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Acronyms, Abbreviations, and Symbols

ATSDR Agency for Toxic Substances and Disease Registry
CL-20 China Lake 20; hexanitrohexaazaisowurtzitane
DoD Department of Defense

EPA Environmental Protection Agency

ESOH Environment, Safety, and Occupational Health
g Gram

HAL Health Advisory Limit

Hg Mercury

HMX Cyclotetramethylene-tetranitramine

Kg Kilogram

Kd Soil-water partition coefficient

Koc Soil organic carbon-water partition coefficient
Kow Octanol-water partition coefficient

L Liter

MCL Maximum Contaminant Level

mg Milligrams

mm Millimeter

NA Not available

ND Not determined

PM Product Teams and their Program Managers
PRG Preliminary Remedial Goal

RBC Risk-Based Concentration

RDX hexahydro-1,3,5-trinitro-1,3,5-triazine

RfD Reference dose

TNT 2,4,6-trinitrotoluene

USD(AT&L)  Under Secretary of Defense for Acquisition, Technology, and Logistics
uUXxo Unexploded ordnance
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1 Introduction

Acquisition decisions by product teams and their program managers (PMs) on the specifications,
design, and manufacture of munitions containing high explosives—such as China Lake 20 (CL-20)
or hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX)—frequently depend on evaluating technical
performance, availability, and cost. The evaluation of the human health and ecological risks
associated with the use of these materials is also a critical factor in acquisition decisions. The
identification and management of Environment, Safety, and Occupational Health (ESOH) risks
throughout an acquisition program minimizes technology risk during system development and
testing and provides for the cost-effective, long-term sustainability of the system over its total life
cycle.” Information and data important for evaluating risks for CL-20 and RDX are published in
various sources, but they have not been comprehensively summarized and compared in a manner
that allows PMs to fully evaluate these materials.

This document, Comparison of the Relative Risks of CL-20 and RDX, compares CL-20 with
RDX and other munitions constituents in use and describes, where possible, potential
environmental and human-health risks for each compound based on four likely exposure
scenarios at active and closed testing and training ranges. A companion Noblis report,
Evaluation of the Relative Risk of China Lake 20 (CL-20) Based on Current Toxicity, Fate and
Transport, and other Technical Information,'® provides a detailed review of the physicochemical
properties, toxicity, and risks associated with the two compounds.

This document is designed to serve as a tool for PMs to inform the selection of energetic
materials for use in Department of Defense (DoD) weapons systems. The discussion of the
environmental, human-health, and programmatic risks for CL-20 and RDX is based on available
data, including the physicochemical properties and information on the toxicities of these
chemicals. The overall information reviewed suggests that CL-20 and RDX can display similar
fate and transport characteristics in a wide variety of potential exposure scenarios. However,
toxicity data needed to evaluate the human health risks associated with CL-20 are lacking.

2 Summary of Risk Information

2.1 Properties

Figure 2-1 depicts the chemical structures of CL-20, RDX, and cyclotetramethylene-
tetranitramine (HMX), which are nitramine explosives, and of 2,4,6-trinitrotoluene (TNT), which
is a nitroaromatic explosive. All of these energetic chemicals contain the same elements—
carbon, nitrogen, hydrogen, and oxygen—arranged in ring complexes. The structural similarities
among CL-20, RDX, and HMX suggest that CL-20, used in a manner similar to RDX, may yield
similar environmental concerns in soil, sediment, and groundwater.9

On the other hand, CL-20 has the most complicated structure of all the explosives depicted in

Figure 2-1, consisting of multiple strained rings. In addition, CL-20 has the highest molecular weight
of all of these compounds (Table 2-1). The high density of CL-20 explains, in part, the higher
explosive energy per pound of CL-20 relative to the other explosives listed in Table 2-1.
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Figure 2-1. Chemical Structure of CL-20, RDX, HMX, and TNT
Table 2-1. Basic Physicochemical Properties of CL-20, RDX, TNT, and HMX

