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SUBJECT: RESPONSE TO THE NOD FOR TA-16 VCM PLAN, (FORMER-
OPERABLE UNIT 1082) 

Dear Mr. Garcia: 

Enclosed is a copy of the Los Alamos National Laboratory's response to the New Mexico 
Environment Department's Notice of Deficiency (NOD) concerning the Voluntary 
Corrective Measures Plan in Technical Area 16, for Potential Release Sites 16-005(d), 
16-006(h), 16-013, 16-017, 16-025(x), 16-026(q), 16-029(g2), 16-029(h2), 16-029(w), 
16-029(x), 16-031(d), 16-034(p), C-16-065, C-16-068, and C-16-074. This response has 
no polychlorinated biphenyl issues but does contain surface water issues. A certification 
form signed by the appropriate officials is also enclosed. The enclosed response repeats 
each comment from the NOD for convenience in reviewing. 

Please contact Roy Michelotti at (505) 665-7444 or Joe Mose at (505) 667-5808, if you 
have any questions regarding the response to the NOD. 

JJITT/rfr 

n, Program Manager 
roject 

Sincerely, 

1-j l/-
Theodore J. Taylor, Program Manager 
DOE/LAAO 

Enclosures: (1) Response to the NOD for VCM Plan for TA-16 (Former OU 1082) 
Certification (2) 

The University of California is an Equal Opportur, 
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RESPONSE TO NOTICE OF DEFICIENCY 
FOR VOLUNTARY CORRECTIVE MEASURES PLAN 

FOR TECHNICAL AREA 16 PRSs 
(FORMER OU 1082) 

General Comments 

1. NMED Comment: 
Field screening methods used to guide this VCA investigation such as: LIBS, XRF, 
DTECH and spot test kits, are fairly unique toFU 3. In order to verify that FU 3's field 
screening methods are comparable to fixed-lab results and are reliable for bounding 
contamination, HRMB still needs to review a comparison study or data if available . 

LANL Response: 
...... 

The Laboratory would like to emphasize that the screening methods used, with 
exception to the HE spot test, are draft or proposed SW846 methods (D TECH -TNT 
4050 Draft, RDX 4051 Draft; EnSys -TNT 8515 Draft, RDX 8510 proposed; XRF is in 
the process of being proposed as Method 6200 per Oliver Fordham, EPA). These 
methods do not provide data of as high quality (e.g. detection limits, precision) as fixed 
lab methods; however, our review of documents describing the methods suggest that 
at the cleanup levels proposed in the Voluntary Corrective Measures (VCM) plan, they 
are comparable to fixed-lab results and reliable for bounding contamination. In 
addition, the Laboratory is taking a conservative approach by removing soil to 50% of 
the cleanup criteria to account for the uncertainty of using screening methods for soil 
removal. Verification decisions are made only on the basis of fixed laboratory analysis 
results (see response to #3 below). 

The Laboratory is not using LIBS during this cleanup. 

Attached are documents presenting or citing comparison data for several of the above 
screening methods. 

2. NMED Comment: 
LANL will need to address the verification procedures and results, clearly identified 
and displayed, in the VCM Report to demonstrate that these sites will be clean upon 
completion of the remediation. All pertinent data should be listed and displayed in 
such a manner to show that soil contamination at these sites was in fact "bounded" in 
the vertical and lateral directions before removal. 

LANL Response: 
The Laboratory agrees with HRMB's comment. The Laboratory will address the 
verification procedures and results and present pertinent data (in tables) in the VCM 
Report to show that the sites meet proposed cleanup levels and that contamination is 
bounded. 

Response to NOD for 
TA-16 VCM Plan 
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3. HRMB Comment: 
LANL needs to indicate that verification sampling within an excavation or trench 
addresses both the vertical and horizontal directions to demonstrate that cleanup 
levels have been achieved. The current verification sampling plan appears to address 
only the vertical direction (e.g., the bottom of the excavation). The horizontal direction 
would be a key consideration at the soil-tuff interface where underflow conditions 
might exist to increase a contaminants mobility. 

LANL Response: 
In the VCM Report, the Laboratory will address both the vertical and horizontal 
directions to demonstrate that cleanup levels have been achieved. The horizontal 

·contamination direction is addressed in the submitted plan in two ways: 

• As noted in Section 3.1.1 on page 19: "If results of field screening indicate that 
contaminants in the soil are present above 50% of the cleanup level, that soil will 
.be excavated until field screening results obtained at least 2 ft vertically and 2 ft 
horizontally from the excavation are no longer above 50% of the cleanup level." 
Because we use a conservative bounding criterion (50% of cleanup level), and 
because we select field screening methods that are accurate and not subject to 
false negatives, we believe that this screening sampling will bound contamination 
in the horizontal direction. 

• As noted in Section 3.1.1 on page 20: "Wherever appropriate and possible, 
bounding and confirmatory samples will be collected at the soil-tuff interface to 
detect conditions of potential interflow and increased contaminant mobility." The 
primary hydrologic scenario in which the direction of contaminant migration will not 
be vertical is when saturated conditions are present within the soil. This is most 
likely at the soil-tuff interface. Thus, by biasing bounding and confirmatory sampling 
to the soil-tuff interface, we will bound this contaminant migration pathway. 

In response to this comment we will take additional samples. To further specify when 
soil-tuff interface samples will be taken (as noted in the second bullet above), the 
Laboratory proposes to take a laboratory bounding sample along the soil-tuff interface 
at any cleanup site (trench or excavation) in which contamination above 50% of 
cleanup levels extends to the depth of the soil-tuff interface. We will locate this sample 
along the downgradient side of each excavation if this location can be determined. If 
the downgradient side of the excavation cannot be determined based on geomorphic 
observations, then we will select this soil-tuff sample randomly. In each excavation this 
bounding sample will be in addition to any vertical bounding sample that will be taken 
at a depth of 2 ft beneath the cleanup zone. Taking these laboratory bounding 
samples along the soil-tuff interface, as described above, will ensure that this pathway 
is adequately evaluated. 

