioaccumulation were located. Rapid metabolism and excretion in 

mammals (ATSDR 1995a), indicates a low potential for bioaccumulation. Biomonitoring studies have 

been conducted at Aberdeen Proving Ground, Maryland (USACHPPM, 1994), at the Alabama AAP, 

Childersburg (Shugart et al. 1990), and at several other AAPs (see Opresko 1995b for review). TNT 

was not present in tissues of terrestrial wildlife (deer and small mammals) at or above a detection 

limit of 0.2 mg/kg. Following administration of a subacute dose of TNT of 100 mg/kg to mice, 

concentrations in liver and muscle were < 1.2 mg/kg (Shugart et al. 1990). 

Plants. TNT is metabolized by plants grown in TNT -amended soils and solutions as evidenced by the 

recovery of metabolites such as 2-amino-4,6-dinitrotoluene and 4-amino-2,6-dinitrotoluene from the 

plant tissues (Palazzo and Leggett, 1986; Cataldo et al. 1989, Harvey et al. 1990). 

Bioconcentration of TNT by yellow nutsedge was studied in hydroponic solutions containing 

5, 10, or 20 mg/L (Palazzo and Leggett 1986). Solutions were replaced after 3 wk. After 42 d, roots, 

leaves, rhizomes, and tubers were analyzed for TNT and its metabolites, 2-amino-4,6-dinitrotoluene 

and 4-amino-2,6-dinitrotoluene. TNT was taken up by the plant and, along with its metabolites, was 

translocated throughout the plants with highest concentrations in the roots. Uptake generally increased 

with increasing concentrations in the growth medium. At the 20 mg/L concentration, concentrations in 

plant roots were 714, 614, and 2180 mg/kg dry weight for TNT, 2-amino-4,6-dinitrotoluene, and 4-

amino-2,6-dinitrotoluene, respectively. At the 20 mg/L concentration, leaves, rhizomes, and tubers 

contained 13, 95, and 69 mg/kg dry weight of TNT, respectively. Analyses for metabolites in the 

growth medium were negative. 
14C-labeled-TNT added to soil (80 mg/kg) was used to study uptake by yellow nutsedge 

(Pennington 1988a). Uptake was limited and the compound did not bioaccumulate. Measurement of 

plant radioactivity did not allow identification of specific compounds. Lack of bioavailability was 

attributed to loss from soil by volatilization of degradation products and adsorption of TNT and its 

metabolites to soil. 

E. Terrestrial Criteria and Screening Benchmarks 
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I. Mammals. A human oral Reference Dose (RID) of 0.0005 mg/kg/d (USEPA 1993c) was identified 

by extrapolation (and multiplication by uncertainty factors) from the subchronic study by Levine et al. 

(1990) in which dogs were administered TNT by capsule. In that study, the endpoint was liver injury. 

Several subchronic and chronic studies were available for calculating screening benchmarks 

for terrestrial mammals. These studies along with identified NOAELs and LOAELs are summarized 

in Table 12. Testicular atrophy was selected as the endpoint that diminishes wildlife population 

growth or survival. The study by Dilley et al. (1982) in which Sprague-Dawley rats were 

administered TNT in the diet at doses of 0, 1.40, 6.97, 34.7 or 160 mg/kg/d for 13 wk was chosen to 

derive screening benchmarks for representative wildlife because it identifies a higher NOAEL than the 

study by Levine et a! (1984). Although signs of anemia and some organ weight changes occurred at 

the two intermediate dose levels, the testicular atrophy observed at the highest dose is considered to 

be more relevant for population level effects. Therefore, 160 mg/kg/d is considered to be a 

subchronic LOAEL. The authors state that testicular "lesions did not occur or were far less frequent 

in other groups"; however, it is not clear whether the dose level of 34.7 mg/kg could be considered 

the NOAEL for these effects. Therefore the NOAEL was estimated by multiplying the LOAEL by an 

uncertainty factor of 0.1 and the chronic NOAEL was estimated by multiplying the subchronic 

NOAEL by 0.1. The final chronic NOAEL is 1.60 mg/kg/d. 

Body weights were reported for weeks 0, 1, 2, 4, 8, and 13. For male rats in the high-dose 

group, average body weight ranged from 0.170 kg at the start of the study to 0. 369 kg at 13 weeks. 

The overall geometric mean for each reported time period was derived from the geometric mean for 

each reported time interval. This mean value of 0.289 kg was used in the calculations. 

Screening benchmarks for oral intake for seven selected wildlife species were derived using 

the methodology described in the Introduction. An example of the methodology using the meadow 

vole follows. To calculate the NOAEL for the meadow vole from the NOAEL for the laboratory rat, 

the following equation was used: 

Wildlife NOAEL = test NOAEL x [ test bw ]114 
wildlife bw 

where: wildlife bw = body weight of meadow vole = 0.044 kg 

test bw = body weight of laboratory rat = 0.289 kg 

test NOAEL = experimental dose = 1.6 mg/kg/d 
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Therefore: 

Meadow vole NOAEL = 1.6 mg/kg/d x [
0.289 kg]% 
0.044 kg 

2.56 mg/kg/d 

The food factor (j) for meadow voles is 0.114; therefore, the dietary screening benchmark (Cj) 

is equivalent to: 

Meadow vole NOAEL Cf=-------
1 

2.56 
0.114 

22.47 mg/kg food 

The water factor (w) for meadow voles is 0.136; therefore, the drinking water screening 

benchmark for drinking water (Cw) is equivalent to: 

Meadow vole NOAEL Cw = --------------- 2.56 
0.136 

18.8 mg/L water 

To calculate a screening benchmark for TNT for a piscivorous species like mink, the following 

equation is used: 

NOAELw X bww 
Cw = --------~--~----

W + (F X BCF X FCM) 

The chronic NOAEL for mink is derived from the chronic NOAEL of 1.6 mg/kg for the 

laboratory rat: 

Wildlife NOAEL = test NOAEL x [ test bw ]114 
wildlife bw 
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where: wildlife bw = body weight of mink = 1.0 kg 

test bw = body weight of laboratory rat = 0.289 kg 

test NOAEL = experimental dose = 1.6 mg/kg/d 

Therefore: 

Mink NOAEL 1.6 mg/kg/d x [0·289 kgrV4 

1.0 kg 
1.173 mg/kg/d 

The BCF for TNT can be estimated from the log Kow of 2.03 (see Table 4) by the following 

equation: 

log BCF = 0.76 log Kow - 0.23 1.3128 

BCF 20.55 

The log Kow of 2.03 is also used to estimate the FCM. For this log Kaw, the FCM is 1.0. For 
mink with a body weight of 1.0 kg, a food consumption rate (F) of 0.137 kg/d, and a water ingestion 

rate (W) of 0.099 Lid (see Table 3), the overall screening benchmark for water (Cw) is: 

Cw = ____ 1._1_73_x_l_.o ___ _ 
[0.099 + (0.137 X 20.55 X 1.0)] 

0.40 mg/L 

The screening benchmarks for the wildlife species are listed in Table 13. The dietary concentrations 

in food or water for the wildlife species listed in Table 13 assume exposure through food or water 

alone and no exposure through other environmental media. If contaminants are present in both food 

and water, or in other media, the values in Table 13 must be adjusted to sum to the NOAEL. 

2. Birds. No suitable subchronic or chronic studies were found for representative avian species. 
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3. Plants. In the absence of criteria for terrestrial plants, LOEC values from the literature can be 

used to screen chemicals of potential concern for phytotoxicity (Will and Suter, 1995a). 

Thompson (1997) reported reductions in growth and transpiration of young poplar trees and 

Palazzo and Leggett (1986) reported reductions in growth of yellow nutsedge at a solution 

concentration of 5 mg/L. Therefore, based on these two studies, the screening benchmark for soil 

water would be 5 mg/L. Pennington (1988a) reported no effects on the growth of yellow nutsedge at 

a soil concentration of 80 mg/kg (dry weight). However, Cataldo et al. (1989) reported phytotoxic 

effects at 30 mg/kg, but not at 10 mg/kg. Therefore, based on the second study, the LOEC for soil 

would be 30 mg/kg and the NOEC would be 10 mg/kg (Table 14). Moderate confidence can be 

placed in benchmarks determined from two studies. However, additional studies are needed in order 

to determine screening benchmarks with a high degree of confidence. 

4. Soil Invertebrates. From a single 7-d soil microcosm study (Parmelee et al. 1993), a NOEC on 

numbers of soil nematodes and microarthropods of 100 mg/kg and a LOEC of 200 mg/kg TNT were 

reported. Therefore, using the method of Will and Suter (1995b), the benchmark for other soil 

invertebrates is 200 mg/kg (Table 14). Confidence in the benchmark is low because of limited data. 

A study using the earthworm, Eiseniafoetida (Phillips et al. 1993), determined LOECs for 

weight loss and death of 140 and 150 mg/kg, respectively. The benchmark of 140 mg/kg (Table 14), 

based on the sublethal effect of weight loss, is a more appropriate endpoint than lethality. Confidence 

in the benchmark is low because of limited data. 

5. Soil Heterotrophic Processes. In the absence of criteria for soil heterotrophic processes, LOEC 

data from the literature can be used to screen for chemicals of potential concern (Will and Suter, 

1995b). Using two different enrichment media, growth of several strains of Streptomyces spp. was not 

inhibited at TNT concentrations of 50 mg/L (Pasti-Grigsby et al. 1996). Klausmeier et al. (1973) 

found that a variety of soil microorganisms grew when TNT concentrations did not exceed 20 mg/L. 

Although the microorganisms in this study were isolated from soil at a munitions site, there was no 

indication that they were acclimated to TNT. Because the 20 mg/L screening benchmark is based on 

two studies, confidence in the benchmark is moderate. 
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III. 1 ,3,5-Trinitrobenzene 

1 ,3,5-trinitrobenzene (TNB) is an explosive that is less sensitive to impact than TNT but is more 

powerful and brisant (Budavari et al. 1996). It has been used to vulcanize natural rubber and as an 

acid-base indicator in the pH range of 12-14 (HSDB 1995b). Chemical and physical properties are 

presented in Table 15. 

TNB is formed as a byproduct during the manufacture of TNT. It probably arises through the 

oxidation of the methyl group of TNT to the corresponding acid followed by decarboxylation 

(Spanggord et al. 1982a). It is present in the final TNT product at concentrations ranging from 0.1 to 

0.7% (Wentzel et al. 1979). The photolysis of TNT also results in the formation of TNB (Burlinson 

et al. 1973, Burlingson 1980), indicating de novo synthesis in the environment. 

Few data on transport and transformation processes in the environment were available. TNB 

appears to be resistant to photolysis and hydrolysis; microbial reduction of the nitro groups occurs but 

not ring cleavage. Data were available to develop Tier II aquatic water quality criteria and a SQB. A 

chronic feeding study was used to develop screening benchmarks for mammalian wildlife. Two 

subchronic feeding studies, one using the laboratory rat and the other using a wildlife species, were 

used to compare the sensitivity of laboratory and wildlife species to chemicals. The data base on 

mammalian toxicity testing also included reproductive and developmental studies. No studies were 

available for calculating screening benchmarks for terrestrial plants, soil invertebrates, or soil 

microorganisms. 

A. Environmental Fate 

1. Sources and Occurrences. TNB is released to the environment from munitions production and 

processing facilities. At a TNT production facility, TNB was detected in 3. 8% of samples of 

condensate wastewater at concentrations of 0.06-0.20 mg/L (Spanggord et al. 1982a). As of 1995, 

ATSDR reported that TNB had been identified at 14 National Priorities List sites across the US 

(ATSDR 1995b); these include AAPs as well as LAP plants. 

Air. No monitoring data on TNB in air were located. A low vapor pressure of 3.2 x 10-6 mm Hg at 

20°C, estimated by Spanggord et al. (1980a), indicates that TNB is not likely to partition to air. 
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Surface and Groundwater. Although TNB is only slightly soluble in water, 0.34 g/L at 20°C 

(Spanggord et al. 1980a), it has been found in surface and groundwater. Sullivan et al. (1978) 

measured TNB in Waconda Bay, the receiving water body of the Volunteer AAP, TN. The 

concentrations in the water ranged from < 0. 75 f..Lg/L (the limit of detection) to 66 f..Lg/L and 

concentrations in the sediment ranged from 73 f..Lglkg to 300 f..Lg/kg. Within the first mile of the 

discharge, there was a tendency for concentrations to increase with distance from the discharge, 

possibly indicating formation of TNB. Concentrations in an onsite stream at the Iowa AAP ranged up 

to 3.0 f..Lg/L, but concentrations in most of the samples were below the limit of detection of 0.2 f..Lg/L; 

average concentrations in stream sediment cores ranged up to 5.1 mg/kg (Jerger et al. 1976, Sanocki 

et al. 1976). The concentration in a single water sample from Boone Creek which flows through the 

Louisiana AAP was 4.8 f..Lg/L (US Army 1987b). Concentrations in a waste ditch and onsite stream at 

the Joliet AAP ranged up to 16 and 97 f..Lg/L, respectively; concentrations in the respective sediments 

were < 0. 1 and up to 3 mg/kg (Jerger et al. 1976). 

Detectable concentrations measured in groundwater below leaching pits at the Louisiana AAP 

ranged from 0. 8 to 7, 720 f..Lg/L (US Army 1987b). On-site groundwater at the Milan AAP contained 

concentrations ranging from nondetectable to 976 f..Lg/L (ATSDR 1995b). Maximum concentrations in 

water from on-site and off-site wells at the Cornhusker AAP were 352 and 114 f..Lg/L, respectively 

(Monnot et al. 1982, ATSDR 1995b). 

Soils. Detectable concentrations of TNB in soil at the Alabama AAP ranged from < 0.4 to 3.9 

mg/kg (Rosenblatt and Small 1981). Areas sampled included a smokeless powder manufacturing area, 

magazine area, flashing ground, and an aniline sludge basin. At the Joliet AAP, soil concentrations 

ranged from less than the limit of detection to 200 mg/kg, with highest concentrations next to an open 

burning area (Phillips et al. 1994, Simini et al. 1995). The soil concentration in a dry wastewater 

lagoon at the Iowa AAP was 0.6 mg/kg (Jerger et al. 1976, Sanocki et al. 1976). In a later study at 

the same site, mean concentrations in a dry lagoon ranged from 0.27 to 0.45 mg/kg and 

concentrations in soil taken from an old ordnance burning area ranged from 51 to 62 mg/kg (Jenkins 

and Grant 1987). At the Cornhusker AAP, shallow and deep soil samples collected at cesspool and 

leaching pit sites ranged from 13.4-1110 mg/kg soil (dry weight) (Monnot et al. 1982). In a survey of 

TNT and transformation products in a limited number of soil samples collected at AAP, depots, and 

arsenals, the following air-dried soil concentrations of TNB were found: Nebraska Ordnance Works, 

0.12-159 mg/kg; Umatilla Depot, 9.5-63.5 mg/kg; Weldon Springs, 0.3-60.7 mg/kg; Iowa AAP, 
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53.2-549 mg/kg; Raritan Arsenal, 0.12-3.9 mg/kg; Hawthorne AAP, 3.2-116 mg/kg; Hastings East 

Park, 2.7 mg/kg (one sample); Milan AAP, 2.5-6.1 mg/kg; and Louisiana AAP, 2.1-3.8 mg/kg 

(Walsh and Jenkins 1992). TNB was either not present or below the limit of detection at five other 

installations. 

2. Transport and Transformation Processes 

Abiotic Processes. No data on fate in air were located. 

Based on a Henry's Law constant of 1.3 torr/M, Spanggord et al. (1980a) estimated a 

volatilization half-life from water of 130 d. Using a group structural estimation method, Syracuse 

Research Corporation estimated a Henry's Law constant of 3.08 x I0-9 atm-m3/mole at 25°C (HSDB 

1995b). These values suggest that volatilization from water will not be a significant transport process. 

According to Lyman et al. (1982), aromatic nitro compounds are generally resistant to hydrolysis and 

Spanggord et al. (1980a) state that hydrolysis of TNB is not expected to occur under environmental 

conditions. In a study of the stability of photoproducts of TNT, Burlinson et al. (1973), reported that 

an aqueous solution of TNB was unchanged after irradiation with a mercury arc lamp for 6 hr. 

No data on experimentally-derived soil or sediment partition coefficients were located. Based 

on chemical structure, water solubility, and K,w, Koc of 76-520 have been estimated (Spanggord et al. 

1980a, ATSDR 1995b, HSDB 1995b). Syracuse Research Corporation (SRC 1995a) estimated~ 

values of 104 and 178 using the regression equations of Lyman et al. (1982) and based on a log K,w 

of 1.18 (Hansch and Leo 1985) and a water solubility of 340 mg/L at 20°C (Spanggord et al. 1980a), 

respectively. These values suggest low to moderate adsorption to soils and suspended sediment in 

water and moderate to high mobility in soils. 

Mitchell et al. (1982) also conducted 3-d bioadsorption studies with TNB and viable or heat­

killed cells of Escherichia coli, Bacillus cereus, Serratia marcescens, and Azobacter beijerinckii. 

Bioadsorption coefficients ([J.tg absorbed/gram bacteria]/[J.I.g chemical/mL supernatant]) for viable and 

heat-killed cells were 6.5 and 7.9, respectively, indicating little bioadsorption. 

Biotransformation. Microbial transformation of TNB involves reduction of the nitro groups to form 

amino groups. This process proceeds through a nitroso intermediate to hydroxylamino compounds and 

then amines (see Fig. 1). Experiments conducted with cell-free extracts of the bacterium, Veillonella 

alkalescens, indicate that nitro reduction occurs readily (McCormick et al. 1976), potentially forming 

triaminobenzene (Wentzel et al. 1979). Although oxidative deamination may take place, the resulting 
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hydroxyl groups would not be ortho to each other and thus ring cleavage would not take place 

(Wentzel et al. 1979). 

Microbial transformation also results in formation of 3,5-dinitroaniline (Mitchell et al. 1982). 

The metabolite was formed when TNB was added to nutrient-enriched water samples from the 

Tennessee River taken downstream of the Volunteer AAP. Incubation of 3,5-dinitroaniline under the 

same conditions as that for TNB resulted in 3,5-diaminonitrobenzene (the principal product), 3-nitro-

5-aminoacetanilide, and a nitro, amino substituted N-methylindoline. 

Incubation of TNB with Pseudomonas sp. isolated from TNT-contaminated soil resulted in the 

following sequential metabolites: 1 ,5-dinitroaniline, dinitrobenzene, and 5-nitrobenzene (Boopathy et 

al. 1994). Nitrobenzene and ammonia accumulated in the medium with no further mineralization. 

Thus, under aerobic conditions, TNB served as the sole source of nitrogen, but not as a source of 

carbon. 

TNB was resistant to complete mineralization in several other studies. Incubation of TNB at 

an initial concentration of 100 mg/L for 180 min in a Warburg respirometer inoculated with a phenol­

adapted mixed culture of microorganisms obtained from garden soil, compost, river sediment, and a 

petroleum refinery resulted in little oxygen uptake (Tabek et al. 1964). Tests with 14C-labeled TNB 

did not result in liberation of 14C02 (Mitchell et al. 1982). Mitchell et al. (1982) conducted microbial 

screening tests using Tennessee River water collected downstream of the Volunteer AAP. In tests 

lasting 19 d, concentrations of TNB (10 1-'g/mL) decreased 4-6% in filtered river water, 9% in river 

water with a normal sediment load, and 24% in river water with the sediment enriched threefold. In 

other studies, TNB did not serve as a sole carbon source for growth of microorganisms. 

B. Aquatic Toxicology 

1. Acute Effects - Invertebrates and Fish. Acute tests were conducted under static conditions with one 

invertebrate and four species of fish (Table 16). For both daphnid and fish tests, static acute methods 

generally followed those recommended by the American Society for Testing and Materials (ASTM 

1980). The 48-hr EC50 values obtained in two different laboratories for unfed Daphnia magna were 

almost identical (i.e. 2.7 and 2.98 mg/L). Fish were more sensitive to TNB than daphnids, with 96-hr 

LC50 values of 0.38-1.1 mg/L. Channel catfish appeared to be the most sensitive species. Longer-term 

acute values, in which flow-through conditions were used, were also obtained with fathead minnows 

and rainbow trout. The 10-d LC50 values were very close to 96-hr values. 
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2. Chronic Effects -Invertebrates and Fish. Chronic tests were conducted under flow-through 

conditions with one invertebrate and two species of fish (Table 17). Daphnids were tested at measured 

concentrations of 0 to 2.68 mg/L, fathead minnows were tested at measured concentrations of 0.08 to 

0. 72 mg/L, and rainbow trout were tested at measured concentrations of 0. 08 to 0. 71 mg/L. TNB 

was very toxic to fish, with LOECs for several parameters of < 1.0 mg/L. 

3. Plants. Only one species of algae (Selenastrum capricornutum) was tested for toxicity to TNB. 

Under static conditions, mortality or significantly reduced growth, measured on d 5 and 14 of the 

test, occurred at all concentrations tested, 0.10-17.3 mg/L (Bailey 1982b). Concentrations ofO.l0-

0.17 were algistatic and concentrations of 1.18-17.3 mg/L resulted in mortality. Although a no-effect 

concentration was not attained in this study, it would be < 0.10 mg/L. 

4. Metabolism and Bioconcentration. No studies on metabolism or bioconcentration in aquatic 

organisms were located. Based on a hydrophobic fragment method, Deneer et al. (1987) calculated a 

log P (log Kow) of 1.18. Liu et al. (1983a) used an estimated log P of 1. 36 (Spanggord et al. 1978) to 

calculate a steady state BCF for organisms with a lipid content of 8% . The calculated BCF of 6. 36 

indicates little propensity to bioconcentrate. 

C. Aquatic Criteria and Screening Benchmarks 

1. Aquatic Organisms. Insufficient data were available for calculation of acute and chronic WQC 

according to USEPA guidelines (Stephan et al. 1985). Data are available for only four of the required 

eight families: a planktonic crustacean (D. magna), the family Salmonidae (Oncorhynchus mykiss), a 

second family in the class Osteichthyes (Lepomis macrochirus), and a third family in the phylum 

Chordata (Pimephales promelas or Ictalurus punctatus). For three of the families, data were available 

to calculate acute:chronic toxicity ratios: Daphnidae, Salmonidae, and Cyprinidae. Therefore, Tier II 

or Secondary Acute and Chronic Values were calculated according to USEPA guidance for the Great 

Lakes System (USEPA 1993a). However, it should be noted that the acute and chronic tests with fish 

were by the same investigator; the toxicity tests with fish were limited to early life-stage tests. Acute 

tests were conducted under static conditions, but TNB is stable in water. The methodology and 

calculations follow. 

The SAY was calculated by dividing the lowest GMAV in the data base by the SAF. GMAVs 

(geometric means if multiple test results were reported) for the species in Table 16 are: D. magna, 
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2.84 mg/L; P. promelas, 0.73 mg/L; L. macrochirus, 0.85 mg/L; 0. mykiss, 0.52 mg/L; and I. 

punctatus, 0.38 mg/L. The lowest GMAV was 0.38 mg/L for I. punctatus. USEPA (1993a) lists a 

SAF of 6.5 for use in Tier II calculations when four satisfied data requirements for Tier I calculations 

are available. 

Therefore, 

SAV = 0.38 = 0.06 mg/L 
6.5 

The SMC is one-half of the SA V or 0.03 mg/L. 

For determination of the SCV, three experimentally determined ACRs were available 

according to guidelines for Tier I (Table 18). Chronic values are the geometric mean of the LOEC 

and NOEC for each species, e.g., the geometric mean of 0.47 and 0.75 mg/L = 0.59 mg/L for 

daphnids. The SACR is the geometric mean of 4.81, 7.58, and 4.46 or 5.46 mg/L. The SCV is the 

SA V divided by the SACR: 

SCV = SA V = 0.06 = 0.011 mg/L 
SACR 5.46 

The acute and chronic screening benchmarks are listed in Table 19. 

For aquatic plants, only one species of algae, Selenastrum capricornutum, was tested. Because 

a no-effect level was not reached in this test, the lowest tested concentration is listed in Table 19. 

2. Sediment-Associated Organisms. The sediment screening benchmark was calculated using the EqP 

method of Di Taro et al. (1991) and USEPA (1993b): SQBoc = Kac x FCV (or SCV if FCV cannot 

be calculated). Because a Kow value is available, a Koc can be calculated and a SQBoc can be 

determined. Using the log Kow value of 1.36 (Table 15) and the relationship between Kaw and Koc, the 

calculated log Koc is 1. 34 and the Koc is 21.7. The SCV as calculated above is 0. 011 mg/L. Then, the 

organic carbon-normalized SQB, i.e., mg/kg organic carbon (mg/kg,lC) is: 

SQBoc = Koc X SCV 

SQBoc = 21.7 Llkg x 0.011 mg/L = 0.24 mg/k~ 

If an organic carbon content in the soil of 1% is assumed, the SQB,% is calculated as: 

SQB,% = 0.01 x 21.7 L/kg x 0.011 mg/L = 0.002 mg/kg 

D. Terrestrial Toxicology 

1. Mammals. One chronic and two subchronic studies as well as reproductive and developmental 

toxicity studies were located; one of the subchronic studies utilized the laboratory rat and one utilized 
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a wildlife species. All studies were well-conducted and followed USEPA-reconunended guidelines. 
Although chronic studies are preferable for determining long-term effects on populations, the two 
subchronic toxicity studies are discussed here in order to compare the sensitivity of laboratory test 
animals with a wildlife species. These studies were reviewed by Reddy et al. (1997). 

In the first subchronic toxicity study, groups of 10 male and 10 female Fischer 344 rats were 
administered 0, 66.67, 400, or 800 mg TNB/kg diet for 90 d (Reddy et al. 1994a). Calculated doses 
were 0, 3.91, 22.73, and 44.16 mg/kg/d for males and 0, 4.29, 24.70, and 49.28 mg/kg/d for 
females. Food intake in the 400 and 800 mg dietary groups was reduced throughout the study and 
resulted in a significant decrease in absolute body weights. A decrease in testicular weight in males, 
an increase in relative brain weight in males, and an increase in relative spleen weight of both sexes 
in the 400 and 800 mg dietary groups were noted. The relative liver weight was increased in the 800 
mg dietary groups of both sexes. Histopathological changes included hyaline droplet formation in the 
kidney, extramedullary hematopoiesis in the spleen, and seminiferous tubular degeneration in the 
testes (the latter was moderate to severe at 400 and 800 mg TNB/kg diet). Hematology and clinical 
chemistry studies indicated a decrease in red blood cell count and hematocrit, a decrease in alkaline 
phosphatase, an increase in reticulocytes, and increased methemoglobin concentration compared to 
controls of both sexes. 

In the second subchronic toxicity study, groups of 10 male and 10 female white-footed mice 
(Peromyscus leucopus) were administered 0, 150, 375, or 750 mg TNB/kg diet for 90 d (Pathology 
Associates, Inc. 1994). Calculated doses were 0, 23.50, 67.44, and 113.51 mg/kg/d for males and 0, 
20.16, 64.81, and 108.25 mg/kg/d for females. The only treatment-related finding in females was an 
increased relative kidney weight in the group administered 375 mg TNB/kg diet. Biologically 

significant treatment-related findings were present in males administered 750 mg TNB/kg diet. These 
included an increased relative and absolute spleen weight, erythroid cell hyperplasia in the spleen, a 
significantly increased number of reticulocytes, an increased number of white blood cells, and 

seminiferous tubule degeneration in the testes of 3/9 males. 

In the chronic (2-yr) dietary study, groups of male and female Fischer 344 rats were fed TNB 
in the diet at concentrations of 0, 5, 60, and 300 ppm (TV Reddy et al. 1996). Based on food 
consumption data, the authors calculated the intake of TNB at 0, 0.23, 2.68, and 13.31 mg/kg/d 
(females) and 0, 0.22, 2.64, and 13.44 mg/kg/d (males), respectively. Interim sacrifices occurred at 
90 d, 6 mon, and 1 y. Complete toxicological examinations were performed during these periods. At 

the interim sacrifices, rats administered 60 ppm showed adverse effects such as increased 
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methemoglobin, erythroid cell hyperplasia, and increased relative organ weights; however, these 

effects did not persist and were not detected at the end of 2 yr (i.e., the decreased testes weights 

observed at 90 and 180-d interim sacrifices were reversed). But these effects persisted in rats 

administered the high dosage, 300 ppm. 

In the reproductive study, male and female Sprague-Dawley rats were administered a diet 

containing 30, 150, and 300 mg of TNB/kg of diet (Kinkead et al. 1995). Although relative organ 

weight changes (spleen, kidney, liver) were observed in females sacrificed after 90 d of exposure and 

sperm effects (reduced numbers of motile spermatozoa and percent of cells showing a circular motion 

pattern) were observed in males sacrificed after 28 d of exposure (150 and 300 mg/kg for both sexes), 

there were no adverse effects on reproductive indices. Likewise, no developmental effects were 

observed in the offspring of Sprague-Dawley rats administered up to 90 mg/kg/d by oral gavage 

(Cooper and Caldwell 1997). 

2. Birds. No subchronic or chronic studies were located that reported the toxicity of TNB to birds. 

3. Plants. No studies were located that reported the toxicity of TNB to terrestrial plants. 

4. Soil Invertebrates. No studies were located that reported the toxicity of TNB to terrestrial 

invertebrates. 

5. Soil Heterotrophic Processes. No recent data were located on the effects of TNB on soil 

microorganisms. Several older studies were conducted with soil microorganisms in solution. Simon 

and Blackman (1953) found that the EC50 for inhibition of growth of the fungus, Trichoderma viride, 

was 21 mg/L. A survey of the literature by Wentzel et al. (1979) found EC50 values for bacteria and 

fungi of 1 to 100 mg/L, but these studies were reported in non-English journals and no experimental 

details were reported in the English abstracts. 

Metabolism studies were generally conducted at low concentrations, and conclusions regarding 

toxicity cannot be made. Furthermore, the cultures were not only adapted to the test compound but a 

carbon source and nutrients were added. Mitchell et al. (1982) conducted several metabolism studies 

with Tennessee river water and sediments collected below the Volunteer AAP. At an initial 

concentration of 10.5 p.g/L, TNB underwent primary biodegradation without a lag period. When 

cultures were enriched with organisms adapted to TNB, concentrations up to 53 p.g/L underwent 
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primary biodegradation in 144 h. In another study, an aerobic bacterial consortium obtained from an 

anoxic soil slurry reactor used to treat TNT -contaminated soil grew in an enriched medium containing 

50 mg/L of TNB (Boopathy et al. 1994). 

6. Metabolism and Bioaccumulation. 

Animals. TNB is absorbed by mammalian species as evidenced by the detection of its metabolites in 

biological fluids. Bel et al. (1994) detected 3,5-dinitroaniline (urine), 3-amino-5-nitroaniline (urine, 

feces, and blood), and 1 ,3,5-triaminobenzene (urine and feces) in rats fed TNB in the diet. In an in 

vitro study, G. Reddy et al. (1996) detected 3 ,5-dinitroaniline and 3-amino-5-nitroaniline in rat liver 

microsomal preparation; TNB added to the system was metabolized within 5 min. 

No laboratory studies on bioaccumulation were located. Biomonitoring studies have been 

conducted at Aberdeen Proving Ground, Maryland (USACHPPM 1994), and at several other AAPs 

(see Opresko 1995b for review). TNB was not present in tissues of terrestrial wildlife (deer and small 

mammals) at or above a detection limit of 0.2 mg/kg. 

Plants. No data were located on metabolism and bioaccumulation by terrestrial plants. 

E. Terrestrial Criteria and Screening Benchmarks 

I. Mammals. A human oral Reference Dose (RID) of 0.03 mg/kg/d (USEPA 1997) was identified by 

extrapolation (and multiplication by a total uncertainty factor of 100) from the chronic study by TV 

Reddy et al. (1996) in which Fischer 344 rats were administered TNB in the diet. The endpoints were 

methemoglobinemia and spleen-erythroid cell hyperplasia. 

Three studies are available for calculating TNB screening benchmarks for wildlife; the first is 

a chronic study using Fischer 344 laboratory rats. Of the subchronic studies, one utilized the Fischer 

344 rat and the other utilized a wildlife species, the white-footed mouse. In both subchronic studies 

the endpoint selected as being relevant to population level effects is degeneration of the seminiferous 

tubules of the testes. Because the relative sensitivity of laboratory-reared test and wildlife species is of 

interest, screening benchmarks were determined using the data from each study. The studies along 

with identified NOAELs and LOAELs are summarized in Table 20. 

In the subchronic study with Fischer 344 rats (Reddy et al. 1994a), the dosages were 0, 

66.67, 400 and 800 mg/kg diet (laboratory chow) and the calculated average TNB doses for males 

were 0, 3.91, 22.73, and 44.16 mg/kg/d, respectively. Moderate to severe seminiferous tubular 
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degeneration was seen in males receiving 22.73 or 44.16 mg TNB/kg bw/d. No adverse effects 

occurred at 3.91 mg/kg/d. The final subchronic NOAEL was 3.91 mg/kg/d and the final chronic 

NOAEL was 0.4 mg/kg/d (the subchronic NOAEL was multiplied by an uncertainty factor of 0.1 to 

derive the chronic NOAEL). The mean bw (geometric mean of weekly means for the 13-wk test 

period) for the 3.91 mg/kg male test group was calculated to be 274 g. 

In the subchronic study with the white-footed mouse (Pathological Associates Inc. 1994), the 

dosages were 0, 150, 375 and 750 mg/kg diet and the calculated average daily TNB doses for males 

in each group were 0, 23.50, 67.44, and 113.51 mg/kg bw, respectively. Seminiferous tubular 

degeneration was seen in 3 of 9 males receiving 113.51 mg TNB/kg bw. No adverse testicular effects 

occurred in mice receiving 23.50 or 67.44 mg/kg bw. The final subchronic NOAEL was 67.44 

mg/kg/d and the final chronic NOAEL was 6. 74 mg/kg/d (the subchronic NOAEL was multiplied by 

an uncertainty factor of 0.1 to derive the chronic NOAEL). The authors reported that the final 

average bw of male mice receiving 67.44 mg TNB/kg bw was 18.5 g. 

In the chronic study, (TV Reddy et a!. 1996), male and female rats in the high-dose group 

showed decreased body weights associated with decreased food consumption, changes in relative 

organ weights, and adverse hematological findings; however, the life span was not affected and 

testicular effects, evident at the shorter time periods, were reversed except in the high-dose group. 