Molecular | Density Water Solubility Soil Sorption Vapor Pressure
Compound Weight (20°C) | (mg/L at5, 20, & 40°C) Kg Log Ko | Torr (mm Hg)
CL-20 438 2.04 2,3-5,7.4 0.22-3.8 2.4-3.2 ND
RDX 222 1.82 16, 35-52, 123 0.16-3.5 0.89-2.4 4x107
HMX 296 1.91 1.3,3-7,11.8 0.086-18 | 0.54-2.8 3x107"
TNT 227 1.65 57, 100, 245 0.04-11 2.5-3.0 2x10*

Densities are from Hoffman (2003), the Merck Index and ATSDR (1997); Density is for the pure ¢ form of CL-20, and will vary
by formulation. Solubility data are primarily from Monteil-Rivera et al. 2004 and Lynch 2002. The K4 values are from Brannon
et al. (1999) and Szecsody et al. (2004). K, values are from ATSDR (1995b, 1997), Townsend and Myers (1996) and Hawari et
al. (2003). Vapor pressures are from HSDB and Rosenblatt et al. (1991). ND = not determined

In addition, all of the nitramines listed in Table 2-1 have very low water solubilities. However,
CL-20 generally has the lowest water solubility, and its solubility increases the least with
increasing temperature. The lower solubility of CL-20 suggests that CL-20 is likely to remain in
soils longer, and CL-20 groundwater plumes will have somewhat lower concentrations and
smaller dimensions, compared with RDX and HMX under similar conditions and release
concentrations. These differences are more likely to be noticeable at higher ambient
temperatures.

Further, there are no substantial differences in the other environmentally relevant properties
listed in Table 2-1 for CL-20 and RDX. In particular, the soil-water partition coefficient (Ky)
describes the equilibrium distribution of a chemical between soil and water. The greater the Kg,
the greater the tendency of a chemical to attach to solid particles in a soil, sediment, or aquifer
material, typically including organic matter, clays, or iron and manganese oxides. The soil
organic carbon-water partition coefficient (K,) is a similar parameter that describes the affinity
of the chemical specifically to organic matter. Both CL-20 and RDX have low K4 and K.
values, indicating that both adsorb weakly to solid matter. Thus, all other factors being equal,
both will move essentially unhampered with groundwater through soil and sediment matrices.

Research indicates that CL-20 adsorption depends to a greater extent on organic matter in
environmental matrices, while RDX adsorption correlates more closely with clay content.
Relatively high K4 values (up to ~300) were reported for CL-20 in soils with high organic
content, depending on the type—as well as the amount—of organic matter in the soils.*'® Thus,
there may be some differences in the movement of CL-20 and RDX through soils. However,
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both CL-20 and RDX can generally be expected to be poorly immobilized in soil, sediment, and
groundwater matrices.”’

2.2 Environmental Degradation

Two other characteristics potentially distinguishing CL-20 from RDX include degradation rate in
soil and groundwater and susceptibility to photolysis.

CL-20 will degrade faster than RDX in soil and groundwater under most circumstances. This has
been attributed to the rigid, multi-ring cage structure of CL-20 molecule, which can reasonably
be expected to be much more labile in the environment than the relatively simple planar ring
structure of RDX.

CL-20 can be readily biodegraded in soil at concentrations on the order of 20 mg CL-20/kg
soil.*' Unlike RDX, CL-20 can degrade almost as well in near-surface soil under reducing
conditions (for example, in the presence of ferrous iron) as it does under oxidizing conditions. In
contrast, RDX may degrade significantly faster under reducing conditions than under the
oxidizing conditions typical of most groundwater systems. Thus, the overall evidence suggests
that CL-20 can degrade faster and under a wider variety of environmental conditions than RDX.
The degradation rates of both CL-20 and RDX are likely to decrease as their concentrations
increase in the soil.

However, the reported half-lives of CL-20 and RDX were similar in soils collected from three
military training ranges and maintained under moist, unsaturated conditions in the dark,
indicating that CL-20 and RDX will display similar stabilities and degradation rates in soils
under these conditions.**

Photolysis is a common degradation mechanism in surface waters. The photolysis of CL-20 is
much more rapid than the photolysis of RDX."” Thus, all other factors being equal, photolysis may
result in detectable RDX concentrations in surface water extending farther from the point of
release compared with CL-20. This effect will likely diminish with increasing depth of the surface
water and will also vary depending on the time of year.'