4. HRMB Comment: 
If worked is stopped at any time during this VCM and Decontamination and Demolition 
process, at TA-16, HRMB needs to be contacted and be provided with adequate 
information indicating the purpose for stopping work. The Laboratory shall also 
provide HRMB adequate information on how they will proceed if variance from the 
plan is deemed necessary. 

Response to NOD for 
TA-16 VCM Plan 
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LANL Response: 
The Laboratory will contact HRMB (John Kieling) by phone if ER work is stopped as a 
result of invoking a 'stopping rule'. Information will be provided identifying why the 
work was stopped. The Laboratory will document major and minor variances from the 
plan in the VCM report. Major variances will also be documented via phone 
notification to John Kieling. 

5. H RM B Comment: 
The sampling of PRSs indicated within the text is difficult to understand whereas Table 
3.1.2-1 is more appropriate. In future plans a reference to the field screening and 
analytic (confirmatory) sampling table would be of use. 

LAN L Response: 
In future plans, the Laboratory will clearly reference field screening and analytic 
sampling in tables similar to 3.1.2-1. 

Specjfjc Comments 

1. H RM B Comment: 
3.1.2.1, Page 23, Approved Work Plan Sampling, PRS 16-025(x). The text states that 
"Three laboratory samples were originally proposed for this site." After reading the 
paragraph, it is not clear whether more or less than three laboratory samples will be 
selected based on the field screening. 

LANL Comment: 
At a minimum, three laboratory samples will be collected, in accordance with the 
approved work plan. 

2. HRMB Comment: 
3.1.2.2, Page 30, Augmented Work Plan Sampling, PRS 16-029(x). If contaminated 
soil and tuff are encountered within the swale area, the Laboratory should investigate 
contaminant pathways to ground water at this site. 

LANL Response: 
The Laboratory will evaluate pathways to groundwater if contaminated soil and tuff is 
encountered above 50% of proposed cleanup levels at or below the soil-tuff interface. 
Discovery of "contamination at a depth of 3ft into tuff'' at this site would constitute a 
'stopping rule' (see page 32 of the VCM plan). If this stopping rule is invoked, 
investigations of contaminant pathways to groundwater would not be completed 
during the VCM, but in a separate future investigation. According to Comment 4 
above, HRMB would be notified of such an occurrence. 

Response to NOD for 
TA-16 VCM Plan 
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Refer to: EM/ER:97-041 

SUBJECT: RESPONSE TO NMED LETTER CONCERNING THE RFI 
REPORT FOR PRSs IN TA-16 (DECEMBER 5, 1996) 

Dear Mr. Garcia: 

Los Alamos National Laboratory and Department of Energy (DOE) representatives met 
with representatives of the Hazardous and Radioactive Materials Bureau (HRMB) of the 
New Mexico Environment Department (NMED) on February 14, 1997. The intent of the 
meeting was to discuss the Resource Conservation and Recovery Act Facility 
Investigation (RFI) Report for Technical Area (TA) 16 potential release sites that was 
submitted on September 30, 1997. HRMB representatives requested a letter 
summarizing the responses to their concerns. The responses are provided below and 
each NMED-HRMB comment is restated. 

• "NMED HRMB questions the sole use of field methods such as spot kits and RDX 
immunoassay tests to estimate the lateral extent of contamination within the surface 
and near surface at the TA-16. According to the document, DOE/LANL will utilize field 
screening techniques to bound the lateral extent of the suspected contamination. 
DOE/LANL shall validate the lateral extent of contamination as estimated by the field 
screening methods by using fixed laboratory analytical methods." 

DOEILANL response: DOEILANL concur. DOE/LANL will submit at least four 
laboratory samples per lateral boundary traverse. 

• "DOE/LANL shall install monitoring wells along the drainage from the steam plant 
outfall to Canon de Valle in order to address impacts to shallow, perched ground 
water." 

DOEILANL response: DOEILANL concur. A monitoring well is scheduled for that 
drainage in the RFI Report (see Subsection 5.2.11.2.5). 

• "DOE/LANL shall site deep boreholes only after the evaluation of existing data from 
tracer tests, mesa-top saturated alluvium, et cetera." 

The University of California is an Equal Opportunity Employer 
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DOEILANL response: DOEILANL will use all data available and will consult with 
NMED/HRMB prior to siting any deep boreholes. Because the tracer study data 
schedule is inherently uncertain DOEILANL may not be able to wait for these results. 

• "DOEILANL shall investigate the presence of shallow perched ground water within 
the alluvium of Canon de Valle. NMED recommends the installation of four monitoring 
wells in the following locations: west of SWSC Spring, between SWSC Spring and 
Burning Ground Spring, between Burning Ground Spring and MDA P, and east of 
MDA P." 

DOEILANL response: DOEILANL will install four monitoring wells in the alluvium 
of Canon de Valle. The locations proposed in the RFI Report (see Subsection 
5.2.11.2.5) include three out of the four above-mentioned locations (no well is 
scheduled between SWSC and Burning Ground Springs) and a well upgradient from 
the T A-16-260 outfall discharge area. Actual locations will also be constrained by the 
accessibility of all of these sites with a drill rig. 

• "The new due date for the required Corrective Measures Study Work Plan for the 
potential release sites in TA-16 shall be 60 days after the completion and submittal of 
the RFI Phase II report." 

DOEILANL response: DOEILANL concur. The RFI Phase II report is currently 
scheduled for delivery to NMED-HRMB in December 1997. 

Thank you for providing a rapid response to the above document. We appreciated the 
opportunity to collaborate with NMED staff. Should you have any further questions, 
please contact Roy Michelotti at (505) 665-7444 or Joe Mose at (505) 667-5808. 