These results coupled with generally negative findings in reproductive and developmental toxicity 

studies (Kinkead et al. 1995, Cooper and Caldwell 1997), indicate that the highest dose tested, 13.44 

mg/kg/d in males, is a LOAEL for ecologically-relevant endpoints and the mid-dose is a NOAEL. As 

this is a chronic study a subchronic to chronic uncertainty factor was not applied and the final chronic 

NOAEL is 2.64 mg/kg/d. The average body weight of males during the study was 350 g. 

Screening benchmarks for food and water intake for selected wildlife species were derived 

from each study using the methodology described in the Introduction and illustrated in the previous 

section on TNT. The log Kow value of 1.36 was used to calculate the BCF for mink. Screening 

benchmarks derived from the subchronic study with the laboratory rat and white-footed mouse are 

listed in Tables 21 and 22, respectively; screening benchmarks derived from the chronic study with 

the laboratory rat are listed in Table 23. 

Although the test species chronic NOAELs differ somewhat between the chronic study with 

the rat and the subchronic study with the white-footed mouse (2.64 and 6. 74 mg/kg/d, respectively), 

the differences in test species body size used in the calculations result in very similar screening 

benchmarks (Tables 22 and 23). The data also show that the laboratory rat is more sensitive to the 
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effects of TNB than the white-footed mouse. Because toxicity data for most chemicals involves 

laboratory species, the extrapolated values for wildlife, based on the laboratory rat data can be used to 

compare toxicities among munitions chemicals. On the other hand, the values based on the white­

footed mouse may be more realistic for species adapted to the stress and contaminants in their natural 

environment. The white-footed mouse has not been colonized or in-bred for as many generations as 

the albino mouse and so may be similar to its wild counterparts. Confidence in the benchmarks is 

high because two different species were tested, one study was a chronic study, and reproductive and 

developmental studies were also available. 

2. Birds. No suitable subchronic or chronic studies were found for representative avian species. 

2. Plants. No data were located for calculating a screening benchmark. 

3. Soil Invertebrates. No data were located for calculating a screening benchmark for soil 

invertebrates. 

5. Soil Heterotrophic Processes. No useful data were located for calculating a soil microbial 

screening benchmark. 
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IV. 1 ,3-Dinitrobenzene 

1 ,3-Dinitrobenzene (DNB) has been used as an explosive and in the manufacture of explosives 

(Fedoroff et al. 1962). DNB is not a military-unique compound; it is manufactured and used as a 

chemical intermediate in the synthesis of m-nitroaniline and m-phenylenediamine which in turn 

are chemical intermediates for various products including azo dyes (Benya and Cornish 1994). 

DNB is manufactured in a two-stage process by the nitration of benzene followed by the nitration 

of nitrobenzene using a hot mixture of nitric and surfuric acids (HSDB 1995c). 

DNB is formed as a byproduct during production of TNT, either from the nitration of 

benzene (an impurity in toluene) or through oxidation and decarboxylation of 2,4-dinitrotoluene 

(Spanggord et al. 1982a). It is an impurity in the final product and is found in waste discharges at 

AAPs. Of the total possible isomers of DNB present in TNT, approximately 93% is the 1,3 isomer 

(Chandler et al. 1972). DNB can also be formed in the environment by photolysis of 2,4-

dinitrotoluene, another byproduct released into the environment from the manufacture of TNT 

(Kitchens et al. 1978). 

Data on concentrations and fate in the environment, aquatic toxicity (fish, invertebrates 

and algae), and terrestrial toxicity (laboratory animals) were located. These data were used to 

develop Tier II WQC for aquatic organisms and screening benchmarks for mammalian wildlife. 

Chemical and physical properties are listed in Table 24. 

A. Environmental Fate 

I. Sources and Occurrences. DNB is released to the environment from munitions production and 

processing facilities and through its use as an intermediate in the synthesis of other chemicals. As 

of 1995, ATSDR reported that DNB had been identified at 12 National Priorities List sites across 

the US (ATSDR 1995b). 

Air. No data on the occurrence or fate of DNB in air were located. 

Surface and Groundwater. In a one-year monitoring study at the Volunteer AAP, DNB was 

identified in 97.5% of samples of condensate wastewater (range, 0.20-8.5 mg/L) discharged to the 

environment. The average concentration in the samples was 2.0 mg/L and the 90th percentile 

concentration was 4.0 mg/L (Spanggord et al. 1978, Liu et al. 1983a). 
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DNB is slightly soluble in water, 0.5 giL at 20°C (Budavari et al. 1996). Only 

nondetectable to low concentrations occur in surface and groundwater at AAP (Walsh 1990). 

Sullivan et al. (1978) measured DNB in Waconda Bay, the receiving water body of the Volunteer 

AAP, TN. Concentrations in the water ranged from below the limit of detection (1 p.g/L) to 6 

p.g/L; concentrations in the sediment ranged from < 6.3to 14 p.g/kg. Detectable concentrations m 

groundwater at the Louisiana AAP ranged from 0.74-210 p.g/L; the compound was not detected in 

soil and sediment samples at this site (US Army 1989). 

Soils. In a survey of 16 AAPs, arsenals, and depots, DNB was found at six sites (15 samples); 

concentrations ranged from 0.06 to 45.2 mg/kg (Walsh and Jenkins 1992). Highest concentrations 

were found at the Iowa AAP (45.2 mg/kg [one sample]), the Umatilla Depot (0.3-29.8 mg/kg) and 

the Hawthorne AAP (0.2-15 mg/kg). 

2. Transport and Transformation Processes 

Abiotic Processes. No data on the fate of DNB in air were located. 

Photolysis is not expected to be a significant degradation mechanism. The concentration of 

DNB in synthetic condensate wastewater exposed to light from a 1200 W lamp (exposure time not 

given) did not change (Liu et al. 1983a). Solutions of DNB exposed to visible light in a 

photodegradation reactor or exposed to sunlight for 17 d were stable (Spanggord et al. 1978). 

However, Simmons and Zepp (1986) calculated a half-life of 23 d for DNB in near-surface 

freshwater at 40° latitude. Additional experiments conducted by Spanggord et al. (1978) in full 

sunlight and shade indicated that loss of DNB from open containers is due to volatilization; 

volatilization rate loss was determined to be 1. 88 x 10·2 ppm/hr. Volatilization half-lives have been 

estimated at 73 and 550 d (Spanggord et al. 1980a). Smith et al. (1981) measured the 

volatilization rate of DNB in the laboratory at room temperature. Solutions of various depths 

were subjected to mechanical stirring and air flow. A range of volatilization rate constants of 

0.001-0.0031/hr indicated a half-life of 9-29 days. A calculated Henry's Law constant of 2.3 x 10·6 

atm-m3/mol at 20°C (HSDB 1995c), indicates slow volatilization from water. Aromatic nitro 

compounds are generally resistant to hydrolysis (Lyman et al. 1982). 

Few experimental data regarding adsorption to soil or sediment were located. Using the 

clay mineral kaolinite (0.06% organic carbon), Haderlein and Schwarzenbach (1993) measured an 

adsorption coefficient (Kct or ~) of 1800 Llkg. This would indicate a moderate potential to 
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adsorb to soil. Calculated Koc values of 64 (Spanggord et al. 1980a), based on water solubility, and 

214 (US Army 1987a) indicate low to moderate adsorption on sediment. Based on mathematical 

derivations from the Kow and the water solubility, US EPA ( 1985) predicted that most of the 

compound will be found in the water column and less than 1 % of the compound will be in 

sediments. 

Biotransformation. Microbial degradation proceeds by reduction of the nitro groups to form 

amino groups. In the presence of enzymes from the bacterium Veillonella alkalescens, the pathway 

proceeded through a nitroso intermediate to hydroxylamino compounds. Further reduction yielded 

amino compounds (McCormick et al. 1976). 

Incubation of DNB in water samples taken from the Tennessee River downstream of the 

Volunteer AAP resulted in mineralization to C02 and indicated that the microorganisms present 

could use DNB as a sole carbon source (Mitchell and Dennis 1982, Mitchell et al. 1982). 

Mineralization did not occur in sterile water or in surface water from several sites in Maryland, 

indicating the importance of the source of the water. In Tennessee River water, a concentration 

of 5 J.tg/L was mineralized in 15 d following a 10-d lag period; under these conditions, a half-life 

of approximately 1 d was estimated following the lag period. When added to enrichment cultures 

in the laboratory, the half-life was 9. 7 d. 

Microbial degradation in sewage effluent occurred under both aerobic and anaerobic 

conditions (Hallas and Alexander 1983). Under both conditions, significant amounts of 

nitroaniline were formed. Under aerobic conditions, cultures of the yeast Candida pulcherrima 

(isolated from soil contaminated with DNB) produced m-nitrophenol, m-aminophenol, resorcinol, 

fumaric acid, as well as C02, the latter indicating complete degradation (Dey and Godbole 1986). 

Mitchell et al. (1982) conducted 3-d bioadsorption studies with DNB and viable or heat­

killed cells of Escherichia coli, Bacillus cereus, Serratia marcescens, and Azobacter beijerinckii. 

Bioadsorption coefficients ([J.tg absorbed/gram bacteria]/[J.tg chemical!mL supernatant]) for viable 

and heat-killed cells were 4.3 and 13.1,respectively, indicating little bioadsorption. 

B. Aquatic Toxicology 

1. Acute Effects - Invertebrates and Fish. Acute toxicity tests were conducted under static 

conditions with one species of invertebrate and four species of fish (Table 25). For both daphnid 

and fish tests, static acute methods generally followed those recommended by the American 
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Society for Testing and Materials (ASTM 1980). As indicated by EC50 values for immobilization 

of 27.4 and 49.6 mg/L, DNB is not highly acutely toxic to Daphnia magna. In another study, 

however, a concentration of 43 mg/L resulted in 50% mortality. When D. magna were fed during 

testing, toxicity was reduced as indicated by an EC50 for immobilization of 72 mg/L (Deneer et al. 

1989). Various species of fish showed different sensitivities. The most sensitive species appeared 

to be Lepomis macrochirus (96-hr LC50 of 1.4 mg/L) and Oncorhynchus mykiss (96-hr LC50 of 1. 7 

mg/L). 

2. Chronic Effects -Invertebrates and Fish. Chronic tests were conducted with one species of 

invertebrate and one species of fish (Table 26). Sixteen- and 21-d tests conducted under static­

renewal conditions with D. magna showed a no-effect concentration of 0.55 mg/L, a significant 

effect on reproduction at 3.2 mg/L, and an effect on growth at approximately 1 mg/L. Thirty-d 

tests conducted under flow-through conditions with young 0. mykiss showed a no-effect 

concentration of 0.16 mg/L. When tests were conducted for 69 d beginning with the egg stage, the 

no-effect concentration was 0.50 mg/L and the lowest-effect concentration for survival and growth 

was 0. 97 mg/L. 

3. Plants. Tests lasting from 24 hr to 8 d were conducted with four species of algae (Table 27). In 

the longer-term tests, all of the studies indicated effects on population growth at < 1 mg/L (0 .17-

0.97 mg/L). Details of some of the studies are discussed below. The green alga Selenastrum 

capricornutum, was tested for toxicity to DNB at measured concentrations of 0.26,0.97, 1.58, 10.7, 

14.3, and 85.6 mg/L under static conditions (van der Schalie 1983). Significantly reduced growth, 

measured on d 5 of the test, occurred at all concentrations above 0.26 mg/L. Concentrations 

between 0.97 and 14.3 mg/L were considered algistatic, as transfer to clean media resulted in 

renewed growth. Deneer et al. (1989) tested DNB toxicity to the green alga Chiarella pyrenoidosa 

under static-renewal conditions and found an EC50 value for maximum yield of 0.24 mg/L. 

Fitzgerald et al. (1952) exposed cultures of the bluegreen algae, Microcystis aeruginosa, 

grown in 125-mL flasks at 22°C to DNB for 24 hrs. A concentration of 5 mg/L resulted in 50% 

mortality. The 8-d "toxicitythreshold" (the concentration at which an inhibitory effect begins; 

;;::: 3% below controls) for population growth of M. aeruginosa was 0.17 mg/L (Bringmann and 

Kuhn 1978). When tested in the cell multiplication inhibition test, the 7-d "toxicitythreshold" for 

the green alga, Scendesmus quadicauda, was 0.7 mg/L (Bringmann and Kuhn 1980). 
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4. Metabolism and Bioconcentration. No data on metabolism by aquatic organisms were located. 

Log Kow values of 1.49 (Hansch and Leo 1979), 1.62 (Liu et al. 1983a), and 1.52 (Deneer et al. 

1989) have been calculated. Using a log Kow value of 1.62, calculated according to the method of 

Leo et al. (1971), and the BCF equation of Veith et al. (1979), Liu et al. (1983a) computed a 

BCF for fish of 10.03. This value suggests a low potential for bioconcentration. Deneer et al. 

(1987) exposed guppies (Poecilia reticulata) to DNB for 3 d and measured a BCF of 74 on the 

basis of fat weight. 

C. Aquatic Criteria and Screening Benchmarks 

1. Aquatic Organisms. Data that met US EPA guidelines were available for four of the required 

eight families: a planktonic crustacean (D. magna), the family Salmonidae (0. mykiss), a second 

family in the class Osterichthyes (L. macrochirus), and a third family in the phylum Chordata 

(Pimephales promelas or Ictalurus punctatus). For two of the families, data were available to 

calculate acute:chronic toxicity rations, Daphnidae and Salmonidae. Therefore, Tier II or 

Secondary Acute and Chronic Values were calculated according to USEPA guidance for the 

Great Lakes System (USEPA 1993a). 

The SA V was calculated by dividing the lowest GMA V in the data base by the SAP. The 

lowest GMAV was 1.4 mg/L for L. macrochirus. USEPA (1993a) lists a SAP of 6.5 for use in Tier 

II calculations when four satisfied data requirements for Tier I calculations are available. 

Therefore, 

SAY = .lA = 0.215 mg/L 
6.5 

The SMC is one-half of the SAY or 0.108 mg/L. 

For the SACR, data for two of the three required families were available to calculate 

ACRs according to guidelines for Tier I. Therefore, one assumed ACR of 18 was added. Most of 

the acute and chronic studies were performed by the same investigator and the chronic studies 

were performed under flow-through conditions. The SACR is the geometric mean of the three 

ACRs. For D. magna the acute value was set equal to the geometric mean of the two EC50 values 

for immobilization, the typical endpoint in studies with species of Daphnidae. For the chronic 

value, the endpoints of growth (16-d NOEC and LOEC for D. magna) and survival (69-d NOEC 

and LOEC for Onchrhynchus mykiss) were chosen. Acute and chronic values and the ratios are 

listed in Table 28. 

48 



The SACR is the geometric mean of 45.38, 2.44, and 18 or 12.58. The SCV is the SAV divided by 

the SACR: 

SCV = SAV = 0.215 = 0.017 mg/L 
SACR 12.58 

Aquatic screening benchmarks are listed in Table 29. 

The few chronic studies and the range of the SACR make the SCV, at best, an estimate. 

Another acute test with 0. mykiss and additional chronic studies with other species are needed to 

improve confidence in the SCV screening benchmark. van der Schalie (1983) noted that the 30-d 

LC50 for adult 0. mykiss (0.37 mg/L) was lower than the NOEC for eggs and fry (0.50 mg/L). 

For algal species, a test of at least 96-hours duration may be used; concentrations of test 

material should be measured and the endpoint should be biologically significant (Stephan et al., 

1985). The study by van der Schalie (1983) met these conditions; however, the study by Deneer et 

al (1989) resulted in a lower LOEC, 0.24 mg/L, and this value was chosen as the final chronic 

value for plants. 

2. Sediment-Associated Organisms. Because the only experimental adsorption value for DNB was 

based on a clay mineral (Haderlein and Schwarzenbach 1993) instead of soils or sediments with 

organic matter content between 1% and 8% as recommended by USEPA (1979), a SQB based on 

the ~ value was not calculated. 

Because Kow values are available, a Koc can be calculated and a SQBoc can be determined. 

Using the most recently calculated log Kow value of 1.62 (Liu et al. 1983a) and the relationship 

between Kow and Koc• the log Koc is 1.593 and the Koc is 39.15. Then, the organic carbon­

normalized SQB, i.e.,mg/kg organic carbon (mg/kgoc) is: 

SQBoc = Koc X SCV 

SQBOC = 39.15 Llkg X 0.017 mg/L = 0.67 mg/kgoc 

If an organic carbon content in the soil of 1% is assumed, the SQB1% is calculated as: 

SQB1% = 0.01 x 39.15 Llkg x 0.017 mg/L = 0.007 mg/kg 

D. Terrestrial Toxicology 

I. Mammals. No subchronic or chronic studies on the toxicity of DNB utilizing mammalian 

wildlife species were located. Three subchronic studies on the toxicity of DNB utilizing laboratory 

49 



animals were located. In the first study, Linder et al. (1986) administered DNB to groups of 12 

male Sprague-Dawley rats by gavage, 5 d/wk, for 12 wk at doses of 0. 0.75, 1.5, 3.0, or 6.0 mg/kg/d 

(0, 0.54, 1.1, 2.1, or 4.3 mg/kg/d when adjusted for a 7 d/wk exposure). Rats dosed with 4.3 

mg/kg/d showed decreased body weight gains and slight ataxia by wk 8; two animals in this group 

died during wk 10. Doses of 2.1 and 4.3 mg/kg/d resulted in increases in spleen weight 

accompanied by hemosiderosis, diminished sperm production, decreased weights of the testes and 

epididymides, seminiferous tubular atrophy, and infertility when mated to untreated females. 

Although sperm production was also decreased in males treated with 1.1 mg/kg/d, the males were 

fertile and produced a number of litters similar to that of controls. No effects were observed on 

sperm production or mating parameters at a dose of 0.54 mg/kg/d. 

In the second study, groups of 15 male and 15 female Fischer 344 rats were administered 
0, 1, 6, or 30 mg DNB/kg diet for 90 d (5 animals per group were sacrificed at 45 d for 

hematology and clinical chemistry analyses) (Reddy et al. 1995). Calculated doses were 0.06, 0.35, 

and 1.73mg/kg/dfor males and 0.07,0.39,and 1.93mg/kg/dfor females. 

Food and water consumption were not altered in any dose group and terminal body 

weights were similar among groups. Relative organ weights were significantly changed for the 

spleen (increased in the high dose group for both sexes) and testes (decrease in the high dose 

group). A significant decrease in red blood cell count, hemoglobin, and hematocrit and a 

significant increase in reticulocyte levels were observed in both sexes in the 30 mg DNB/kg diet 

dose group. Methemoglobin levels were increased in both sexes receiving 6 and 30 mg DNB/kg 

diet. The following histologic changes were observed in the 30 mg DNB/kg diet group: 

cytoplasmic droplets in the kidneys (both sexes), erythroid cell hyperplasia of the spleen (both 

sexes), and seminiferous tubular degeneration in the testes (males). 

In the third study, groups of 20 male and 20 female Charles River rats were administered 

DNB in drinking water at concentrations of 3, 8, or 20 mg/L for 16 wk (Cody et al. 1981). For 

males, dose intakes of 0, 0.40, 1.13, or 2.64 mg/kg/d were reported, and, for females, dose intakes 

of 0, 0.48, 1.32, or 3.10 mg/kg/d were reported. Females in the highest dose group had reduced 

rates of growth; at the end of 16 wk their mean body weight was significantly lower than that of 

the control females. Growth was normal in the other groups. Moderate reductions in hematocrit 

and hemoglobin values in males, observed in the high dose group after 5 and 10 wk, were similar 

to those of controls at 90 d. In the groups administered 8 and 20 mg/L, spleens of both sexes 

were significantly increased in weight, and in the males administered 8 mg/L, the testes were 
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significantly reduced in weight. Histopathological examinations revealed the presence of 

hemosiderin in the spleens, especially in the group receiving 20 mg/L in the drinking water. Testes 

were normal in appearance, but there was evidence of a slight to moderate decrease in 

spermatogenesis in the group receiving 20 mg/L. There was some evidence of increased physical 

activity of males administered DNB, but the cause and significance of this effect is unknown. 

2. Birds. No subchronic or chronic studies on the toxicity of DNB to birds were located. The 

compound is of low acute toxicity to birds with LD50 values of > 100 mg/kg for starlings and 42 

mg/kg for red-winged blackbirds (Schafer 1972). 

3. Plants. No data on the toxicity of DNB to terrestrial plants were located. Mature 

hydroponically grown soybeans (Glycine max) showed no phytotoxic symptoms during 4 d in a 

solution of 34 p.g/L of DNB (McFarlane et al. 1987). 

4. Soil Invertebrates. No data on the toxicity of DNB to terrestrial invertebrates were located. 

5. Soil Microorganisms. No data on the effect of DNB on microorganisms in soil were located. In 

laboratory culture solutions, growth of microorganisms was inhibited at concentrations of 4-100 

mg/L (Kitchens et al. 1978, Wentzel et al. 1979). Using the cell multiplication inhibition test, 

Bringmann and Kuehn (1980) found a "toxicity threshold" of 14 mg/L for Pseudomonas putida. In 

a synthetic medium, 16 species of microorganisms isolated from soil exposed to DNB waste 

effluent were capable of degrading DNB present at an initial concentration of 100 mg/L (Dey et 

al. 1986). 

6. Metabolism and Bioaccumulation. 

Animals. DNB can enter the mammalian body by ingestion, inhalation, or dermal absorption 

(ATSDR 1995b). Metabolism of DNB proceeds by enzymic reduction of one or both nitro groups 

followed by addition of a hydroxyl group adjacent to one of the resulting amino groups. The 

metabolites are acetylated or conjugated with glucuronic acid and excreted primarily in the urine. 

In metabolic studies with rabbits, 65-93% of orally administered DNB (50-100 mg/kg) was 

excreted in the urine, primarily as the metabolites 3-nitroaniline, 1 ,3-phenylenediamine, 2,4-

diaminophenol, and 2-amino-4-nitrophenol during the first 2 d (Parke 1961). In rats, reduction 
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followed by acetylation results in the excretion of 3-aminoacetanilide, 4-acetamidophenol, 1,3-

diacetamidobenzene, 3-nitroaniline-N-glucuronide, and 3-nitroaniline in the urine (Nystrom and 

Rickert 1987). Sixty-eight percent of the dose was eliminated in 24 hr with from 1-5% of the dose 

excreted in the feces. McEuen et al. (1995) additionally identified 2,4-diacetamidophenol and 2-

nitro-acetamidophenol but not 3-aminoacetanilide in the urine of orally-dosed male rats. Excretion 

of radio labeled metabolites in the urine and feces in two of these studies indicate that 63-93% of 

an oral dose is absorbed by the gastrointestinal tracts of rats and rabbits (Parke 1961; Nystrom 

and Rickert, 1987). Following single oral doses to rats, levels of radioactivity were highest in the 

liver, white fat, brown fat, kidney, and sciatic nerve (Philbert et al. 1987). Levels were higher in 

germ-free rats than in conventional rats, indicating the importance of intestinal microflora in 

bioavailability /metabolism. 

Because DNB is readily metabolized and excreted in mammalian systems, it is not 

expected to bioaccumulate. Biomonitoring studies have been conducted at Aberdeen Proving 

Ground, Maryland (USACHPPM 1994), and at several other AAPs (see Opresko 1995b for 

review). DNB was not present in tissues of terrestrial wildlife (deer and small mammals) at or 

above a detection limit of 0. 05 mg/kg. 

Plants. McFarlane et al. (1987) studied the uptake, distribution, and metabolism of 14C-labeled­

DNB in hydroponically grown mature soybean plants. The initial uptake rate, measured by several 

methods, ranged from 17-22 mL!min. Radioactivity remained primarily in the roots, with slow 

translocation of 14C to the shoots and leaves. The thin-layer chromatography pattern of root 

extracts indicated that about half of the parent chemical was degraded to other compounds within 

the roots. The authors suggested that 14C in the leaves was probably due to translocated 

degradation products although metabolites were not identified. 

E. Terrestrial Criteria and Screening Benchmarks 

I. Mammals. A chronic oral Reference Dose (RID) for humans of 0.0001 mg/kg/d was calculated 

by extrapolation and multiplication by uncertainty factors from a subchronic oral study with rats 

(USEPA 1993d). The endpoint in that study was increased splenic weight. 

Three subchronic studies lasting 84 to 112 d on the oral toxicity of DNB utilizing 

laboratory animals were available for calculating screening benchmarks for mammalian wildlife 

(Linder et al. 1986, Reddy et al. 1995, and Cody et al. 1981). In all three studies, the relevant 
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endpoint was testicular degeneration, an effect which would diminish population survival. All 

three studies, using different strains of laboratory rats, showed remarkedly similar effects at similar 

dose levels (Table 30): a NOAEL of ::; 1.13 mg/kg/d and a LOAEL of 2:: 1.5 mg/kg/d. The highest 

NOAEL of 1.13 mg/kg/d from the study by Cody et al. (1981) was chosen for calculation of 

screening benchmarks for mammalian wildlife. The subchronic NOAEL was multiplied by an 

uncertainty factor of 0.1 to derive the chronic NOAEL. The time-weighted average body weight 

of the animals in this test group was not reported; the terminal average body weight was 0.450 kg. 

To calculate the wildlife benchmarks, the EPA default value of 0.350 kg was used for the body 

weight of the test species. The NOAEL was extrapolated to seven other species of wildlife as in 

the TNT section. The log Kow of 1.62 was used to estimate the FCM for the mink. Screening 

benchmarks for the other species of wildlife are listed in Table 31. 

Confidence in the benchmarks is high because of the number of studies and similar results. 

Additional confidence would be placed in the benchmarks if similar results were attained with a 

second species. 

2. Birds. No subchronic or chronic studies were available for calculation of screening benchmarks 

for avian species. 

3. Plants. Insufficient data were located for calculation of a screening benchmark for terrestrial 

plants. In one study a solution of 34 p,g/L was not phytotoxic (McFarlane et al. 1987), but the 

growth period was only 4 d. 

4. Soil Invertebrates. No data were located for calculation of a screening benchmark for soil 

invertebrates. 

5. Soil Heterotrophic Processes. Insufficient data were located for calculation of a screening 

benchmark for soil heterotrophic processes. Studies with laboratory cultures utilized acclimated 

organisms. 
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V. 3,5-Dinitroaniline 

3,5-Dinitroaniline (DNA) is a weak explosive. Nitration of DNA yields the powerful explosive, 

2,3,4,5,6-pentanitroaniline. DNA is prepared from TNB or from 3,5-dinitrobenzoic acid (Fedoroff 

et al. 1960). 

DNA is formed during the production of TNT, either through the nitration of toluene 

(the starting material for production of TNT) or through the chemical or microbial degradation of 

nitrated toluenes. It is released to the environment from munition production and processing 

facilities. It is also formed in the environment by the bacterial reduction of TNB, another by­

product of munitions manufacturing (Mitchell et al. 1982, Spanggord et al. 1982a). No data on 

concentrations in the environment were located; however, DNA is usually detected in soils 

containing TNB (Walsh and Jenkins 1992). 

Few data on transport in the environment and no data on toxicity to terrestrial mammals, 

birds, plants, soil invertebrates, or soil heterotrophic processes were located. Aquatic toxicity data 

on one species of invertebrate and three species of fish were located. These data were used to 

derive Tier II screening benchmarks for DNA. Chemical and physical properties are listed in 

Table 32. 

A. Environmental Fate 

1. Sources and Occurrences. DNA is present in condensate wastewater derived from the 

production and purification of TNT at production facilities such as AAP. It was present in 7. 6% 

of condensate wastewater at concentrations ranging from 0. 005 to 0. 30 mg/L at an AAP that used 

the sellite process for manufacture of TNT. In the environment, microbial transformation of TNT 

results in formation of DNA (Mitchell et al. 1982). 

Air. No information on the occurrence of DNA in air was located. 

Surface and Groundwater. No monitoring studies of DNA in surface and groundwater at military 

sites were located. 

Soils. DNA was present in soils at the following Army sites: Weldon Springs, Hawthorne AAP, 

Hastings East Park, Nebraska Ordnance Works, and Raritan Arsenal, but concentrations were not 
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given. DNA was usually detected in soils containing TNT. Chromatograms indicated that 

concentrations were low compared to other munitions contaminants (Walsh and Jenkins 1992). 

Four soil samples taken from the Naval Surface Warfare Center contained concentrations ranging 

from 0.08 to 0.67 mg/kg (dry weight) (Grant et al. 1995). 

2. Transport and Transportation Processes. 

Abiotic Processes. No data on transport or transformation in air were located. 

No data on transport or transformation in water were located. DNA is only slightly soluble 

in water (Fedoroff et al. 1960) and two isomers of DNA, 2,4- and 2,6-dinitroaniline, are practically 

insoluble in water (Budavari et al. 1996). Aromatic amines are generally resistant to aqueous 

hydrolysis (Lyman et al. 1982). 

Anilines strongly bind to humic substances in soil and are not easily extracted (Bollog and 

Loll 1983). However, measured Koc values for DNA of 507, 303, and 253 for podzol, alfisol, and 

sediment, respectively, (von Oepen et al. 1991) indicate a moderate potential to bind to soil. 

Biotransformation. Incubation of TNB in the presence of nutrients results in formation of DNA 

(Mitchell et al. 1982). The metabolite was formed when TNB was added to nutrient-enriched 

water samples from the Tennessee River. Incubation of DNA under the same conditions as those 

for TNB resulted in formation of 3,5-diaminonitrobenzene (the principal product), 3-nitro-5-

aminoacetanilide, and a nitro, amino substituted N-methylindoline. 

Mitchell et al. (1982) conducted microbial screening tests using Tennessee River water 

and sediments collected downstream of the Volunteer AAP. In tests lasting 19 d, concentrations 

of DNA (14.5 ~-tg/mL) decreased 33-52% only in water containing sediments; degradation was 

preceded by a lag period of 12 d. Cultures enriched in microorganisms capable of biodegrading 

DNA were not capable of using the compound as a sole carbon source; biodegradation occurred 

only with the addition of glucose and yeast extract. Tests with 14C-labeled DNA did not result in 

liberation of 14C02 , indicating that complete mineralization did not occur. 

Mitchell et al. (1982) also conducted 3-d bioadsorption studies with DNA and viable or 

heat-killed cells of Escherichia coli, Bacillus cereus, Serratia marcescens, and Azobacter beijerinckii. 

Biosorption coefficients ([J.tg absorbed/gram bacteria]/[J.tg chemical!mL supernatant]) of less than 

10 indicated little bioadsorption. 
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B. Aquatic Toxicology 

1. Acute Effects - Invertebrates and Fish. Static acute tests were conducted with one invertebrate 
and four species of fish (Table 33). The results of tests with daphnids and fish from two different 
laboratories were very similar. DNA was not highly acutely toxic to aquatic organisms; the most 
sensitive species was the rainbow trout with a 96-hr LC50 of 3.0 mg/L. An 11-d test conducted 
under flow-through conditions resulted in a similar LC50 value for rainbow trout. 

An acute toxicity test was also conducted with a saltwater invertebrate, the shrimp 
Crangon septemspinosa. The 96-hr LC50 was 11.6 mg/L (McLeese et a!. 1979). 

2. Chronic Effects - Invertebrates and Fish. Chronic tests were conducted under flow-through 
conditions with one species of invertebrate and one species of fish (Table 34). Daphnids were 
tested at measured concentrations of 1.29 to 7.98 mg/L and rainbow trout were tested at 
measured concentrations of 0.15 to 1.21 mg/L. The LOECs were 4.56 mg/L for Daphnia magna 
and 0.65 mg/L for Oncorhynchus mykiss. 

3. Plants. Only one species, the green alga Selenastrum capricornutum, was tested. Under static 
conditions, significantly reduced growth, measured on d 5 of the test, occurred at concentrations 
of 0.13 to 15.1 mg/L (van der Schalie 1983). These concentrations were considered algistatic as 
transfer to clean media resulted in renewed growth. A concentration of 0.03 mg/L was a no-effect 
concentration. 

4. Metabolism and Bioconcentration. No information on metabolism and bioconcentration in 
aquatic organisms was located. 

C. Aquatic Criteria and Screening Benchmarks 
1. Aquatic Organisms. Data from acute tests were available for only four of the required eight 
families: Salmonidae (0. mykiss), two additional families in the class Osteichthyes (Lepomis 
macrochirus and Ictalurus punctatus), and a planktonic crustacean (D. magna). Therefore, Tier II 
or Secondary Acute and Chronic Values were calculated according to USEPA guidance for the 
Great Lakes System (USEPA 1993a). For two of the families, data were available to calculate 
acute:chronic toxicity ratios, Daphnidae and Salmonidae. 

The SA V was calculated by dividing the lowest GMA V in the data base by the SAF. The 
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lowest GMAV was 3.0 mg/L for 0. mykiss. USEPA (1993a) lists a SAF of 6.5 for use in Tier II 

calculations when four satisfied data requirements for Tier I calculations are available. 

Therefore, 

SAV = 3.0 = 0.46 mg/L 
6.5 

The SMC is one-half of the SAV or 0.23 mg/L. 

For the SACR, two of the three experimentally determined ACRs were available 

according to guidelines for Tier I. The geometric mean of the two acute values for D. magna was 

used as the acute value. LOECs and NOECs for the chronic studies are listed in Table 34. So 

that the total number of ACRs is three, an additional default ACR of 18 was added according to 

USEPA (1993a) guidelines. The SACR is the geometric mean of the three ACRs listed in Table 

35, 7.8 mg/L. 

The SCV is the SA V divided by the SACR: 

SCV = SAV = 0.46 = 0.059 mg/L 
SACR 7.8 

Aquatic criteria/screening benchmarks are listed in Table 36. 

The single test with the green alga, S. capricornutum, was used to approximate a Final 

Plant Value. A lowest-effect value in this test was 0.13 mg/L. 

2. Sediment-Associated Organisms. No data on the toxicity of DNA to sediment-associated 

organisms were located. Although a dissociation constant for DNA was not located, aromatic 

amines are known to dissociate under environmental conditions (pH of 5-9) (Howard et al. 1989). 

Because of the potential ionization of the amine group of DNA under ambient conditions, the 

Equilibrium Partitioning method of Di Toro et al. (1991) for calculating SQC for nonionic organic 

chemicals cannot be utilized. 

D. Terrestrial Toxicology 

1. Toxicity. No data on the toxicity of DNA to mammals, birds, plants, soil invertebrates, or soil 

microbes were located. 