2.3 Breakdown Products

Most of the initial intermediate environmental degradation products of both CL-20 and RDX are
structures that are not expected to persist in the environment under most conditions. Many of the
other intermediates and the end products of CL-20 and RDX are the same and, like the initial
intermediate structures, none of them is expected to persist except in the driest environments.

The breakdown of CL-20 can yield glyoxal instead of the formaldehyde produced from RDX.
This difference is not expected to be significant because both formaldehyde®® and glyoxal'® will
rapidly break down to form carbon dioxide in moist soil and aqueous environments.”* Further,
neither of these substances is likely to be produced in sufficient quantities from the explosives to
drive a human-health or ecological risk assessment on a military range.

2.4 Bioaccumulation

The octanol-water partition coefficients (K,y) and the available experimental data indicate that
CL-20, RDX, HMX, and TNT have little potential to bioconcentrate or bioaccumulate in the plants
and animals of an ecosystem.



The K,y of a chemical is the ratio of the concentration of the chemical in the organic solvent
octanol and in water at equilibrium and at a specified temperature. The low K,,, of the energetic
chemicals* suggest that these substances have low lipid solubility and, therefore, little potential
to bioconcentrate or bioaccumulate.

Bioconcentration and bioaccumulation factors derived from experimental studies in
plants8’12’16’17’46, soil invertebrateszs’%, ﬁsh42, birds’, and mammals® confirm this prediction.

Thus, neither CL-20 nor RDX are likely to bioconcentrate in the lower levels of the food chain
(plants and invertebrates) or bioaccumulate at the higher food-chain levels (fish, birds, and
mammals).

2.5 Toxicity

CL-20 is clearly and substantially more toxic than RDX to soil invertebrates. Toxicity studies in
earthworms®, potworms'*?’, and microarthopods (including insects) that live in soil”® indicate
that as little as 0.02 mg CL-20/kg soil can reduce the soil invertebrate population,* while 44-660
mg RDX/kg soil has no effect.'** This is important because toxicity to invertebrates typically
serves as the basis for the screening values used to determine whether a more advanced site-
specific ecological risk assessment is needed. The substantially lower screening values expected
for CL-20 from the results of these studies, compared with RDX, suggests that sites
contaminated with CL-20 will be more likely to need follow-on site-specific assessments.

There is some limited evidence suggesting that CL-20 may be more toxic to fish and aquatic
invertebrates than RDX.”***> For example, as little as 2 mg CL-20/L water can have a
substantial impact on fathead minnows,” while 13 mg RDX/L water has no effect on zebrafish.**
However, these comparisons are equivocal because none of these studies examined the toxicity
of CL-20 and RDX in the same species.

In contrast, limited studies suggest that CL-20 is substantially less toxic than RDX to plants'®***

and birds.”'>** For example, up to 10,000 mg CL-20/kg soil had no effect on alfalfa or ryegrass,'®
while as little as 5.8 mg RDX/kg soil caused adverse effects in some plant species.*’

Similarly, adult Japanese Quail fed up to 5,000 mg CL-20/kg body weight/day for 5 days or
1,000 mg CL-20/kg body weight for 42 days were unaffected,” while as little as a single 190 mg
RDX/kg body weight caused central nervous system disturbances in the Northern Bobwhite."

Thus, the limited evidence available for CL-20 indicates that the species higher in the food chain
that would be evaluated in advanced site-specific ecological risk assessments are less susceptible
to CL-20 than to RDX.

There are no studies on the toxicity of CL-20 in mammalian species, including humans. In
contrast, the Environmental Protection Agency (EPA) has established a reference dose (RfD) of
0.003 mg RDX/kg body weight/day for oral exposure based on the results of toxicity studies on
rats.** The RfD is an estimate of a daily oral dose that is not likely to cause harmful effects in the
human population, including sensitive subgroups such as children, during a lifetime of exposure.