JJ/TT/rfr 

Cy: T. Baca, EM, MS J591 
T. Glatzmaier, DDEES/ER, MS M992 
D. Griswold, AL-ERD, MS A906 
J. Harry, EES-5, MS M992 
B. Koch, LAAO, MS A316 
J. Levings, AL-ERD, MS A906 
D. Mcinroy, EM/ER, MS M992 
R. Michelotti, CST-18, MS E525 
J. Mose, LAAO, MS A316 
N. Naraine, DOE-HQ, EM-453 
D. Neleigh, EPA, R.6, 6PD-N 
C. Rodriguez, CIO, MS M707 
T. Taylor, LAAO, MS A316 

Sincerely, 

I ·_\LJ-
Theodore J. Taylor, Program Manager 
DOEILAAO 
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Federal Facilities Forum Issue 
FIELD SAMPLING AND SELECTING ON-SITE 
ANALYTICAL METHODS FOR EXPLOSIVES 
IN SOIL 

A. B. Crockett1
, H. D. Craii, T. F. Jenkins3

, and W. E. Sisk4 

The Federal Facilities Forum is a group of 
U.S. Environmental Protection Agency 
(EPA) scientists and engineers, representing 
EPA regional offices, committed to the 
identification and resolution of issues affect
ing the characterization and remediation of 
federal facility Superfund and Resource 
Conservation and Recovery Act (RCRA) sites. 
Current forum members are identified in the 
text. The forum members identified a need to 
provide Remedial Project Managers (RPMs) 
and other federal, state, and private personnel 
working on hazardous waste sites with a 
technical issue paper that identifies screening 
procedures for characterizing soils contaminated 
with explosive and propellant compounds. 
Forum members Scott Marquess and Paul 
Leonard provided technical guidance and 
direction in the development of this Issue paper 
and other Forum members provided comments. 

This paper was prepared by A. B. Crockett, 
H. D. Craig, T. F. Jenkins, and W. E. Sisk. 
Support for this project was provided by the 
EPA National Exposure Research Labora
tory's Characterization Research Division 
with the assistance of the Superfund Project's 
Technology Support Center for Monitoring 
and Site Characterization. For further 
information, contact Ken Brown, Technology 
Support Center Director, at (702) 798-2270, 
Alan B. Crockett at (208) 526-1574, or Harry 
Craig at (503) 326-3689. 

It Is imperative that any persons working 
on sites believed to be contaminated with 
explosive residues thoroughly familiarize 
themselves with. the physical and toxic 
properties of the materials potentially 
present and to take all measures as may be 

. prudent and/or prescribed by law to protect 
life, health, and property. This publication 
is not intended to include discussions of the 
safety issues associated with sites contam
inated with explosive residues. Examples of 
safety issues to be considered include but are 
not limited to: explosion hazards; toxicity of 
secondary explosives, and/or personal 
protective equipment Information pertaining 
to these concerns can be found in Roberts and 
Hartley (1992) and Yinon (1990). Specifically, 
this p~per is not intended to serve as a guide 
for sampling and analysis of unexploded 
ordnance, bulk high explosives, or where 
secondary explosives concentrations in soil 
exceed 100,000 mglkg (10%). These 
conditions present a potential detonation 
hazard, and as such, safety procedures and 
safety precautions should be identified 
before initiating site characterization activ
ities in these environments. Finally, this 
paper does-not address primary explosives or 
initiating compounds, such as lead azide, lead 
styphnate, or mercury fulminate, which are 
extremely unstable and present a substantial 
safety risk at any concentration. 

1 Idaho National Engineering and Environmental Laboratory, Lockheed Martin Idaho Technologies Company 2 U.S. Environmental Protection Agency, Region 10 3 U.S. Army Cold Regions Research and Engineering Laboratory 4 U.S. Army Environmental Center 
Technology Support Center for 
Monitoring and Site Characterization, 
National Exposure Research Laboratory 
Characterization Research Division 
Las Vegas, NY 89193-3478 

Technology Innovation Office 
Office of Solid Waste and Emergency Response, 
U.S. EPA, Washington, D.C. 

Walter W. Kovalick, Jr., Ph.D .• Director 
ft 
~., Printed on Recycled Paper 
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PURPOSE AND SCOPE 

The purpose of this issue paper is to provide 
guidance to Remedial Project Managers regarding 
field sampling and on-site analytical methods for 
detecting and quantifying secondary explosive com
pounds in soils (Table I) .. The paper also includes 
a brief discussion of EPA Method 8330 (EPA 
I995a), the reference analytical method for the 
determination of I4 explosives and co-Contaminants 
in soil. 

This issue paper is divided into the following 
major sections: (I) background, (2) an overview 
of sampling and analysis for explosives in soil, 
(3) data quality objectives, (4) unique sampling 
design considerations for explosives, (5) a 
summary of on-site analytical methods, and (6) a 
summary of the EPA reference analytical method. 
While some sections may be used independently, 
joint use of the field sampling and on-site 
analytical methods sections is recommended to 
develop a sampling and analytical approach that 
achieves project objectives. 

Many of the explosives listed in Table I are not 
specific target compounds of screening methods, yet 
they may be detected by one or more screening 
methods because of their similar chemical structure. 
Also listed are the explosive and propellant 
compounds targeted by high performance liquid 
chromatography (HPLC) methods including EPA 
SW -846 Method 8330, the standard method 
required by EPA regions for laboratory confirm
ation. 