2. Metabolism and Bioconcentration. 
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Animals. No data on the metabolism and bioaccumulation of DNA were located. However, the 

disposition of the related isomer 2,4-dinitroaniline, administered to rats, was studied. The 

compound was rapidly absorbed, distributed to all major tissues within 45 minutes, rapidly cleared, 

and excreted in the urine (63% in 24 hr) and feces (23% in 3d). 2,4-Dinitrophenylhydroxylamine 

was the main metabolite, with excretion in the urine as the sulfate conjugate and in bile as the 

glucuronide (Matthews et al. 1986). By analogy, hydroxylation of the amino group of DNA would 

result in excretion of 3,5-dinitrophenylhydroxylamine. Rapid metabolism indicates no 

bioaccumulation. 

Plants. No data on the metabolism or bioaccumulation of DNA by plants were located. 

E. Terrestrial Criteria and Screening Benchmarks 

No data useful for calculating criteria or screening benchmarks for terrestrial wildlife, birds, 

plants, or soil invertebrates or heterotrophic processes were located. 
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VI. 2-Amino-4,6-dinitrotoluene 

2-Amino-4,6-dinitrotoluene (2-ADNT) is formed during the production of TNT and is released to 

the environment from munitions production and processing facilities. It is also formed from TNT 

present in the environment by bacterial reduction of the 2-nitro group. Chemical and physical 

properties are listed in Table 37. 

Few data on transport and transformation processes in the environment were located. 2-

ADNT is moderately persistent in the environment; important fate mechanisms include photolysis 

and biodegradation. Data from acute toxicity tests with two species of aquatic organisms were 

used to derive Tier II acute and chronic screening benchmarks. No data on toxicity to terrestrial 

mammalian species, soil invertebrates, or soil heterotrophic processes were located. Studies were 

located on terrestrial plant uptake and phytotoxicity. 

A. Environmental Fate 

1. Sources and Occurrences. 2-ADNT is present in condensate wastewater released to the 

environment from the production and purification of TNT at AAPs. According to Spanggord et 

al. (1982a), it most likely arises from the bacterial reduction of TNT. It is also formed in the 

environment from the bacterial reduction of the 2-nitro group of TNT (McCormick et al. 1976). 

Air. No data on concentrations in air were located. 

Surface and Groundwater. 2-ADNT occurred in 21.5% of condensate wastewater samples at a 

TNT production facility at an average concentration of 0.02 mg/L (range 0.001-0.10mg/L) 

(Pearson et al. 1979, Spanggord et al. 1982a). 2-ADNT was detected in groundwater at the 

Hawthorne Naval Ammunition Depot, but concentrations were not given (Pereira et al. 1979). 

Water samples downstream of the Holston AAP were not analyzed for 2-ADNT, but 

concentrations in Holston River sediment were 0.0675 mg/L near a TNT discharge line and 

0.0004 mg/L at a site approximately eight kilometers downstream (Spanggord et al. 1981). The 

metabolic precursor, 2-hydroxylamino-4,6-dinitrotoluene (McCormick et al. 1976) was detected m 

water and sediment samples at the Iowa AAP (Sanocki et al. 1976). 
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Soils. At the Joliet AAP, 2-ADNT was detected in soil samples collected from a LAP area and 

an open burning ground. Concentrations ranged from less than the limit of detection (0.1 mg/kg) 

in approximately half of the samples to 19 mg/kg (Simini et al. 1995). In a survey of TNT and 

transformation products in a limited number of soil samples collected at AAP, depots, and 

arsenals, the following concentrations (air-dried weight) were found: Nebraska Ordnance Works, 

0.05-8.0mg/kg; Newport, 0.3 mg/kg; Weldon Springs, 0.05-2.3 mg/kg; Raritan Arsenal, 2.0-37 

mg/kg; Hastings East Park, 0.05 mg/kg; Sangamon Ordnance Plant, 4.9 mg/kg; and Eagle River 

Flats, 0.05-0.73 mg/kg (Walsh and Jenkins 1992). Samples were not analyzed or concentrations 

were below the limit of detection at nine other sites. 

2. Transport and Transformation Processes. 

Abiotic Processes. No data on transformation in the atmosphere were located. 

Burlinson and Glover (1977) reported that irradiation of 50 mg/L of 2-ADNT in an 

unbuffered aqueous solution at > 290 nm produced a 70% loss in 7 hr. Six products were isolated 

by thin-layer chromatography, but only 4,6-dinitroindazole was identified. 

Soil partition coefficients (Kd) were measured in a soil-water system containing TNT and 

its metabolites. Under both oxidized and reduced conditions, Kd for 2-ADNT were similar, 4.9 and 

3.7, respectively (Pennington and Patrick 1990). A Kd of approximately 4 indicates little sorption 

to soil. 

Biotransformation. Because 2-ADNT is a biodegradation product of TNT, its biotransformation 

has been studied in association with the biodegradation of TNT. 2-ADNT is formed from TNT by 

the reduction of the 2-nitro group to an amino group. Further reduction leads to formation of 

2,4-diamino-6-nitrotoluene, 2,6-diamino-4-nitrotoluene, and triaminotoluene (Hoffsommer et al. 

1978, McCormick et al. 1976) (see Fig. 1). The compound is formed in cultures of TNT incubated 

with Pseudomonas sp. (Won et al. 1974) and with microbial populations isolated from sludge 

(Hoffsommer et al. 1978) and sediment (Spanggord et al. 1980b). In batch studies, incubation of 

13 mg/L of 2-ADNT with sludge microbes for 3 d resulted in complete metabolism to 2,4-

diamino-6-nitrotoluene and 2,6-diamino-4-nitrotoluene (Hoffsommer et al. 1978). 

2-ADNT is moderately persistent in soil. Cataldo et al. (1989) amended various soils with 

unlabeled or 14C-labeled-TNT and isolated the degradation products. The soils ranged from sandy 

to silt loams with organic carbon contents of 0.5 to 7.2%. 2-ADNT and 4-amino-2,6-dinitrotoluene 
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(as determined by HPLC chromatograms and mass spectrometry) appeared almost immediately m 

the soil and increased dramatically by d 10. After 60 d of incubation the two isomers accounted 

for > 80% of the TNT -derived activity in two of the soils. Similar, but slower transformation 

occurred in radiation-sterilized soils, indicating that abiotic processes may account for some or all 

of the transformation. 

Two types of soil, a Tunica silt and a Sharkey clay, were amended with 2-ADNT and 

extracted for metabolites after 20 and 65 d (Pennington 1988a, 1988b). In addition to the parent 

compound, the following metabolites were present in both soils at both times: TNT, 4-amino-2,6-

dinitroto I uene, 2, 6-diamino-4-nitroto luene, 2, 4-diamino-6-nitroto I uene, 4-amino-2-ni troto I uene, 

2,4-dinitrotoluene, 2,6-dinitrotoluene, and 1 ,3,5-trinitrobenzene. After 65 d, 2-ADNT persisted in 

the soils in greater concentrations than the other metabolites. The sum of the recoveries of all the 

compounds was low compared to the original spike (80 mg/kg of soil, oven dry weight basis). The 

author suggested that spontaneous reduction could have occurred in the soils or during the 

extraction procedure. 

Using the white-rot fungus, Phanerochaete chrysosporium, immobilized in a fixed-film 

silicone membrane bioreactor, TNT was rapidly degraded (half-life of 4.4 hr) compared to 2-

ADNT (half-life of 50 hr), suggesting that degradation of aminodinitrotoluene isomers is the rate 

limiting step in biodegradation of TNT (Bumpus and Tatarko 1994). 2-ADNT was degraded to an 

unidentified water soluble metabolite. Under carefully controlled anaerobic conditions, TNT was 

.degraded by soil microbes to the 2- and 4-aminodinitrotoluenes within 10 d and the 

aminodinitrotoluene isomers were removed within 25 d (Funk et al. 1993). The bacterium, 

Pseudomonas aeruginosa (strain MAOl), cultured with an exogenous carbon source, cometabolized 

2-ADNT into polar metabolites (Alvarez et al. 1995). Approximately 50% of the 2-ADNT was 

metabolized to polar metabolites in 170 hr; other metabolites were identified as the 

diaminonitrotoluenes, acetyl-diaminonitrotoluenes, and tetranitroazoxytoluenes. 

B. Aquatic Toxicology 

1. Acute Effects - Invertebrates and Fish. Data were available on one species of freshwater 

invertebrate and one species of fish. In static tests, the 48-hr EC50 for immobilization of Daphnia 

magna was 4.6 mg/L; the 96-hr LC50 for Pimephales promelas was 15.1 mg/L (Bailey and 

Spanggord 1983, Liu et al. 1983a). 
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Won et al. (1976) evaluated the acute toxicity of 2-ADNT to two saltwater species, a 

tidepool copepod, Tigriopus californicus, and oyster larvae, Crassostrea gigas. Groups of 100 

copepods and 200 oyster larvae (average age 20 d) were incubated at 20oc for 72 and 96 hr, 

respectively, and evaluated for mortality. No mortality was observed for either species at the 

highest concentration tested, 50 mg/L. 

2. Chronic Effects -Invertebrates and Fish. No data on chronic exposures of aquatic organisms 

were located. 

3. Plants. Won et al. (1976) evaluated the toxicity of 2-ADNT to the freshwater green alga, 

Selenastrum capricornutum. Incubation was for 7 d and toxicity was evaluated in terms of dry 

weight and morphological alterations. No toxicity was observed at the highest concentration 

tested, 50 mg/L. 

4. Metabolism and Bioconcentration. Using reverse-phase HPLC retention time, Jenkins (1989) 

calculated a log Kow of 1.94. From an estimated log Kow of 1.06, Liu et al. (1983a) calculated a 

bioconcentration factor of 3. 76 which indicates little potential for bioaccumulation. 

C. Aquatic Criteria and Screening Benchmarks 

I. Aquatic Organisms. Data were insufficient for calculation of acute or chronic WQC according 

to USEPA guidelines. Although only two acute toxicity studies were available, these data are 

sufficient to calculate acute and chronic Tier II criteria according to US EPA ( 1993a) guidelines 

for the Great Lakes System. Data were available on a planktonic crustacean (D. magna) and a 

family in the class Osteichthyes (Cyprinidae, P. promelas). No chronic data were available for 

calculation of acute:chronic toxicity ratios. 

The SAY was calculated by dividing the lowest GMA Y in the data base by the SAF. The 

lowest GMAY was 4.6 mg/L for Daphnia magna. USEPA (1993a) lists a SAF of 13 for use in 

Tier II calculations when two satisfied data requirements for Tier I calculations are available. 

Therefore, 

SAY = 4.6 = 0.35 mg/L 
13 

The SMC is one-half of the SAY or 0.18 mg/L. 
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No experimentally determined acute-chronic ratios were available for determination of the 

SACR; therefore, the default SACR of 18 was used. The SCY is the SAY divided by the SACR: 

SCY = SAY = 0.35 = 0.019 mg/L 
SACR 18 

The single test with the green alga, S. capricornutum, was used to approximate a FPY. 

The FPY would be the same as the lowest chronic value for aquatic plants, >50 mg/L. Aquatic 

screening benchmarks are listed in Table 38. 

2. Sediment-Associated Organisms. No data on sediment-associated organisms were located. 

Calculation of SQB based on EqP (Di Toro et al. 1991) applies to nonionic organic chemicals and 

a SQB can not be calculated for 2-ADNT because of the potential ionization of the amine group 

under environmental conditions. 

D. Terrestrial Toxicology 

1. Mammals. No studies on the subchronic or chronic administration of 2-ADNT to wildlife or 

laboratory-reared mammals were located. 

2. Birds. No data on the toxicity of 2-ADNT to birds were located. 

3. Plants. Yellow nutsedge (Cyperus esculentus) was grown for 42 d in clay or silt soil amended 

with 80 p,g of 2-ADNT/g of soil (80 mg/kg, oven dry weight basis) (Pennington 1988a, 1988b). 

There were no significant differences in yield, as measured by plant weight, between controls and 

treatments within soil types. 

4. Soil Invertebrates. No data on the toxicity of 2-ADNT to soil invertebrates were located. 

5. Soil Heterotrophic Processes. No studies designed to evaluate the toxicity of 2-ADNT to soil 

microorganisms were located. In biotransformation studies, no toxic effects on sludge 

microorganisms were reported at a treatment concentration of 13 mg/L (Hoffsommer et al. 1978) 

or on soil microorganisms at a treatment concentration of 80 mg/kg (soil dry weight) (Pennington 

1988a, 1988b). 
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6. Metabolism and Bioaccumulation. 

Animals. No data on the metabolism of 2-ADNT in mammalian species were located. The 
compound has been found in the urine of workers engaged in the production of TNT and in the 

urine of laboratory animals administered TNT orally (El-hawari et al. 1981, Hodgson et al. 1977) 
or dermally (Yinon and Hwang 1987). 2-ADNT is excreted primarily as a glucuronide conjugate. 
Further reduction to 2,4-diamino-6-nitrotoluene and 2,6-diamino-4-nitrotoluene may take place 
prior to excretion as these metabolites are also found in the urine of mammalian species 
administered TNT (ATSDR 1995a). 

No information on bioaccumulation was located. Based on the administration of TNT to 
mammalian species, the compound appears to be metabolized and excreted in the urine. 
Biomonitoring studies have been conducted at Aberdeen Proving Ground, Maryland 
(USACHPPM 1994), and at several other AAPs (see Opresko 1995b for review). 2-ADNT was 
not present in tissues of terrestrial wildlife (deer and small mammals) at or above a detection limit 
of 0.1 mg/kg. 

Plants. Yellow nutsedge grown for 42 din hydroponic cultures containing TNT and analyzed for 
TNT and its metabolites contained primarily the metabolites 4-amino-2,6-dinitrotoluene and 2-
ADNT (Palazzo and Leggett 1986). Highest concentrations were present in the roots; at a 
concentration of 20 mg/L of TNT, the roots contained almost 2200 mg/kg of 4-amino-2,6-
dinitrotoluene and 600 mg/kg of 2-ADNT. The metabolites were found throughout the plants. 
Since no metabolites were present in the culture solution (the containers were painted black to 
inhibit photolysis), the authors concluded that metabolism took place within the plant. No other 
metabolites were reported. 

Neither the parent compound nor metabolites could be detected in yellow nutsedge grown 
in soil amended with 80 mg/kg of 2-ADNT (Pennington 1988a, 1988b). Plants were grown in pots 
containing clay or silt soil for 45 d before harvesting. The authors suggested that bioavailability 
was limited due to volatilization of the compound or its metabolites and adsorption of the 

compounds or its metabolites to soil, but data on volatilization and adsorption were not available. 
A limited number of uptake and metabolism studies indicate that 2-ADNT does not 

bioaccumulate in plants, either due to metabolism or lack of uptake. 

E. Terrestrial Criteria and Screening Benchmarks 
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1. Mammals. No studies on the subchronic or chronic toxicity of 2-ADNT to mammals or birds 

were located; thus, screening benchmarks could not be calculated. 

2. Birds. No subchronic or chronic studies were available for calculation of screening benchmarks 

for avian species. 

3. Plants. In the absence of criteria for terrestrial plants, LOECs (or NOECs) from the literature 

can be used to screen for chemicals of potential concern (Will and Suter 1994a). As indicated in a 

metabolism study, soil amended with 80 mg/kg of 2-ADNT was not toxic to yellow nutsedge over 

a 42-d period (Pennington 1988a, 1988b). Based on this single study, confidence in this screening 

benchmark (Table 39) is low. 

4. Soil Invertebrates. No studies on the toxicity of 2-ADNT were located; thus, a screening 

benchmark could not be calculated. 

5. Soil Heterotrophic Processes. In the absence of criteria for soil heterotrophic processes, LOECs 

(or NOECs) from the literature can be used to screen for chemicals of potential concern (Will 

and Suter 1994b). A soil concentration of 80 mg/kg was reported as nontoxic to microbial 

processes (Pennington 1988a). However, the organisms in the study were probably acclimated to 

the test compound. Therefore, this potential screening benchmark should not be considered 

conservative and, because it is based on a single study, confidence in the benchmark is low. 
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VII. Hexahydro-1 ,3,5-trinitro-1 ,3,5-triazine 

Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) is a crystalline high explosive used extensively by the 

military in shells, bombs, and demolition charges. It is commonly referred to as cyclonite or RDX 

(British code name for Research Department Explosive or Royal Demolition Explosive) (Fedoroff and 

Sheffield 1966). Other synonyms are hexolite, cyclonite, hexogen, PBX (AF) 108, T4, 

cyclotrimethy lenetrinitramine, trimethylene-trinitramine, and trinitrocyclotrimethy lene (HSD B 1995e). 
Manufacture in the US is by the Bachmann process in which hexamine is reacted with an ammonium 

nitrate/nitric acid mixture in the presence of acetic acid and acetic anhydride (Yinon 1990). Military 

grades of RDX contain about 10% octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX). Chemical 

and physical properties are summarized in Table 40. 

Information on concentrations in environmental media; environmental fate and transport; and 

metabolism, bioaccumulation, and effects on aquatic and terrestrial biota were located. 

Ecotoxicological criteria and screening benchmarks for both aquatic and terrestrial biota, based on 

population growth and survival effects, were derived. 

A. Environmental Fate 

1. Sources and Occurrences. RDX is a military-unique compound that is released to the environment 

at AAPs where it is manufactured. It is also released to the environment during conversion to 

munitions through a LAP process, at military depot facilities, and through the demilitarization of 

obsolete munitions. RDX is a persistent chemical in the environment and can be found in soil, surface 

water, sediments, and groundwater at AAPs and other military sites. As of 1992, ATSDR reported 

that RDX had been identified at 16 hazardous waste sites proposed for inclusion on the National 

Priorities List (ATSDR 1995c). 

In 1977, four facilities produced RDX, with the primary site of manufacture at Holston AAP, 

Kingsport, TN (USEPA 1989). As of 1989, Holston AAP was the only US facility engaged in the 

manufacture of RDX (Burrows et al. 1989). Manufacture and LAP operations were reported at the 

Cornhusker AAP during the Korean War (Spalding and Fulton 1988) and at the Iowa, Milan, 

Louisiana, and Lone Star AAPs during the 1970s (Ryon et al. 1984). In the 1970s, LAP operations 

were carried out in which RDX/HMX formulations were loaded into bombs and projectiles at 11 

Army and Navy ammunitions plants (Sullivan et al. 1979). RDX-containing wastewaters are generated 

at both manufacturing and LAP plants. The major routes of environmental release are discharge in 
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waste streams generated during manufacture and processing, leaching from wastewater storage 

lagoons or waste burial areas into groundwater, and demilitarization operations. Sampling studies 
were conducted at various sites over a number of years by different investigators. Following are some 
of the available data taken from published and unpublished reports. 

Air. No data on the presence of RDX in outdoor air were located. A very low vapor pressure, 1.0 x 
10"9 mm Hg (Layton et al. 1987) to 4.0 X 10"9 mm Hg (Burrows et al. 1989), indicates a low potential 
to enter the atmosphere or to be dispersed by volatilization. 

Surface Water, Groundwater, and Sediment. RDX can be released to surface water in wastewater 
discharges from production and LAP facilities and through overflow of waste lagoons and storage 
areas. Although of low to moderate water solubility, RDX also has a low adsorption coefficient for 
soils and sediments and thus will migrate into groundwater. 

In 1980, the amount of RDX discharged from the Holston AAP was estimated to be 69.5 kg/d 
(Spanggord et al. 1980b). Concentrations of nitramines (RDX + HMX) in effluents averaged 2-6 
mg/L (Burrows et al. 1989). RDX concentrations in untreated wastewaters ranged from < 0.05 (the 
limit of detection) to 4.75 mg/L, whereas treated wastewaters contained <0.05 to 0.7 mg/L (Stilwell 
et al. 1977). Concentrations were measured in the Holston River downstream of the plant by several 
investigators. Concentrations ranged from 0.7 mg/L immediately below the plant outfall to <0.005-
0.07 mg/L approximately one mile downstream (Sullivan et al. 1979). Stidham (1979) reported a 
concentration of 0.079 mg/L one mile downstream of the last plant effluent. Concentrations measured 
at transect lines across the river at 0.1, 4.5, 8, and 33 km were 0.4-224, 3-24, 4-17, and 4-8 p.g/L, 
respectively (Spanggord et al. 1981). The data indicate that at the initial point of discharge, most of 
the effluent remained close to the river bank (224 p.g/L) with mixing occurring downstream resulting 
in dilution and smaller ranges of concentrations. In the same study, the sediment concentration at 0 
km was 358 ng/g (p.g/kg); concentrations in sediment were below the limit of detection at the 

downstream sites. 

Concentrations entering a stream on the Milan AAP site ranged from 0. 1 to 109 mg/L with a 
mean of 11.9 mg/L (Spanggord et al. 1978). Stream water concentrations at the same site ranged 
from <0.4 to 110 p.g/L with sediment concentrations of 290 to 43,000 mg/kg (Envirodyne 

Engineers, Inc. 1980). Concentrations in a pink water lagoon at the Milan AAP ranged from < 4 to 
< 1600 p.g/L with sediment concentrations of 2600 to 38,000 mg/kg (Envirodyne Engineers, Inc. 
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1980). Groundwater samples taken below soil containing 0.05 to 83 mg/kg showed concentrations in 

4 of 39 samples of <20 to 780 1-1-g/L (Envirodyne Engineers, Inc. 1980). The maximum 

concentrations found in groundwater at this site was 30.0 mg/L (Tucker et al. 1985). 

Effluent concentrations at the Iowa AAP ranged from 0.1 to 24 mg/L with a mean of 1.5 mg/L 

(Spanggord et al. 1978) and concentrations in Brush Creek ranged from 0.1 to 15 mg/L (Small and 

Rosenblatt 1974). The maximum concentration found in groundwater at the Iowa AAP was 36.0 

mg/L (Tucker et al. 1985). 

RDX concentrations in water from an inactive lagoon at the Louisiana AAP ranged from 5.6 

to 28.9 mg/L; sediment below several lagoons contained 400-120,000 mg/kg, with the highest 

concentration within the top 0.05 m (Spanggord et al. 1983). Concentrations in groundwater 

underlying several areas were: < 1.0 to 14,120 1-1-g/L (Area P leaching pits), < 1.0 to 707 1-1-g/L 

(burning ground #5), 8.3 1-1-g/L (landfill #3), and < 1.0-537 1-1-g/L (landfill area #8) (Gregory and 

Elliott 1987). Groundwater below several waste disposal areas was also sampled for RDX by Todd et 

al. (1989). RDX was detected in 6 of 11 wells below an area of pink water leaching lagoons; 

concentrations ranged from 13 to 27,000 1-1-g/L. The maximum concentration found in groundwater at 

the Louisiana AAP was 17.8 mg/L (Tucker et al. 1985). 

Spalding and Fulton (1988) summarized the occurrences of several munition residues in the 

groundwater east of the Cornhusker AAP near Grand Island, NB. In a previous study cited in this 

paper, on-site groundwater downgradient of the site contained about 300 1-1-g/L RDX; the off-site 

plume had concentrations > 35 1-1-g/L. In 1988, the plume of RDX-contaminated groundwater was 6.5 

km long and 1.6 km wide with off-site concentrations up to 100 1-1-g/L. The estimated transport 

velocity was 0.5 mid. Concentrations in sediments taken from leaching pits at the site ranged from 2 

to 40 mg/kg (Rosenblatt 1986). 

Concentrations at the surface of a dry lagoon at the Savanna Army Depot ranged from 3000-

4000 mg/kg (Rosenblatt 1981). At the Lone Star AAP, sludge from below pink water settling ponds 

contained up to 50,000 mg/kg (Phung and Bulot 1981). 

Concentrations of < 20 to > 700 1-1-g/L were found in groundwater in the vicinity of 

contaminated sites by Burrows et al. (1989). Concentrations in sediment below a pond-like structure 

used to trap washwater from a US Navy facility (Kitsap County, W A) where projectiles were cleaned 

ranged from less than the limit of detection to 5.5 mg/kg; concentrations in the water table below the 

sediments ranged from less than the limit of detection to 5 mg/L (Goerlitz 1992). The facility was 

active from 1966 to 1970 and the survey was taken in 1974. At an unidentified munitions disposal 
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site, RDX was detected in 7 of 7 groundwater wells at concentrations of 1 to 47 f.J-g/L (Richards and 

Junk 1986). It was present in groundwater from a water supply well at an unspecified AAP at a 

concentration of 70 f.J-g/L (Jenkins et al. 1986). 

RDX was not detected in ocean waters near ocean dumping sites for waste munitions 

(Hoffsommer and Rosen 1972) nor in ocean floor sediments near dumping sites (Hoffsommer et al. 

1972). 

Soils. Contamination of soil results from spills (mainly at military facilities), internment of RDX 

contaminated wastes in landfills, and open burning/detonation operations. 

Over a 10-yr period, Walsh and Jenkins (1992) collected and dried soil samples from 17 

Army sites, and analyzed the samples for a number of chemicals relating to munitions use and 

production. Levels of RDX in excess of the detection limit (0.5 ppm) were found at 11 of these sites; 

levels ranged from 0.5-1247 mg/kg (median 19.5) at Nebraska Ordinance Works, 0.5-12,203 mg/kg 

(median 38.6) at Newport, 0.5 mg/kg (1/29 samples) at Weldon Springs Training Area, 97.4-13,900 

mg/kg (median 7000) at Iowa AAP, 0.5-4.38 mg/kg (median 2.4) at Raritan Arsenal, 2.6-8112 mg/kg 

(median 127) at Hawthorne AAP, 0.5 mg/kg (1124 samples) at Hastings East Park, 139-616 mg/kg 

(median 378) at Milan AAP, 185-972 mg/kg (median 578) at Louisiana AAP, 0.5-0.05 mg/kg at 

Eagle River Flats explosive ordnance disposal and impact area, and 0.5-3.83 mg/kg (median 2.2) at 

Camp Shelby explosive ordnance disposal site and impact area. 

As part of a study to evaluate the toxicity of Joliet AAP soils, Simini et al. (1995) determined 

RDX concentrations in soil taken from LAP and munition burning areas. RDX concentrations ranged 

from less than the limit of detection (0.1 mg/kg) to 3574 mg/kg, with levels exceeding the detection 

limit in 13 of 40 samples. Concentrations at open burning sites at the Holston AAP reached 70-80 

mg/kg of soil (Bender et al. 1977). Funk et al. (1993) reported that soil samples from an Army 

munitions depot near Umatilla, OR contained 3000 mg RDX/kg soil. A soil sample taken from an 

ordnance-burning area at the Milan AAP contained 39 mg RDX/kg soil (Jenkins and Grant 1987). 

Four soil samples taken from the Naval Surface Warfare Center contained concentrations ranging 

from below the limit of detection to 3.3 mg/kg (dry weight) (Grant et al. 1995). 

Newell (1984) surveyed open burning and open detonation sites at several AAPs and depots. 

Concentrations in residues and soil (surface to 18 inches in depth) at the Holston, Iowa, Kansas, 

Louisiana, Ravenna, Fort Wingate, and Milan AAPs and the Picatinny Arsenal ranged from 1200 to 

74,000 mg/kg, with highest concentrations in the residue and soil surface. 
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2. Transport and Transformation Processes. 

Abiotic Processes. Because of its low vapor pressure, any RDX in the atmosphere would exist in the 

particulate form (USEPA 1989). Although RDX was not reported in air samples, any RDX entering 

the atmosphere would be rapidly degraded. Photolysis of RDX is expected to be an important fate 

process in the atmosphere since RDX absorbs ultraviolet wavelengths between 240-350 nm (Etnier 

1986) and it undergoes rapid photolysis in water (Sikka et al. 1980, Spanggord et al. 1980b). RDX in 

the atmosphere may also be degraded by reaction with photochemically generated hydroxyl radicals 

(Atkinson 1987). 

With a reported solubility of 38.4 mg/L at 20°C (Spanggord et al. 1983), RDX is of low to 

moderate solubility in water. An estimated Henry's law constant of 1.2 x 10·5 atm-m3/mole (McKone 

and Layton 1986) indicates slow to moderate volatilization from water. At neutral or acidic pH 

values, RDX does not hydrolyze to an appreciable extent in freshwater or seawater. Reported 

hydrolysis half-lives of 170 d to several yr indicate that hydrolysis is not a significant fate mechanism 

in natural waters (Sikka et al. 1980, Spanggord et al. 1980a). Approximately 12% of a 56 mg/L 

solution in seawater (pH approximately 8) degraded in 112 d (Hoffsommer and Rosen 1973). 

Photolysis is the primary abiotic degradation mechanism in translucent waters. Spanggord et 

al. (1980b) measured half-lives for RDX (1.3 mg/L) of 13, 14, and 9 din distilled water, Holston 

River water and pond water, respectively, under natural winter conditions in Menlo Park, CA. 

During a sunny period in March, the half-life of RDX in distilled water was 1.8 d. The half-life was 

12 d for RDX in a 4-cm deep dish of water from a lagoon at the Louisiana AAP (Spanggord et al. 

1983). The presence of photoproducts and humic substances did not accelerate the photolysis rate. In 

another study, RDX in wastewater (23.9 mg/L) exposed to ultraviolet radiation decomposed with a 

half life of 3.7 minutes (Burrows et al. 1984), while photolysis of an aqueous solution of RDX in 

natural sunlight decomposed with an experimental half-life of 9-13 hr. Similar experiments by Sikka 

et al. (1980) confirmed the half-life of less than one d in surface water exposed to sunlight. 

Consequently, RDX is not expected to persist for a long period of time in surface waters. Photolysis 

results in the formation of formaldehyde, nitrite and nitrate ions, and nitroso compounds (Kubose and 

Hoffsommer 1977, Spanggord et al. 1980b, Burrows et al. 1989). 

In a simulation study of the fate of RDX in the Holston River, the major fate process 

affecting persistence was expected to be dilution (Spanggord et al. 1980b). The photolysis half-life 

was estimated at 3 d on a sunny day and up to 14 d in winter. Concentrations in the Tennessee River 

at Knoxville where the Holston River joins the Tennessee River were estimated at between 1 and 3 p,g/L. 
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Sikka et al. (1980) measured the adsorption of RDX on three sediment types and reported 
partition coefficients (Kp) of 0. 80 for sandy loam, 3. 06 for clay loam, and 4.15 for organic clay. 
Calculated Koc values for the respective sediment types were 7.7, 74.6, and 266.7. Even with such 
low adsorption, steady-state levels of RDX between 30 and 40 ppm were reported for organic and 
clay sediments in laboratory evaluations. 

Tucker et al. (1985) conducted soil sorption experiments with 12 soils of low organic carbon 
content. KP values were estimated from regression equations, with independent variables consisting of 
the organic content of the soil, cation exchange capacity, pH, and silt content. They found that an 
organic content of at least 0.25% by weight was necessary for adsorption to be an important process 
affecting migration. The authors derived a Koc value of 136 from the measurements with the different 
soils. Using sterilized sediments taken from the Holston River, Spanggord et al. (1980b) calculated 
adsorption coefficients (KP) of 4.2 and 1.4 and associated Koc values of 127 and 42. Burrows et al. 
(1989) reported a Koc of 100 for RDX in soil (type unspecified). 

The transport of pink water compounds including RDX (30 mg/L) through columns of garden 
soil (6.5% organic matter content) amended with microbes from activated sludge and anaerobic sludge 
digest was studied by Greene et al. (1984). Pink water solutions were continuously pumped through 
the columns and effluent samples were collected weekly over a period of 110 d. Flow rates were 
varied and some columns were amended with glucose. In columns not amended with glucose, RDX 
was not bound and rapidly appeared in leachates. Some degradation, as indicated by decreased 
recovery, took place in columns with slow flow rates and those amended with glucose. 

Soil migration was also studied utilizing both 152 em deep x 90 em wide cylinders and 5 em 
x 61-cm deep lysimeters, the latter containing 14C-labeled RDX, in a controlled greenhouse 
experiment (Hale et al. 1979, Kayser and Burlinson 1988). The soils (four types ranging from silty 
clay to sandy loam with organic carbon content ranging from 0. 39 to 2. 2%) were irrigated regularly. 
After 6 mon, concentrations in the large cylinders ranged from the treatment level of 20,000 mg/kg in 
the upper 10 em to 150 mg/kg at the 60 to 90 em depth. RDX was also found at the bottom of the 
columns. Levels of RDX in water leachates from both experiments were < 5 mg/L except in the . 
lysimeters containing coarse, loamy soil where they ranged up to 40 mg/L. Measured ~ values for 
the four soils were 7.8, 6.4, 0.2, and 1.8 (Hale et al. 1979). 

Checkai et al. (1993) collected intact soil-core columns from an uncontaminated area at the 
Milan AAP in order to study transport and transformation of munitions chemicals in site-specific 
soils. The soil was a Lexington silt loam with a 6-in A horizon containing 16 g/kg organic matter and 
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a B horizon extending from 6 to 27 inches and containing 5 g/kg organic matter. A mixture of 
munitions simulating open burning/open detonation ash was added to the soil surface. Concentrations 
were 1000 mg/kg RDX, 1000 mg/kg HMX, 1000 mg/kg 2,4-dinitrotoluene, and 400 mg/kg 2,6-
dinitrotoluene. The columns were leached with simulated rainfall over a period of 32.5 wk; controlled 
tension was applied. RDX was measurable in leachates throughout the study and averaged 12 mg/L. 
RDX was transported so rapidly in the soil column that it was found at all depths by the first 
sampling at 6.5 wk. 

The above studies indicate that adsorption to soil is not a significant fate mechanism for RDX; 
likewise, sediment sorption will not lead to significant loss from the aquatic environment. The 
geometric mean of the~ values from the studies of Hale et al. (1979), Spanggord et al. (1980b), 
Sikka et al. (1980), and Tucker et al. (1985) was calculated by Layton et al. (1987) to be 2.17. 

Twenty yr after burial of RDX in outdoor soil plots at Los Alamos, NM, approximately 70% 
of the original concentration of 1 g/kg remained (DuBois and Baytos 1991). A half-life of 36 yr for 
RDX buried in soil was determined. 

Biotransformation. The biodegradation of RDX has been studied under aerobic and anaerobic 
conditions. The data suggest that RDX is resistant to aerobic biodegradation as, with the exception of 
special conditions, it undergoes no or limited aerobic biodegradation when tested using a variety of 
inoculums, nutrients, and microbial sources (McCormick et al. 1981, Osmon and Klausmeier 1972, 
Spanggord et al. 1980b, Spanggord et al. 1983). Adaptation of microbes to RDX appears to be a 
necessary precondition for aerobic biodegradation to take place. Biotransformation takes place under 
anaerobic conditions. 