EPA has also classified RDX as a possible human carcinogen, based on liver tumors in mice
exposed to relatively high doses (7 mg RDX/kg body weight per day) for 2 years.*



3 Evaluation of Exposure Scenarios

Figures 3-1 through 3-4 illustrate four generic scenarios that serve as the framework for discussing
the relative risks of CL-20 and RDX in this report. The figures do not depict a specific range, but
together they provide good representation of range conditions across the continental United States.
Each figure illustrates one of the four most likely exposure pathways on ranges:

o Direct contact of ecological receptors with munitions constituents in soil/sediment in a desert
environment (Figure 3-1)

o Direct contact of ecological receptors with munitions constituents in soil in a continental
climate (Figure 3-2)

o Exposure of ecological receptors to munitions constituents in surface water in a coastal
temperate or tropical climate (Figure 3-3)

o Exposure of human receptors to munitions constituents in drinking water from a shallow
aquifer (Figure 3-4)

Subsections 3-1 through 3-4, below, discuss the relative risks of CL-20 and RDX for each of the
scenarios with the overall underlying assumption that CL-20 might be used and released to the
environment in quantities similar to the historical and current use of RDX.

3.1 Direct Contact with Soil/Sediment in a Desert Environment

Figure 3-1 is based on the Barry M. Goldwater Range (Arizona) and the National Training
Center (California). These ranges are characterized by arid soils, deep groundwater tables,
subtropical desert climate, and the potential for wildlife exposures through contact with soil and
the dry sediment of ephemeral streams and dry lake beds both on- and off-range. The high
ambient temperatures and the dry, aerobic, unsaturated conditions of the soil and sediments in
this environment are likely to be common in locations where CL-20 may be used.

Little biodegradation is expected for either of these compounds under the dry, aerobic conditions
of the surface soil and sediments in this environment.

The occasional rainfall expected in these environments will carry some of the CL-20 and RDX in
the dry surface soil virtually unimpeded through the subsurface soil and in runoff to the
sediments of nearby dry lake beds. The lower solubility of CL-20 compared with RDX may be
accentuated by the high temperatures expected in the desert, so that rainfall may reduce surface
soil concentrations of CL-20 at a lower rate compared with RDX. On the other hand, intense
sunlight at the surface may degrade CL-20 by photolysis quicker than it degrades RDX.
However, differences in the effects of rainfall and photolysis on the surface soil concentrations
of CL-20 and RDX will probably be negligible.

Thus, significant concentrations of both CL-20 and RDX can be expected to persist for long
periods in the surface soil of a desert environment.

As noted above, CL-20 is much more toxic than RDX to earthworms, potworms and
microarthropods (including insects), and probably to other invertebrates that live in moist or wet
soils. However, earthworms and potworms are not likely to be found in the dry soils of the
desert. Soil invertebrates in the desert are likely to be highly adapted to life in these dry soils.
None of the studies examined specifically address the toxicities or tissue concentrations of CL-



20 and RDX in desert-dwelling soil invertebrates under the arid conditions typical of their
natural habitats.

On the other hand, oral exposure to CL-20 appears to be substantially less toxic to birds than oral
exposure to RDX.”'>** The lower toxicity of CL-20 to these animals means that there will likely
be lower risks to wildlife compared with RDX.
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Figure 3-1. Soil/Sediment Exposure for On-/Off-Range Ecological Receptors (in a Desert Environment)



3.2 Direct Contact with Soil in a Continental Climate

Figure 3-2 is based on Hardwood Range (Wisconsin). This range is characterized by silty over
loamy soils, shallow depth to groundwater, continental climate, and potential for direct on-base
soil exposures to wildlife living in marshy and forest areas. In this report, this example represents
a “closed range,” where wildlife may be exposed to residues that remain in the soil.