BACKGROUND 

Evaluating sites potentially contaminated with 
explosives is necessary to carry out EPA, U.S. 
Department of Defense, and U.S. Department of 
Energy policies on site characterization and 
reme9iation under the Superfund, RCRA, 
Installation Restoration, Base Closure, and Formerly 
Used Defense Site environmental programs. 
Facilities that may be contaminated with explosives 
include, for example, active and former 
manufacturing plants, ordnance works, Army 
ammunition plants, Naval ordnance plants, Army 
depots, Naval ammunition depots, Army and Naval 
proving grounds, burning grounds, artillery impact 
ranges, explosive ordnance disposal sites, bombing 
ranges, firing ranges, and ordnance test and 
evaluation facilities. 
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Historical disposal practices from . manufacturing, 
spills, ordnance demilitarization, lagoon disposal of 
explosives-contaminated wastewater, and open burn/ 
open detonation (OB/OD) of explosive sludges, waste 
explosives, excess propellants, and unexploded 
ordnance often result in soils contamination. Common 
munitions fillers .and their associated secondary explosives 
include Amato! (ammonium nitratelfNT), Baratol (barium 
nitratefiNf) Cyclonite or Hexogen (RDX), Cyclotols 
(RDX!fNT), Composition A-3 (RDX), Composition B 
(TNT/RDX), Composition C-4 (RDX), Explosive D or 
Yellow D (APIPA), Octogen (HMX), Octols (HMXffNT), · 
Pentolite (PETNIINf), Picratol (APII'NT), tritonal (fNT), 
tetrytols (tetryllfNT), and Torpex (RDXIfNT). 

Propellant compounds include DNTs and single base 
(NC), double base (NC/NG), and triple base 
(NC/NG/NQ) smokeless powders. In addition, NC is 
frequently spiked with other compounds (e.g., TNT, 
DNT, DNB) to increase its explosive properties. AP/PA 
is used primarily in Naval munitions such as mines, 
depth charges, and medium to large caliber projectiles. 
Tetryl is used primarily as a boosting charge, and PETN 
is used in detonation cord. 

A number of munitions facilities have high levels of 
soil and groundwater contamination, although on-site 
waste disposal was discontinued 20 to 50 years ago. 
Under ambient environmental conditions, explosives are 
highly persistent in soils and groundwater, exhibiting a 
resistance to naturally occurring volatilization, biodeg
radation, and hydrolysis. Where biodegradation of TNT 
occurs, 2-AmDNT and 4-AmDNT are the most 
commonly identified transformation products. Photo
chemical decomposition of TNT to TNB occurs in the 
presence of sunlight and water, with TNB being 
generally resistant to further photodegradation. TNB is 
subject to biotransformation to 3,5-dinitroaniline, which 
has been recommended as an additional target analyte in 
EPA Method 8330. Picrate is a hydrolysis trans
formation product of tetryl, and is expected in 
environmental samples contaminated with tetryl. Site 
investigations indicate that TNT is the least mobile of 
the explosives and most frequently occurring soil 
contamination problem. RDX and HMX are the most 
mobile explosives and present the largest groundwater 
contamination problem. TNB, DNTs, and tetryl are of 
intermediate mobility and frequently occur as 
co-contaminants in soil and groundwater. Metals are 
co-contaminants at facilities where munitions 
compounds were handled, particularly at OB/OD sites. 
Field analytical procedures for metals, such as x-ray 
fluorescence, may be useful in screening soils for metals in 
conjunction with explosives at munitions sites. 



Table 1. Analytical Methods for Commonly Occurring Explosives, Propellants, and 
Im~urities/Degradation Products. 

Acronym Com~ound Name 

TNT 2,4,6-trinitrotoluene 

TNB 1,3,5-trinitrobenzene 

DNB 1,3-dinitrobenzene 

2,4-DNT 2,4-dinitrotoluene 

2,6-DNT 2,6-dinitrotoluene 

Tetryl Methyl-2,4,6-trinitrophenylnitramine 

2AmDNT 2-amino-4,6-dinitrotoluene 

4AmDNT 4-amino-2,6-dinitrotoluene 

NT Nitrotoluene (3 isomers) 

NB Nitrobenzene 

Nitramines 

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

HMX Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine 

NQ Nitro guanidine 

Nitrate Esters 

NC Nitrocellulose 

NG Nitroglycerin 

PETN Pentaerythritol tetranitrate 

Ammonium Picrate/Picric Acid 

AP/PA Ammonium 2,4,6-trinitrophenoxide/2,4,6-trinitrophenol · 

Cp =Colorimetric field method, primary target analyte(s). 
Cs =Colorimetric field method, secondary target analyte(s). 
Ip =Immunoassay field method, primary target analyte(s). 
Is= Immunoassay field method, secondary target analyte(s). 

Field 
Method 

Cs 

Cp, Ip 

Cs, Is 

Cs 

Cp,Cs 

Cs, Is 

Cs 

Is 

Cs 

Cp, Ip 

Cs 

Cs 

Cs 

Cs 

Cs 

Cs 

Cp, Is 

N =EPA SW-846, Nitroaromatics and Nitramines by HPLC, Method 8330 (EPA 1995a). P = PETN and NG (Walsh unpublished CRREL method). 
G = Nitroguanidine (Walsh 1989). 
L =Nitrocellulose (Walsh unpublished CRREL method). 
A= Ammonium Picrate/Picric Acid (Thome and Jenkins 1995a). 

Laboratory 
Method 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

G 

*L 

*P 

*P 

A 

*The performance of a number of field methods have not been assessed utilizing "approved" laboratory methods. It is recommended that verification of the performance of any analytical method be an integral part of a sampling/analysis projects quality assurance program. 
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. Th~ frequency of occurrence of specific explosives 
tn sor.ls was ass~ssed by Walsh et al. (I993), who 
comprled analytical data on soils collected from 44 
Anny ammunition plants, arsenals, and depots, and 
two explosive ordnance disposal sites .. Ofthe I,I55 
samples analyzed by EPA Method 8330, a total of 
3I9 samples (28%) .contained detectable levels of 
explosives. The frequency of occurrence and the 
maximum concentrations detected are shown in 
Table 2. TNT was the most commonly occurring 
~ompound in contaminated samples and was detected 
rn 66% of the contaminated samples and in 80% of 
t~e samples if the two explosive ordnance disposal 
srtes are excluded. Overall, either TNT or RDX or 
both w.ere de~ted in 72% of the samples containing 
explosive resrdues, and 94% if the ordnance sites are 
excluded. Thus, by screening for TNT and RDX at 
ammun~tion plants, arsenals, and depots, 94% of the 
contammated areas could be identified (&0% if only 
TNT was determined). This demonstrates the 
feasibility of screening for one or two compounds or 
classes of compounds to identify the initial extent of 
contamination at munitions sites. The two ordnance 
sites were predominantly contaminated with DNTs 
probably from improper detonation of wast~ 
propellant. The table also shows that NB and NTs 
were not detected in these samples~ however, NTs are 
found in waste produced from the manufacture of 
DNT. 