Spanggord et al. (1980b) conducted a biotransformation screening test with Holston River 
water. RDX (10 ppm) was not degraded during 78 d of incubation. The addition of 30 ppm yeast 
extract did not significantly affect the disappearance. When Holston River sediment was added to the 
solutions, RDX remained unchanged for 20 d and was then reduced to 4 ppm between d 20 and 36 
followed by no change during the next 2 wk. Sikka et al. (1980) also found that, following a lag 
period, mineralization occurred in Holston River water to which sediment had been added. In another 
trial experiment, no degradation of RDX was observed during a 90-d aerobic experiment in which 
RDX was placed in lagoon water alone, with added yeast extract, or with 1% of bottom sediment 
(Spanggord et al. 1983). Concentrations also remained unchanged when cultures were inoculated with 
aerobic activated sludge and incubated aerobically (McCormick et al. 1981). 
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The degradation of pink water compounds in soil columns was studied by Greene et a!. 

(1984). A pink water solution containing 30 mg/L RDX was continuously applied to a series of soil 

columns at different flow rates, with and without carbon supplementation. The soil columns were 

filled with garden soil and inoculated with microorganisms from activated sludge, anaerobic sludge 

digest, and garden soil. There was a significant decrease in RDX recovery in the leachate of the 

columns with the slowest and fastest flow rates, indicating microbial activity. Some biodegradation 

took place as indicated by the identification of hexahydro-1-nitroso-3,5-dinitro-1,3,5-triazine (MNX) 

and hexahydro-1 ,3-dinitroso-5-nitro-1 ,3,5-triazine (DNX) in the leachates. When Palouse soil was 

amended with 14C-labeled-RDX and sampled 60 d later, only RDX was recoverable; 14C02 accounted 

for only 0.31% of the amended radiolabel (Harvey eta!. 1991). 

Cataldo et a!. (1993) treated soils containing different amounts of organic matter with 60 ppm 

of RDX. After 60 d, > 95% of the RDX was extractable as the parent compound with < 2% being 

non-extractable. No significant transformation products were identified. 

In specific inoculum testing of aqueous solutions, a mixed population of purple photosynthetic 

bacteria of the genera Chromatium, Rhodospirillum, and Rhodopseudomonas, and possibly others 

degraded 97% of a RDX solution in 5 d (Soli 1973). In specific genera testing, 60% of the 

biodegradation activity was attributable to Chromatium sp. alone. These cultures did not release 

oxygen, and it was hypothesized that degradation was due to electron transfer rather than metabolism. 

Data are available indicating that biodegradation of RDX occurs primarily under anaerobic 

conditions. RDX (30 mg/L) when added to Holston River water along with yeast extract and 

incubated in anaerobic flasks was reduced to < 0.1 mg/L within 10 d (Spanggord eta! 1980b). No 

transformation was observed in flasks without added yeast extract. Additional studies determined that 

yeast extract serves as a cometabolic substrate. Using lagoon water alone or lagoon water with 

sediment from the Louisiana AAP, anaerobic incubation of RDX with yeast extract resulted in 

transformation only after an 80-90 d acclimation period (Spanggord et a!. 1983). 

McCormick eta!. (1981, 1984) incubated RDX (50 or 100 ug/mL) anaerobically in nutrient 

broth cultures inoculated with anaerobic sewage sludge. RDX disappeared rapidly and biodegradation 

was complete after 4 d. The disappearance of RDX was accompanied by the appearance of several 

products identified as the mono-, di-, and trinitroso RDX derivatives formed by sequential reductions 

of the nitro groups to nitroso groups. The metabolites formed were MNX, DNX, hexahydro-1,3,5-

trinitroso-1 ,3 ,5-triazine (TNX), hydrazine, 1, 1-dimethyl-hydrazine, 1 ,2-dimethyl-hydrazine, 

formaldehyde, and methanol. 
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B. Aquatic Toxicology 

1. Acute Effects -Invertebrates and Fish. Results of acute tests conducted under static and flow­

through conditions with four species of invertebrates and four species of fish are reported in Table 41. 

These tests were conducted under USEPA (1975) guidelines available at that time. EC50 values, based 

on immobilization, were > 100 mg/L for invertebrates under static conditions, whereas values were 

lower under flow-through conditions, > 15 mg/L for the water flea, Daphnia magna, and the midge, 

Chironomus tentans. For fish, LC50 values ranged from 4.1 mg/L to 13 mg/L, with values slightly 

higher under flow-through conditions. Under static test conditions, the channel catfish (lctalurus 

punctatus) was the most sensitive species with an LC50 value of 4.1 mg/L. Bentley et al. (1977a) also 

explored the variation of acute toxicity with water quality parameters including temperature, pH, and 

hardness on the LC50 for the bluegill sunfish (Lepomis macrochirus) and found essentially no 

difference. The lowest 96-hr LC50 for bluegill sunfish was 3.6 mg/L at a temperature of 20°C, pH of 

6.0, and water hardness of 35 mg/L CaC03 . 

Several different life stages of the fathead minnow (Pimephales promelas) were tested for 96 

hr in static tests (Bentley et al. 1977a). The egg and 1-d post-hatch fry were the least sensitive stages 

tested and the 7-d post-hatch fry was the most sensitive stage tested, with an LC50 of 3.8 mg/L. 

2. Chronic Effects- Invertebrates and Fish. Bentley et al. (1977a) conducted chronic tests with two 

species of invertebrates and two species of fish. Results are reported in Table 42. The protocol 

included both concurrent controls and vehicle controls (dimethylsulfoxide used to dissolve the RDX). 

RDX had almost no effect on survival of the parent generation of D. magna when tested at mean 

measured concentrations of 1.4, 2.2, 4.8, 9.5, or 20 mg/L. But the mean number of young produced 

per parthenogenic female exposed to concentrations of 4.8, 9.5, and 20 mg/L was significantly 

reduced between 7 and 14 d. At the lower concentrations from d 7 to 14 and at all concentrations 

from d 14 to 21 and d 28 to 42 (second generation), the daphnid production rate was comparable to 

controls. However, problems with maintaining RDX concentrations during d 7-14 and borderline 

acceptable survival of controls (78-82%) render the data from this part of the study of limited value. 

The midge, C. tentans, was tested at concentrations of 1.3, 2.2, 4.0, 10, and 21 mg/L. RDX 

had no statistically measurable effects on the larvae, pupae, adult survival or adult emergence in the 

first generation. However, the average number of eggs produced per adult (treated throughout the 

larval and pupal stage) was greatly reduced compared with controls, with no eggs produced at the 10 

mg/L concentration and no fertile eggs at the 1.3 and 4.0 mg/L concentrations. During a second-

74 



generation exposure, eggs from the control containers were substituted in the 1.3, 4.0 and 10 mg/L 
concentrations. No significant differences from controls were observed in percent survival of pupae at 
all levels and in survival of adults at the 2.2, 10, and 21 mg/L exposures. A significant reduction in 
second-generation adult emergence at 2.2 mg/L, in larval survival at all concentrations, and in adult 
survival at 1.3, and 4.0 mg/L was not conclusively related to RDX exposures, as second-generation 

studies at 1.3, 4.0, and 10 mg/L were initiated with control eggs. Furthermore, no effects occurred at 
these concentrations in the first generation. 

Thirty-d tests were conducted with early life stages of fish by Bentley et al. (1977a). Channel 
catfish were tested at concentrations ofO.ll, 0.30, 0.71, 1.2, and 2.3 mg/L and fathead minnows 
were tested at concentrations of 0.26, 0.76, 1.2, 3.0, and 5.8 mg/L. For channel catfish, the tested 
concentrations had no effect on hatching or fry length at 30 d; poor fry survival at 30 d at the two 
highest concentrations was attributed to equipment malfunction. For fathead minnows, mean hatch and 
30-d survival were not affected by concentrations of 0.26-5.8 mg/L; fry length at 30 d was 
significantly reduced at 5. 8 mg/L. 

Chronic tests with fathead minnows also resulted in minimal effects (Bentley et al. 1977a). 
Fish were tested at concentrations of 0.29, 0.64, 1.1, 2.7, and 4.9 mg/L for 140 d and at 

concentrations of 0.43, 0.78, 1.5, 3.0, and 6.3 mg/L for 240 d. In the first test, concentrations as 
high as 4.9 mg/L had no significant effect on the percentage of fry hatching or on fry survival and 
total length during the initial 30 d of exposure. After 60 d, survival of fry exposed to 4.9 mg/L RDX 

was statistically significantly lower than survival of controls or lower treatment groups, but total 
length at 60 d was unaffected. In the second test, percentage hatchability was not affected at any 

concentration but after 30 and 60 d, survival of fry exposed to 6.3 mg/L was significantly lower than 
control survival. Fry length was unaffected by treatment after 30 and 60 d. After 240 d, total lengths 
and wet weights of mature male and female fathead minnows were not affected by exposure to 

concentrations of RDX as high as 6.3 mg/L. The spawning activity, percentage hatchability, and 
number of eggs were essentially unchanged by the presence of RDX in concentrations ::;6.3 mg/L. 
The second generation of fathead minnows also exhibited no measurable effects after 30 d of exposure 
to RDX at concentrations ranging up to 6.3 mg/L. Bentley determined a NOEC and LOEC in these 
studies of 3.0 and 6.3 mg/L, respectively. 

3. Plants. Bentley et al. (1977a) examined the toxicity of RDX to two species of bluegreen algae, 
Microcystis aeruginosa and Anabaena jlos-aquae; the green alga, Selenastrum capricornutum; and a 
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species of diatom, Navicula pelliculosa, in static tests at nominal concentrations of 0.32 to 32 mg/L. 
Results are presented in Table 43. Parameters measured were chlorophyll a content and cell numbers. 
Although Bentley et al. (1977a) reported 96-hr EC50 values of > 32 mg/L, all four species showed 
significant decreases in chlorophyll a content and cell density, especially at the higher concentrations. 
Sullivan et al. (1979) re-examined the test with S. capricornutum and reported a significant reduction 
of chlorophyll a content at all concentrations. However, although statistically significant, the 
biological significance of a 3% decrease (at a concentration of 0.32 mg/L) is questionable. Therefore, 
effect levels reported in Table 43 are ~ 10% changes in the reported parameters. Selenastrum 
capricornutum was the most sensitive species with a 16% reduction in chlorophyll a content at 1. 0 
mg/L and a 17% decrease in cell density at 3. 2 mg/L. 

4. Metabolism and Bioconcentration. Studies on the metabolism of RDX by aquatic organisms were 
not located in the available literature. Studies with radiolabeled RDX show that RDX does not 
bioconcentrate in aquatic organisms. Bentley et al. (1977a) calculated the bioconcentration of RDX in 
bluegill sunfish, channel catfish, and fathead minnows exposed continuously for 28 d to 14C-labelled 
RDX in an intermittent-flow system (Table 44). Mean measured concentrations were 0.014 and 1.0 
mg/L. Tissues were wet-weighed, air-dried, and combusted, with the resulting 14C02 trapped. 
Bioconcentration of 14C-labelled RDX residues in the edible tissues and viscera of these species 
reached a steady state after 14 d of exposure. Uptake in viscera was about 2 to 3 times that found in 
muscle and the ranges of BCFs in muscle and viscera for all fish were 2.9 to 5.9 and 3.3 to 11, 
respectively. The mean BCF values for muscle at the two tested concentrations for channel catfish, 
bluegill sunfish, and fathead minnows were 3.4, 4.1, and 5.0, respectively. It was also noted that 
elimination of all RDX from the tissues at the lower concentration (0.014 mg/L) occurred after 14 d 
in the bluegill sunfish and catfish, but did not occur totally in the fathead minnow. At the higher 
dose, minnows and catfish eliminated 70-87% of the accumulated RDX, but virtually no elimination 
occurred from either muscle or viscera in the bluegill sunfish. 

Bioconcentration was also studied by Liu et al. (1983b) using four aquatic species. Tests were 
performed using a 96-hr static exposure to 14C-labelled RDX at a concentration of 0.3 mg/L. 
Bioconcentration factors were estimated using the average amount of radioactivity recovered 
(disintegrations/min/g) in tissue and water. The reported 4-d BCFs are listed in Table 44. The 96-hr 
BCF calculated for bluegill sunfish muscle (1.9) and viscera (3.1) are somewhat lower than the 72-hr 
BCF reported by Bentley et al. (1977a), i.e., 3.5 and 9.5, respectively (data not shown), when tested 
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at a concentration of 0.014 mg/L, and 4.3 and 13, respectively, when tested at a concentration of 1.0 
mg/L. Based on log Kow values of 0.81-0.87, Burrows et al. (1989) calculated a BCF of 1.5 for fish. 

C. Aquatic Criteria and Screening Benchmarks 

1. Aquatic Organisms. With one exception, the acute toxicity studies were all conducted by the same 
investigator. In the case of P. promelas, the two static 96-hr toxicity tests conducted by separate 
investigators yielded similar results. The chronic studies, unfortunately, suffered from reported 
equipment failures and, at times, inconsistent results. Nevertheless, because most of the available data 
were consistent, they were used to estimate aquatic criteria. These estimates can be used as screening 
benchmarks for potential adverse effects on aquatic organisms. 

Data were insufficient for calculation of acute and chronic WQC according to USEPA 
guidelines (Stephan et al. 1985). Data are available for only six of the required eight families: a 
planktonic crustacean (D. magna), the family Salmonidae (Oncorhynchus mykiss), a second family in 
the class Osteichthyes (L. macrochirus), a third family in the phylum Chordata (P. promelas or I. 
punctatus), an insect (C. tentans), and a benthic amphipod (Gammarus fasciatus). Therefore, Tier II 
or Secondary Acute and Chronic Values were calculated according to the USEPA guidance for the 
Great Lakes System (USEPA 1993a). 

Although flow-through tests with measured concentrations are recommended by Stephan et al. 
(1985), the static tests were available for all fish species and had lower, more conservative values. 
Thus, they were included in the calculations. Values for invertebrates were considerably higher than 
those for fish. Values used to calculate the GMAV for the fish species (genera) were 4.1 and 13 mg/L 
for I. punctatus, 6.0 and 7.6 mg/L for L. macrochirus, 5.8, 6.6, and 4.5 mg/L for P. promelas, and 
6.4 mg/L for 0. mykiss. Other values for these species listed in Table 41 were not used as either the 
fish were not of the appropriate age/size or the tests were not conducted under the appropriate 
physical/chemical conditions. The lowest GMAV was 5.56 mg/L for P. promelas. USEPA (1993a) 
lists a SAF of 4.0 for use in Tier II calculations when six satisfied data requirements for Tier I 
calculations are available. 

Therefore, 

SAY =5.56 = 1.39 mg/L 
4.0 

The SMC is one-half of the SAY or 0.6955 mg/L. 

One of three required experimentally determined ACR were available according to guidelines 
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for Tier I (chronic tests on a sensitive species and an invertebrate were not acceptable). Therefore, 
two assumed ACRs of 18 were added. Although the tests conducted by Bentley et al. (1977a) suffered 
from equipment malfunctions, for fathead minnows, the data appears to be consistent for the two tests 
reported in Table 42 and a NOEC (3.0 mg/L) and LOEC (6.3 mg/L) (geometric mean, 4.35 mg/L) 
were determined in a life-cycle test. In addition, it is the only available data. For D. magna, the 
acute/chronic ratio of > 15 mg/L/2.6 mg/L = > 5.8 mg/L is not acceptable and will be replaced by 
the default ACR of 18. The SACR is the geometric mean of the three ACRs listed in Table 45, 7.45 
mg/L. 

The SCY is the SAY divided by the SACR: 

SCY = SAY = 1.39 = 0.186 mg/L 
SACR 7.455 

Screening criteria/benchmarks as well as lowest chronic values are listed in Table 46. 

A FPY can be estimated from the study of Bentley et al. (1977a). Although concentrations 
were nominal rather than measured, the test by in which S. capricornutum showed a decrease in cell 
density at a concentration of 3.2 mg/L can be used as a screening value for the FPY. In other tests 
conducted by Bentley et al. (1977a), in which concentrations were measured, nominal values were 
close to measured values. 

Prior to publication of the methodology for Tier II values, Bentley et al. (1977a) used an 
application factor of 0.1 for the bluegill sunfish data to derive a WQC of 0.35 mg/L, Sullivan et al. 
(1979) recommended a 24-hr average concentration of 0.3 mg/L to adequately protect aquatic life, 
and Etnier (1986) estimated a FAY of 5.2 mg/L. 

2. Sediment-Associated Organisms. No data on the toxicity of spiked sediments or the interstitial 
water from spiked sediments to sediment-associated organisms were located for this chemical. One 

study was found that tested the toxicity of RDX to benthic organisms: the midge C. tentans, the 
isopod Asellus militaris, and the amphipod G. fasciatus (Bentley et al. 1977a); however, the tests 
were conducted in 250-ml beakers without sediment and cannot be used to derive a SQB. From these 
tests, it is known that a sediment pore water concentration of 15 mg/L would not be acutely toxic to 
these organisms (Table 41). 

The EqP approach can be used to estimated a SQB. US EPA (1993b) recommends using a 
reliably measured octanol/water partition coefficient, Kow• to estimate the K""" Because Kow values are 
available, a Koc can be calculated and a SQBoc can be determined. Log Kow values of 0.87, 0.86, and 
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0. 81 were cited in Banerjee et al. (1980) and Burrows et al. (1989); the geometric mean of these 
values is 0.846. Using the relationship between Kow and Koc, the log Kocis 0.832 and the Kocis 6.79. 
Then, the organic carbon-normalized SQBoc, i.e., mg chemical/kg organic carbon (mg/kgoc) is: 

SQBoc = Koc X SCV 

SQBoc = 6.79 Llkg x 0.186 mg/L = 1.27 mg/k~ 

If an organic carbon content in the soil of 1% is assumed, the SQB1% is calculated as 

SQB1% = 0.01 x 6.79 Llkg x 0.194 mg/L = 0.01 mg/kg 

D. Terrestrial Toxicology 

I. Mammals. No subchronic or chronic studies on the toxicity of RDX utilizing mammalian wildlife 
species were located. Three chronic toxicity studies and one combined teratogenicity/reproductive 
study on RDX utilizing laboratory animals were located. RDX is known to have an affect on the 
central nervous system, with symptoms of convulsions and hyperactivity in both humans and 
laboratory animals (Ryon et al. 1984, Layton et al. 1987, USEPA 1989). In some of the following 
studies, these symptoms were observed in rats and mice only at the higher doses. In addition to 
neurotoxicity, effects on the blood, kidney, liver, eyes, and testes have been observed. Most evidence 
indicates that RDX is not teratogenic or carcinogenic. Studies are summarized in Table 47. The 
LOAELs listed in the table are for population-related effects (i.e., survival and reproductive 
parameters); for other endpoints (i.e., body or organ weight changes) lower LOAELS and NOAELs 
may have been reported in these studies. 

In the first study, Hart (1976) administered RDX to groups of 100 male and 100 female 
Sprague-Dawley rats at doses of 0, 1.0, 3.1, or 10 mg/kg/d for 104 wk. Observations were weekly or 
biweekly and sacrifices were performed at 52 and 104 weeks. At termination, there were no 
statistically significant differences between control and treatment groups in survival, food 
consumption, body or organ weight, or histopathological findings. Fluctuations in clinical chemistry 
parameters and hematocytology occurred, but were not dose-related. 

In the second study, groups of 75 male and 75 female Fischer 344 rats were administered 
RDX (containing 3-10% HMX) in the diet at doses of 0, 0.3, 1.5, 8.0, or 40 mg/kg/d for 24 mon 
(Levine et al. 1983). The incidence of mortality in the high-dose group ( 68% of the males and 36% 
of the females) was increased throughout the study and was frequently preceded by tremors and 
convulsions. Other treatment-related findings in this group were anemia with secondary splenic 
lesions, hypoglycemia, reduced body weight gains, hepatotoxicity, and possible CNS involvement. In 
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this dose group, cataracts were observed in females and urogenital lesions were present in males. Rats 
of both sexes administered 8 mg/kg/d had body weights that were approximately 5% lower than those 
of controls and increased kidney weights. Females had hepatomegaly and decreased total serum 
protein levels and males had an increase in hemosiderin-like pigment in the spleen and suppurative 
inflammation of the prostrate. The latter effects were also observed in males receiving 1.5 mg/kg/d. 
The latter effect may have been due to a bacterial infection as bladder distention and cystitis were also 
noted. No adverse effects were observed in rats administered 0.3 mg/kg/d. 

In the third study, RDX (containing 3-10% HMX) was administered in the diet to groups of 
85 male and 85 female B6C3F1 mice at doses of 0, 1.5, 7.0, 35, or 100 mg/kg/d for 24 mon (Lish et 
a!. 1984). The 100 mg/kg/d dose group was originally administered 175 mg/kg/d, but due to high 
mortality through test wk 10, the dose was lowered to 100 mg/kg/d beginning with test wk 11. 
Following additional early mortalities after lowering the high dose to 100 mg/kg/d, survival in the 
remaining animals was similar to controls. Males receiving the 175 mg/kg/d dose had a high 
incidence of fighting wounds and skin lesions, but incidences of these lesions were similar in all 
groups by the end of the test. Food consumption was not altered by RDX treatment, but final body 
weights were lower than controls in the high-dose group. Hematology parameters were not altered in 
any dose group. Elevated serum cholesterol levels were present in high-dose males and in females 
receiving 7 and 35 mg/kg/d. Cataracts were present in high-dose males but not in females. Organ 
weights were altered in some dose groups: increased liver and kidney weight in both sexes receiving 
100 mg/kg/d, increased kidney weight in males receiving 35 mg/kg/d, and increased heart weights in 
both sexes receiving 100 mg/kg/d. Histopathologic examinations revealed no apparent lesions at the 
12-mon sacrifice. By 24 mon the following statistically significantly elevated lesions were observed: 
testicular degeneration in males administered 35 and 100 mg/kg/d, liver carcinomas in females 
administered 35 and·100 mg/kg/d, and malignant lymphoma of the liver in males administered 35 
mg/kg/d. When combined liver adenoma/carcinoma data were compared to both historical and 
concurrent control groups, the incidence was also statistically significant in females receiving 7 
mg/kg/d. 

The teratogenicity of RDX was studied in rats and rabbits (Cholakis eta!. 1980). Rats were 
dosed by gavage on d 6 through 19 of gestation and rabbits were gavaged on d 7 through 29 of 
gestation with 0, 0.2, 2.0, or 20 mg/kg/d of RDX. Dams were monitored daily for toxic signs. On d 
20 of gestation (rats) or d 30 of gestation (rabbits), animals were sacrificed and the uterus of each 
animal was examined for live fetuses and resorptions. Fetuses were examined grossly and 
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microscopically for malformations. 

A dose of 20 mg/kg/d was toxic to rat dams, resulting in mortality (6/25 animals) and 
reduced body weight, reduced feed consumption, neurotoxic signs, and reduced liver weights of the 
survivors. These signs were not noted in the other dose groups. The dose of 20 mg/kg/d was also 
embryotoxic. There were no effects on reproductive parameters (number of implants and viable 
fetuses) or increases in malformations of fetuses of surviving dams in the 20 mg/kg/d dose group or 
the lower dose groups. No treatment-related adverse effects were noted on pregnant rabbits. For 
rabbit fetuses, there were no statistically significantly increased incidences of resorptions or deaths or 
gross or microscopic anomalies at any dose level. 

In the two-generation reproduction study, groups of 22 male and 22 female rats were fed diets 
designed to deliver doses of RDX of 0, 5, 16, or 50 mg/kg/d (Cholakis et al. 1980). After 13 wk the 
rats (Fa generation) were mated. The resultant F1 pups were weaned and groups of 26 males and 26 
females per dose group were administered respective diets for 13 wk. After this treatment males and 
females were mated as above and resulting litters (F2 generation) were sacrificed and examined 
microscopically. 

Effects were observed primarily in the group receiving the 50 mg/kg/d dose during and 
following the Fa mating: deaths prior to mating, reduced fertility in males and females (not 
statistically significant), reduced number of litters (not statistically significant) and reduced viability of 
pups in the high-dose group (statistically significant). The body weights of pups in both the mid- and 
high-dose groups was reduced after 25 d and only one litter in the high-dose group survived to d 21. 
Following the F1 mating, meaningful comparisons between the high-dose group and the other groups 
and controls are difficult to make because only four males and two females survived until wk 13 in 
the F, high-dose group compared with 26 mating pairs in the other groups. However, pup survival 
was obviously affected as the number of pups/litter on d 0 was statistically significantly reduced 
compared with the control group and no pups in this dose group survived more than a few days. 
Histopathological evaluations revealed a statistically significant increase in renal cortical cysts in 
females administered 16 mg/kg/d. Body weights of females were also reduced. 

2. Birds. No subchronic or chronic studies on the toxicity of RDX to birds were located. 

3. Plants. Simini et al. (1992) performed soil toxicity testing with the cucumber (Cucumis sativus) at 
RDX concentrations of 0, 50, 100, or 200 mg/kg of soil. Biomass of plants exposed to 100 and 200 

81 



mg/kg was significantly reduced. The results were reported in an abstract and no further information 
was given. Simini et al. (1995) also evaluated the toxicity of Joliet AAP (IL) soil which contained a 
mixture of munitions compounds to radishes and cucumbers. RDX was found to be very weakly 
correlated with a decrease in plant height. 

4. Soil Invertebrates. Simini et al. (1995) tested the toxicity of munitions-contaminated soil 
(contaminated in part with RDX) and calculated the correlation of RDX concentration with overall 
soil toxicity. Endpoints were survival rates and growth of earthworms (Eiseniafoetida). RDX was 
very weakly correlated with these endpoints. RDX concentrations ranged from below the limit of 
detection in most samples (0.1 mg/kg) to 3574 mg/kg. 

In a preliminary study, Phillips et al. (1993) tested the toxicity of RDX in artificial soil (1.4% 
organic matter) to the earthworm, E. foetida over a 14-d period. Concentrations of RDX were 0, 50, 
100, 200, 400, and 500 mg/kg. Although survival was 80-100% for all concentrations, there was an 
increasing weight loss with increasing concentrations. Weight losses ranged from 11% at the 50 
mg/kg concentration to 18% at the 500 mg/kg concentration. 

5. Soil Heterotrophic Processes. No data on the effect of RDX on microorganisms in soil were 
located. In biodegradation studies, concentrations up to 50 mg/L were not toxic to microorganisms in 
anaerobic sewage sludge (McCormick et al. 1984). 

6. Metabolism and Bioaccumulation. 

Animals. RDX is slowly but extensively absorbed following ingestion. Based on a lack of 
physiological response following dermal application to dogs and rabbits, McNamara et al. (1974) 
concluded that RDX did not penetrate the skin. No inhalation data were located. Absorbed RDX is 
readily metabolized and excreted by mammals and does not accumulate in any tissue (Schneider et al. 
1978). Following administration by gavage or in the drinking water to rats for 90 d, RDX was 
distributed throughout the body with no preferential uptake by any specific organ or tissue including 
the fat (Schneider et al. 1978). The pattern of distribution was similar in miniature swine administered 
a single oral dose (Schneider et al. 1977). Metabolism in the rat is extensive as indicated by excretion 
of 43% of a single 14C-radiolabeled oral dose as 14C02 within four d (Schneider et al. 1977). Thirty­
four percent was excreted in the urine and 3% in the feces, while 10% remained in the carcass. A 
similar pattern was observed following administration to rats for 13 wk: 27-50.5% as 14C02, 22-35% 
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in the urine, and 4-5% in the feces (Schneider eta!. 1978). Urinary metabolites were not identified. 
Log Kaw values of 0. 87 (Banerjee et a!. 1980), 0. 81, and 0. 86 (Burrows et al. 1989) also indicate a 
low potential for bioaccumulation. 

Biomonitoring studies have been conducted at Aberdeen Proving Ground, Maryland 

(USACHPPM 1994), and at several other AAPs (see Opresko 1995b for review). RDX was not 
present in tissues of terrestrial wildlife (deer and small mammals) at or above a detection limit of 0.1 
mg/kg. 

Plants. Data from several studies indicate that RDX can be taken up by plants. When grown in 
hydroponic nutrient solutions containing 10 ppm RDX, uptake and translocation to the stems and 
leaves occurred (Harvey eta!. 1991). After 7 d, concentrations of RDX in leaves, stems, and roots 
were 97, 11, and 6 ppm respectively, indicating accumulation in the aerial parts. RDX remained 
sequestered within the plants, with no evolution of 14C02• 

In order to investigate the transformation of RDX prior to plant uptake, transformations were 
studied in hydroponic culture solutions with and without plant roots (unspecified species) (Harvey et 
al. 1991). No significant transformations took place in the solution. Twenty-one to 26-d old bush bean 
plants were grown in solutions containing 10 mg/L 14C-labeled RDX. Uptake and translocation of the 
parent compound to the leaves readily occurred, with recovery of primarily RDX. Some metabolism 
to unidentified polar metabolites took place by d 7. RDX remained sequestered within the plants, with 
no evolution of 14C02• 

In a follow-up study, bean, wheat, or blando brome were planted in soils amended with RDX 
at a concentration of 10 ppm (mg/kg, air-dried weight) and after 60 d the plants were analyzed by 
HPLC and radioactivity for total uptake, tissue distribution, and transformations (Cataldo eta!. 1993). 
Three soils were tested, Palouse (1. 7% organic matter), Cinebar (7.2% organic matter), and Burbank 
(0.5% organic matter) (Cataldo et al. 1989). RDX was accumulated by and was mobile in the plants 
(Cataldo et al. 1993). For all three plants, highest concentrations were found in the leaves before seed 
formation; following seed formation, highest concentrations were present in the seeds of bush bean. 
Total uptake and tissue concentration were inversely proportional to soil organic matter. In roots and 
stems, 20% of the translocated material was present as the parent compound, while in leaves and seed 
tissues >50% was RDX, suggesting that RDX itself is mobile within the plant. The balance of the 
accumulated radioactivity was either unidentified polar metabolites (30-50%) or associated with 

insoluble plant parts. 
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Simini et al. (1992) studied the uptake of RDX by cucumber plants grown in RDX-amended 
soil. Plants grown in 50, 100, and 200 mg RDX per kg soil had 464, 1320, and 1702 mg RDX per 
kg leaf tissue. When grown in soil with a low organic carbon content and containing 10 ppm RDX, 
the compound is taken up by plants with up to 603 JJ-g RDX equivalents (RDX plus metabolites)/g 
fresh weight accumulated in the seeds of bush beans grown in soil containing 0. 5 % organic carbon 
(Cataldo et al. 1993). Lower concentrations were present in the roots, stems, and leaves. 

E. Terrestrial Criteria and Screening Benchmarks 
I. Mammals. A chronic oral Reference Dose (RID) for humans of 0.003 mg/kg/d was calculated by 
extrapolation and multiplication by uncertainty factors from the chronic oral study with rats by Levine 
et al. (1983) (USEPA 1993f). The endpoint in that study was inflammation of the prostate. 

Three chronic toxicity studies and a two-generation reproduction study on the oral toxicity of 
RDX utilizing laboratory animals were available for calculating screening benchmarks for mammalian 
wildlife (Cholakis et al. 1980, Hart 1976, Levine et al. 1983, Lish et al. 1984). The first three studies 
involved chronic exposures, whereas the reproduction study by Cholakis et al. (1980) involved 
subchronic (13 wk) exposures during each of two generations. The study by Hart (1976) did not attain 
a LOAEL for population-related effects. In the other chronic study with rats (Levine et al. 1983), it is 
difficult to predict if the dose of 8 mg/kg/d which resulted in inflammation of the prostate is truly a 
NOAEL for reproductive effects and/or whether the effect was treatment related. Thus, the remaining 
highest NOAEL of 7 mg/kg/d in the study with mice (Lish et al. 1984) was chosen to derive 
screening benchmarks for wildlife. A clear NOAEL and LOAEL for reproductive effects (testicular 
degeneration) were established in this study. 

Of the studies listed in Table 47, the Hart study provides the highest NOAEL (10 mg/kg/d) 
for a chronic exposure period; however, if this NOAEL is used to derive benchmarks for the other 
species listed on the table, the calculated benchmarks will be higher than the listed NOAELs; 
therefore, the more conservative approach would be to use the mouse chronic NOAEL of 7 mg/kg/d 
derived in the study by Lish et al. (1984). Weekly or biweekly mean body weights for the male mice 
in the 7 mg/kg/d group ranged from 24.1 g before the test began to 38.6 g after 53 wk and 37.8 g 
after 104 wk. The overall mean of weekly and biweekly means was calculated to be 35.9 g. 

Screening benchmarks for food and water intake for selected wildlife species were derived 
from each study using the methodology described in the Introduction and illustrated in the previous 
section on TNT (Table 48). For the mink, the BCF for RDX was estimated from the mean log Kow of 
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0.85. Confidence in the benchmarks is high because the data base is extensive and covers various 
toxicological endpoints. 

2. Birds. No subchronic or chronic studies were available for calculation of screening benchmarks 
for avian species. 

3. Plants. In the absence of criteria for terrestrial plants, LOEC values from the literature can be 
used to screen chemicals of potential concern for phytotoxicity (Will and Suter 1995a). Plants were 
able to grow for 7 d in hydroponic solutions containing 10 ppm RDX (Harvey et al. 1991), but this 
data is insufficient to calculate a screening benchmark. Two studies on the growth of plants in RDX­
amended soil were available. In the first study, bean, wheat, and blando brome plants were grown in 
soil amended with 10 mg/kg RDX, but effects on growth were not reported (Cataldo et al. 1989). 
Simini et al. (1992) reported that RDX concentrations of 100 and 200 mg/kg significantly reduced the 
biomass of cucumber plants. From this study a screening benchmark of 100 mg/kg was determined 
(Table 49). Confidence in the benchmark is low, as it is based on a single study involving a single 
species. 

4. Soil Invertebrates. According to the method of Will and Suter (1995b), a 20% reduction in growth 
would be a threshold for significant effects. Although concentrations up to 500 mg RDX/kg of 

artificial soil were not lethal to the earthworm, E. foetida, weight losses occurred but were < 20% at 
the highest concentration tested, 500 mg/kg (Phillips et al. 1993). In addition, RDX in other soil 
types may behave differently than in artificial soils and additional studies are needed before a 

screening value for earthworms can be determined. 

