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INTRODUCTION 

The State of Utah has declared residues resulting from the demilitarization, treatment, cleanup, and 
testing of military chemical agents t o  be hazardous wastes. These residues are listed as hazardous 
waste in Utah and several other States, but are not listed under regulations established by the U.S. 
Environmental Protection Agency (EPAI pursuant to the Federal Resource Conservation and Recovery 
Act (RCRA), the primary law governing management of hazardous waste in the U.S. These residues 
are identified as hazardous waste due to  corrosivity, reactivity, chronic toxicity, and acute toxicity, and 
are designated as Hazardous Waste No. F999. 

The RCRA regulations (40 CFR 260-2801, the Utah Administrative Code (R-315) ,  and other State 
hazardous waste programs list specific wastes as hazardous, but allow generators to  petition the 
regulator t o  "delist" if it can be demonstrated that such wastes are not hazardous. The U.S. Army 
Test and Evaluation Command (TECOM) has initiated a project with the Argonne National Laboratory 
t o  demonstrate that certain categories of F999 residues are not hazardous waste and to  achieve 
delisting. The initial focus is on delisting specific residues from decontamination of wastes generated 
during materials testing activities and contaminated soil at the U.S. Army Dugway Proving Ground 
(DPG), Utah. This activity is referred to as Phase I of the delisting program. Subsequent phases of 
the delisting program will address additional waste streams at DPG and other Army installations. 

The purpose of this paper is to outline the Phase I TECOM delisting effort at DPG, identify some of the 
important technical issues associated with the delisting, and to discuss overall progress to  date. 

Work supported by the U . S .  Army Test and %valuation Command and the U.S. Army Environmental Center. 
Xr. Kimell, Mr. Anderson, and Mr. Green are environmental professionals with the Axgome XdtlOMl LaboratOV 
Mr Lopez is a senior environmental engineer with the U.S. Army Test and Evaluation Command. 



BACKGROUND 

An important mission of DPG is to test the effects of military chemical agents and 
agent-decontamination procedures on military equipment items that could become exposed to chemical 
agents during an actual armed conflict. Military equipment that has been tested includes many 
different materials, ranging from helmets to actual combat vehicles. This test mission has been carried 
out at DPG since it was initially established in the 1940's and remains an important mission today. 

The F999 listing pertains to both the materials that are tested (referred to as substrates) that become 
waste, as well as to the spent decontamination fluids that are used to  decontaminate the substrate 
after the test is completed. Many of DPG's tests result in the production of waste materials that, 
because of their association with agents, are listed as F999 even if they have been decontaminated 
in accordance with standard Army procedures. In addition, the F999 listing includes contaminated 
media (e.g., soil) that may be generated as DPG proceeds with its Installation Restoration Program (IRP) 
to clean-up potential contamination from past waste management practices. 

Decontamination of tested substrates is designed not only to remove the agent from the substrate, but 
also to rapidly reduce the agent into relatively non-toxic components. For example, the G agents (e.g., 
GB, GD) are rapidly hydrolyzed by the addition of strong caustics, such as sodium hydroxide. In 
addition, much of the soil that may have been contaminated by agents in the past (and hence 
designated F999) was due to disposal of decontaminated substrates, rather than to disposal of actual 
agent contaminated materials. In most cases, these residues and soils have been exposed to the 
elements for many years. Any agent that was initially present would be expected to have degraded 
into relatively non-toxic components long ago. The Army therefore believes that many of these wastes 
do not contain significant amounts of chemical agents and do not otherwise pose a significant health 
hazard. Consequently, the Army is pursuing the delisting of certain F999 waste streams. 

Delisting of agent wastes at DPG is being pursued in accordance with rule R315 of the Utah 
Administrative Code. Rule R315-2-10 (e) classifies "residues from demilitarization, treatment, and 
testing of nerve, military, and chemical agents CX, GA, GB, GD, H, HD, HL, HN-I, HN-2, HN-3, HT, L, 
T, and VX" as F999 hazardous wastes. This rule assigns to F999 wastes the following hazardous 
properties: corrosive, reactive, toxic, and acutely hazardous. The format and content of the delisting 
petition that will be submitted as a result of the demonstration program will follow the State of Utah's 
delisting petition requirements as set forth in R315-2-16 (a). 