OVERVIEW OF SAMPLING AND ANALYSIS 
FOR EXPLOSIVES IN SOIL 

The environmental characteristics of munitions 
compounds in soil indicate that they are extremely 
heterogenous in spatial distribution. Concentrations 
range from nondetectable levels ( < 0.5 ppm) to 
percent levels (> 10,000 ppm) for samples collected 
within several feet of each other. In addition, the 
waste disposal practices at these sites, such as 
OBI<?~· exace~bate the problem and may result in 
condrtrons rangrng from no soil contamination up to 
solid "chunks" of bulk secondary explosives, such as 
TNT or RDX. Secondary explosives concentrations 
above I 0% (> I 00,000 ppm) in soil are also of 
concern from a potential reactivity standpoint and 
rna~ affect sa~p~e and materials handling processes 
dunn~ r.emedratron. An explosives hazard safety 
analysrs rs needed for materials handling equipment 
to prev~nt initiating forces that could propagate a 
detonatron throughout the soil mass. 

Reliance on laboratory analyses only for site 
characterization may result in a large percentage of 
the samples (up to 80% depending upon the site) 
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Table 2. Occurrence of Analytes Detected in 
Soil Contaminated with Explosives. 

% 
Sample Maximum 

Compound with Level 
Analyte (Jig/g) 
Present 

Nitroaromatics 

TNT 66 I02,000 
TNB 34 I790 
DNB I7 6I 
2,4-DNT 45 3I8 
2,6-DNT 7 4.5 
2-AmDNT I7 373 
4-AmDNT 7 II 
Tetryl 9 1260 

Nitramines 

RDX 27 13,900· 
HMX I2 5700 

TNT and/or RDX 72 

Derived from Walsh et al. (1993). 

with nondetectable levels. The remaining samples 
may indicate concentrations within a range of four 
orders of magnitude. Analyzing a small number of 
samples at an off-site laboratory may result in 
inadequate site characterization for estimating soil 
quan~ities for ~mediation and may miss potentially 
reactiv~ matenal. Laboratory analytical costs vary 
dependmg on the turnaround time required. Typical 
costs for EPA Method 8330 analysis range from 
$250 to $350 per sample for 30-day turnaround, 
~500 to $600 for 7-day ·turnaround, and approx
~mately $1,000 per sample for 3-day turnaround, if it 
IS available. 

Because of the extremely heterogeneous distrib
ution of explosives in soils, on-site analytical 
methods are a valuable, cost-effective tool to assess 
the nature and extent of contamination. Because costs 
per sample are lower, more samples can be analyzed 
and the availability of near-real-time results permit 
redesign of the sampling scheme while in the field. 
On-site screening also facilitates more effective use 
of off-site laboratories using more robust analytical 
methods. Even if only on-site methods are used to 

:J· 
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determine the presence or absence of contamination 
(i.e., all positive samples are sent off-site for 
laboratory analysis), analytical costs can be reduced 
considerably. Because on-site methods provide 
near-real-time feedback, the results of screening can 
be used to focus additional sampling on areas of 
known contamination, thus possibly saving additional 
mobilization and sampling efforts. This approach has 
been successfully used for a Superfund remedial 
investigation of an OB/OD site (Craig et al. 1993). 

During site remediation, such as Superfund 
remedial actions, data are needed on a near-real-time 
basis to assess the progress of cleanup. On-site 
methods can be used during remediation to guide 
excavation and materials handling activities and to 
evaluate the need for treatment on incremental 
quantities of soil (EPA 1992b ). Final attainment of 
soil cleanup levels should be determi.ned by an 
approved laboratory method, such as EPA Method 
8330. This approach . was effectively used at a 
Superfund remedial action for an explosives washout 
lagoon (Oresik et al. 1994; Markos et al. 1995). 

DATA QUALITY OBJECTIVES 

The EPA Data Quality Objectives process is 
designed to facilitate the planning of environmental 
data collection activities by specifying the intended 
use of the data (what decision is to be made), the 
decision criteria (action level), and the tolerable error 
rates (EPA 1994: ASTM 1996). Integrated use of 
on-site and laboratory methods for explosives in soil 
facilitate achieving such objectives as determining 

. the horizontal and vertical extent of contamination, 
obtaining data to conduct a risk assessment, 
identifying candidate wastes for treatability studies, 
identifying the volume of soil to be remediated, 
determining whether soil presents a potential 
detonation hazard (reactive according to RCRA 
regulations), and determining whether remediation 
activities have met the cleanup criteria. 

Environmental data such as rates of occurrence, 
average concentrations, and coefficients of variation 
are typically highly variable for contaminants 
associated with explosive sites. These differences are 
a function of fate and transport properties, occurrence 
in different media, and interactions with other 
chemicals, in addition to use and dispos.al practices. 
Information on frequency of occurrence and 
c.oefficient of variation determines the number of 
samples required to adequately characterize exposure 
pathways and is essential in designing sampling 
plans. Low frequencies of occurrence and high 
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coefficients of variation, such as with explosives, 
mean that more samples will be required to 
characterize the exposure pathways of interest. 
Sampling variability typically contributes much more 
to total error than analytical variability (EPA 1990, 
1992a). Under these conditions, the major effort 
should be to reduce sampling variability by taking 
more samples using less expensive methods (EPA 
1992a). 