The considerable rainfall and snowmelts that characterize this environment can be expected to
carry significant amounts of both CL-20 and RDX through the surface to the subsurface soil.
Both CL-20 and RDX are expected to biodegrade substantially in the surface soil, and will
biodegrade rapidly in the subsurface soil, especially if the subsurface is anaerobic or contains
significant amounts of reducing materials (such as iron or manganese compounds). Thus, the
concentrations of CL-20 and RDX in the soil can be expected to attenuate at a relatively rapid
rate, and neither CL-20 nor RDX will persist for long periods in the soil in this environment.

CL-20 will be much more toxic than RDX to earthworms and probably also to other invertebrates
living in the soil. Greater toxicity to soil invertebrates means that a screening-level ecological risk
assessment is more likely to trigger an advanced site-specific ecological assessment.

However, the toxicity of CL-20 appears to be much lower than that of RDX to both plants and
birds. The lower toxicity of CL-20 to birds, in particular, means that there will likely be lower
risks to wildlife compared with RDX. Thus, an advanced site-specific risk assessment for CL-20
is more likely to support a no-further-action decision in this scenario, compared with RDX.

3.3 Exposure to Surface Water in a Coastal Temperate or Tropical Climate

Figure 3-3 is based on Dare County (North Carolina) and Avon Park (Florida) ranges. These
ranges are characterized by poorly drained soils that are mucky and peat-rich or porous and
sandy, shallow depth to groundwater, temperate or tropical climates, and the potential for oftf-
base exposures to wildlife and aquatic life in marshes and swamplands.

The considerable precipitation that characterizes these environments can be expected to carry
significant amounts of both CL-20 and RDX through the subsurface soil to the groundwater and
in runoff to the surface water. Some of the constituents entering groundwater may be discharged
secondarily into downgradient sediments and surface water.

Both CL-20 and RDX, at concentrations on the order of 20 mg/kg soil, are likely to biodegrade
substantially in the surface soil and will biodegrade rapidly in the subsurface soil, groundwater and
sediments, especially if the subsurface is anaerobic or contains significant amounts of reducing
materials (such as iron or manganese compounds). Thus, the concentrations of CL-20 and RDX in
the soil can be expected to attenuate at a relatively rapid rate, and neither CL-20 nor RDX will
persist for long periods in the soil in these environments. As noted above, the degradation rates of
both CL-20 and RDX are likely to decrease as their concentrations increase in the soil.

However, the concentrations and extent of the surface water contamination may be lower for
CL-20 than for RDX for several reasons. First, the lower solubility of CL-20 will reduce the
maximum CL-20 concentrations that can be expected in rainwater runoff, groundwater, and
wetlands. In addition, the high affinity of CL-20 for some types of organic matter may retard the
migration of CL-20 through the rich organic soils, sediments, and groundwater matrices expected
in these environments. By comparison, the organic matter content of these matrices will have no



effect on the migration of RDX. Further, sunlight can be expected to degrade CL-20 much more
rapidly than RDX in the shallow surface waters that characterize this scenario.
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On the other hand, CL-20 may be more toxic than RDX to aquatic invertebrates and fish in the
surface water. Greater toxicity means that lower concentrations of CL-20 may threaten aquatic
organisms, compared with RDX.

On balance, the lower concentrations and reduced extent of CL-20 contamination that can be
expected in the surface water, coupled with the potentially greater toxicity of CL-20 to aquatic
life, suggests that, all other factors being equal, the threat posed by CL-20 may be equivalent to
that of RDX in this exposure scenario.

3.4 Exposure to Drinking Water from a Shallow Aquifer

Figure 3-4 is based on the Massachusetts Military Reservation Range (Cape Cod,
Massachusetts). This range is characterized by porous soils, shallow depth to groundwater
(aquifer), temperate climate, and the potential for off-range drinking-water exposures.

The considerable rainfall and snowmelts that characterize this environment can be expected to
carry significant amounts of both CL-20 and RDX essentially unimpeded through the surface
soil to the shallow groundwater. Both of these constituents will migrate rapidly through the
groundwater toward off-site drinking-water wells. The movement of CL-20 through the
environment will probably be indistinguishable from that of RDX in this scenario.