To obtain the delisting of F999 waste, the Army must demonstrate to the Executive Secretary of the 
State of Utah Department of Health, Division of Solid and Hazardous Waste (DSHW), that the waste 
streams in question do not possess these hazardous properties. Specifically, it must be demonstrated 
that these wastes do not: 1) contain hazardous quantities of the listed agents, 2) contain hazardous 
quantities of constituents listed in 40 CFR Part 261, Appendix VIII, 3) exhibit other hazardous waste 
characteristics that could define the residues as hazardous, and 4) fail a series of acute toxicity tests. 
This last requirement is not typically required for delisting demonstrations, but has been imposed by 
DSHW to address the acute toxicity typically associated with military chemical agents. 

WASTE STREAMS 

The waste streams produced at DPG are, in many ways, unlike those resulting from most commercial 
manufacturing or service-oriented operations. In particular, wastes resulting from commercial 
enterprises generally tend to be relatively constant with respect to composition and output rate over 
the long run. Because combat gear of every description may be tested as a substrate and end up as 
waste material at DPG, waste composition and the output rate of these wastes can vary widely. For 
a given agent and substrate, however, the process by which the material is exposed to agent, as well 
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as the procedure for decontaminating the substrate and the general composition of the 
decontamination fluid, tends to be relatively constant. Hence, for the purposes of delisting, single 
waste streams will be defined as a function of specific test substrates and tested chemical agent, and 
the associated decontamination fluid. 

The chemical agents that are of most immediate concern to DPG are agents H, HD, GB, GD, and VX, 
but other agents may eventually be included in delisting petitions from DPG. Table 1 summarizes the 
agents to be addressed during Phase I of the delisting program. 

CODE 

GB 

GD 

H 

HD 

vx 

Table 1. Chemical Agents of Concern Regarding Dugway Delisting 
CHEMICAL 
REG ISTRY 

CHEMICAL NAMES NUMBER(S1 SYNONYMS 

Isopropyl methylphosphonofluoridate Sarin 

Pinacolyl methylphosphonofluoridate Soman 

107-44-8 

96-64-0 

Bis (2-chloroethyll sulfide, 70% HD by Mustard, technical grade 505-60-2 
weight 

Bis (2-chloroethyl) sulfide 

0-ethyl S-(2-diisopropylaminoethyl) 
methylphosphonothioate 

Mustard, distilled 

vx 

505-60-2 

50782-69-9 

Phase I of the delisting program will serve as a test case for subsequent phases of the delisting 
program. Phase I of the delisting effort will therefore focus on one relatively simple substrate (e.g., 
unpainted metal), the agents listed above, and the decontamination fluids used to  decontaminate the 
agent from the substrate. In addition, one or more areas at DPG where decontaminated residues were 
managed in the past and that are being investigated per the DPG IRP will be examined. 

PLANNED DELISTING APPROACH 

From 1991 to 1992, Southern Research Institute (SRI) conducted an initial program for the Army to 
gather, evaluate, and document all pertinent agent waste stream and other information to support the 
delisting effort. In addition, limited research into analytical methods that could be used to support the 
agent analyses was performed. These actions resulted in the preparation of a series of background 
documents and delisting test plans describing a proposed delisting demonstration testing program. In 
June of 1993, the Army met with the State of Utah DSHW, and presented its proposed approach to 
meeting the delisting requirements and filing a formal delisting petition. Comments obtained from 
DSHW have since been incorporated into the delisting program. 

The Phase I delisting program is currently moving from the planning stage to the implementation stage. 
Because there are no EPA-approved standard analytical methods for determining the agents, the first 
step of the technical approach that is being taken involves conducting a series of tests designed to 
validate analytical test methods. One of the technical issues faced here includes the need to use 
methods that are extremely sensitive and capable of reaching the parts per billion range or lower. Once 
these methods are validated, background documentation and test plans prepared previously by SRI will 
be reviewed and modified to incorporate DSHW comments. The modified test plans will form the basis 
for a comprehensive delisting demonstration program. The program will include agent analyses, RCRA 
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Appendix Vlll and characteristics analyses, and acute toxicity testing 

In addition to collection of samples from the actual waste streams in question, synthetic waste samples 
will also be tested. The synthetic samples will be fabricated from a specimen of the actual substrate 
material that normally enters the waste stream, as well as from a "clean" soil. The sample will be 
doped with a known amount of the neat liquid agent, and decontaminated exactly as though it were 
a real test item. Synthetic samples will then be subjected to the various tests to identify the presence 
or absence of hazardous properties. The use of synthetic samples as well as the actual waste items 
is a worthwhile approach for several reasons. Most important, a "worst-case" agent-to-decontaminant 
ratio can be examined for every sample. 