5. Soil Heterotrophic Processes. Insufficient data were located for calculation of a screening 

benchmark for soil heterotrophic processes. Studies with laboratory cultures were not considered as 
they utilized acclimated organisms. 
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VIII. Octahydro-1 ,3 ,5-tetranitro-1 ,3 ,5, 7-tetrazocine 

Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine, commonly known as HMX (High Melting Explosive) 
is a colorless, crystalline solid that has 130% of the explosive power of TNT. HMX is used in 
nuclear devices to implode fissionable material and is a component of plastic explosives, solid-fuel 

rocket propellants, and military munitions (McLellan et al. 1988). HMX is also formed during the 
manufacture of another explosive, hexahydro-1,3,5-trinitro-1,3,5-triazine or RDX. The properties of 
HMX and RDX are quite similar. Both compounds are manufactured by the Bachmann process in 
which hexamine is nitrated by nitric acid and ammonium nitrate in the presence of acetic anhydride 
and acetic acid (Lindner 1978). Chemical and physical properties are listed in Table 50. 

Information on concentrations and fate in the environment, aquatic toxicity, and mammalian 
toxicity was located. Data were sufficient to derive screening benchmarks for aquatic (fish, 

invertebrates, and sediment-associated organisms) and terrestrial mammalian species. Data were 
insufficient for derivation of screening benchmarks for avian species or terrestrial plants, invertebrates 
or microorganisms. 

A. Environmental Fate 

1. Sources and Occurrences. HMX is currently produced only at the Holston AAP in Kingsport, 
Tennessee. More then 30 million pounds of HMX is believed to be produced each year (ATSDR 
1994). Further processing may occur at facilities where LAP operations are performed by the US 

military (Ryon et al. 1984). Environmental releases may also occur as a result of treatment and 

disposal of HMX- and RDX-containing wastes (i.e., RDX contains about 5% HMX [Kitchens et al. 
1978]). HMX has been detected at several sites on the Superfund National Priorities List (ATSDR 
1994). 

Air. HMX may be atmospherically released by adsorption to airborne particulates released during 

munitions manufacturing (McLellan et al. 1988). However, this is not expected to be a major pathway 
for HMX pollution. Estimates of HMX release to the air are unavailable (ATSDR 1994). 

Surface and Groundwater. Most HMX releases to the environment originate in wastewater from 

facilities that manufacture, process, or use HMX (ATSDR 1994). HMX released to soil has been 
shown to partition to groundwater (Gregory and Elliott 1987). 
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Stidham (1979) reported that the Holston AAP was releasing 45 lbs of HMX/d in wastewater 

to the Holston River, with effluent concentrations ranging from 0.09 to 3.36 mg/L. Levels as high as 
67 ug/L occurred one mile downstream of the last plant effluent, as a result of incomplete mixing of 
the wastestream with river water. Kitchens et al. (1978) estimated that at full mobilization at least 123 
lbs of HMX would be released per d. In this study, sampling at various points in the river and 
Holston AAP wastestreams indicated concentrations of HMX between 0.01 (river) and 2.6 

(wastewater) mg/L. Stillwell et al. (1977) also sampled various wastestreams from the Holston AAP 
and found that untreated wastestreams had HMX levels from 0.14- 5.4 mg/L (except for one sample 
which was below the detection limit of 0.1 mg/L), while treated wastestreams had concentrations that 
ranged from < 0.1 - 2.07 mg/L. 

As part of a remedial investigation of the Louisiana AAP, Gregory and Elliott ( 1987) 
measured HMX levels in groundwater from four areas. Around the Area P leaching pits, HMX was 
detected in samples from 14 of 32 monitoring wells, with concentrations ranging from 3.12-4200 
ug/L. At Burning Ground #5, levels ranged from 1.23 - 145 ug/L for 8 of 9 wells. At Inert Landfill 
Area #3, an HMX level of 2.28 ug/L was noted in one well out of 13. At Inert Landfill Area #8, 
HMX concentrations of 8.3 - 157 ug/L were detected in samples from 6 of 19 wells. 

Soils. Soil contamination occurs as a result of spills at Army facilities and disposal of HMX­

contaminated wastes in landfills. Over a 10 year period Walsh and Jenkins (1992) collected dried soil 
samples from 17 Army sites, and analyzed the samples for a number of chemicals relating to 

munitions use and production. Levels of HMX in excess of the detection limit ( 1.1 ppm) were found 
at 5 of these sites; levels ranged from 1.1-115 ppm at the Nebraska Ordinance Works (median 7.7), 
2.5-5700 ppm at the Iowa AAP (median 28.7), 56-2435 ppm at Hawthorne AAP (median 142), 3.7-
86 ppm at the Milan AAP (median 53) and 68-258 ppm at the Louisiana AAP (median 163). As part 
of a study designed to evaluate the toxicity of Joliet AAP soils, Simini et al. (1995) determined HMX 
concentrations in soil taken from a LAP area. Levels of HMX ranged from less than the limit of 
detection to 3055 ppm and exceeded the detection limit in 13 of 40 samples. Spiker et al. (1992) and 

Funk et al. (1993) reported that a soil sample from an Army munitions depot near Umatilla, OR, 
contained 300 ppm of HMX. Four soil samples taken from the Naval Surface Warfare Center 

contained concentrations ranging from 0.10 to 12.2 mg/kg (dry weight) (Grant et al. 1995). 
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2. Transport and Transformation Processes. 

Abiotic Processes. HMX has a vapor pressure of 3.3 x 10·14 mm Hg and a Henry's law constant of 
2.6 x w-15 atm-m3/mole at 25°C (Burrows et al. 1989), thus it will not partition to the air in the vapor 
phase. However, HMX may be atmospherically transported via adsorption to airborne particulates, 
especially those from munitions manufacture (ATSDR 1994). Photolysis will limit the persistence of 
airborne HMX as it does in the aquatic environment. However, no data are available on the fate of 
airborne HMX. 

Direct photolysis is the primary pathway for degradation of HMX in the aquatic environment. 
Hydrolysis and oxidation of HMX are negligible (McLellan et. al. 1988). Spanggord et al. (1982b) 
determined photolytic half-lives for HMX of 4-5 d in surface water from the Holston River. In a 
more detailed follow-up study, photolytic half-lives for HMX were determined to be 1.4, 1. 7, and 70 
d in pure water, Holston River water, and Louisiana AAP lagoon water, respectively (Spanggord et 
al. 1983). The rate of photolysis was apparently related to the amount of UV-absorbing material in 
the water; it was not affected by any co-substrates present. Measured stable end-products of 

photolysis were nitrate, nitrite, and formaldehyde. Dinitrogen oxide, ammonia, and formaldehyde 
were proposed as additional end products. Modeling studies on the fate of HMX in the Holston River 
and Louisiana AAP lagoon under their natural conditions (including such factors as water flow, depth, 
and seasonal changes) indicated that the half-life of HMX would be 17 d in the Holston River and 
7900 d in the Louisiana AAP lagoon (Spanggord et al. 1983). HMX was predicted to persist in the 
Holston River for distances greater than 20 km downstream. 

Volatilization, adsorption to suspended material, and biosorption are not expected to 

significantly remove HMX from the water column (Spanggord et al. 1982b). Volatilization half-lives 
of 1000-3000 d have been estimated. Partitioning of HMX to Holston River sediment was studied, 
and upper limit values of 8. 7 for the sediment -water partition coefficient (KP) and 670 for the organic 
carbon-water partition coefficient (K0c} were determined. These values indicate a low to moderate 
affinity of HMX for soil or suspended material; thus, HMX dissolved in the water will not be 

removed though adsorption to sediment. For the same reason, dissolved HMX will readily migrate to 
groundwater from soil-contaminated areas. However, the low solubility of HMX (6.6 mg/L at 20°C; 
McLellan et. al. 1988) limits the partition to, and thus the migration of, HMX in groundwater. 

Migration of HMX is greatest in coarse, loamy soil (Ryon et al. 1984). Direct photolysis will 
not occur in soil, and the chemical should be persistent in the soil environment (Ryon et al. 1984). 
This was confirmed by DuBois and Baytos (1991) who buried HMX in soil exposed to the 
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environment at Los Alamos, NM and calculated a half-life of 39 years. 

Spanggord et al. (1982b) calculated an upper limit partition coefficient (Kp) for HMX on 
Holston River sediment of ::;; 8. 7 Llkg. The KP was calculated from a linear least squares plot of 
HMX water concentration versus HMX sediment concentration (dry weight) from water-sediment 
samples prepared from HMX-contaminated water and Holston River sediment. The organic content of 
the sediment was determined to be 1.3%, from which a K.,c value of ::;; 670 Llkg was calculated. 
These values indicate that sediment sorption will not be a major fate for HMX in surface waters. 

The transport of pink water compounds including HMX (4 mg/L) through columns of garden 
soil (6.5% organic matter content) amended with microbes from activated sludge and anaerobic sludge 
digest was studied by Greene et al. (1984). Pink water solutions were continuously pumped through 
the columns and effluent samples were collected weekly over a period of 110 d. Flow rates were 
varied and some columns were amended with glucose. Unmetabolized HMX was rapidly recovered in 
the leachates, indicating little adsorption to soil. 

Checkai et al. (1993) collected intact soil-core columns from an uncontaminated area at the 
Milan AAP in order to study transport and transformation of munitions chemicals in site-specific 
soils. The soil was a Lexington silt loam with a 6-in A horizon containing 16 g/kg organic matter and 
a B horizon extending from 6 to 27 inches and containing 5 g/kg organic matter. A mixture of 
munitions simulating open burning/open detonation ash was added to the soil surface. Concentrations 
were 1000 mg/kg RDX, 1000 mg/kg HMX, 1000 mg/kg 2,4-dinitrotoluene, and 400 mg/kg 2,6-
dinitrotoluene. The columns were leached with simulated rainfall over a period of 32.5 wk; controlled 
tension was applied. HMX was measurable in leachates throughout the study and averaged 0.4 mg/L. 
Over time, HMX was found at progressively greater depths within the soil column; by 19.5 wk, it 
had migrated throughout the full column (detection level, 2.9 mg/kg). 

Biotransformation. Biotransformation will be an important pathway for degradation of HMX under 
organic-rich conditions. No biodegradation of HMX occurred after 15 wk when 4 ppm HMX was 
added to river waters or river waters with HMX contaminated sediment (Spanggord et al. 1982b). 
However, the addition of yeast to river water containing 4 ppm of HMX reduced the concentration to 
< 0.1 ppm in 3 d. Spanggord et al. (1982b) found that anaerobic transformation of HMX followed a 
similar pattern. No degradation occurred in river water, slow degradation occurred in water over 
HMX-contaminated sediment (4 ppm to < 0.2 ppm in 91 d), and rapid degradation occurred in the 
yeast -treated water. Aerobic and anaerobic biotransformation of HMX ultimately produces 1, 1-
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dimethylhydrazine. 

In a detailed follow up study, Spanggord et al. (1983) further investigated the 

biotransformation of HMX in water. HMX biotransformation occurred under both aerobic and 

anaerobic conditions in wastestream effluent treated with yeast. Under aerobic conditions a first-order 

half-life of 17 hr was observed; under anaerobic conditions the first-order half-life was 1.6 hr. 

However, conditions in the Holston River environment are not expected to induce noticeable 

biotransformation of HMX, thus biotransformation is not expected to contribute to loss of HMX in 

this environment. 

B. Aquatic Toxicology 

1. Acute effects- Invertebrates and Fish. Bentley et al. (1977b) studied the acute effects of HMX on 

four species of freshwater invertebrates: the midge Chironomus tentans, the cladoceran or water flea, 

Daphnia magna, the amphipod Gammarus fasciatus, and the isopod Asellus militaris (Table 51). After 

48 hr under static conditions, even the highest tested nominal concentration (32 mg/L) had no adverse 

effect on any of the organisms. Thus, the 48 hr-EC50 of > 32 mg/L based on immobilization is 

reported for the invertebrates tested in this study. It should be noted that this concentrations is above 

the reported solubility limit of HMX (6.6 mg/L at 20°C). 

Bentley et al. ( 1977b) also studied the effects of HMX on fish tested under static conditions. 

Test species included bluegill sunfish (Lepomis macrochirus), channel catfish (lctalurus punctatus), 

fathead minnow (Pimephales promelas), and rainbow trout (Oncorhynchus mykiss). Bluegill sunfish 

were used to test the effect of changes in temperature, pH, and water hardness. None of these factors 

had a significant effect. Fathead minnows were used to determine how HMX acute toxicity would 

vary with life stage. Fathead minnows were most susceptible at 7 d post-hatch (96-hr LC50 of 15 

mg/L). All other life stages for fathead minnows were unaffected by even the highest levels of HMX 

tested (96-hr LC50 values of > 32 mg/L). Channel catfish and rainbow trout were similarly 

unaffected. 

2. Chronic effects -Invertebrates and Fish. One study was located that tested the chronic toxicity of 

HMX to aquatic organisms. Bentley et al. (1984) tested the effects of long term HMX exposure on 

the water flea (D. magna) and the fathead minnow (P. promelas) under flow-though conditions (6.4 

aquarium volume replacements per d for fathead minnows, 4-5 volume replacements per day for 

water fleas) (Table 52). Fathead minnow embryo-larval stages were exposed to HMX for 32 d. 
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Within 48 hr of fertilization, embryos were suspended in HMX-treated aquariums, and percentage 

hatch was evaluated at five nominal concentrations of HMX (0.31 - 5.0 mg/L) and a control. All live 

larvae were transported to the aquariums upon hatching, and 32 d later the percentage survival, mean 

total length, and average wet weight were determined. Daphnids were exposed to five nominal 

concentrations of HMX (0.69- 11 mg/L; 80 daphnids per treatment concentration) for a total of 28 d. 

Weekly survival and offspring production were measured. All toxicity endpoints for both the fathead 

minnow and water flea were comparable to control levels for all concentrations tested. HMX 

concentrations were also measured, and were found to be significantly lower than nominal 

concentrations, especially at the higher nominal HMX levels. For the nominal concentration of 11 

mg/L used in the water flea test, measured concentrations ranged from 2.7- 6.0 mg/L with a mean of 

3.9 mg/L, and at the nominal concentration of 5 mg/L used in the fathead minnow test, measured 

concentrations ranged from 2.3 - 4.9 mg/L with a mean of 3.3 mg/L. Overall, it was concluded that 

no adverse effects of exposures were seen to D. magna at 3.9 mg/L HMX or toP. promelas at 3.3 

mg/L HMX. 

3. Plants. The acute toxicity study of Bentley et al. (1977b) was the only study found that 

investigated the effects of HMX on aquatic plants. The blue-green alga Microcystis aeruginosa and 

Anabaena flos-aquae, the green algae Selenastrum capricornutum, and the diatom Navicula pelliculosa 

were tested by measurement of chlorophyll a content and culture cell numbers. HMX had no adverse 

effect on any of the four species of phytoplankton at the tested concentrations; in fact, cell counts or 

chlorophyll a content increased in each case. EC50 values were then assumed to be > 32 mg/L (Table 

53). This concentration is above the level of solubility as indicated by McLellan et al. (1988). 

Sullivan et al. (1979) summarized and evaluated the HMX aquatic data of Bentley et al. (1977b) and 

considered the statistical analysis to be questionable. Upon re-analysis, considering growth in cell 

counts or chlorophyll a content as the endpoint, HMX concentrations as low as 10 mg/L significantly 

increased growth in three of the algae species and the chlorophyll a content in one species. 

4. Metabolism and Bioconcentration. No data on HMX metabolism by aquatic organisms was found. 

Reported log Kow values of 0.26 (Burrows et al. 1989), 0.13 (Tucker et al. 1985), and 0.06 (Jenkins 

1989) indicate little potential for partitioning to body lipids; thus, HMX is not expected to 

bioaccumulate in fish. 
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C. Aquatic Criteria and Screening Benchmarks 

1. Aquatic Organisms. Data were insufficient for calculation of acute and chronic WQC according to 

USEPA guidelines (Stephan et al. 1985). Guideline data are available for only six of the required 

eight families, representing planktonic crustaceans (D. magna), the family Salmonidae (Oncorhynchus 

mykiss), a second family in the class Osteichthyes (L. macrochirus or 1. punctatus), a third family in 

the phylum Chordata (P. promelas), benthic crustaceans (G. fasciatus or A. militaris), and insects (C. 

tentans). Therefore, Tier II or Secondary Acute and Chronic Values were calculated according to 

USEPA guidance for the Great Lakes System (USEPA 1993a). 

It should be noted that the tests conducted by Bentley et al. (1977b) and on which the 

criteria/benchmarks are based do not follow the methodology outlined by Stephan et al. (1985). The 

acute experiments performed by Bentley et al. (1977b) were under static conditions, and HMX 

concentrations were reported as nominal (not measured), being computed based on the dilution of a 

superstock solution of HMX dissolved in acetone. 

Because of the stability and slow removal rates of HMX in the water environment, HMX is 

not expected to be significantly lost in the time frames used. Thus, the static conditions used by this 

study should not significantly alter the results. However, nominal concentrations reported in this study 

were in excess of the solubility limits of HMX (6.6 mg/L at 20°C). Bentley et al. (1984) reported that 

measured HMX concentrations averaged only 3. 9 mg/L in tests in which the nominal concentration 

was 11 mg/L. The later study utilized flow-though conditions and used HMX concentrations taken 

from aquarium measurements in determining HMX levels of concern. For analysis of the acute values 

taken from Bentley et al. (1977b), concentrations exceeding the known solubility of HMX were used 

in deriving water quality criteria in accordance with Stephan et al. (1985): "'greater than' values and 

those which are above the solubility of the test material should be used because rejection of such acute 

values would unnecessarily lower the FAY by eliminating acute values for resistant species." 

However, it should be noted that these values based on nominal concentrations may very well be 

over-estimates and thus the confidence in the aquatic criteria/benchmarks is low. Although 

acute/chronic ratios were available for two families: Daphnidae and Cyprinidae, the "> " values for 

both the acute and chronic data for Daphnidae made the ratio unacceptable. However, the value for 

Daphnidae, although not definitive, indicates the low toxicity of HMX and will be used to satisfy the 

data base requirement for a GMAV for Daphnidae. 

The SAY is calculated by dividing the lowest GMAV in the data base by the SAF. The lowest 

GMA V was 15 mg/L for P. promelas. US EPA ( 1993a) lists a SAF of 4. 0 for use in Tier II 
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calculations when six satisfied data requirements for Tier I calculations are available. 

Therefore, 

SAV = .12 mg/L = 3.75 mg/L 
4.0 

The SMC is one-half of the SAY or 1.875 mg/L. 

Values for acute and chronic tests are taken from Tables 51 and 52. Although acute and 

chronic tests were available for D. magna and P. promelas, several of the values are NOAELs rather 

than LOAELs, making the LOAELs "greater than" values. The ACR of > 32 mg/LJ > 3.9 mg/L for 

D. magna is not quantifiable and therefore was not used. Only the chronic value for P. promelas is a 

NOAEL and the resultant ACR (15 mg/L/>3.3 mg/L) value can be considered conservative, i.e., 

<4.55 (see Table 54). Thus, only one of three required experimentally determined ACRs were 

available according to guidelines for Tier I. Therefore, two assumed ACRs of 18 were added. The 

SACR is the geometric mean of the three ACRs. Note that since the chronic value endpoints were not 

seen at the highest concentrations measured, some additional uncertainty in the SACR will result from 

the use of lower limit toxicity endpoints. The SACR is the geometric mean of 4.545, 18, and 18 or 

11.38. 

The SCV is the SA V divided by the SACR 

SCV =SAY = 3.75 = 0.3296 mg/L 
SACR 11.37 

Aquatic criteria and screening benchmarks are listed in Table 55. Although a SCC was 

calculated according to Tier II guidelines, it is overly conservative compared to measured 

concentrations that resulted in no adverse effects in chronic tests with D. magna and P. promelas. In 

the absence of data for calculation of a CCC or SCC, the USEPA lists LOEC values. A LOEC is not 

available from the chronic studies but would be greater than the chronic NOAELs of 3.3 and 3.9 

mg/L. Therefore, the LOEC of > 3.3 mg/L would be a more realistic interim value until additional 

toxicity tests are performed. 

A FPV was not available. For algal species, however, a test of at least 96-hr duration should 

be used; concentrations of test material should be measured and the endpoint should be biologically 

significant (Stephan et al. 1985). In considering protection of plant species, increases in growth will 

not be considered biologically important and the lower-limit EC50 value of > 32 mg/L for all four 

algae species tested by Bentley et al. (1977b) can be considered an estimate of the FPV. 

2. Sediment-Associated Organisms. One study was found that tested the toxicity of HMX to benthic 
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organisms: the midge C. tentans, the isopod A. militaris, and the amphipod G. fasciatus (Bentley et 

al. 1977b); however, the tests were conducted in 250 ml beakers without sediment and cannot be used 

to derive a SQB. From these tests, it is known that a sediment pore water concentration at the limit of 

HMX solubility would not be acutely toxic to these organisms (Table 51). 

The EqP approach can also be used to calculate a SQB for HMX. Because Kow values are 

available, a Koc can be calculated and a SQBoc can be determined. Using the mean of the log Kow 

values cited by Burrows et al. (1989) of 0.16 and the relationship between ~w and Koo the log Koc is 

0.1576 and the Koc is 1.437. Then, the organic carbon-normalized SQBoc, i.e., mg/kg organic carbon 

(mg/kgoc) is: 

SQBoc = Koc X SCV 

SQBOC = 1.437 Llkg X 0.3296 mg/L = 0.474 mg/kgoc 

If an organic carbon content in the soil of 1% is assumed, the SQB,% is calculated as: 

SQB,% = 0.01 x 1.437 Llkg x 0.3296 mg/L = 0.005 mg/kg 

D. Terrestrial Toxicology 

1. Mammals. No information on the toxicity of HMX to wildlife was found. Two studies were 

located that investigated the subchronic toxicity of HMX to laboratory animals for periods greater 

than two wk. The studies are summarized in Table 56. 

Everett et al. (1985) incorporated HMX into the diets of male and female Fischer 344 rats for 

13 wk. Twenty rats were tested at each dose level for both sexes; males at 0, 50, 150, 450, 1350, 

and 4000 mg/kg/d and females at 0, 50, 115, 270, 620, and 1500 mg/kg/d. Three deaths were 

recorded: one male in the 150 mg/kg/d group after 9 wk, one control group female at wk 13, and a 

female at the highest dose level during the first wk. The single death in the group of males receiving 

150 mg/kg/d was not considered treatment-related as no deaths occurred at the three higher doses. 

There were no Clinical signs of toxicity in the HMX-treated animals, although significant dose-related 

reductions in mean body weight gain occurred for all animals concurrent with reductions in food 

consumption early in the study. After wk 5, only animals in the two highest dose groups continued to 

have depressed weight gains. 

Histopathological examinations revealed that males receiving 450 mg/kg/d or more of HMX 

had a significant incidence of toxic liver changes, with some incidences noted as low as 150 mg/kg/d. 

In females, the three highest dose levels resulted in significant incidences of tubular kidney changes. 

Thus, the toxicity of HMX on organs was demonstrated to be sex-specific. Hematology, clinical 
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chemistry, urinalysis, and organ weight and pathology examinations were conducted on the males and 

females receiving the highest dose levels, with comparisons made to the control group. Changes 

occurring in one or both sexes at different time intervals included decreased hemoglobin, hematocrit, 

and red blood cell count and increases in serum alkaline phosphatase, albumin, and blood urea 

nitrogen. Organ weights were recorded at all dose levels, and a number of organ weight changes were 

observed for both males and females at all but the lowest dose levels. However, it is difficult to 

interpret their toxicological significance since many organ weight changes simply reflected the 

decreases in body weight. 

Everett and Maddock (1985), in a study similar to the 13-wk study described above, tested the 

oral toxicity of HMX in B6C3F1 mice. Males were dosed with 0, 5, 12, 30, 75, and 200 mg/kg/d and 

females with 0, 10, 30, 90, 250, and 750 mg/kg/d, in groups of 20 animals each. Significant 

mortality resulted: one male in the 30 mg/kg/d group, two males in the 75 mg/kg/d group, and 13 

males in the 200 mg/kg/d group died; one control female, one female in the 30 mg/kg/d group, 12 

females in the 250 mg/kg/d group, and all females in the 750 mg/kg/d group died. Surprisingly, no 

clinical signs of toxicity were noted in any of the treatment groups. Similarly, no significant changes 

in body weight or clinical chemistry were observed. The single death in each of the 30 mg/kg/d dose 

groups was not statistically significant. Histologic examination of the highest dosed males and females 

showed few changes in the liver, kidney, spleen and brain. Lungs were observed to be a dark red 

color in some of the highest dosed mice, but lungs were not histologically examined. 

2. Birds. No studies were found that tested the toxicity of HMX to birds. 

3. Plants. There are no studies that specifically tested the toxicity of HMX to terrestrial plants. 

However, Simini et al. (1995) evaluated the toxicity of Joliet AAP soil to radishes and cucumbers. 

The soil samples were contaminated with several munitions, each at a range of concentrations. HMX 

was found to be very weakly correlated with effects on plant height. 

4. Soil Invertebrates. A study was found that tested the toxicity of munitions-contaminated soil 

(contaminated in part with HMX) and calculated the correlation of HMX concentration with overall 

soil toxicity. Simini et al. (1995) evaluated the toxicity of Joliet AAP soil to earthworms by 

determining survival rates and differences between initial and final live weights. HMX was found to 

be very weakly correlated with these endpoints. 
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In a preliminary study, Phillips et al. (1993) tested the toxicity of HMX added to artificial soil 

(1.4% organic matter) to the earthworm, Eiseniafoetida over a 14-d period. Concentrations of HMX 

were 0, 50, 100, 200, 400, and 500 mg/kg. Although survival was 100% for all tested 

concentrations, there was an increasing weight loss with increasing concentrations. Weight losses 

ranged from 6% at the 50 mg/kg concentration to 15-18% at the three highest concentrations. 

5. Soil Heterotrophic Processes. No studies were located that tested the toxicity of HMX to soil 

microorganisms. 

6. Metabolism and Bioaccumulation. 

Animals. HMX appears to be poorly absorbed by the gastrointestinal tract (ATSDR 1994). Cameron 

(1986) exposed B6C3F1 mice and F344 rats to single oral doses (500 mg/kg) of [l4C]HMX to 

investigate HMX excretion. Four d after exposure to rats, 85% of the radio label was excreted in feces 

(primarily as unchanged HMX), 4% in the urine, and, within 48 hr, 0.5% in exhaled air (as 14C02). 

Respective values for the mouse were 70, 3, and 1%. Only 0.6-0.7% of the original radioactivity 

remained in the animals after four d. Cameron (1986) found that peak HMX plasma levels reached 

only < 0.1% of the administered dose. A comparison of urine and plasma levels of radioactivity 

following oral and intravenous administration to rats suggested that < 5% of the oral dose was 

absorbed. Similarly, Everett et al. (1985) found low, non-dose dependent levels of HMX in plasma of 

rats following 13 wk of exposure to 50- 4000 mg/kg/d and concluded that little of the dose was 

absorbed. No information was found on the distribution of HMX in the body following an oral dose. 

Following intravenous administration to the rat, highest concentrations of radioactivity were observed 

in liver and kidney and the lowest concentration was in the brain (Cameron 1986). 

Little data exist on the metabolism of HMX. Following intravenous administration to the rat, 

unidentified polar metabolites were present in the tissues, plasma, and urine (Cameron 1986). Everett 

and Maddock (1985) analyzed the stomach contents of B6C3F1 mice dosed with 5 - 750 mg/kg/d for 

nitrite (which would be formed from cleavage of the ring nitrogen-nitrogen bonds) and did not 

observe any increases above normal dietary concentrations. It was concluded that HMX was not being 

metabolized in the stomach. Thus, most HMX ingested will be excreted in the feces as unchanged 

HMX, with the small amount of absorbed HMX being excreted in urine within a few days (A TSDR 

1994). 

HMX is rapidly excreted in mammals (ATSDR 1994). Bioaccumulation is not expected to 
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occur. Biomonitoring studies have been conducted at Aberdeen Proving Ground, Maryland 

(USACHPPM 1994), and at several other AAPs (see Opresko 1995b for review). HMX was not 

present in tissues of terrestrial wildlife (deer and small mammals) at or above a detection limit of 0.1 

mg/kg. 

Plants. No studies were found regarding HMX uptake and metabolism in plants. 

D. Terrestrial Criteria and Screening Benchmarks 

1. Mammals. Two 13-wk studies of the oral toxicity of HMX to laboratory animals were available 

for calculation of screening benchmarks for mammalian wildlife. Everett et a!. (1985) determined 

renal and hepatic effects of HMX exposure on male and female F344 rats, and Everett and Maddock 

(1985) measured HMX-induced mortality in male and female B6C3F1 mice. Because the single deaths 

in the two groups administered 30 mg/kg/d were not significant, this dose was considered a NOAEL. 

Considering male and female endpoints from both studies, NOAELs ranged from 30- 115 mg/kg/d, 

and LOAELs ranged from 75 - 270 mg/kg/d. Despite using the more severe endpoint of mortality in 

the mouse study, NOAELs and LOAELs were generally lower than those found based on liver and 

kidney damage to rats. Mortality was considered the more relevant endpoint for wildlife population 

level effects; thus, the NOAEL of 30 mg/kg/d (for both males and females) from the mouse study 

was chosen for calculation of screening benchmarks for mammalian wildlife. Conversely, for humans, 

an oral reference dose (RID) of 0.05 mg/kg/d was calculated by dividing the NOAEL of 50 mg/kg/d 

for male rats (endpoint- liver lesions) by an overall uncertainty factor of 1000 (USEPA 1993e). 

The subchronic NOAEL of 30 mg/kg/d in the mouse study was multiplied by 0.1 to derive an 

estimated chronic NOAEL of 3.0 mg/kg/d. The mean body weight (geometric mean of weekly means) 

for males in the 30 mg/kg dose group was calculated to be 0.025 kg, and that for females in the 30 

mg/kg dose group was 0.023 kg. In calculating NOAEL values for mink, the log Kow of 0.26 was 

used to estimate the FCM. For this log K,w, the FCM is 1.0. Screening benchmarks for wildlife 

species are listed in Table 57. Confidence in these benchmarks is low due to the limited number of 

studies and the variability in HMX toxicity. 

2. Birds. No studies were found that tested the toxicity of HMX to birds, so screeningbenchmarks 

cannot be derived. 
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3. Plants. No studies were found that directly tested the toxicity of HMX to terrestrial plants. The 

correlation of HMX concentration in munitions-contaminated soil to toxicity in garden plants 

calculated by Simini et al. (1995) is not applicable to deriving screening benchmarks. 

4. Soil Invertebrates. According to the method of Will and Suter (1995b), a 20% reduction in growth 

would be a threshold for significant effects. Although concentrations up to 500 mg RDX/kg of 

artificial soil were not lethal to the earthworm, Eisenia foetida, weight losses occurred but were 

< 20% at the highest concentration tested, 500 mg/kg (Phillips et al. 1993). In addition, HMX in 

other soil types may behave differently than in artificial soils and additional studies are needed before 

a screening value for earthworms can be determined. 

5. Soil Heterotrophic Processes. No studies were found that tested the toxicity of HMX to soil 

microorganisms, therefore, screening benchmarks cannot be derived. 
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IX. N-methyl-N,2,4,6-tetranitroaniline 

The nitramine, N-methyl-N,2,4,6-tetranitroaniline or tetryl has been used since 1906 as a military 

explosive, primarily as a propellant or detonator charge. Tetryl is no longer manufactured, and since 

1973 it has been largely replaced in modern explosive formulations by RDX (Kaye 1980b). 

Contamination from past activities is localized around AAPs or Ordnance Works where tetryl was 

manufactured, used, or stored. Chemical and physical properties are listed in Table 58. 

This chapter on tetryl summarizes the available data on concentrations in environmental 

media, environmental fate and transport, and ecotoxicity and bioaccumulation data for aquatic and 

terrestrial species. Information was available on transformation in the environment (photolysis, 

hydrolysis, and biotransformation) and toxicity to laboratory animal species. A subchronic study with 

the rat was used to derive screening benchmarks for food and water intake for wildlife species. 

LOECs for terrestrial plants were also located. No suitable data for derivation of screening 

benchmarks for aquatic invertebrates or fish, sediment-associated organisms, avian species, soil 

invertebrates, or soil heterotrophic processes were found. 

A. Environmental Fate 

1. Sources and Occurrences. Tetryl is a military-unique compound that was manufactured primarily at 

Joliet AAP. Although it has not been manufactured in the United States since 1973, existing stocks 

are still stored at military installations. At the time of closure, it was estimated that 31,000 lb of tetryl 

were present in the soil at the Joliet AAP (Small and Rosenblatt 1974). Although not usually 

detectable in surface waters, concentrations in groundwater ranged up to 67 llg/L; the maximum 

concentration found in subsurface soil was 84,400 mg/kg. At least 19 additional AAPs have handled 

tetryl. Wastewaters at production sites were released to holding lagoons for settling of solids before 

being released to rivers and streams. The compound has also been disposed of by ocean dumping. 

Presently, tetryl may be released to environmental media during Department of Defense 

demilitarization operations involving exploding or burning. According to Walsh and Jenkins (1992), 

tetryl is rarely observed in environmental samples because of its instability. 

Air. Although tetryl could be released to the air during destruction activities, concentrations in air 

have not been monitored during these activities (ATSDR 1995d). 
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Surface and Groundwater. According to Small and Rosenblatt (1974), approximately 36 lb of tetryl 

from each of 12 production lines were discharged daily in wastewater at the Joliet AAP; wastewaters 

containing 400-460 mg/L were released to drainage ditches. Production ceased at this site in July, 

1973. Seepage water that was collected in a hole dug close to a drainage ditch at the Joliet AAP in 

1973 contained a tetryl concentration of 44 mg/L. However, the concentration in surface water in the 

ditch was below the limit of detection. A 1988 survey showed a tetryl concentration of 67 1-1-g/L in a 

sample from a groundwater monitoring well in this area (US Army 1990). 

At the Iowa AAP where booster charges were molded from bulk explosives, about 11,000 lb 

of tetryl were processed (Small and Rosenblatt 1974). Wastewater was transported to a sedimentation 

pond. At this site, tetryl was present in groundwater below a settling lagoon at a concentration of 46 

1-1-g/L (Clear and Collins 1982). However, in another study at this site, tetryl was not detected in 

surface or groundwater in the tetryl production area (Deaver et al. 1986). 