EPA's Guidance for Data Useability in Risk 
Assessment (EPA 1992a) indicates that on-site 
methods can produce legally defensible data if 
appropriate method quality control is available and if 
documentation is adequate. Field analyses can be 
used to decrease cost and turnaround time as long as 
supplemental data are available from an analytical 
method capable of quantifying multiple explosive 
analytes (e.g., Method 8330) (EPA 1992a). 
Significant quality assurance oversight of field 
analysis is recommended to enable the data to be 
widely used. The accuracy (correctness of the 
concentration value and a combination of both 
systematic error [bias] and random error [precision]) 
of on-site measurements may not be as high in the 
field as in fixed laboratories, but the quicker 
turnaround and the possibility of analyzing a larger 
number of samples more than compensates for this 
factor. Remedial project managers, in consultation 
with chemists and quality assurance personnel, 
should set accuracy levels for each method and 
proficiency standards for the on-site analyst. 

On-site methods may be useful for analysis of 
waste treatment residues, such as incineration ash, 
compost, and bioslurry reactor sludges. However, 
on-site methods should be evaluated against 
laboratory methods on a site and matrix-specific basis 
because of the possibility of matrix interference. 
Treatability studies are used to evaluate the potential 
of different treatment technologies to degrade target 
and intermediate compounds and to evaluate whether 
cleanup levels may be achieved for site remediation. 
Treatability study waste for explosives-contaminated 
soils should be of higher than average concentration 
to evaluate the effects of heterogeneous 
concentrations and for potential toxicity effects for 
processes such as bioremediation. 

During remediation of soils contaminated with 
explosives, monitoring the rate of degradation and 
determining when treatment criteria have been met 
are necessary so that residues below cleanup levels 
can be disposed of and additional soil treated. Soils 
contaminated with explosives are currently being 
treated by incineration, composting, and 
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solidification/stabilization (Noland et al. 1984; 
Turkeltaub et al. 1989; EPA 1993; Craig and Sisk 
1994; Miller and Anderson 1995; Channell et al. 
1996). Other biological treatment systems that have 
been evaluated for treating explosives-contaminated 
soils include anaerobic bioslurry, aerobic bioslurry, 
white rot fungus, and land fanning (Craig et al. 1995; 
Sundquist et al. 1995). 

UNIQUE SAMPLING DESIGN 
CONSIDERATIONS FOR EXPLOSIVES 

Heterogeneity Problems and Solutions 

The heterogeneous distribution of explosives in 
soil is often alluded to but seldom quantified. The 
problem is probably considerably greater for 
explosive residues in soil than· most otQer organic 
waste. From available Superfund site data, the 
median coefficient of variation (CV) (standard 
deviation divided by the mean) for volatiles, 
extractables, pesticides/polychlorinated biphenyls 
(PCBs), and tentatively identified compounds in soils 
ranges from 0.21 to 54% for individual contaminants 
(EPA 1992b). Data from 10 munitions sites show the 
median CV for TNT was 284%, and the TNT CV 
ranged from 127% to 335% for individual sites. 
Comparable data for RDX are median CV of 137% 
with a range of 129% to 203%, and the median CVs 
for 1,4-DNT and AP/PA were 414% and 184% 
respectively. If the natural variability of the 
chemicals of potential concern is large (e.g., CV > 
30% ), the major planning effort should be to collect 
more environmental samples (EPA 1992b). 

Jenkins et al. (1996a, 1996b) recently conducted a 
study to quantify the short range sampling variability 
and analytical error of soils contaminated with 
explosives. Nine locations, three at each of three 
different facilities, were sampled. At each location, 
seven core samples were collected from a circle with 
a radius of 61 em: one from the center and six 
equally spaced around · the circumference. The 
individual samples and a composite sample of the 
seven samples were analyzed in duplicate, on-site, 
using the EnSys RIS£ colorimetric soil test kit for 
TNT (on-site method) and later by Method 8330 at 
an off-site laboratory. Results showed extreme 
variation in concentration in five of the nine 
locations, with the remaining four locations showing 
more modest variability. For sites with modest 
variability, only a small fraction of the total error was 
because of analytical error, i.e., field sampling error 
dominated total error. For the locations showing 
extreme short-range heterogeneity, sampling error 
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overwhelmed analytical error. Contaminant 
distributions were very site specific, dependant on a 
number of variables such as waste disposal history, 
the physical and chemical properties of the specific 
explosive, and the soil type. The conclusion was that 
to improve the quality of site characterization data, 
the major effort should be placed on the use of higher 
sampling densities and composite sampling strategies 
to reduce sampling error. 

There are several practical approaches to reducing 
overall error during characterization of soils 
contaminated with explosives, including increasing· 
the number of samples or sampling . density, 
collecting composite samples, using a stratified 
sampling design, and reducing within sample 
heterogeneity. Because explosives have very low 
volatility, loss of analytes during field preparation of 
composite samples is not a major concern. 

Increasing the Number of Samples - One simple 
way to improve spatial resolution during 
characterization is by collecting more samples using 
a finer sampling grid such as a 5-m grid spacing 
instead of a 10-m spacing. Though desirable, this 
approach has been rejected in the past because of the 
higher sampling and analytical laboratory costs. 
When inexpensive on-site analytical methods are 
used, this approach becomes feasible. The slightly 
lower accuracy associated with on-site methods is 
more than compensated for by the greater number of 
samples that can be analyzed and the resultant 
reduction in total error. 