The entire demonstration program will be supported by a quality assurance/quality control (QA/QC) 
plan to  ensure that the demonstration program will provide the quality and quantity of data needed to 
support a delisting decision. Following the completion of testing, a delisting petition will be prepared 
and submitted to the State. 

A number of related activities will also be conducted to support the delisting effort. Among the most 
important of these will be the establishment of human health based "delisting levels" for the various 
agents. The development of delisting levels is fraught with many issues including technical issues and 
policy issues. One of the more significant issues here deals with the fact that most of the typical 
exposure assumptions that are used by EPA for establishing health-based levels for hazardous 
constituents may be inappropriate for chemical agents. In essence, agents are only found at isolated 
military installations with limited access and potential for exposure. At the present time, the Army is 
examining agent standards to support other programs within the Army that deal with chemical agents. 
Hence, the development of delisting levels is being coordinated with the U.S. Army Center for Health 
Promotion and Preventive Medicine (formerly the U.S. Army Environmental Hygiene Agency). 

The Army also intends to organize a number of conferences with DSHW to obtain input on the various 
test plans and documents, and approval prior to finalization. This activity is particularly important, 
especially considering that Phase I is intended to  be a test case. Hence, input from DSHW will be 
sought at critical stages in the delisting program planning. Following input and concurrence by DSHW, 
the demonstration program will be implemented. 

Another activity that will be conducted pursuant to the delisting effort is public education. Delisting 
decisions are first issued by the regulator as a proposed rule, where comments from the public and 
other interested parties are solicited. Following evaluation of these comments, the regulator issues a 
final rule. The Army believes that the wastes in question are truly nonhazardous and that millions of 
dollars are being spent unnecessarily to dispose of these wastes as hazardous. Considering the level 
of public concern that presently exists regarding military agents, a concerted effort will be mounted 
to educate the public on delisting activities. 

DPG analytical laboratories will be used to implement the demonstration program. Current plans 
involve tasking the DPG laboratories during the winter of 1995-1996 for the analytical method 
validation activities, and during the winter of 1996-1 997 for the delisting demonstration. These time 
frames are expected to permit sufficient time for discussion with DSHW and are also expected to 
coincide with periods of laboratory availability, as the laboratory is expected to be busy during the 
warmer months supporting the DPG IRP. 

The format and content of the delisting petition that is submitted as a result of the demonstration 
program will closely follow the State of Utah's delisting petition requirements as set forth in R315-2-16 
(a). In addition, the delisting petition will comply with RCRA requirements regarding delisting petitions. 
The RCRA delisting regulations appear in 40 CFR § §  260.20 and 260.22, and in March 1993, EPA 
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published "Petitions to Delist Hazardous Wastes - A Guidance Manual (Second Edition)." Where 
applicable, the delisting petition will summarize the required information while referring the reader to 
other supporting documents for more detailed information. Where necessary, it will also provide 
information that effectively "tailors" the rather generic discussions given in certain supporting 
documents to the particular circumstances surrounding the specific waste streams covered by the 
petition. A major advantage of this approach is that it will facilitate the preparation, and the review 
by DSHW, of future delisting petitions covering additional F999 waste streams at DPG. 

DELISTING DEMONSTRATION PROGRAM 

The F999 delisting demonstration program will be carried out in accordance with the various 
demonstration test plans .and QA/QC plan after DSHW concurrence has been obtained. The main 
features of the contemplated delisting test program include sample collection and preparation, analysis 
for residual chemical agents, RCRA Appendix VI11 constituent analysis, RCRA characteristics testing, 
and acute toxicity testing. These features are discussed briefly below. The methods to be used for 
conducting these tests will be those specified by the latest version of EPA's solid waste test manual 
"Test Methods for Evaluating Solid Waste" (EPA-SW-8461, or an alternative source, as approved by 
DSHW. 