At the Louisiana AAP, tetryl was found in groundwater below several areas: concentrations 

were 1.4-53 1-1-g/L (Area P leaching pits), 1.4-5.1 1-1-g/L (Burning ground 5), and 0.9-10.2 1-1-g/L (Inert 

landfill area No. 8) (Gregory and Elliott 1987). Concentrations in most samples were below the 

detection limit of 1. 0 1-1-g/L. During a remedial investigation study, tetryl was detected in 2 of 18 wells 

at this site (Todd et al. 1989). Concentrations were 1.5 and 3.1 1-1-g/L. Groundwater contamination at 

the Alabama AAP was confined to the aquifer below the tetryl manufacturing area (ESE 1986). The 

highest concentration measured was 36.4 1-1-g/L. 

Soils. At the Alabama AAP, tetryl was present in surface soil at concentrations of 0.5 to 6.6 mg/kg 

(Rosenblatt and Small 1981). In addition, crystalline material suspected of being this contaminant was 

visible in soils in one area. In another survey at this site, five of seven soil samples collected from the 

tetryl manufacturing area were contaminated with varying amounts of tetryl, 0.078 to 13,600 mg/kg 

(ESE 1986). Concentrations in the flashing ground ranged up to 6620 mg/kg (ATSDR 1995d). 

Subsurface soil close to a drainage ditch at the Joliet AAP contained 84,400 mg/kg soil (Small and 

Rosenblatt 1974). In 1981, concentrations in two of five soil samples collected from the tetryl 

production area at Joliet AAP were 23.3 and 38,500 mg/kg (Deaver et al. 1986). At an open burning 

area at the Picatinny Arsenal, concentrations ranged from 176 mg/kg at the surface to 35 mg/kg at 8-

14 inches below the surface (Bauer 1985). Although present in groundwater at the Louisiana AAP, 

concentrations in soil samples were below the limit of detection of 0.8 ppm (Gregory and Elliott 

1987). Concentrations in surface soils from dry lagoons at this site ranged from < 0.3 to 42,217 
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mg/kg (ATSDR 1995d). 

Over a 10-year period, Walsh and Jenkins (1992) collected dried soil samples from 16 Army 

sites and analyzed the samples for a number of chemicals relating to munitions use and production. 

Tetryl was found at 2 of these sites; concentrations were: 346 mg/kg (one sample) at the Iowa AAP 

and 0.25-1260 mg/kg (five samples) at the Nebraska Ordnance Works. Tetryl was detected at 

concentrations of < 1000 mg/kg in 4.8% of soil samples taken from open-burning grounds at selected 

military installations (US Army 1986). 

2. Transport and Transformation Processes. Although tetryl is a stable explosive when stored (Yinon 

1990), it undergoes rapid degradation in soil and water. 

Abiotic Processes. Tetryl has not been monitored in the ambient air around production and 

processing sites. Calculated vapor pressures of tetryl of 4 x 10·10 mrn Hg at 20°C (Layton et al. 

1987), 5.7 x 10-9 mrn Hg at 25°C (Burrows et al. 1989), and 1 x 10·8 mrn Hg (SRC 1995b) indicate a 

low potential to enter the atmosphere. This low vapor pressure indicates that any tetryl in the ambient 

atmosphere will exist primarily in the particulate phase and is subject to dry or wet deposition (SRC 

1995b). Because it undergoes photolysis in water (Kayser et al. 1984), tetryl in the atmosphere would 

also be subject to degradation by photolysis. A calculated Henry's law constant for tetryl of 1.0 x 10-

11 atm-m3/mole (SRC 1995b) indicates that volatilization is an insignificant transport pathway from 

water. 

The water solubility of tetryl, 75 mg/L at 20oc (Small and Rosenblatt 1974), is considered 

low to moderate and would impede leaching to groundwater. However, picric acid, a primary 

hydrolysis product of tetryl, with a water solubility of 11,000 mg/L (Layton et al. 1987), may leach 

to groundwater. 

Photolysis and hydrolysis are major environmental transformation processes for tetryl. The 

rate of degradation via photolysis is at least an order of magnitude faster than hydrolysis (Kayser et 

al. 1984), making photolysis the dominant degradation process in sunlit waters. Kayser et al. (1984) 

studied the hydrolysis of tetryl in buffered aqueous solutions at ambient temperature under both light 

and dark conditions. Under conditions of ambient temperature, a pH of 6, and artificial light, 95.4% 

of the tetryl (12 mg/L) disappeared from distilled water solutions by 20 d. The authors identified N­

methylpicramide (41% of the products formed), nitrate (35.2%), nitrite (9.4%), picrate ion (3.9%), 

and methylnitramine (0.01%) as photolytic and hydrolytic products under these conditions. When 
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tested under similar conditions, but in the absence of light, only 3.2% of the tetryl disappeared in 20 

d. Hydrolysis in the dark occurred more rapidly in a borax buffered solution at a pH of 9. Under 

these conditions, 98.7% of the tetryl disappeared in 90 d. Methylnitramine formation dominated 

(66%); picrate ion (28%), nitrite (4.1 %), nitrate (3.1 %), and N-methylpicramide (4.1 %) were also 

formed. Methylnitramine appeared to be stable in solutions held in the dark. Additional hydrolysis 

kinetic studies conducted at several temperatures and a range of pH values were used to estimate the 

environmental half-life. Based on these studies, the hydrolysis half-life was estimated at 302 d at 
zooc and a pH of 6. 8. In another study, samples of tetryl stored at ambient temperature in the 

laboratory and protected from light, were stable for 33 d at a pH of :::;; 4 but degraded by 

approximately 50% within one data pH of 10.3 (Belkin et al. 1985). In seawater at a pH of 8, 88% 

of tetryl hydrolyzed after 101 d, yielding picric acid as a hydrolysis product; the associated half-life 

was approximately 33 d (Hoffsommer and Rosen 1973). 

A solution of tetryl exposed to growth chamber lights progressively decomposed from an 

initial concentration of 4.73 mg/beaker to 3.64 and 0.83 mg/beaker after 1 and 7 d, respectively. The 

transformation product N-methyl-2,4,6-trinitroaniline was identified in the solution and the solutions 

attained a bright yellow color (Harvey et al. 1993). Transformation was slower in the dark, with the 

concentration decreasing from an initial4.71 mg/beaker to 4.33 and 4.06 mg/beaker after 1 and 7 d, 

respectively. N-methyl-2,4,6-trinitroaniline was not found in the beakers held in the dark and the 

solutions remained colorless. Fellows et al. (1992) also noted that tetryl solutions that are exposed to 

light become bright yellow in color. 

A number of studies cited the thermal instability of tetryl. During development of analysis 

methods, heating of tetryl samples at ;;:::45°C, resulted in decomposition and yielded the thermal 

degradation products picric acid (the major product), N-methylpicramide, picramide, p-nitroaniline, 

N-methyl-2,4,6-trinitroaniline, N-methyl-N,2,4-trinitroaniline, 2,4,6-trinitroanisole, N,2,4,6-tetranitro­

aniline, and 1,3,5-trinitrobenzene (Yasuda 1970, Walsh 1990). A limited amount of thermal 

degradation may also take place under environmental conditions. N-methyl-N,2,4-trinitroaniline is 

present as a major impurity of production-grade tetryl but is present in only trace amounts after 

heating (Yasuda 1970). 

If released to acidic or neutral soils, tetryl would undergo slow hydrolysis; hydrolysis would 

be more rapid in alkaline soils. Although~ values of 49 (Burrows et al. 1989) and 406 (SRC 

1995b) have been calculated, the latter based on a water solubility of 75 mg/L (Small and Rosenblatt 

1974), higher values have been estimated based on measured soil/water partition coefficients. Using a 
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shake-flask procedure, Hale et al. (1979) measured the soil/water partition coefficient (Kp) for tetryl 

using four soil types ranging in organic carbon content from 0.39 to 2.2%. The~ values ranged 
from 7.6 to 35.3 and K.,, calculated by dividing the KP values by the respective average organic 

carbon contents, ranged from 1357 to 2948. These K., values were higher than predicted from 

solubility and melting point, indicating to the authors that the methylnitroamino group may bind to 

soil components. All of these Koc values indicate that low to moderate leaching will occur in soil. 
However, hydrolysis in moist soil will influence the amount of tetryl or tetryl products reaching 
groundwater. The hydrolysis product, picric acid, may also form complexes with metal ions in the 
soil (Layton et al. 1987). 

Hale et al. (1979) studied the transport of tetryl through soil columns and Kayser and 

Burlinson (1988) analyzed soil and water samples from these experiments. 14C-labeled-tetryl was 
added to the surface layer of 5 x 61 em soil columns contained in steel pipes; four different types of 
soil were tested. The columns were irrigated with water (5 cm/wk) and leachate was collected over a 

six-mon period. No tetryl was recovered in the leachate. Analysis of the leachate by high-performance 
liquid (HPLC) and thin-layer chromatography revealed the presence of trace amounts of picric acid 
and nonvolatile, highly polar products. 

Three types of soils with organic matter content ranging from 0. 5 to 7. 2% were amended 

with 60 mg/kg tetryl uniformly radiolabeled with 14C and incubated for 60 d (Fellows et al. 1992, 
Harvey et al. 1992). Both nonsterile and sterile soils, moistened to 67% field capacity, were used. 

Tetryl was rapidly transformed in both sterile and nonsterile soils, with only 43-62% of unaltered 

tetryl recoverable from the soil immediately after amendment. In nonsterile soils, < 8% of the parent 

tetryl was recoverable after 11 d and by 30 d unaltered tetryl was no longer present. The primary 

transformation product was N-methyl-2,4,6-trinitroaniline; a minor transformation pathway involved 
direct ring nitro reduction with formation of an aminodinitrophenylmethylnitramine isomer. By 60 d, 

21-36% of the radio label was extractable from the soil and 43-58% of the label remained in the soil. 

The amount of radiolabel that was initially bound to the soils (d 0) was related to the amount of 

organic carbon in the soils and cation exchange capacity (CEC), with highest binding to a clay loam 
(7.2% organic carbon; 38.2 meq/100 g CEC). In soils sterilized with gamma radiation, 

transformation was much slower than in the nonsterile soils and the percent unextractable radiolabel in 
the soil was much lower. The authors acknowledged that the gamma-radiated soils might not have 

been sterile. 

As part of the same study (Fellows et al. 1992, Harvey et al. 1992), volatile organic 
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compounds and 14C02 evolution from the three soils were measured. No volatile organic compounds 

were evolved from any soil type, sterile or nonsterile; 14C02 evolution did occur from both soils with 

greater amounts released from the nonsterile soils. Although the fractional amount of the total label 

evolved as C02 was not measured, it was estimated to be -9% over the 60-d period. Tetryl, N­

methyl-2,4,6-trinitroaniline (the primary transformation product), a dinitroaminophenylethylnitramine 

isomer, and two unidentified metabolites were found in the soils. 

Biotransformation. No information on microbial degradation was located, but microbial reduction of 
nitro groups to amines readily takes place (Layton et al. 1987, Fellows et al. 1992). In the soil studies 

conducted by Fellows et al. (1992) and discussed in section II.B.1, it is not clear to what extent the 

reduction and mineralization of tetryl was due to microbial activity or was an inorganic process. 

Furthermore, the primary transformation product, N-methyl-2,4,6-trinitroaniline, may have been an 

artifact of the extraction and analysis procedure. 

B. Aquatic Toxicology 

1. Toxicity. No data concerning the toxicity of tetryl to aquatic organisms were located. In natural, 

sunlit waters, tetryl would be transformed via photolysis and hydrolysis to several degradation 

products including picric acid. A survey of the literature on the toxicity of picric acid to aquatic 

organisms by Burrows and Dacre (1975), found that the concentration below which picric acid was 

nontoxic for fish (minnow, Phoxinus phoxinus) is 30 mg/L (Grindley 1946). Phytotoxicity occurred at 

higher concentrations. The 96-hr "toxicity threshold" of picric acid for the green alga, Scenedesmus 

quadricauda, was 240 mg/L (Bringmann and Kuhn 1959). A concentration of 1750 mg/L halved the 

growth rate of the aquatic vascular plant, Lemna minor (Simon and Blackman 1953). 

2. Metabolism and Bioconcentration. No studies on metabolism or bioconcentration in aquatic 

organisms were located. The Kow of a chemical (concentration in octanollconcentration in water) can 

be used to estimate a bioconcentration factor (BCF). Although a Kow for tetryl has not been measured 

in experimental systems, it can be estimated from solubility data, chemical structure, and reverse­

phase HPLC retention time. A mean log Kaw for tetryl of 2 (1.5 from reverse-phase HPLC and 2.4 

from solubility) was estimated by Layton et al. (1987). The authors used the log Kaw value to 

calculate a bioconcentration factor for fish [(mg chemical in fish/kg body weight of fish)/(mg 

chemical in water)/(kg water)] of 15. Also using reverse-phase HPLC retention time, Jenkins (1989) 
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calculated a log Kaw of 1.65. Based on a water solubility of 75 mg/L and the regression equation of 

Lyman et al. (1982), SRC (1995b) calculated a BCF of 54. These values suggest a low potential for 

significant bioconcentration in aquatic organisms. 

C. Aquatic Criteria and Screening Benchmarks 

No acute or chronic studies on the toxicity of tetryl to invertebrates or fish were located. Therefore, 

water quality criteria and screening benchmarks could not be derived. No data on the toxicity of 

spiked sediments or the interstitial water from spiked sediments to sediment-associated organisms 

were located for this chemical. Although tetryl does not significantly ionize in water (Layton et al. 

1987), it strongly binds to soils (Hale et al. 1979) and plant and animal tissues (Lakings and Gan 

1981) and thus the EqP approach for calculation of a sediment quality criterion cannot be applied. 

D. Terrestrial Toxicology 

I. Mammals. No subchronic or chronic studies on the toxicity of tetryl utilizing mammalian wildlife 

were located. Human exposure has resulted in contact dermatitis, discoloration of the skin, respiratory 

irritation, and anemia. Symptoms of headache, fatigue, irritability, and insomnia have been reported 

in workers engaged in tetryl production or processing (Yinon 1990). Studies with laboratory animals 

have identified the liver and kidneys as target organs of systemic tetryl toxicity. 

In an early study, Daniele (1964) and Fati and Daniele (1965) studied the effects on rabbits 

exposed to tetryl by gavage for 6-9 mon. No gross or histological alterations were observed in the 

lungs, hearts, or gastrointestinal mucosa of 12 rabbits thus treated with 125 mg/kg/d (Fati and 

Daniele 1965). The rabbits did show signs of a "coagulation disorder" starting 120 d after the initial 

exposure (Daniele 1964), accumulation of hematic pigments in their spleens (Fati and Daniele 1965), 

and swollen hepatocytes (Fati and Daniele 1965). Four rabbits treated for 9 mon also experienced 

liver damage (hepatocyte necrosis and hyperplasia of the Kuppfer cells) and slight congestion of the 

kidneys with cloudy swelling and vacuolar degeneration of the convoluted tubules (Fati and Daniele 

1965). The six rabbits treated for 6 mon did not exhibit kidney congestion. A control group was not 

used in this study. 

Parmeggiani et al. (1956) administered a dose of 50 mg/kg/d to rats for 3 mon. Histological 

examination revealed slight degenerative changes in the liver and kidneys. 

Two recent studies, one a short-term screening study and the other a subchronic study, on the 

toxicity of tetryl utilizing laboratory rats were located. In the 14-d screening study, Reddy et al. 
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(1994b) administered 0, 500, 2000, 2500, or 5000 mg tetryllkg diet to 5 male and 5 female Fischer 
344 rats. Changes (relative to the control group) occurred in body weights, relative organ weights, 

and some hematology and clinical chemistry parameters in the higher dose groups. The NOAEL was 

500 mg tetryllkg diet. 

In the subchronic study, groups of 10 male and 10 female Fischer 344 rats were administered 
0, 200, 1000, or 3000 mg tetryllkg diet for 90 d (Reddy et al. 1994c). Calculated doses were 0, 13, 
62, and 180 mg/kg/d for males and 0, 14, 69, and 199 mg/kg/d for females. Food consumption was 
reduced in all groups throughout the study and resulted in significantly reduced body weights in the 
3000 mg tetryl!kg diet (males and females) and 1000 mg tetryl!kg diet groups (females). Relative 

organ weights were significantly increased in both sexes: kidney (1000 and 3000 mg tetryl!kg diet 
groups), liver (1000 and 3000 mg tetryl!kg diet groups), and spleen (3000 mg/kg tetryl dose groups). 
A significant decrease in red blood cell count and a significant increase in reticulocyte count occurred 
in the 3000 mg dose groups of both sexes at 90 d. Methemoglobin levels were significantly increased 
in both sexes receiving 1000 and 3000 mg tetryllkg diet at 45 and 90 d and hemoglobin was 

significantly decreased in both sexes in these dose groups at 90 d. Histologic changes were observed 
in the spleen (pigment deposition and erythroid cell hyperplasia in both sexes receiving 3000 mg 

tetryl/kg diet) and kidney (tubular degeneration and cytoplasmic droplets in males receiving 1000 or 
3000 mg tetryl/kg diet). All of these effects were absent or not significant in the groups receiving 200 
mg/kg/d. 

2. Birds. No studies were found that tested the toxicity of tetryl to birds. 

3. Plants. Screening studies addressed the toxicity of tetryl to several plant species including 

Phaseolus vulgaris (bush bean), Triticum aestivum (wheat), and Bromus mollis (blando brome) grown 
in solutions containing up to 10 mg/L tetryl (near the limit of tetryl solubility under the conditions of 
the study) or in soil containing up to 75 mg/kg tetryl (Fellows et al. 1992). The 10 mg/L solution 

concentration was based on a previous, unreported study in which the authors found no or minimal 
phytotoxic effects at that concentration. In the later screening study, no phytotoxicity was reported in 
plants cultured in the 10 mg/L solution. However, the study lasted only 10 d and by d 4 the 

concentration of tetryl in solution was near or below the detection limit of 0.1 mg/L. 

Plants were grown for 70 d in soil containing concentrations of 0, 10, 25, 50, or 75 mg/kg 
(Fellows et al. 1992). There was a slight reduction in growth for bush beans and blando brome at all 
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concentrations, but differences were not significant. The authors considered concentrations up to 50 

mg/kg nontoxic for wheat and blando brome grown in any of the three soil types. In the same study, 

plants grown at a single concentration of 25 mg/kg for 60 d showed variable results, with statistically 

significant reductions in fresh weights for some plants in some soils. At a level of significance of 
p ~ 0. 01, only total fresh weight for wheat grown in Burbank soil at a concentration of 25 mg 

tetryl/kg soil was decreased compared to the control: 7.43 g vs 10.3 g. 

4. Soil Invertebrates. No studies were found that tested the toxicity of tetryl to soil invertebrates. 

5. Soil Heterotrophic Processes. No specific studies on the toxicity of tetryl to soil microorganisms 

were located. In soil degradation studies, a concentration of 60 mg/kg did not appear to impede 

degradation of tetryl; however, there was no indication that the degradation process was a biological 
one (Fellows et al. 1992). Tetryl was very toxic to the marine luminescent bacterium Vibrio .fischeri 
with a 30-min EC50 (50% reduction in luminescence) of 0.45 mg/L (Drzyzga et al. 1995). 

6. Metabolism and Bioaccumulation. 

Animals. No data on absorption following inhalation or topical administration or on metabolism 
following oral, inhalation or topical administration were located. Systemic effects following oral 

administration indicate that tetryl (or its metabolites) is absorbed and distributed to the tissues and 
organs (Fati and Daniele 1965, Reddy et al. 1994b, 1994c). Picramic acid, a metabolite of tetryl, was 
found in the urine of 7 rabbits orally administered 100 mg tetryl/d (32.3-40.0 mg tetryl/kg/d) for up 

to 30 d (Zambrano and Mandovano 1956). Picramic acid was not detected in the urine of 2 control 
rabbits. The data support the hypothesis that tetryl is metabolized to picric acid by removal of the 

methylnitramine moiety and further metabolized to picramic acid by reduction of a nitro group. 

No data on bioaccumulation of tetryl in animals were located. Because tetryl is metabolized 

and excreted in mammalian species, bioaccumulation is unlikely to occur. 

Plants. Transformation of tetryl is dramatic in the presence of plant roots, indicating a surface 

catalytic process (Cataldo et al. 1993). In the presence of plant roots, tetryl in solution was rapidly 

transformed to N-methyl-2,4,6-trinitroaniline and a dinitroaminophenylmethylnitramine isomer. 

The uptake and chemical fate of uniformly ring-labeled 14C-tetryl in plants was evaluated 

using bush bean, wheat, and blando brome (Fellows et al. 1992, Cataldo et al. 1993, Harvey et al., 
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1993). Plants were grown in hydroponic solutions at concentrations of 1, 2.5, 5, and 10 mg/L. Tetryl 
was rapidly taken up by all three plants; by 7 d, > 90% of the absorbed radioactivity was present in 
the roots and < 10% was present in the shoots or leaves (in the case of bush beans). Of numerous 

metabolites extracted from the plant tissues, N-methyl-2,4,6-trinitroaniline and N-methyl­

dinitroamimoaniline were tentatively identified. Much of the radioactivity remained in a 

nonextractable form. 

Plant uptake studies are complicated by the fact that transformation take place at the plant-soil 
surface (Cataldo et al. 1993). Comparisons were made of chemical transformations occurring in 

hydroponic culture solutions maintained over time with and without light, aeration, and plant roots. 
While transformation occurred in the presence of light and/or aeration, it was more rapid and more 
extensive when plant roots were present. The presence of N-methyl-2,4,6-trinitroaniline and possibly 

dinitroaminophenylethylnitramine in the solution and the depletion of the radiolabel in the solution 
after all tetryl had been transformed indicated that plant absorption of both parent compound and 
transformation products may take place. 

When bush bean plants were grown in nutrient solutions containing 14C-labeled tetryl and 
shielded from light, approximately 42% of the available radioactivity was accumulated within the 
plant at 7 d (Fellows et al. 1992, Harvey et al. 1993). Radioactivity continued to be accumulated by 
the plant even after tetryl was no longer detectable in the solutions, indicating that tetryl 

transformation products as well as tetryl were absorbed by the plant roots. 

Uptake of tetryl by plants grown in soil is dependent on soil type (sand > silt > > organic 

soil) and plant species (Fellows et al. 1992). Uptake of tetryl by plants grown for 60 d in soil 

containing 25 mg tetryl/kg soil ranged from 90 mg tetryl equivalents (tetryl plus metabolites) per 

plant (fresh weight) for wheat grown in soil with 7.2% organic carbon content to 406 mg tetryl 

equivalents for blando brome grown in soil with 0.5% organic carbon content. Tetryl residues 

primarily accumulate in plant roots; approximately 80% of tetryl taken up by mature bush beans was 
found in plant roots, approximately 17% was in leaves and stems, and approximately 3% was in 

seeds and pod. In wheat and blando brome, 16 to 20% of the accumulated radiolabel was found in the 

shoot tissues. 

E. Terrestrial Criteria and Screening Benchmarks 

J. Mammals. Based on hepatic and renal effects in male rabbits (Fati and Daniele 1965), a chronic 

reference dose (RID) for humans of 0.01 mg/kg/d was derived (USEPA 1995b). A more recent 
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subchronic study was available for calculating a safe exposure level or NOAEL for wildlife exposed 

to tetryl in environmental media. In this study (Reddy et al. 1994c), a subchronic oral NOAEL of 13 

mg/kg/d was identified in Fischer 344 laboratory rats; the ecologically-relevant endpoints of survival 

and reproduction (no testicular effects were observed) were not adversely affected. The subchronic 

NOAEL was multiplied by an uncertainty factor of 0.1 to derive the chronic NOAEL. The chronic 

NOAEL of 1.3 mg/kg/d was used to calculate NOAEL values (by normalization to the body weight 

of each wildlife species) for food and water intake for the shorttail shrew, white-footed mouse, 
meadow vole, cottontail rabbit, mink, red fox, and whitetail deer (Table 59). The mean body weight 
(geometric mean of weekly means for the 13-week test period) for males in the 13 mg/kg dose group 
was calculated to be 258 g. The BCF was estimated from the mean log K,w of 1.85 by the equation of 
Lyman et al. (1982). 

2. Birds. No studies were found that tested the toxicity of tetryl to birds. 

3. Plants. In the absence of a methodology for development of criteria for terrestrial plants, LOECs 
from the literature were used to screen chemicals of potential concern for phytotoxicity. Three types 
of plants (wheat, bush bean, and blando brome) were able to grow for 7 d in hydroponic solutions 

containing 10 mg/L tetryl (Fellows et al. 1992). This exposure time was too short to be meaningful 
and confidence in this benchmark is therefore low. In 70-d growth studies using three species of 

plants, the LOEC for growth of wheat was 25 mg tetryllkg soil (Fellows et al. 1992). Although based 

on one study, three types of plants and three types of soils were used, making confidence in the 

screening benchmark "moderate." The benchmarks are listed in Table 60. 

4. Soil Invertebrates. No studies were found that tested the toxicity of tetryl to soil invertebrates; 

therefore, screening benchmarks cannot be derived. 

5. Soil Heterotrophic Processes. No studies were found that tested the toxicity of tetryl to soil 

microorganisms; therefore, screening benchmarks cannot be derived. 
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X. Discussion and Conclusions 

The aquatic and terrestrial criteria/screening benchmarks calculated for eight nitroaromatic munition 

compounds are summarized in Table 61. The quantity and quality of the data used to derive these 

values varied considerably among the chemicals. Because of the need to estimate the potential 

environmental toxicity of these chemicals, screening benchmarks were sometimes calculated with less 

than ideal data. For all chemicals except tetryl, data were sufficient to derive aquatic screening 

criteria or benchmarks. For some of the chemicals, a sparse data base for aquatic toxicity led to the 

use of default values in the calculations and resulted in conservative benchmarks. When one or more 

subchronic or chronic studies with several species of test animals were available, derived values were 

less conservative and there was greater confidence in the values. With the exceptions of DNA and 2-

ADNT, data were sufficient to derive chronic oral NOAELs for terrestrial mammals. 

USEPA methods and guidelines were used to derive screening values for aquatic organisms, 

both open water and sediment -associated, and terrestrial mammals. In the absence of guidelines, 

LOECs were identified for terrestrial plants, soil organisms, and soil heterotrophic processes. As 

noted, confidence in the screening benchmarks varies with the quantity and quality of the data 

available for each chemical. Regardless of the confidence in the derived values, benchmarks should be 

considered on a site-specific basis. 

Chemical and physical properties and environmental fate data were available for all of the 

compounds. In most cases, fate predicted on the basis of chemical and physical properties supported 

laboratory and field studies. However, because laboratory studies are usually conducted under ideal 

conditions, site-specific conditions such as below ground burial, exposure to weathering, and soil 

properties need to be considered when predicting environmental fate. Although most of these munition 

compounds can be transformed or biodegraded in the environment and some of them sorb to soil, 

their presence in groundwater years after manufacture indicates some environmental persistence. The 

following have been found in groundwater at military sites: TNT, TNB, DNB, 2-ADNT, RDX, 

HMX, and tetry 1. 

The aquatic toxicity of TNT has been extensively studied and sufficient data were available to 

derive WQC according to USEPA Tier I guidelines. Tests were conducted with invertebrates and fish 

for both acute and chronic time periods for TNB, DNB, DNA, RDX, and HMX. Results of acute 

tests with an invertebrate and fish species were available for 2-ADNT, but no chronic tests were 

located. Therefore, USEPA Tier II guidelines were used to derive screening benchmarks for all 
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chemicals except TNT. No aquatic toxicity data were located for tetryl, a compound that rapidly 

undergoes photolysis and hydrolysis. However, because tetryl has been found in soil and groundwater 

at production and processing sites, aquatic toxicity tests are needed to assess potential ecological 

effects. 

Screening benchmarks for sediment-associated organisms were calculated only for the 

nonionic organic compounds TNT, TNB, DNB, RDX, and HMX. No data were located for tetryl. 

Additional methods are available for other classes of chemicals including metals and ionic compounds, 

but these are not discussed in this report. 

For terrestrial mammals, chronic oral feeding studies with laboratory rats or mice were 

available for TNT, TNB, and RDX. However, a subchronic study was used to derive the oral 

NOAEL for TNT because the endpoint of testicular atrophy in the subchronic study was more 

relevant for population-level effects than the endpoints cited in the two chronic studies. The chronic 

study with TNB showed that effects seen in a subchronic study were reversible and not life 

shortening. Oral administration of TNB in two subchronic studies, one with the laboratory rat and the 

other with the white-footed mouse demonstrated that a wildlife species, in this case the white-footed 

mouse, can be more resistant to the toxic effects of chemicals than inbred laboratory strains of 

mammals. Three chronic oral studies and a teratogenicity/reproductive study were located for RDX, 

making confidence in the screening benchmark high. One or more subchronic oral studies were 

available for DNB, HMX, and tetryl and no oral studies were available for DNA and 2-ADNT. 

Although chronic oral NOAELs were calculated in this report, less conservative values (LOAELs) can 

be calculated with the same data by choosing different endpoints or by not applying the LOAEL to 

NOAEL uncertainty factor. The present screening values are less conservative than similar reference 

values derived for humans as effects that do not threaten population abundance can be tolerated in the 

environment and no animal to human uncertainty factor need be applied. 

TNT is present in soil and sediment at former production and handling facilities at 

concentrations up to 87,000 and 711,000 mg/kg, respectively. It is also present in surface and 

groundwater. The primary environmental fate mechanism is photolysis; biodegradation also takes 

place in the environment. Based on an extensive aquatic data base, including tests with eight different 

families, a chronic WQC of 0.09 mg/L was calculated. Using the EqP method, a SQB of 9.2 mg 

TNT/kg organic carbon in the sediment was calculated. Using a reproductive endpoint in a subchronic 

study with the laboratory rat, a chronic oral NOAEL of 1.6 mg/kg/d was calculated. 

TNB, an impurity and environmental degradation product of TNT has been found in soil and 
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groundwater at former TNT production sites at concentrations up to 67,000 mg/kg and 7. 7 mg/L, 

respectively. Data on transport and transformation processes indicate that this chemical is resistant to 

photolysis and hydrolysis. Based on a moderate data base including information on one invertebrate 

and four species of fish, secondary acute and chronic aquatic screening benchmarks of 0.03 and 0.01 

mg/L were calculated. Using the EqP method, a SQB of 0.24 mg of TNB/kg organic carbon in the 

sediment was calculated. Two subchronic studies, one utilizing a wildlife species, and one chronic 

study were available for calculation of screening benchmarks for oral intake for mammalian species. 

Based on the subchronic study with the white-footed mouse, the highest chronic oral NOAEL, 6.7 

mg/kg/d, was identified as a screening benchmark. This value is supported by reproductive and 

developmental toxicity studies in which oral administration to laboratory animals resulted in generally 

negative findings. 

DNB is formed during the production of TNB and from the photolysis of 2,4-dinitrotoluene, 

another byproduct of TNT manufacture. Few data on transport and transformation processes in the 

environment were available. This chemical appears to be resistant to photolysis and hydrolysis, but is 

subject to microbial degradation. Based on a moderate data base including tests with one invertebrate 

and four species of fish, secondary acute and chronic aquatic screening benchmarks of 0.11 and 0.02 

mg/L, respectively, were calculated. Using the EqP method, a SQB of 0.67 mg of DNB/kg organic 

carbon in the sediment was calculated. Three subchronic studies utilizing the laboratory rat were 

evaluated for calculation of a chronic oral NOAEL. The toxic endpoint in all three studies was the 

same - testicular degeneration/sperm production. The calculated chronic oral NOAEL is 0.11 

mg/kg/d. 

Few data on DNA were located. This TNT production byproduct is formed either through the 

nitration of toluene or through the chemical or microbial degradation of nitrated toluenes. It is also 

formed in the environment by the bacterial reduction of TNB. No data on concentrations in the 

environment were located. Based on a moderate data base including acute tests with one invertebrate 

and four species of fish and chronic tests with one invertebrate and one species of fish, secondary 

acute and chronic aquatic screening benchmarks of 0.23 and 0.06 mg/L, respectively, were 

calculated. Because of the potential ionization of the amine group of DNA, a SQB based on the EqP 

method was not derived. No data on the toxicity of DNA to mammalian species were located. 

The TNT degradation product 2-ADNT is moderately persistent in the environment. Acute 

aquatic toxicity tests were available for one species of invertebrate and one species of fish. Based on 

this sparse data base, the acute and chronic aquatic screening benchmarks are 0.18 and 0.02 mg/L, 
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respectively. Because of the potential ionization of the amine group of 2-ADNT, a SQB based on the 

EqP method was not derived. No mammalian toxicity data were located. 

The explosive RDX can be considered persistent in the environment as it is not amenable to 

hydrolysis or microbial degradation. The primary degradation pathway is via photolysis. 

Concentrations in soil at military sites range up to 74,000 mg/kg and RDX has been found in 

groundwater below contaminated sites. Although most of the aquatic data on RDX were the result of 

studies by a single investigator, the data were extensive as four species of invertebrates and four 

species of fish were used in acute studies and two species of invertebrates and two species of fish 

were used in chronic studies, one of which involved two generations. Acute LC50 values for fish 

derived by two different investigators were in close agreement. Toxicity data on several species of 

algae indicate that RDX is toxic only as it approaches its limit of solubility. This extensive data base 

results in high confidence in the aquatic screening benchmarks derived using USEPA Tier II 

guidelines. The chronic screening benchmark is 0.19 mg/L and the SQB is 1.3 mg RDX/mg organic 

carbon in the sediment. 

Data were available on the metabolism and toxicity of RDX to mammalian species. 

Following ingestion by mammals, RDX is extensively absorbed, distributed throughout the body, and 

metabolized in the liver. Metabolism is extensive as indicated by excretion of 80% of a single 14C­

radiolabeled dose in the rat within 4 d. Three chronic studies and one teratogenicity/reproductive 

toxicity study utilizing laboratory animals were available for calculation of screening benchmarks for 

mammalian species. From a two-generation oral study with the mouse, a NOAEL of 7.0 mg/kg/d, 

based on testicular degeneration, was identified. 

The explosive HMX is persistent in the environment. The primary degradation pathway is 

photolysis. Concentrations of 4.2 mg/L in groundwater and 5700 mg/kg in soil have been measured. 

All aquatic toxicity tests were performed by the same investigator. These studies, utilizing four 

species of invertebrates and four species of fish in acute tests and one species of invertebrate and one 

species of fish in chronic tests determined that HMX is not toxic at its limit of solubility. Acute and 

chronic aquatic screening benchmarks of 1.88 and 0.33 mg/L were derived. A SQB of 0.47 mg of 

HMX/kg organic carbon in the sediment was calculated. In mammalian studies, HMX is poorly 

absorbed following oral ingestion and a chronic NOAEL of 3.0 mg/kg/d was calculated; the 

population-related endpoint was mortality. 