Unfortunately, there is no toxicity data available in the current literature for CL-20 in humans or
other mammals. Thus, although exposures to CL-20 and RDX are equally likely in this scenario,
there is no basis for differentiating the human-health risks that may be associated with exposures
to these chemicals.

4 Regulatory Issues

There are no chemical-specific human-health or ecological regulatory standards or guidance
values for CL-20 (Table 4-1). Such standards and values have not been established because CL-
20 is a relatively new compound, its toxicity to humans or other mammals has not yet been
studied, toxicity studies on other animals are limited, and widespread or persistent environmental
contamination with CL-20 is unknown. However, continuing research on the toxicity and
environmental degradation of CL-20 could be used to help develop standards or guidelines for
soils and groundwater if CL-20 production is scaled up substantially in the future.

Table 4-1. Current Risk-Based Concentrations, Preliminary Remedial Goals,
and Health Advisory Levels for Selected Constituents

EPA Region 111 RBCs/Region | EPA Region Il Ecological EPA Water
IX PRGs for Soil* (mg/kg) Risk Values (Chronic) RBCs/PRGs/HALSs for Water
Residential Industrial Water Sediment RBC/PRG? HAL

Compound (mg/kg) (mg/kg) (mg/L) (mg/kg) (mg/L) (mg/L)
CL-20 NA NA NA NA NA NA

5.8 26 0.00061
RDX 44 16 0.36 0.013 0.00061 0.002

3,900 51,000 1.8

HMX 3,100 31,000 0.15 NA 18 0.400

21 95 0.0022
TNT 16 57 0.10 0.092 0.0022 0.002

1: EPA Region III RBC value (2005) is listed first, followed by Region IX values (2004).

2: Tap water PRGs are the same as the federal Maximum Contaminant Level (MCL) when a contaminant has an MCL.

NA = not available

HAL = EPA Lifetime Health Advisory Limit
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In contrast, long-standing guidelines are available from EPA for RDX, HMX, and TNT (Table 4-1).
These guidelines are advisory only, rather than legally enforceable standards. However, they help to
provide a context for identifying some of the likely regulatory issues that may arise for CL-20 in the
future because CL-20 is related to RDX and HMX in composition, structure, and physicochemical
properties and shares with RDX many of the same intermediates and end products of environmental
degradation.

As indicated in Table 4-1, several EPA regional offices have developed risk-based concentrations
(RBCs), preliminary remediation goals (PRGs) or ecological-risk—screening values for some
energetic chemicals in soil, sediment, and water. The most commonly cited are EPA Region III’s
RBCs and EPA Region IX’s PRGs. In addition, EPA has developed Health Advisory Limits
(HALSs) for RDX, HMX, and TNT in drinking water.

The PRGs for a contaminant in drinking water are typically the same as the federal Maximum
Contaminant Level (MCL) for the contaminant, which are legally enforceable drinking-water
standards. There are no federal MCLs for the four energetic chemicals listed in Table 4-1. However,
RDX and TNT are included in the EPA Unregulated Contaminant Monitoring Rule, suggesting that
enforceable standards may be promulgated for these substances in the future.

The ecological-risk—screening values for surface waters and the drinking-water RBCs, PRGs,
and HALs for the energetic chemicals listed in Table 4-1 are all lower than the corresponding
solubility limits of these chemicals (Table 2-1). These findings indicate that even though an
energetic chemical may have extremely low solubility, it may still be soluble enough to pose a
threat to human health or the environment.

RBCs, PRGs, and ecological-risk—screening levels for soil, sediment, and water, like those
presented in Table 4-1, are typically derived based on conservative, generic exposure assumptions
and are meant to be used in the preliminary or screening-level risk assessment of a site or an area.
They cannot usually serve as a credible or technically defensible basis for deciding to remediate a
site or as final remediation goals for the site. However, the toxicity data available in the current
scientific literature for soil invertebrates and aquatic species, as discussed in Section 2, indicate
that ecological-risk—screening levels that may be developed in the future for CL-20 may be
substantially more stringent than those for RDX. The lack of toxicity data for CL-20 in humans
and other mammals precludes similar speculation about soil and drinking-water guidelines that
might someday be developed to screen sites for their potential to threaten human health.