Collection of Composite Samples - The collection 
of composite samples is another very effective means 
of reducing sampling error. Samples are always taken 
to make inferences to a larger volume of material, 
and a set of composite samples from a heterogeneous 
population provides a more precise estimate of the 
mean than a comparable number of discrete samples. 
This occurs because compositing is a "physical 
process of averaging" (adequate mixing and 
subsampling of the composite sample are essential to 
most compositing strategies). Averages of samples 
have greater precision than the individual samples. 
Decisions based on a set of composite samples will, 
for practical purposes, always provide greater 
statistical confidence than for a comparable set of 
individual samples. In the study discussed above by 
Jenkins et al. (1996a., 1996b), the composite samples 
were much more representative of each plot than the 
individual samples that made up the composites. 
Using a composite sampling strategy, usually allows 
the total number of samples analyzed to be reduced 
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which reduces costs while improving 
characterization. Compositing should be used only 
when analytical costs are significant. An American 
Society for Testing and Materials (ASTM) guide was 
developed on composite· sampling and field 
subsampling (Gagner and Crockett, 1996), (ASTM, 
1997). 

Stratified Sampling Designs - Stratified sampling 
may also be effective in reducing field and 
subsampling errors. Using historical data and site 
knowledge or results from preliminary on-site 
methods, it may be possible to identify areas in which 
contaminant concentrations are expected to be 
moderately heterogeneous (pond bottom) or 
extremely heterogeneous (open detonation sites). 
Different compositing and sampling strategies may 
be used to characterize different areas that may result 
in a more efficient characterization. 

Another means of stratification is based on particle 
size. Because explosive residues often exist in a wide 
range of particle sizes (crystals to chunks), it is 
possible to sieve samples into various size fractions 
that may reduce heterogeneity. If large chunks of 
explosive are present, it may be practical to 
coarse-sieve a relatively large sample (many 
kilograms), medium-sieve a portion of those fines, 
and subsample the fines from medium screening as 
well. This would yield three samples of different 
particle size and presumes that heterogeneity 
increases with coarseness. Each fraction would be 
analyzed separately but not necessarily by the same 
method (visual screening of the coarser· fractions for 
chunks of explosive may be possible) and then could 
be summed to yield the concentration on a weight or 
area basis. In addition, aqueous disposal of explosive 
wastewaters such as washout lagoons or spill sites 
often results in preferential sorption to fine-grained 
materials, such as fines or clays, particularly for 
nitroaromatics. 

Reducing Within Sample Heterogeneity - The 
heterogeneity of explosives in soils is frequently 
observed during the use of on-site analytical methods 
in which duplicate subsamples are analyzed and 
differ by more than an order of magnitude. Grant et 
al. (1993) conducted a holding time study using 
field-contaminated soils that were air-dried, ground 
with a mortar and pestle, sieved, subsampled in 
triplicate, and analyzed using Method 8330. Even 
with such sample preparation, the resuits failed to 
yield satisfactory precision [the relative standard 
deviations (RSDs) often exceeded 25% compared 
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with RSDs below 3% at two other sites]. 
Subsampling in the field is much more challenging 
because complete sample processing is not feasible. 
However, most screening procedures specify 
relatively small samples, typically a few grams. 

To reduce within-sample heterogeneity, two 
methods can be employed: either homogenization 
and extraction or analysis of a larger sample. Unless 
directed otherwise, an analyst should assume that 
infonnation representative of the entire contents of 
the sample container is desired. Therefore, the 
subsample extracted or directly analyzed should be 
representative of the container. The smaller the 
volume of that subsample removed for analysis and 
extraction, the more homogeneous the entire samples 
should be before subsampling (e.g., a representative 
0.5-g subsample is more difficult to obtain than a 
20-g subsample from a 250-g sample). Collecting 
representative 2-g subsamples from 300 g of soil is 
difficult and can require considerable sample 
processing such as drying\ grinding, and riffle 
splitting. Even in the laboratory, as discussed above, 
obtaining representative subsamples is difficult. An 
ASTM guide is being developed to help in this 
regard (Gagner and Crockett 1996). While 
sample-mixing procedures such as sieving to 
disaggregate particles, mixing in plastic bags, etc., 
can and should be used to prepare a sample, 
extracting a larger sample is perhaps the easiest 
method of improving representativeness. For . this 
reason, 20 g of soil is extracted for the Cold Regions 
Research and Engineering Laboratory (CRREL) 
method, and the same approach may easily be used to 
improve results with most of the on-site methods 
shown in Table 3. ~e. major disadva,ntage of 
extracting the larger sample is the larger volume of 
waste solvent and solvent-contaminated soil that 
needs disposal. 

The effectiveness of proper mixing in the field is 
illustrated in the recent report by Jenkins et al. 
(1996a, 1996b ). Duplicate laboratory analyses of the 
same samples, including drying, grinding, mixing, 
and careful subsampling resulted in an RSD of 11%. 
Because this field-mixing procedure was so effective 
in homogenizing the sample, the sampling and 
subsampling procedure is presented here (Jenkins et 
al. 1996a). Soil cores (0 to 15 em in length and 5.6 
em in diameter) were collected into plastic resealable 
bags, and vegetation was removed. The sample of dry 
soil, a mixture of sand and gravel, was placed into 
23-cm aluminum pie pans, the soil was broken up 
using gloved hands, and large rocks were 



Table 3. C tive Data for Selecf · Soil• On-Site Analvtical Methods for E ,----"- -- --- - - --
- ·-·---------------------··· ···-

Criteria 
I Method/ Method Type Detection Range and Type of Results Samples per Batch Soil Sample Preparation Analysis Time - Production I 
I Kit Analytes and EPA Range Factor Sample & Extraction Rate Method No. 