Environmental degradation mechanisms for the military-unique compound tetryl are both 

photolysis and hydrolysis and tetryl may be considered non-persistent. Concentrations up to 0.2 mg/L 
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in groundwater and 84,400 mg/kg in soil have been measured. No data on aquatic toxicity were 
located. A single subchronic study with the laboratory rat was available to calculate a terrestrial 
mammalian oral screening benchmark. In this study, a chronic oral NOAEL of 1.3 mg/kg/d was 
identified. 

Most of the screening values proposed in this report have been reviewed by individuals at 
ORNL who are knowledgeable about the toxicity of these compounds and the processes of deriving 
screening benchmarks. However, no federal or state agency or group has approved these proposed 
values. These screening benchmarks are based on the best data available at this time. These present 
values are not static, but can be updated as additional studies are conducted and more data become 
available. For example, when this review was first undertaken, two subchronic studies involving TNB 
toxicity to mammalian species were available. In 1996, a chronic study was completed which showed 
that the testicular toxicity observed in the rat in one of the subchronic studies was reversed. As a 
result of this study, a higher NOAEL was indicated and the application of a sub chronic to chronic 
uncertainty factor became unnecessary. 
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Summary 

Available data on the occurrence, transport, transformation, and toxicity of eight 

nitroaromatic munition compounds and/or their degradation products, TNT, TNB, DNB, DNA, 2-

ADNT, RDX, HMX, and tetryl were used to identify potential fate in the environment and to 

calculate screening benchmarks or safe environmental levels for aquatic and terrestrial organisms. 

Results of monitoring studies revealed that some of these compounds persist at sites where they were 

produced or processed. Most of the compounds are present in soil, sediment, and surface or 

groundwater at military sites. Soil adsorption coefficients indicate that these chemicals are only 

moderately adsorbed to soil and may leach to groundwater. 

Most of these compounds are transformed by abiotic or biotic mechanisms in environmental 

media. Primary transformation mechanisms involve photolysis (TNT, RDX, HMX, tetryl), hydrolysis 

(tetryl), and microbial degradation (TNT, TNB, DNB, DNA, 2-ADNT, and HMX). Microbial 

degradation for both nitro and nitramine aromatic compounds involves rapid reduction of nitro groups 

to amino groups, but further metabolism is slow. With the exception of DNB, complete mineralization 

did not usually occur under the conditions of the studies. RDX was resistant to microbial degradation. 

Available ecotoxicological data on acute and chronic studies with freshwater fish and 

invertebrates were summarized and water quality criteria or ecotoxicological screening benchmarks 

were developed. Depending on the available data, criteria/benchmarks were calculated according to 

USEPA Tier I or Tier II guidelines. The munitions chemicals are moderately to highly toxic to 

freshwater organisms, with chronic screening values of < 1 mg/L. For some chemicals, these low 

values are due to inherent toxicity; in other cases they are due to the conservative methods used in the 

absence of data. For nonionic organic munitions chemicals, sediment quality benchmarks were 

calculated (based on Kaw values and the Final Chronic Value) according to USEPA guidelines. 

Available data indicates that none of the compounds are expected to bioconcentrate. 

In the same manner in which reference doses for humans are based on studies with laboratory 

animals, reference doses or screening benchmarks for wildlife may also be calculated by extrapolation 

among mammalian species. Chronic NOAELs for the compounds of interest were determined from 

available laboratory studies. Endpoints selected for wildlife species were those that diminish 

population growth or survival. Equivalent NOAELs for wildlife were calculated by scaling the test 

data on the basis of differences in body weight. Data on food and water intake for seven selected 

wildlife species - short-tailed shrew, white-footed mouse, meadow vole, cottontail rabbit, mink, red 
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fox, and whitetail deer- were used to calculate NOAELs for oral intake. In the case of TNB, a 

comparison of toxicity data from studies conducted with both the white-footed mouse and the 

laboratory rat indicates that the white-footed mouse may be more resistant to the toxic effects of 

chemicals than the laboratory rat and may further indicate the lesser sensitivity of wildlife species to 

chemical insult. Chronic NOAEL values for the test species based on the laboratory studies indicate 

that, by the oral route of exposure, TNB and RDX are not highly toxic to mammalian species. 

However, as seen with TNB, values are less conservative when chronic studies are available or when 

studies were conducted with wildlife species. Insufficient data were located to calculate NOAELs for 

avian species. 

In the absence of criteria or guidelines for terrestrial plants, invertebrates, and soil 

heterotrophic processes, LOECs were used as screening benchmarks for effect levels in the 

environment. In most cases, too few data were available to derive a screening benchmark or to have a 

high degree of confidence in the benchmarks that were derived. In most cases, benchmarks for soil 

microbial processes could not be derived from degradation studies because the microorganisms were 

allowed to acclimate to the chemicals. 
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2-ADNT 
AAP 
ACR 
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bw 
CCC 
CMC 
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FAY 
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FCM 
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sec 
SQB 
SQBOC 
SQC 
tetryl 
TNB 
TNT 
w 

WQC 

Appendix 1: Abbreviations and Acronyms 

2-Amino-4, 6-dinitrotoluene 
Army Ammunition Plants 
Acute:chronic ratio 
Bioconcentration factor 
body weight 
Criterion Continuous Concentration 
Criterion Maximum Concentration 
Dietary screening benchmark 
Chronic Value (geometric mean of the NOEC and LOEC) 
Drinking water screening benchmark 
3 ,5-dinitroaniline 
1 ,3-dinitrobenzene 
Effective concentration for 50% of test organisms 
Food factor (the amount of food consumed/unit bw/d) 
Final Acute Value 
Final Acute/Chronic Ratio 
Final Chronic Value 
Food chain multiplying factor 
Fraction organic carbon in soil or sediment 
Final Plant Value 
Genus Mean Acute Value 
Octahydro-1, 3,5, 7 -tetranitro-1 ,3 ,5, 7 -tetrazocine 
Soil or sediment adsorption or partition coefficient 
Soil or sediment adsorption coefficient based on organic carbon 
Octanol/water partition coefficient (also called P) 
Load, assemble, and pack plants 
Lethal concentration for 50% of test organisms (median lethal concentration) 
Lowest -observed -adverse-effect level 
Lowest -observed-effect concentration 
N a-observed-adverse-effect level 
N a-observed-effect concentration 
Hexahydro-1 ,3,5-trinitro-1 ,3,5-triazine 
Secondary acute:chronic ratio 
Secondary Acute Value 
Species Mean Acute Value 
Secondary Maximum Concentration 
Secondary Chronic Value 
Secondary Continuous Concentration 
Sediment Quality Benchmark 
Sediment Quality Benchmark normalized to sediment organic carbon 
Sediment Quality Criteria 
N-methyl-N,2,4,6-tetranitroaniline 
1 ,3,5-trinitrobenzene 
2, 4, 6-trini trotol uene 
Water factor (the amount of water consumed/unit bw/d) 
Water Quality Criterion 
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Appendix II: Army Ammunition Plants (AAP) and Other Military Sites 

Aberdeen Proving Ground, Edgewood, Maryland 
Alabama AAP, Talladega County, Alabama 
Camp Shelby, Hattiesburg, Mississippi 
Chickasaw Ordnance Works, Chickasaw, Tennessee 
Cornhusker AAP, Grand Island, Nebraska 
Eagle River Flats, Fort Richardson, Anchorage County, Alaska 
Fort Wingate Army Depot, Gallup, New Mexico 
Hastings East Park, Hastings, Nebraska 
Hawthorne AAP, Mineral County, Nevada 
Hawthorne Naval Ammunition Depot, Hawthorne, Nevada 
Holston AAP, Kingsport, Tennessee 
Iowa AAP, Middletown, Iowa 
Joliet AAP, Joliet, Illinois 
Kansas AAP, Parsons, Kansas 
Lexington-Bluegrass Depot, Lexington, Kentucky 
Lone Star AAP, Texarkana, Texas 
Louisiana AAP, Shreveport, Louisiana 
Milan AAP, Milan, Tennessee 
Naval Facility, Kitsap County, Washington 
Naval Surface Warfare Center, Crane, Indiana 
Nebraska Ordnance Works, Mead, Nebraska 
Newport AAP, Newport, Indiana 
Picatinny Arsenal, Rockaway Twp., New Jersey 
Radford AAP, Radford, Virginia 
Raritan Arsenal, Raritan, New Jersey 
Ravenna AAP, Ravenna, Ohio 
Sangamon Ordnance Plant, Sangamon County, Illinois 
Savanna Army Depot, Savanna, Illinois 
Umatilla Army Depot, Umatilla, Oregon 
VIGO Chemical Plant, Terre Haute, Indiana 
Volunteer AAP, Chattanooga, Tennessee 
Weldon Springs Ordnance Works, St. Charles County, Missouri 
West Virginia Ordnance Works, Point Pleasant, West Virginia 
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Fig. 1. Biodegradation pathways for TNT (McCormick et al. 1976) 

I. 2,4,6-trinitrotoluene 
II. 4-hydroxy lamino-2 ,6-dinitrotoluene 
Ill. 4-amino-2 ,6-dinitrotoluene 
IV. 2,4-diamino-6-nitrotoluene 
V. 2-hydroxylamino-4,6-dinitrotoluene 
VI. 2-amino-4,6-dinitrotoluene 
VII. 2,2' ,6,6' -tetranitro-4,4'azoxytoluene 
VIII. 4,4' ,6,6' -tetranitro-2,2' -azoxytoluene 
IX. 2,4,6-triaminotoluene 
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Table 1. Concentration ranges of nitroaromatic munitions compounds 
at military installations. 

Chemical Groundwater Surface water Sediment Soil 
(J.Lg/L) (J.Lg/L) (mg/kg) (mg/kg) 

2 ,4,6-Trinitrotoluene 0.4- 21,960 1.0- 3375 6.7- 711,000 0.08-87,0003 

1 ,3 ,5-Trinitrobenzene 0.2- 7720b 3.0- 97 <0.1- 5.1 0.08- 67,000 

1 ,3-Dinitrobenzene 0.74- 704 0.6- 6.6 0.59 0.06- 45.2' 

3,5-Dinitroaniline ND NO NO 0.08- 0.67d 

2-Amino-4,6- NO NO o.o7e <0.1- 37 
dinitrotoluene 

RDX 0.5- 36,000f 2.6- 224e < 1-43,000 0. 7 - 74,()()()& 

HMX 1. 3 - 42W 1.9- 67i s 1.27 0.7- 5700' 

Tetryl 0.6- 235 s 132 0.25- 1.3 0.5- 84,400 

Source: US Army Installation Restoration Data Management Information System, Aberdeen Proving 
Ground, MD, except as otherwise noted. 

3Simini et al. (1995). 
bus Army (1987b). 
'Walsh and Jenkins (1992). 
dGrant et al. ( 1995). 
espanggord et al. (1981). 
rTucker et al. (1985). 
&Newell (1984). 
hGregory and Elliott (1987). 
iStidham (1979). 
JSmall and Rosenblatt (1974). 
ND =no data. 



Table 2. USEPA secondary acute factors for Tier II acute aquatic criteria. 

Number of Satisfied Minimum 
Data Requirements 

Secondary Acute Factor 

Source: USEPA 1993a 

20 

2 

13 

3 

8.6 

4 

6.5 

5 

5.0 

6 

4.0 

7 

3.6 



Table 3. Reference values for food and water intake for selected wildlife species. 

Body Food Food Water Water Species Weight Intake Factor Intake Factor 
(kg) (kg/d) f (Lid) w 

shorttail shrew 0.015 0.009 0.6 0.0033 0.22 
white-footed mouse 0.022 0.0034 0.155 0.0066 0.3 
meadow vole 0.044 0.005 0.114 0.006 0.136 
cottontail rabbit 1.2 0.237 0.198 0.116 0.097 
mink 1.0 0.137 0.137 0.099 0.099 
red fox 4.5 0.45 0.1 0.38 0.084 
whitetail deer 56.5 1.74 0.031 3.7 0.065 

Source: Sample et al. 1996 



Table 4. Chemical and physical propenies of 2.4.6-trinitrotoluene (TNT) 

Synonyms 

CAS Number 

Molecular weight 

Physical state 

Chemical formula 

Structure 

Water solubility (20°C) 

Specific gravity (20°C) 

Melting point 

Boiling point 

Vapor pressure (20°C) 

Partition coefficients 
Log Kow 

Log Koc 

Henry's law constant (20°C) 

sym-Trinitrotoluene 
alpha-trinitrotoluene 
2-methyl-1.3 ,5-trinitrobenzene 
1-methyl-2 ,4 ,6-trinitrobenzene 

118-96-7 

227.13 

Colorless to pale yellow 
monoclinic crystals 

C7H5N30 6 

CH3 

o2N-yyNo2 y 
N02 

130 g/L 

1.65 

80.1 oc 
240°C 

1. 99 x 10-4 mrn Hg 

1.6, 2.2, 2.7 
1.84 
2.03 

3.2 

4.57 X 10'7 atm-m3/mole 

HSDB 1~95, 

Budavari et al. 1996 

HSDB 1995 

Budavari et a!. 1996 

Budavari et a!. 1996 

Budavari et al. 1996 

Budavari et al. 1996 

Ryon 1987, HSDB 1995 

Budavari et al. 1996 

Budavari et al. 1996 

Budavari et a1. 1996 

HSDB 1995 

ATSDR 1995a 
Ryon 1987 
Liu et al. 1983a 

Spanggord et al. 1980b 

HSDB 1995 



Table 5. Acute toxicity of TNT to aquatic invenebrates and fish 

Test Species Test Duration LC50 (mg/L) Reference 

Brachionus calyciflorus 24-hr 9.1 1 Snell and Moffat 1992 
(rotifer) 

Brachionus calyciflorus 24-hr 5.6· Toussaint et al. 1995 
(rotifer) 

Lumbricus variegarus 48-hr 5.21 Liu et al. 1983b 
(oligochaete) 48-hr >29.0b 

Daphnia magna 48-hr 11.71 Liu et al. 1983a; 
(water flea) 48-hr >4.4b Liu et al. 1983b 

Hyallela azteca 48-hr 6.51 Liu et al. 1983b 
(scud) 

Tanyrarsus dissimilis 48-hr 21.o• Liu et al. 1983b 
(midge) 

lctalurus puncrarus 96-hr 2.41 Liu et al. 1983a 
(channel catfish) 3.3b Liu et al. 1983b 

Lepomis macrochirus 96-hr 2.3a.c Pederson 1970 
(bluegill sunfish) 96-hr 2.3•·d Pederson 1970 

96-hr 2.7··· Pederson 1970 
96-hr 2.8•.r Pederson 1970 

Lepomis macrochirus 96-hr 2.61 Nay et al. 1974 
(bluegill sunfish) 

Lepomis macrochirus 96-hr 2.61 Liu et al. 1983a 
(bluegill sunfish) 96-hr 3.41 Liu et al. 1983a 

96-hr 2.5b Liu et al. 1983b 

Pimephales promelas 96-hr 2.58b Smock et al. 1976 
(fathead minnow) 

Pimephales promelas 96-hr 2.~ Liu et al. 1983a 
(fathead minnow) 96-hr 3.o• Liu et al. 1983b 

96-hr 3.7b 

Pimephales promelas 96-hr 3.0" Bailey and Spanggord 1983 
(fathead minnow) 

Oncorhynchus mykiss 96-hr 1S Liu et al. 1983b 
(rainbow trout) 96-hr o.8· 

96-hr 2.0b 

• Static tests d 25"C. 180 ppm CaC03 

b Flow-through tests • w·c. 60 ppm CaC03 

' 25 •c. 60 ppm CaC03 
1 lO"C. 180 ppm CaC03 



Table 6. Chronic toxicity of TNT to aquatic invertebrates and fish 

Parameter Parameter Concentration 
Species Stage/age Measured Responseb (mg/L) Reference 

Brachionus calycijlorus Newly Reproduction NOEC 2.3 Snell and Moffat 
(rotifer) hatched (48-hr life cycle test) LOEC 5.0 1992 

ECso 4.0 

Daphnia magna Young Mortality (28 d) No effect 0.03- 1.03 Bailey et at. 1985 
(water flea) Total reproduction No effect 0.48 

Effect - 14, 21 d 1.03 
Young/female No effect 0.03- 1.03 
Young/d/female No effect 0.03- 1.03 
Length No effect 0.03- 1.03 
Days - first brood No effect 0.03- 1.03 

Jcta/urus punctatus Eggs, fry Percent hatch No effect 0.11- 1.35 Bailey ct at. 1985 
(channel catfish) Fry survival (30 d) No effect 0.11 - 1.35 

Oncorhynchus mykiss Eggs, fry Test I: Bailey et at. 1985 
(rainbow trout) Number hatched Decreased hatch 0.93 

Fry survival (30 d) Decreased 0.93 
Average length Decreased 0.49 
Average weight Decreased 0.49 

Test 2: 
Number hatched No effect 0.02- 1.69 
Fry survival (60 d) Reduced 0.24 
Average length Decreased 0.50 
Average weight Decreased 0.87 
Deformities No effect 0.02- 1.69 

Pimephales promelas Eggs, fry Percent hatch No effect 0.07- 0.84 Bailey et at. 1985 
(fathead minnow) Fry survival (30 d) Reduced 0.84 

Average length Inconclusive 0.84 



Pimephales promelas F0 and F1 F0 eggs: 
(fathead minnow) generations Number hatched 

Number fry deformed 
Fry survival 
Fry length 

F0 reproduction: 
Pair survival 
No. of spawns/pair 
Eggs/pair 
Eggs/spawn 
Eggs/pair/d 

F1 eggs: 
Number hatched 
Number deformed 
Fry survival (30 d) 
Fry length (30 d) 
Fry weight (30 d) 
Fry survival (60 d) 
Fry length (60 d) 
Fry weight (60 d) 

•Test conditions: static (rotifer), flow-through (fish). 
bStatistically significant responses reported. 
<No survival above this concentration. 
r = intrinsic rate of natural increase. 
NOEC = no-observed-effects concentration. 
LOEC = lowest-observed-effects concentration. 

Bailey ct at. 19H5 
Reduced 1.21 (in one series) 
No effect 0.04- 1.21 
Reduced, 30-178 d 0.25 (in one series) 
Inconclusive 

Decreased 0.04- 1.21 
Decreased 0.04-1.21 
Decreased 0.04- 1.21 
Decreased 1.21 
Decreased 0.56 

Decreased 0.04-1.21 
Increased 0.10-1.21 
Decreased 0.04- 1.21 
No effect 0.04- 0.25< 
No effect 0.04- 0.25< 
No effect 0.04- 0.25< 
Decreased 0.04- 0.56< 
Decreased 0.04- 0.56< 



Table 7. Toxicity of TNT to algae and a vascular (!I ant• 

Test Concentration 
Test Species Duration Effect (mg/L) Reference 

Microcystis aeruginosa 24 hr 100% mortality 8 Fitzgerald et at. 1952 (bluegreen algae) 

Microcystis aeruginosa 14 d Growth inhibition (LOEC) 4.1 Liu et at. 1983b (bluegreen algae) 

Microcystis aeruginosa 15 d No effect on growth 15 Smock et at. 1976 (bluegreen algae) Initial decrease in growth 25 
Permanent decrease in growth 50 

Anabaena jlos-aquae 14 d Growth inhibition (LOEC) 8.2 Liu et at. 1983b (bluegreen algae) 

Scenedesmus quadricauda 16 hr "Toxicity threshold" 1.6 Bringmann and Kuehn 1980 (green algae) 

Selenaslrum capricornutum 96 hr EC50 for growth l.l Sunahara et at. 1995 (green algae) 

Selenastrum capricornutum 7d Growth depression ( 12%) 1.0 Won et at. 1976 (green algae) Growth depression (56%); 2.5 
changes in morphology 

Selenastrum capricornutum 14 d EC50 for growth 1.5 Bailey 1982a (green algae) 

Selenaslrum capricornutum 14 d Growth inhibition (LOEC) 4.1 Liu et al. 1983b (green algae) 

Selenaslrum capricornutum 17 d No effect on growth 3 Smock et at. 1976 (green algae) Initial decrease in growth 5 
Significant decrease in growth 2:..,7 

Navicula pelliculosa 14 d Growth inhibition (LOEC) 18 Liu et at. J983b (diatom) 

Lemna perpusi/la II d No effect on colony growth 0.5 Scholl and Worthley 1974 (vascular plant) Growth depression ( ~ 10%) 1.0 
Mortality ~5 

• All tests were conducted under static conditions. 



Table 8. Bioconcentration factors (BCF) of TNT in aquatic species 

Species Value Comments Reference 

Fish 20.5 Steady-state BCF computed Liu et a!. 1983a 
using calculated log Kaw of 2.03 Liu et a!. 1983b 
and equation for organism lipid 
content of 8% 

Selenastrum capricomurum 453 4-d BCF, static test Liu et al. 1983b 
(green algae) 

Daphnia magna 209 4-d BCF, static test Liu et al. 1983b 
(water flea) 

Lumbricus variegarus 202 4-d BCF, static test Liu et al. 1983b 
(oligochaete) 

Lepomis macrochirus 4-d BCF, static test Liu et a!. 1983b 
(bluegill) 

viscera 338 
muscle 9.5 



Table 9. Ranking of acute aquatic toxicity studies for TNT. 

Rank (R) GMAV• In GMAVb (In GMAV)2 P=R/(N +I)' 

4 3.02 1.1053 1.2216 0.4 

3 2.81 1.0332 1.0675 0.3 

2 2.59 0.9517 0.9057 0.2 

1.34 0.2927 0.0857 0.1 

Sum 3.3828 3.2804 1.0 

'GMAV = Genus Mean Acute Value of LCso values in mg/L, based on data in Table 5. 
bin GMA V = natural log of GMA V. 
'P = comparative probablility for each GMAV; N = 9 GMAVs. 

vP 

0.6325 

0.5477 

0.4472 

0.3162 

1.9436 



Table 10. Aquatic acute/chronic ratios (ACR) for TNT. 

Species Acute Values Chronic Values Acute/Chronic Ratios 
(mg/L) (mg/L) (ACR) 

Rotifer 9.1 3.0 3.00 
5.6 3.0 1.85 

Geometric mean: 2.36 

Daphnid 11.7 0.703 16.6 

Channel catfish 2.81 1.35 (no effect) 2.08 

Rainbow trout 1.34 0.177 7.59 

Fathead minnow 3.02 0.04 (effect) 75.5 



Table 11. Water quality criteria/screening benchmarks for TNT• 

Criterion 

Acute Water Quality Criterion 

Chronic Water Quality Criterion 

Lowest Chronic Value - fish 

Lowest Chronic Value - daphnids 

Lowest Chronic Value -plants 

Sediment Quality Benchmark (SQBoc:) 

• Calculated by ORNL. 
b mg TNT /kg organic carbon in the sediment. 

Value 

0.57 mg/L' 

0.09 mgfL• 

0.04 mg/L 

1.03 mg/L 

1.0 mg/L 

9.2 mg/kgoc:b 



Table 12. TNT toxicity data for mammalian spectes. 

Exposure NOAEL LOAEL Effect/ 
Species Route Period mg/kg/d mg/kg/d Endpoint Reference 

Rat Diet 24 moo 0.4 2 Kidney. bone: spleen Furedi et al. 1984a 

Diet 13 wk 1.4 7 Anemia Dilley et al. 1982 

Diet 13 wk 5 25 Anemia in males Levme et al. 1984 

Diet 13 wk 5 25 Testicular atrophy Levine et al. 1984 

Diet 13 wk 34.7 160 Testicular atrophy Dilley et al. 1982 

Mouse Diet 13 wk 7.5 (m) 35.7(m) Anemia Dilley et al. 1982 
8 (f) 37.8 (f) 

Diet 24 mon 10 70 Liver: anemia Furedi et al. 1984b 

Dog Diet 25 wk 0.5 Liver Levine et al. 1990 

Diet 13 wk 0.2 2 Liver: anemia Dilley et al. 1982 



Table 13. TNT screening benchmarks for selected manunalian wildlife species 

Chronic Screening Benchmarks 
NOAEL 

Wildlife Species (mg/kg/d) Diet Water Piscivorous 
(mg/kg food) (mg/L) species (mgfL)• 

Short-tailed shrew 3.4 5.6 15 

White-footed mouse 3.0 20 10 

Meadow vole 2.6 23 19 

Cottontail rabbit 1.1 5.7 12 

Mink 1.2 8.6 12 0.40 

Red fox 0.8 8.1 9.6 

Whitetail deer 0.4 14 6.6 

• Water concentration that incorporates dietary intake from both water and food consumption. 



Table 14. TNT screening benchmarks for terrestrial plants and invenebrates 

Plants - solution 
Plants - soil 

Organism/Process 

Soil invenebrates (eanhworms) 
Soil invenebrates (other) 

Soil microbial processes 

• Based on LOEC values. 

Screetiing Benchmark• 

5 mg/L 
30 mg/kg 

140 mg/kg 
200 mg/kg 

>20 mg/L 



Table 15. Chemical and physical properties of 1.3.5-trinitrobenzene (TNB) 

Synonyms 

CAS number 

Molecular weight 

Physical state 

Chemical formula 

Structure 

Water solubility (20°C) 

Specific gravity (20°C) 

Melting point 

Boiling point 

Vapor pressure (20°C) 

Partition coefficients 
Log Kow 

Log Koc 

Henry's law constant (20°C) 
(25°C) 

sym-Trinitrobenzene 

99-35-4 

213.11 

HSDB 1995b 

HSDB 1995b 

Budavari eta!. 1996 

Orthorhombic bipyramidal plates Budavari et al. 1996 
from glacial acetic acid 

0.34 g/L 

1.76 

122.5°C 

315°C; explodes when heated 

3.2 x IQ-6 nun Hg 
2.2 x 104 torr, 
5.1 x 10-6 torr 

1.18 
1.36 

1.8-2. 7 

2.0, 2.25 (estimated) 

1.3 torr M- 1 (estimated) 
3. 08 x 1 Q-9 atm-m3 /mole 
(estimated) 

Budavari eta!. 1996 

Budavari et a!. 1996 

Spanggord et a!. 1980a 

Budavari et al. 1996 

Budavari et al. 1996 

HSDB 1995b, 
Budavari et al. 1996 

Spanggord et al. 1980a 

Hansch and Leo 1985 
Spanggord et al. 1978 

Spanggord et al. 1980a, 
ATSDR 1995b, 
HSDB 1995b 
SRC 1995a 

Spanggord et al. 1980a 
HSDB 1995b 



Table 16. Acute toxicity of TNB to aquatic invertebrates and fish.' 

Test Species Test Duration EC~0b or LC~0 (mg/L) Reference 

Daphnia magna 48-hr 2.7 Pearson et al. 1979, 
(water flea) Liu et al. 1983a 

Daphnia magna 48-hr 2.98c van der Schalie 1983 
(water flea) 

Pimephales promelas 96-hr 1.1 Pearson et al. 1979. 
(fathead minnow) Bailey and Spanggord 

1983, 
Liu et al. 1983a 

Pimephales promelas 96-hr 0.49' van der Schalie 1983 

·(fathead minnow) 10-dd 0.45' 

Lepomis macrochirus 96-hr 0.85' van der Schalie 1983 

(bluegill sunfish) 

Oncorhynchus mykiss 96-hr 0.52' van der Schalie 1983 

(rainbow trout) 10-dd 0.52' 
18-dd 0.43' 

Ictalurus punctatus 96-hr 0.38' van der Schalie 1983 

(channel catfish) 

"All tests were conducted under static conditions except where otherwise noted. 

bEC~ values are for Daphnia magna. 
'Measured concentration. 
dFlow-through test. 



Table 17. Chronic toxicity of TNB to aquatic invertebrates and fish." 

Parameter Parameter Concentration 
Species Stage/age Measured Response (mg/L) Reference 

Daphnia magna neonates Survival and No effect (NOEC) 0.47 van der Schalie 1983 
(water flea) reproduction (21 d) Decreased survival >2.68 

Decreased reproduction (LOEC) 0.15 

Pimephales promelas egg/fry Time to hatch, hatching No effect (NOEC) 0.08 van der Schalic 1983 
(fathead minnow) success, fry survival, Decreased survival (LOEC) 0.12 

overall survival, fry (fry and overall) 
deformities, fry length, 
fry weight (32 d) 

Oncorhynchus mykiss egg/fry Time to hatch, hatching No effect (NOEC) 0.08 van der Schalic 1983 
(rainbow trout) success, fry survival, Decreased hatching success >0.17 

overall survival, fry Decreased fry survival (LOEC) 0.17 
deformities, fry length, Decreased overall survival 0.17 
fry weight (71 d) Decreased fry length 0.17 

Decreased fry weight 0.17 

•Tests were conducted under flow-through conditions; all concentrations were measured. 



Table 18. Aquatic acute/chronic ratios (ACR) for TNB. 

Species Acute Values Chronic Values Acute/Chronic Ratios 
(mg/L) (mg/L) (ACR) 

Daphnid 2.84 0.59 4.81 

Fathead minnow 0.734 0.098 7.58 

Rainbow trout 0.52 0.117 4.46 



Table 19. Water quality criteria/screening benchmarks for TNB. 

Criterion 

Acute Water Quality Criterion 

Chronic Water Quality Criterion 

Secondary Acute Value 

Secondary Maximum Concentration 

Secondary Chronic Value 

Secondary Continuous Concentration 

Lowest Chronic Value - fish 

Lowest Chronic Value - daphnids 

Lowest Plant Value 

Sediment Quality Benchmark (SQB0J 

aMg of chemical/kg organic carbon in sediment. 

Value (mg/L) 

Insufficient data 

Insufficient data 

0.06 

0.03 

0.011 

0.011 

0.12 

0.75 

0.10 

0.243 



Table 20. TNB toxicity data for mammalian species. 

Exposure NOAEL LOAEL Effect/ 
Species Route Period mg/kg/d mg/kg/d Endpoint Reference 

Rat Diet 13 wk 3.91 22.73 Testicular effects Reddy et al. 1994a 

Diet 2 yr 2.64 13.44 Testicular effects TV Reddy et al. 1996 

White-footed Diet 13 wk 67.44 113.51 Testicular effects Pathology Associates. 
mouse Inc. 1994 



Table 21. TNB screening benchmarks for selected mammalian wildlife species 
based on subchronic study using the laboratory rat.•·b 

Chronic Screening Benchmarks 

Wildlife Species 

Shomail shrew 

White-footed mouse 

Meadow vole 

Cottontail rabbit 

Mink 

Red fox 

Whitetail deer 

•Data based on the Fischer 344 rat. 
bReference: Reddy et al. 1994a. 

NOAEL 
(mg/kg/d) 

0.8 

0.8 

0.6 

0.3 

0.3 

0.2 

0.1 

Diet Water 
(mg/kg food) (mg/L) 

1.4 3.8 

4.9 2.5 

5.5 4.7 

1.4 2.9 

2.1 2.9 

2.0 2.4 

3.4 1.6 

'Water concentration that incorporates intake from both water and food consumption. 

Piscivorous 
species 1 mg!L l' 

0.3 



Table 22. TNB screening benchmarks for selected mammalian wildlife species 
based on subchronic study using mammalian wildlife.a.b 

Chronic 
NOAEL 

Wildlife Species (mg/kg/d) Diet 
<mg/kg food) 

Shomail shrew 7.1 12 

White-footed mouse 6.7 38 

Meadow vole 5.4 48 

Cottontail rabbit 2.4 12 

Mink 2.5 18 

Red fox 1.7 17 

Whitetail deer 0.9 29 

• Data based on the white-footed mouse (Peromyscus leucopus). 
b Reference: Pathology Associates, Inc. 1994. 

Screening Benchmarks 

Water Piscivorous 
(mg/L) species ( mg; L r: 

32 

22 

40 

25 

25 2.6 

20 

14 

c Water concentration that incorporates intake from both water and food consumption. 



Table 23. TNB screening benchmarks for selected mammalian wildlife species 
based on a chronic study with the laboratory rat. a.o 

Chronic 
NOAEL 

Wildlife Species (mg/kg/d) 

Shorttail shrew 

White-footed mouse 

Meadow vole 

Cottontail rabbit 

Mink 

Red fox 

Whitetail deer 

•oata based on the Fischer 344 rat. 
0Reference: TV Reddy et al. 1996. 

5.8 

5.3 

4.4 

1.9 

2.0 

1.4 

0.7 

Screening Benchmarks 

Diet Water 
1 mg/kg/food) (mg/L) 

9.7 26 

34 18 

39 33 

9.8 20 

15 21 

14 17 

24 11 

cw ater concentration that incorporates intake from both water and food consumption. 

PiSC!\'OfOUS 

spectes 1 mg. Ll' 

2.1 



Table 24. Chemical and physical properties of 1.3-dinitrobenzene ( DNBl 

Synonyms 

CAS number 

Molecular wetght 

Physical state 

Chemical formula 

Structure 

Water solubility (20°C) 

Specific gravity 

Melting point 

Boiling point 

Vapor pressure (20°C} 

Partition coefficients 
Log K0 .,. 

Log Koc 

Henry's law constant (20°C) 

m-Dinitrobenzene 
1 ,3-dinitrobenzene 
1.3-DNB 

99-65-0 

168. 11 

Yellowish crystals 

C6H4N204 

500 mg/L 

1.575 

89-90°C 

300-303°C 

0.0039 nun Hg (extrapolated) 

1.49 
1.62 
1.8 
2.3 

2.3 X lO-b atm-m3/mol 

HSDB 1995c 

HSDB 1995c 

Budavari et al. 1996 

Budavari et at. 1996 

Budavari et at. 1996 

Budavari et a!. 1996 

Budavari et al. 1996 

HSDB 1995c 

Budavari et a!. 1996 

Budavari et al. 1996 

USEPA 1985 

Hansch and Leo 1979 
Liu et a!. 1983a 
Spanggord et al. 1980a 
US Army 1987a 

HSDB 1995c 



Table 15. Acute toxicity of DNB to aquatic invertebrates 

Test Species Test Duration 

Daphnia magna 48-hr 
(water flea) 

Daphnia magna 48-hr 
(water flea) 

Daphnia magna 48-hr 
(water flea) 

/ctalurus punctatus 96-hr 
(channel catfish) 

Oncorhynchus mykiss 96-hr 
(rainbow trout) 

Lepomis macrochirus 96-hr 
(bluegill sunfish) 

Pimephales promelas 96-hr 
(fathead minnow) 

Pimephales promelas 96-hr 
(fathead minnow) 

Pimephales promelas 96-hr 
(fathead minnow) 

• All tests were conducted under static conditions. 
bEC50 are for immobilization of Daphnia magna. 
•Measured concentration. 