Sample Collection and Preparation -- The collection and preparation of sample materials for use in the 
delisting test program will be described in detail in the "Waste Stream Sampling Plan." Two basic 
types of samples will be prepared and tested: (1) the synthetic solid samples (including soil) and the 
spent liquid decontaminant, and (2) representative samples of the actual solid and liquid waste streams 
to  be delisted, including potentially contaminated soil. In accordance with R315-2-16 (a), a minimum 
of four samples of each waste material will be collected for subsequent testing to account for any 
variability in the waste. 

Testinq for Residual Chemical Aaents -- The "Toxics Test Plan" will delineate the approach to the 
analysis of waste samples for residual chemical agent. Because there are no EPA standard methods 
for determining the agents, as indicated above, methods to  be used will first be subject to  a method 
validation study. The methods to be validated will include a solid-sorbent preconcentration technique 
to improve the detection limit, followed by gas chromatography and gas chromatography followed by 
mass spectroscopy. 

Testinn for ADDendix Vlll Constituents -- The samples of waste materials will also be analyzed for the 
hazardous constituents listed in 40 CFR 261, Appendix VIII. Analyses will be performed for those 
Appendix Vll l compounds that can reasonably be expected to occur in the waste materials from the 
agent, the decontaminant, or the original substrate material itself. The Appendix Vlll compounds to 
be determined in the samples will include volatile organic compounds, semi-volatile organic compounds, 
inorganic gases, reactive sulfides, and selected heavy metals. Details of the Appendix Vll l analyses, 
including the identities of the anticipated analytes and the EPA method numbers of the proposed 
methods, will be presented in the "Appendix Vll l Constituents Test Plan." 

Characteristics Testinq -- All solid and liquid waste samples will be tested for the RCRA characteristics 
ignitability, corrosivity, reactivity, and toxicity (by the Toxicity Characteristic Leaching Procedure - 
TCLP). The characteristics testing program will be described in more detail in the "Characteristics Test 
Plan." Each of the four characteristics is designed to detect a particular hazardous characteristic in 
waste materials. The ignitability test will identify wastes that could support or severely intensify 
combustion during routine storage, transport, and disposal. The corrosivity test will ascertain whether 
the waste could corrode handling or storage equipment, destroy human or animal tissue, or mobilize 
toxic metals in a landfill. The reactivity test will identify wastes that, because of their instability or 
tendency to react violently, could cause problems during the waste management process. The TCLP, 
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by simulating the leaching a waste will undergo in a sanitary landfill, will evaluate the wastes for 
leachable toxic constituents. 

Toxicoloaical Testing -- Each waste material will be tested for acute toxicity in rodents as stipulated 
in EPA methods for measuring acute oral, dermal, and inhalation toxicity. These methods are given 
in 40 CFR 798, Subpart B. Specific procedures, to be described in the "Toxicology Test Plan" will be 
based on the EPA Good Laboratory Practice regulations as provided in 40 CFR 792. Because most 
solid waste samples are not water-soluble, they are not considered appropriate for oral administration 
to the test animals. Moreover, the inhalation toxicity test is designed to be performed on vaporizable 
liquids, not on nonvolatile solids. Therefore, if necessary, TCLP extracts of the solid waste samples, 
rather than the samples themselves, will be used where appropriate. The measures of toxicity that will 
be of significance in these.tests are the lethal dose for 50% of the test animals. 

Moreover, the Army plans to provide, concurrently with the first delisting petition, an alternative, 
nonhazardous, treatment/disposal option for delisted wastes to maximize the safety associated with 
the disposal process. This option will be essentially a plan for the management and performance of 
disposal operations in a way that is consistent with best solid and liquid waste management practices 
for non-hazardous waste. This alternative management plan will be submitted to DSHW under 
separate documentation. 

REVIEW AND CONCLUSION 

This paper outlines an extremely complex technical program that is being initiated by the Argonne 
National Laboratory for the U.S. Army Test and Evaluation Command (TECOM) t o  support delisting of 
chemical agent decontaminated residues and contaminated soil at the U.S. Army Dugway Proving 
Ground, Utah. Resolution of many complex technical and other issues will be required in order to 
successfully delist these wastes. Only some of the more important issues were discussed in the paper. 
At  the time of writing of this paper, the agent analytical method validation program was moving from 
the planning stages to the implementation stages. The authors hope to be able to  report on progress 
as the project progresses. 
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