5 Programmatic Risks

All acquisition strategies must include an identification of and management strategy for the ESOH
risks associated with the product. PMs are required to prevent ESOH hazards where possible and
to manage ESOH hazards where they cannot be avoided to reduce the overall risk associated with
an acquisition effort.*’ The following conclusions, based on the current scientific literature, should
assist PMs in identifying the ESOH risks associated with the use of CL-20 in munitions.

The information available from the current scientific literature suggests that CL-20 and RDX will
display similar fate and transport characteristics in a wide variety of potential exposure scenarios.

Clearly, CL-20 is substantially more toxic than RDX to soil invertebrates. The toxicity of a chemical
to soil invertebrates typically serves as the basis for developing risk-screening concentrations for the
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chemical in terrestrial ecosystems. The concentrations of the chemical measured in soil samples
from a site are compared with these risk-screening concentrations to decide whether a no-further-
action decision is appropriate or a more advanced site-specific risk assessment is warranted to better
characterize the ecological risks associated with the chemical. Although soil invertebrates are
common surrogates or indicators in screening-level ecological risk assessments, they are unlikely to
drive regulatory action by themselves.

There is limited evidence in the current literature suggesting that CL-20 may be substantially
more toxic to aquatic animal life, including aquatic invertebrates and fish, but much less toxic
than RDX to plants, birds, and perhaps other wildlife as well. Thus the weight of the current
evidence suggests that substituting CL-20 for RDX in munitions would decrease the risks to
terrestrial ecosystems, but may increase the risks to aquatic ecosystems.

Considering the information available for comparing CL-20 and RDX, a decision to substitute
CL-20 for RDX would yield three issues, based on the limited toxicity data available for CL-20.
These issues should be considered by the PMs when evaluating CL-20 for use in munitions.

e A lack of any toxicity data for CL-20 in humans or other mammals results in major barriers
to assessing the human and ecological risks of CL-20. Human-health risks associated with
CL-20 cannot be assessed until toxicity studies of CL-20 relevant to human-health risk are
performed in mammalian species. An assessment of ecological risks associated with CL-20
will necessarily be incomplete and inadequate until mammalian toxicity studies are
completed to provide the data necessary for assessing risk to sensitive and critical ecological
mammalian species.

e Second, toxicity data for CL-20 in non-mammalian species higher in the food chain than soil
invertebrates are limited to a single bird species and a single fish species, and there is no
toxicity data for CL-20 in amphibians and reptiles. This limitation in the available data, like
the lack of toxicity data in mammalian species, presents a major barrier to assessing the
ecological risks of CL-20.

o Third, the scarcity of the toxicity data on species higher than soil invertebrates in the food
chain means that there is a chance that continuing toxicology research will show CL-20 to
pose a substantially greater threat than RDX to human health or one or more important
ecological receptor.

PMs should consider the following programmatic risks associated with these issues:
o Potential costs for having to perform toxicology studies

o Potential production delays while data are gathered and evaluated

o Potential establishment of risk-based standards or enforceable drinking-water standards for
CL-20

e Unanticipated cleanup costs

o Potential for CL-20 to be withdrawn from the market because of newly discovered toxicity
(to production workers or human or ecological receptors on or near a range)

On the other hand, the similarity of CL-20 and RDX in their physicochemical properties and fate
and transport characteristics suggests that, like RDX, CL-20 will not accumulate in the environment
to concentrations that might threaten the environment even after decades of use in Scenarios 1-3
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(Figures 3-1 to 3-3). This view assumes that CL-20 would be used in quantities similar to the
historical and current use of RDX.

However, in Scenario 4 (Figure 3-4), given the similarities of CL-20 and RDX, there is a likely
potential for CL-20 to accumulate in soil and contaminate groundwater, and for people to be exposed
to CL-20 in drinking water. This means that the programmatic risks listed above are most probable
in Scenario 4. Therefore, overall programmatic risks could be reduced substantially by avoiding the
use of munitions containing CL-20 at test and training ranges represented by Scenario 4.
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