EC50b or LC~0 fmg/L) 

49.6 
(immobilization) 

27.4< 
(immobilization) 

43c 
(mortality) 

8.1• 

1. 7c 

1.4c 

12.7 

7.0 

16.8" 

and fish .l 

Reference 

Liu et al. 1983a 

van der Schalie 1983 

Hermens et al. 1984 

van der Schalie 1983 

van der Schalie 1983 

van der Schalie 1983 

Curtis and Ward 1981 

Bailey and Spanggord 1983. 
Liu et al. 1983a 

van der Schalie 1983 



Species 

Daphnia magna 
(water flea) 

Daphnia magna 
(water flea) 

Oncorhynchus mykiss 
(rainbow trout) 

Oncorhynchus mykiss 
(rainbow trout) 

•static-renewal tests. 

Table 26. Chronic toxicity of DNB to aquatic invertebrates and fish. 

Parameter 
Stage/age Measured 

< 24-hrs old Reproduction• 
Growth 
Growth 

< 24-hrs old Immobilization• 
Reproduction 
Growth 

Young Lethality 
Lethality 

Egg/fry Time to hatch, hatching 
success, time to swim-up, fry 
survival, overall survival, fry 
deformities, fry length, fry 
weight (69 d)b 

Parameter 
Response 

16-d EC50 

16-d NOEC 
16-d EC10 

21-d LOEC 
21-d LOEC 
21-d LOEC 

30-d LC0b 

30-d LC50 

no effect 
decreased survival 
decreased fry length 
decreased fry weight 

Effect 
Concentration 

(mg/L) 

3.2 
0.55 
1.2 

2.0 
3.2 
0.99 

0.16 
0.37 

0.50 
0.97 
0.97 
0.97 

~ests were conducted under flow-through conditions, concentrations were measured. 

Reference 

[)cneer et at. 1988 

[)eneer ct at. 1989 

van dcr Schalic 1983 

van dcr Schalic llJHJ 



Table 27. Studies on the toxicity of DNB to algae. 

Test Concentration 

Test Species Duration Effect (mg/L) Reference 

Anacystis aeruginosa 24-hr LCso 5.0 Fitzgerald et al. 1952 

(bluegreen alga) 

Anacystis aeruginosa 8-d "Toxicity threshold" 0.17 Bringma.nn anJ Kuhn 197M 

(bluegreen alga) (population growth) 

Chlorella pyrenoidosa 96-hr ECso (50% reduction in maximum 0.24 Deneer et al. 19M9 

(green alga) yield) 

Selenastrum capricomutum 5-d No effect on growth 0.26 van der Schalic 19M3 

(green alga) Reduced growth 0.97 

Algistatic 0.97-14.3 

Scendesmus quadicauda 7-d "Toxicity threshold" 0.70 Bringman.n and Kuhn 1980 

(green alga) (cell multiplication inhibition) 



Table 28. Aquatic acute/chronic rat1os (ACR) for DNB. 

Species Acute Values Chronic Values Acu,e;Chromc Rauos 
(mg/U 1mg/U IACR) 

Daphmd 36.87 0.81 45.38 

Rainbow trout 1.7 0.696 2.44 

Default AcR• 18 

•A default ACR of 18 is used when data from less than three acute and chronic tests are available. 



Table 29. Water quality criteria/screening benchmarks for DNB. 

Criterion 

Acute Water Quality Criterion 

Chronic Water Quality Criterion 

Secondary Acute Value 

Secondary Maximum Concentration 

Secondary Chronic Value 

Secondary Continuous Concentration 

Lowest Chronic Value - fish 

Lowest Chronic Value - daphnids 

Final Plant Value 

Sediment Quality Benchmark 

•Mg DNB/kg organic carbon in sediment. 

Value (mg!L\ 

Insufficient data 

Insufficient data 

0.22 

0.11 

0.02 

0.02 

0.37 

0.99 

0.24 

0.67" 



Table 30. DNB toxicity data for mammalian speczes. 

Exposure NOAEL LOAEL Effect/ 
Speczes Route Period mgikg/d mgikg/d Endpoznt Reference 

Rat Gavage 12 wk 1.1 2.1 Testes. sperm Lznder et a!. 1986 
producuon 

Diet 90 d 0.35 1.73 Tesucular degeneration Reddy ~~ a!. i 995 

Drinkzng 16 wk l.l3 2.64 Testes. sperm Cody et a!. 1981 
water production 



Table 31. D NB Screening benchmarks for selected mammalian wildlife spectes. 

Chronic Screening Benchmarks 
NOAEL 

Wildlife Species (mg/kg/d) Diet Water Piscivorous 
( mg/kg food) (mg/L) species 1 mg;u• 

Shorttail shrew 0.25 0.41 1.!3 

White-footed mouse 0.23 1.46 0.75 

Meadow vole 0.19 l.66 1.40 

Cottontail rabbit 0.08 0.42 0.86 

Mink 0.09 0.63 0.84 0.06 

Red fox 0.06 0.60 0.71 

Whitetail deer 0.03 1.02 0.49 

•water concentration that incorporates dietary intake from both water and food consumption. 



Table 32. Chemical and physical properties of 3.5-dinitroaniline fD~A l. 

Synonyms 

CAS number 

\1okcular weight 

Physical state 

Chemical formula 

Structure 

Water solubility 

Specit1c gravity 

Melting point 

Boiling point 

Vapor pressure (20°C) 

Partition coeftkients 
Log Kow 
Log Koc 

Henry's law constant (20°C) 

1-Amino-3 ,5-dinitrobenzene 
3, 5 -d ini trobenzenamine 

618-87-1 

183.12 

Yellow needles 

NH 2 

A 
o2NMNo2 

Slightly soluble in cold water 

No data 

No data 

No data 

No data 
2.4-2.7 

No data 

HSDB J995d 

HSDB 1995d 

Budavari et al. 1996 

Fedoroff et al. 1960 

Budavari et al. 1996 

Budavari et a!. 1996 

Federoff et al. 1960 

Fedoroff et a!. 1960 

von Oepen et a!. 1991 



Table 33. Acute toxicity of DNA to aquatic invenebrates and tish.l 

Test Species Test Duration EC~b or LC~ (mg/L) Reference 

Daphnia magna 48-hr 15.4 Liu et al. 1983a 
!water tlea) 

Daphnia magna 48-hr 13.8° van der Schalie 1983 
(water flea) 

Pimephales promelas 96-hr 21.8 Liu et al. 1983a 
(fathead minnow) 

Pimephales promelas 96-hr 21.2° van der Schalie 1983 
(fathead minnow) 

Lepomis macrochirus 96-hr 7.0C van der Schalie 1983 
(bluegill sunfish) 

Oncorhynchus mykiss 96-hr 3.0C van der Schalie 1983 
(rainbow trout) 11-dd 2.0 

lctalurus punctarus 96-hr 13.~ van der Schalie 1983 
(channel catfish) 

aAll tests were conducted under static conditions except where otherwise noted. 
bEC~ (immobilization) are for Daphnia magna. 
cMeasured concentration. 
dFlow-through test. 



Spedes 

Daphnia magna 
(water flea) 

Oncorhynchus mykiss 
(rainbow trout) 

Table 34. Chronic toxicity of DNA to aquatic invertebrates ami fish. • 

Stage/age Parameter Measured 

Neonate Survival and reproduction 
(21 d) 

Egg/fry Time to hatch, hatching 
success, fry survival, 
overall survival, fry 
deformities, fry length, fry 
weight (71 d) 

Parameter Response 

No effect (NOEC) 
Decreased reproduction (LOEC) 
Decreased length (LOEC) 

No effect (NOEC) 
Decreased hatching success and 
Survival (LOEC) 

'Tests were conducted under now-through conditions; all concentrations were measured. 
,. 

Com:enuation 
(mg/L) Rdt:n:m:e 

2.41 van der Schalie 
4.56 1983 
4.56 

0.37 van der Sdtalie 
1983 

0.65 



Species 

Daphnid 

Rainbow trout 

Default ACR• 

Table 35. Aquatic acuteichronic ratios (ACR) for DNA. 

Acute Values 
(mg/L) 

14.5 

3.0 

Chronic Values 
(mg/L) 

3.32 

0.49 

Acute/Chronic Ratios 
(ACR) 

4.37 

6.12 

18 

'A default ACR of 18 is used when less than three ACRs are available (USEPA l993a). 



Table 36. Water quality criteria;screening benchmarks for DNA. 

Criterion 

Acute Water Quality Criterion 

Chronic Water Quality Criterion 

Secondary Acute Value 

Secondary Maximum Concentration 

Secondary Chronic V aiue 

Secondary Continuous Concentration 

Lowest Chronic Value - fish 

Lowest Chronic V aiue - daphnids 

Final Plant V aiue 

Sediment Quality Benchmark 

Value (mg/L) 

Insufficient data 

Insufficient data 

0.46 

0.23 

0.06 

0.06 

0.65 

4.6 

0.13 

Insufficient data 



Table 37. Chemical and physical properties of 2-amino-4,6-dinitrotoluene (2-ADNT! 

Synonyms 

CAS number 

\tolt!cular weight 

Physical state 

Chemical formula 

Structure 

Water solubility (20°C) 

Specitic gravity (20°C) 

Melting point 

Boiling point 

Vapor pressure (20°C) 

Panition coefficients 
Log K_ 

Ka 

Henry's law constant (20°C) 

3,5-Dinitro-o-toluidine RTECS !995 
2-mt!thyl-3 .5-dinitrobenzenamine 

35572-78-2 RTECS !995 

197.17 RTECS 1995 

Crystals Kaye 1980a 

CH,N~O. RTECS 1995 

McCormick et al. 1976 

2800 mg/L (estimated) 

No data 

No data 

4 X 1 0·$ torr (estimated) 

1.06 (estimated) 
1. 94 (estimated) 
0.5 (estimated) 
4 

3 X 10"3 L-torr/mol (estimated) 

Layton et al. 1987 

Kaye 1980a 

Layton et al. 1987 

Liu et al. 1983a 
Jenkins 1989 
Layton et al. 1987 
Pennington and Patrick 1990 

Layton et al. 1987 



Table 38. Water quality criteria/screening benchmarks for 2-ADNT. 

Criterion/Benchmark 

Acute Water Quality Criterion 

Chronic Water Quality Criterion 

Secondary Acute Value 

Secondary Maximum Concentration 

Secondary Chronic Value 

Secondary Continuous Concentration 

Lowest Chronic Value - fish 

Lowest Chronic Value - daphnids 

Final Plant Value 

Sediment Quality Benchmark 

Value 

Insufficient data 

Insufficient data 

0.35 mg/L 

0.18 mg/L 

0.02 mg/L 

0.02 mg/L 

Insufficient data 

Insufficient data 

>50 mg/L 

Insufficient data 



Table 39. 2-ADNT screening benchmarks for terrestrial plants and invenebrares. 

Screening Benchmark 

Plants - solution 
Plants - soil 

Soil invenebrates (eanhworms) 
Soil invenebrates {other) 

Soil microbial processes 

•No-effect concentration. 

Value 

Insufticient data 
80 mg/kg' 

Insufficient data 
lnsufficient data 

80 mg/kg" 



Table -+0. Chemical and physical properties of hexahydro-1.3 .5-trinitro-1.3 .5-mazint: 'RDX 1 

Synonyms 

CAS number 

~olecular weight 

Physical state 

Chemical formula 

Structure 

Water solubility (20°C) 

Specific gravity 

Melting point 

Boiling point 

Vapor pressure 

Partition coefficients 
Log Kow 

· Log Koc 

Henry's law constant 

sym-Trimethy lenetrinitramine 
cyclotrimethylenetrinitramine 
1.3.5-trinitrohexahydro-s-triazine 
T4. hexogen 
cyclonite 
1.3.5-trinitro-1.3 .5-triazacyclohexane 

121-82-4 

222.26 

Orthorhombic crystals from acetone 

C3H6N606 

Practically insoluble 
38.4 mg/L 

1.82 

205-206 c 
Decomposes during melting 

1.0 x 1-·9 mm Hg 
4.0 x w-9 mm Hg 

0.87 
0.81. 0.86 

0.88-2.4 
2 
1.6, 2.1 
2.1 

1.2 X 1()'5 atm-m3/mole 

Budavari et a!. 1996 
HSDB 1995e 

HSDB 1995e 

Budavari et al. 1996 

Budavari et al. 1996 

Budavari et al. 1996 

Budavari et al. 1996 

Budavari et al. 1996 
Spanggord et al. 1983 

Budavari et al. 1996 

Budavari et al. 1996 

Layton et al. 1987 

Layton et al. 1987 
Burrows et a1. 1989 

Banerjee et al. 1980 
Burrows e£ al. 1989 

S ikka et al. 1980 
Burrows et al. ( 1989) 
Spanggord et al. 1980b 
Tucker et al. 1985 

McKone and Layton 1986 



Table 41. Acute coxicity of RDX co aquatic invenebrates and fish. 

Test Species 

Daphnia magna 
(water flea! 

Gammarus fasciatus 
(SCUd) 

Asellus militaris 
(sowbug) 

Chironomus renrans 
(midge) 

lctalurus punctatus 
(channel catfish) 

Lepomis macrochirus 
(bluegill sunfish) 

Lepomis macrochirus 
(bluegill sunfish) 

Pimephales promelas 
(fathead minnow) 

Pimepha/.es promelas 
(fathead minnow) 
eggs 
1-hr post-hatch fry 
7 -d post-hatch fry 
30-d post-hatch fry 
60-d post-hatch fry 

Pimephales promelas 
(fathead minnow) 

Oncorhynchus myki.ss 
(rainbow trout) 

Test Duracion 
(Test Type)• 

48-hr (s) 
48-llr (ft) 

48-llr (s) 

48-hr (s) 

48-hr (s) 
48-hr (ft) 

96-hr (s) 
96-hr (ft) 

96-hr (s) 
96-hr (ft) 

96-hr (s) 

96-hr (S} 
96-hr (ft} 

96-br (S) 
96-hr (s} 
96-hr (s) 
96-br (s) 
96-br (s) 

96-hr (s) 

96-br (S) 

• Test type: s = static; ft = flow-through. 

EC~ or LC~ 1mg/L)b.c Reference 

> 100 Bendey et al. 1977a 
> 15 

> 100 Bemley et al. L977a 

> LOO Bendey et al. L977a 

> 100 Bentley et al. 1977a 
> 15 

4.1 Bentley et al. 1977a 
13 

6.0 Bentley et al. 1977a 
7.6 

3.6-8.411 Bentley et al. 1977a 

5.8 Bentley et al. 1977a 
6.6 

> 100 Bentley et al. 1977a 
43 Bentley et al. 1977a 
3.8 Bentley et al. 1977a 
16 Bentley et al. 1977 a 
11 Bentley et al. 1977a 

4.5 Liu et al. 1983b 

6.4 Bentley et al. 1977 a 

b EClO values are for immobilization of invertebrates; LClO values are for fish mortality. 
c Concentrations are nominal. 
d Tested at temperatureS of 15-20°C, pH of 6.0-8.0. and water hardness of 35-250 mg/L CaC~. 



Tahlt: 42. Chronic toxicity of RDX to aquatic invc::nc::bratt:s ami tish. •.b 

Spt:~it:s 

Daphnia ttwgna 
(water Ilea) 

Chi ronomu.s lttllaru 

(midge) 

lcklluru.s punctatu.s 
(channel catfish) 

Pimtphalt.s promela.s 
(fathead minnow) 

Pimtphale.s promtla.s 
(fathead minnow) 

• Flow-through conditions. 

Stage/Age 

Neonates through 
generation two 

Neonates through 
generation two 

Eggs, fry 

Eggs, fry 

Eggs, fry, adults 

Paramc::fer Parameter 

Measured Rt:sponse 

21-d survival No effect 
(generation one) 

Reproduction Significant decrease, d 7-14 of 
first generation 

23-d survivaUemer- No effect 
gence (generation one) 

Reproduction Lower larval survival 
(21 d) Lower egg production 

Mean hatch No effect 
30-d fry survival No effect 
30-d fry length No effect 

Mean hatch No effect 
30-d fry survival No effect 
30-d fry length Reduced 

Percenl hatch No effect 
30-d fry survival, length No effect 
60-d fry survival Reduced 
30, 60-d fry survival No effect 

Reduced 
Spawning of lst generation No effect 
2nd-generation parameters No effect 

~ Mean measured concenlrations except 30-d egg/fry tests which utilized measured concentration for 3/5 treatments. 

• Equipment failure at higher concentrations. 

Com.:t:lllration 

(mg/L) 

1.4-20 

4.8·20 

1.3-21 

1.3-21 
1.3-10 

0.11-2.3 
0.11-0.71' 
0.11-2.3 

0.26-5.8 
0.26-5.8 
5.8 

0.29-6.3 
0.29-4.3 
4.9 
3.0 
6.3 
6.3 
6.3 

Reli::rc::Hce 

Bcllllcy ct al. llJ77a 

Bentley et al. l977a 

Bentley et al. JlJ77a 

Bentley et al. I'J77a 

Bentley et al. II.J77a 



Test 

Test Species Duration 

Anabaena flosaquae 96-hr 
(blue-green algae) 

MicrocyJtis aeruginosa 96-hr 

(blue-green algae) 

Navicula pelliculosa 96-hr 
(diatom) 

Selenastrum capricomutum 96-hr 
(green algae) 

• All tests were conducted under static conditions. 
bNominal concentrations. 

Table 43. Toxicity of RDX to algae. •.b 

Effect 

Decrease in cell density ( 17%) 
Decrease in chlorophyll a content ( 17%) 

Decrease in cell density (18%) 
Decrease in chlorophyll a content (II %) 

Decrease in cell density ( 17%) 
Decrease in chlorophyll a content (23%) 

Decrease in cell density ( 17%) 
Decrease in chlorophyll a content ( 16%) 

Concentration 
(mg/L) Rdt:rence 

32 Bc:mlt:y et at. 1977a 
32 

32 Bentley et at. 1977a 
10 

32 Bentlt:y et at. 1977 a 
32 

3.2 Bentky et at. 1977a 
1.0 



Table *4. Bioconcemration factors \BCF) for RDX in aquatic species. 

Species BCF Commems 

Selenasrrum capricomurum 123 96-hr static test, 
t green algae) intact organism 

Lumbn·culus variegarus 3.0 96-hr static test, 
\ Oligochaete) intact organism 

Daphnia magna 1.6 96-hr static test, 
i water flea) intact organism 

lcralurus puncrarus 28-d, intermittent flow, 
(channel catfish) 4.0', 2.9b muscle 

5•, 3.3b viscera 

Lepomis macrochirus 96-hr static test, 
(bluegill sunfish) 1.9 muscle 

3.1 viscera 

Lepomis macrochirus 28-d, intermittent flow, 
(bluegill sunfish) 4. 71

, 3.5b muscle 
9&, 6b viscera 

Pimephilles promelas 28-d, intermittent flow, 
(fathead minnow) 5.9&, 4.0b muscle 

111
, 8.8b viscera 

Fish 2 Calculated from log K_ 

Fish 1.5 Calculated from log K_ 

• Test water mean measured concentration of 0.014 mg/L. 
b Test water mean measured concentration of 1.0 mg/L. 

Reference 

Liu et al. l983b 

Liu et al. l983b 

Liu et al. l983b 

Bentley et al. l 977 a 

Liu et al. 1983b 

Bentley et al. 1977a 

Bentley et al. 1977a 

Layton et al. 1987 

Burrows et al. 1989 



Species 

Rainbow trout 

Default ACR• 

Default ACR 

Table 45. Aquatic acuteichronic ratios (ACR) for RDX. 

Acute Values 
(mg/Ll 

5.56 

Chronic Values 
(mg/L) 

4.35 

A~ute/Chronic Ratios 
(ACR) 

1.128 

18 

18 

ln the absence of three ACRs. two default ACRs of 18 were substituted (USEPA 1993a). 



Table 46. Water quality criteria/screening benchmarks RDX. 

C riterionJBenchmark 

A.:ute Water Quality Criterion 

Chronic Water Quality Criterion 

Secondary Acute Value 

Secondary Ma:~imum Concentration 

Secondary Chronic Value 

Secondary Continuous Concentration 

Lowest Chronic Value - fish 

Lowest Chronic Value - daphnids 

Final Plant Value 

Sediment Quality Benchmark (SQB.,.) 

•Estimated: based on nominal concentrations. 
bMg chemical/kg organic carbon in sediment. 

Value 

Insufficient data 

Insufficient data 

1.4 mg/L' 

0.7 mg/L 

0.19 mg/L 

0.19 mg/L 

4.9 mg/L 

4.8 mg/L 

3.2 mg/L' 

1.3 mg/kgocb 



Table 47. RDX toxicity data for mammalian species. 

Exposure ~OAEL LOAEL Effect/ 
Species Route Period mg/kg/d mg/kg/d Endpoint 

Rat Diet 2 yr 10" No effects 

Diet 2 yr 8" 40 Monality 

Diet 13 wklgeneration 16"·<1 50" Monality 
(2 generations) 

Diet 13 wkl generation 5 16<1 Reduced pup 
(2 generations) weight 

Gavage gestation d 6-19 2 20( Toxic to dams 
and embryos 

Mouse Diet 2 yr 7 35 Testicular 
degeneration 

Rabbit Gavage gestation d 7-29 2 2Qf Toxic to dams 
and embryos 

• Maximum dose tested. 
b Inflammation of prostate seen at 1.5 and 8.0 mg/kg/da; NOEL 0.3 mg/kg/d. 
" No adverse reproductive effects seen at this dose. 

Rt!ference 

Han 1976 

Levint! t!t al. 
1983 

Cholakis t!t al. 
1980 

Cholakis ec al. 
1980 

Cholakis et al. 
1980 

Lish et al. 
1984 

Cholakis et al. 
1980 

a Nominal dose; calculated doses were 13.8 (males) and 14.5 (females) mg/kg/d in the F0 generation and 17.6 
(males) and 18.8 (females) mg/kg/d in the F1 generation. 

• Nominal dose; calculated doses were 41.3 (males) and 43.6 (females) mg/kg/d in the F0 generation and 61.3 
(males) and 69.6 (females) mg/kg/d in the F1 generation. 

r No teratogenic effects seen at this dose. 



Table 48. RDX screening benchmarks for selected mammalian wildlife species. 

Chronic Screening Benchmarks 
NOAEL 

Wildlife Species (mg/kg/d) Diet Water Piscivorous 
(mg/kg food) (mg/L) species 1 mg' L ll 

Shomail shrew 8.7 15 40 

\Vhite-footed mouse 7.9 56 29 

Meadow vole 6.7 58 49 

Cottontail rabbit 2.9 15 30 

Mink 3.0 22 31 6.7 

Red fox 2.1 21 25 

Whitetail deer l.l 36 17 

• Water concentration that incorporates dietary intake from both water and food consumption. 



Table 49. RDX screening benchmarks for terrestrial plantS and invertebrates. 

Plants - solution 
Plants - soil 

Screening Benchmark 

Soil invertebrates 

Soil microbial processes 

• Based on a single srudy. 

Value 

Insufficient data 
100 mg/kg' 

Insufficient data 

Insufficient data 



Table 50. Chemical and physical properties of octa.hydro-1.3.5.7-tetranicro-1.3.5.7-tetrazocine: H\1X, 

Synonyms 

CAS number 

\lolecular weight 

Physical state 

Chemical formula 

Structure 

Water solubility (20°C) 

Specific gravity 

Melting point 

Boiling point 

Vapor pressure 

Partition coefficients 
Log K.,.. 

Log Kcx 

Henry's law constant (250C) 

C yclotetrameth y lenetetranitramine 
octagen 
tecramethy lenecetranitramine 

2691-41-0 

296.20 

Colorless. crystalline solid; 
four polymorphic forms: a. 13. 'f, o 
C.H8N80 8 

6.6 mg/L 

No data 

No data 

3.3 x 10· 1
• nun Hg 

0.26 
0.13 
0.06 
2.8 

2.6 x 10·" atm-m3/mole 

HSDB l995f 

HSDB l995f 

HSDB l995f 

Yinon 1990 

Yinon 1990 

ATSDR 1997 

McLellan et al. 1988 

Lindner 1978 

Burrows et al. 1989 

Burrows et al. 1989 
Tucker et al. 1985 
Jenkins 1989 
Spanggord et al. 1982b 

Burrows et al. 1989 



Table 51. Acute toxicity of HMX to aquatic invenebrates and fish. • 

Test Species Test Duration LCj() tmg/L) for fish: Reference 
ECj() (mgiL) for 

invenebratesb 

Daphnia magna 48-hr >32 Bentley et al. 1977b 
(water flea) 

Asellus militaris 48-hr >32 Bentley et al. 1977b 
tsowbug) 

Gammarus fasciarus 48-hr >32 Bentley et al. 1977b 
(scud) 

Chironomus renrans 48-hr >32 Bentley et al. 1977b 
(midge) 

Lepomis macrochirus 96-hr >32 Bentley et al. 1977b 
(bluegill) 

lctalurus puncrarus 96-hr >32 Bentley et al. 1977b 
(channel catfish) 

Pimephales promelas 96-hr 15 Bentley et al. 1977b 
(fathead minnow) 

Oncorhynchus mykiss 96-hr >32 Bentley et al. 1977b 
(rainbow trout) 

• Static conditions. 
b These nominal concentrations exceed the solubility limit of 6.6 mg/L at 20°C. 



Table: 52. Chronic lox icily of HMX lo aquaric invcncbratcs and tish. • 

Specit:s 

Daphnia magna 
(warer flea) 

Pimephales promelas 
(fathead miiUlOw) 

• Flow-rhrough 1es1s 

Sragc/agc 

Aduh 

Embryo­
larvae 

b Mean mc:asurc:d concemrarioo 

Parame1cr 
Measured 

Wc:c:ldy survival and offspring 
producrion; 28 d 

Percenrage balch for embryos, 
percenrage survival, mean toral 
length, and average wet weight for 
larvae; 32 d 

Parametcr 
Response 

No adverse effc:ct 

No advc:rsc: effect 

Com:cmration 
(mg/L) 

3.9b 

3.3b 

Rcfcrcm:c 

Bcmlt:y c:t at. 1984 

Bc:mlt:y c:t at. 1984 



Table 53. Toxicity of HMX to algae. • 

Test Concemration 

Tesl Species Duration Effect (mg/L)b Reference 

Microcystis aeruginosa 96-hr No Adverse Effect 32 Bemley et al. 1977h 

(blue-green alga) 

Anabaena jlos-aquae 96-hr No Adverse Effect 32 Bemley et al. 1977b 

(blue-green alga) 

Selenastrum capricomutum 96-hr No Adverse Effect 32 Bentley et al. 1977b 

(green alga) 

Navicula pelliculosa 96-hr No Adverse Effect 32 Bemley et al. 1977b 

(diaaom) 

• Stalic condiaions. 
b These nominal cooceotralions exceed lhe solubilily limit of 6.6 mg/L at 20°C. 



Species 

Rainbow trout 

Default ACR 

Default ACR 

Table 54. Aquatic acute/chronic ratios i ACR) for HMX. 

Acute Values 
(mg/L) 

15 

Chronic Values 
(mg/L) 

>3.3 

Acute/Chronic Ratios 
(ACR) 

<4.55 

18 

18 



Table 55. Water quality criteria/screening benchmarks for HMX. 

Criterion 

Acute Water Quality Criterion 

Chronic Water Quality Criterion 

Secondary Acute Value 

Secondary Maximum Concentration 

Secondary Chronic Value 

Secondary Continuous Concentration 

Lowest Chronic Value - fish 

Lowest Chronic Value - daphnids 

Final Plant Value 

Sediment Quality Benchmark (SQB.J 

Value 

Insufficient data 

Insufficient data 

3.8 mg/L 

1.88 mg/L 

0.33 mg/L 

0.33 mg/L 

> 3.3 mg/L" 

>3.9 mg/L" 

>32 mg/L 

0.47 mg/kg.,.b 

•These chronic NOAELS may be more realistic representations of the Secondary Continuous 
Concentration (SCC) than the calculated value of 0.33 mg/L. These lowest chronic values are based on reproduction 
(daphnids) and no effects on young sensitive stages of fish and use measured concentrations. whereas The SCC is 
based on few data and the use of default acute:cbronic ratios. 
bMg chemical/kg organic carbon in sediment. 



Table 56. HMX toxJclty data ior mammalian species. 

Exposure NOAEL LOAEL Effecu 
Spec1es Route Period (mg/lcg/d) (mg/lcg/d) Endpomt Reierence 

Rat (males) Diet 13 wlc 50 150" Hepatic effects Everett et aL 
(females) 115 270 Renal effects 1985 

Mouse (males) Diet 13 wlc 30 75 Mortality Everett and 
(females) 30 250 Maddock ~ 985 

"No treaunent-related mortality. 



Table 57. HMX screening benchmarlcs for selected mammalian wildlife spec1es. 

Chronic Screening Bench!narlcs 
NOAEL 

Wildlife Species (mglkg/d) Diet Water Piscivorous 
<mg/kg food) (mg/L) ~pec1es (mg/L)' 

Shomail shrew J.J 56 15 

White-footed mouse J.O !0 10 

Meadow vole 2.6 22 19 

Cottontail rabbit 1.1 5.6 12 

Mink: 1.2 8.5 12 5.7 

Red fox 0.8 8.0 9.6 

Whitetail deer 0.4 14 6.6 

•water concentration that incorporates dietary intake from both water and food consumption. 



Table 58. Chemical and physical properties of N-methyi-N-2,4,6-tetranitroaniline (tetrylJ. 

Synonyms 

CAS number 

Molecular weight 

Physical state 

Chemical formula 

Structure 

Water solubility (20°C) 
(25°C) 

Specific gravity 

Melting point 

Boiling point 

Vapor pressure (20°C) 

(25°C) 

Partition coefficients 
Log K.,.., 

Log Koc 

Henry's law constant 

2,4,5-Trinitrophenylmethylnitramine 
N-2,4,5-tetranitro-N-methylaniline 
2,4,6-tetryl 
2.4.6-trinitrophenylmethylnitramine 
2. 4 .6-trinitropheny 1-N-methylnitramine 
methy 1-2. 4,6-trinitro-phenylnitramine 
methylpicrylnitramine 
nitramine 
p icry lmethy lnitramine. 
pi cry lnitromethy !amine 
pyrenite 
tetralite 
tetranitromethylaniline 
tetril 
trinitrophenylmethylnitrarnine 

479-45-8 

287.15 

Colorless to yellow crystals 

C1H5N~Oa 

H3C, N / N02 

I 
02N~N02 y 

N02 

75 mg/L 
80 mg/L 

!.57 

130-132°C 

Explodes at 180-l90°C 

4 x 10'10 mm Hg 
1 x 10'1 mm Hg 
5.7 x 10'9 mm Hg 

2 (calculated) 
1.65 (calculated) 

I .69 (calculated) 
2.6 (cah.:ulated) 
3.1-3.5 

1.0 x 10'11 atm-m3/mole 

A TSDR 1995d. 
HSDB 1995g 

HSDB 1995g 

Budavari et al. 1996 

Budavari et al. 1996 

Budavari et al. 1996 

Budavari et al. 1996 

Small and Rosenblatt 1974 
Yinon 1990 

Budavari et al. 1996 

Budavari et al. 1996 

Budavari et al. 1996 

Layton et al. 1987 
SRC 1995 
Burrows et al. 1989 

Layton et al. 1987 
Jenkins 1989 

Burrows et al. 1989 
SRC 1995 
Hale et al. 1979 

SRC 1995 



Table 59. Tetryl screening benchmarks for selected mammalian wildlife species. 

Chronic Screening Benchmarks 
NOAEL 

Wildlife Species (mg/kg/d) Diet Water Piscivorous 
(mg/kg food) (mg/L) species tmg/Lt' 

Shornail shrew 2.6 4.4 12 

White-footed mouse 2.4 16 8.0 

Meadow vole 2.0 18 15 

Cottontail rabbit 0.9 4.5 9.1 

Mink 0.9 6.8 9.4 0.4 

Red fox 0.6 6.4 7.6 

Whitetail deer 0.3 11 5.2 

•water concentration that incorporates dietary intake from both water and food consumption. 



Table 60. Tetryl screening benchmarks for terrestrial plants and invenebrates. 

Screening Benchmark 

Plants - solution 
Plants - soil 

Soil invenebrates 

Soil microbial processes 

•Based on a single study. 

Value 

10 mgfL• 
25 mg/k~ 

Insufficient data 

Insufficient data 



Table 61. Summary of a4uatic and terrestrial criteria/screening benchmarks for nitroaromatic munitions chemicals 

Water and Sediment Quality Criteria/ 
Screening Benchmarks Terrestrial Screening Benchmarks 

Chemical 
Test Species 
Chronic oral 

Acutea Chronica Sedimentb NOAELs 
(mg/L) (mg/L) (mg/tg) (mg/kg/d) 

2,4,6-Trinitrotoluene (TNT) 0.57 0.09 9.2 1.6 

1,3,5-Trinitrobenzene (TNB) 0.03 0.01 0.24 6.7< 

1,3-Dinitrobenzene (DNB) 0.11 0.02 0.67 0.11 

3,5-Dinitroaniline (DNA) 0.23 0.06 ND ND 

2-Amino-4 ,6-dinitrotoluene (2-AD NT) 0.18 0.02 ND ND 

RDX 0.70 0.19 1.3 7.0 

HMX 1.88 0.33 0.47 3.0 

Tetryl ND ND ND 1.3 

" Calculated according to USEPA Tier I (2,4,6-trinitrotoluene) or Tier II guidelines (other chemicals). 

b Mg chemical/tg organic carbon in the sediment; calculated according to USEPA guidelines. 

c Value is for the earthworm. 
d Value is for soil invenebrates. 
< Based on a subchronic study with the white-footed mouse. 
' Value is a no-observed-effect concentration. 

ND = no or insufficient data. 

Plant 
LOECs Invertebrate 
(mg/L LOECs 

solution) (mg/kg soil) 
(mg/kg soil) 

5 mg/L ! 40" 
30 mg/kg 2()()d 

ND ND 

ND ND 

ND ND 

80 mg/kg' ND 

100 mg/kg ND 

ND ND 

10 mg/L NO 
25 mg/kg 