Size (one person) 
CRREL Colorimetric TNT: I to 22 mglkg (22 X) TNT, RDX: Quantitative TNT: Batch or single 20 g 3 min shaking in I 00 30 minute extract 6/samples; TNT, RDX, 2,4-DNT, RDX: I to 20 mglkg (20 X) 2,4-DNT: Semiquantitative RDX: 6 to 7/batch or single mL acetone; settling; TNT: S minutes/sample; Ammonium Picrate 2,4-DNT: 2 to 20 mg/kg (lOX) APIPA: Quantitative 2,4-DNT & APIPA: Single filtration. RDX: 30 minutes/6 RDX samples; /Picric Acid AP/P A: 1.3 to 69 mglkg (53 X) or batched 25 samples/day for TNT + RDX 

DNT: 30 minutes/6 samples 

AP/PA: IS minutes/sample )----·----·----·· 

-----· ----·--· EnSys RISS® Colorimetric TNT: I to 30 mglkg (30 X) Quantitative Single lOg Dry< 10% moisture TNT: 30 to 35 minutes/tO samples in TNT: Method 8515 draft RDX: I to 30 mglkg (30 X) (optional); 3 min lab; estimated 40 to 45 minutes in RDX: Method 8510 
shaking in SO mL field. proposed 
acetone; S min settling; RDX: 60 minutes/6 samples. Optional 
filtration. drying time not included. r---

·1------------ --- --·--US ACE Colorimetric 6to 100 mg/kg (17 X) Quantitative Single or batched 6g I min shaking in 35 mL 10 to 20 samples/day depending on 00 
TNT 

methanol; settling; soil characteristics 
filtration as needed. r---·------

--- ---· -----------.- ·-D TECH"" Immunoassay - ELISA TNT: O.S to S.O mglkg (10 X) Semiquantitative 4 (single or batch) 3mL 3 min shaking in 6.5 mL 30 minutes for I to 4 samples for TNT TNT: Method 4050 draft RDX: O.S to 6.0 mg/kg (12 X) (concentration range) (-4.5 g) acetone; settle I to 10 orRDX. RDX: Method 4051 draft 
min. r----

------------ ---··· ldctek Immunoassay - ELISA TNT: 0.25 to 100 mg/kg (400 X) Quantitative 20 to 40 (batch only) -4.2 g 3 min shaking in 21 mL 2.5 to 3.5 hours for 20 to 40 samples. Quantix"" Antigen-Antibody 
acetone; settle several ldetek estimates - 2 hours for up to 40 TNT 
minutes. TNT samples. 

-------------·-·· En viroGard"" Immunoassay - ELISA Plate kit: I to I 00 mglkg (I 00 X) Plate: Quantitative Plate: batch of 8 2g Air dry soil, 2 min Plate: 90 minutes for 8 samples TNT: Plate kit Tube kit: 0.2 to IS mglkg (75 X) Tube: Semiquantitative Tube: batch of 14 shaking in 8 mL·acetone Tube: 30 minutes for 14 samples TNT: Soil (tube) kit (concentration range) filter. Drying time not included. 
--------

Ohmicron Immunoassay - ELISA TNT: 0.07 to 5 mg/kg (71 X) Quantitative 5 to S I (batch only) lOg I min shaking in 20 mL I hour for 20 extractions; 45 minutes RaPID Magnetic particle/tube 
methanol; settleS min; for analysis (51 samples) Assay® kit 
filter 

TNT: Method 4050 
proposed 

----- . ---- ------··-··- .. • Expanded and modified from EPA 1995b 



Table 3. C Data for Selecf 
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On-Site A I Methods for E · Soil• ( 
-- - - --

-- --- -- ---- ---.,----------------------::.I""_----------
' 

Criteria 
Method/ Interferences and Cross-reactivities > 1% based on ICSO (see text) Recommended QAJQC Storage Conditions and Shel Skill Level Kit 

Life of KJt or ReagentS 
CRREL TNT= TNT + TNB + DNB + DNTs + tetryl; 

Blank and calibration standards Store at room temperature. Medium -detection limits (ppm); TNB 0.5; DNB < 0.5; 2,4-DNT 0.5; 2,6-DNT 2.1; tetryl 0.9 analyzed daily before and after RDX = RDX + HMX + PETN+ NQ + NC + NG 
sample analyses. Blank and spilced - detection limits (ppm); HMX 2.4; PETN I; NQ I 0; NC 42; NG 9 soil run daily. Soil moisture > 10%, and humics interfere with TNT and RDX; nitrate and nitrite interfere with RDX. 

2,4-DNT = 2,4-DNT + 2,6-DNT +TNT+ TNB + tetryl; high copper, moisture and humics interfere. 
APIP A = relatively free of humic and nitroaromatic interferences. 

EnSys RIS'® TNT= TNT + TNB + DNB + DNTs + tetryl; 
Method and soil blanks and a Store at room temperature. TNT:Low I -detection limits (ppm); TNB 0.5; DNB < 0.5; 2,4-DNT 0.5; 2,6-DNT 2.1; tetryl 0.9 control sample daily, one Shelf life: RDX: Medium RDX= RDX +HMX+ PETN +NQ+NC+NG duplicate/20 sampl~. Some TNT= 2 to 24 months at 21•c -detection limits (ppm); HMX 2.4; PETN I; NQ 10; NC 42; NG 9 positive field results (I: I 0) should RDX = 2 to 12 months at 21•c Soil moisture > 10%, and humics interfere with TNT and RDX; nitrate and nitrite interfere with RDX. be confirmed. 

US ACE TNB interferes by raising minimum detection limit. Blank soil sample, and calibration Store at room temperature Medium 
\D 

standard prepared from clean site 
soil. 

D TECHTM Cross reactivity: 
Samples testing positive should be Store at room temperature or Low TNT: tetryl = 35%; TNB = 23%; 2AmDNT = II%; 2,4-DNT = 4%; conf1n11ed using standard methods. refrigerate; do not freeze or exceed APIP A unknown but -I 00% at lower limit of detection 

37"C for prolonged period. Shelf I RDX: HMX=3% 
life 9 months at room temperature 

ldetek Cross reactivity: 
Duplicate extractions Refrigerate 2 to 8 •c. do not freeze Medium-high, QuantixTM TNB = 47%; tetryl = 6.5%; 2,4-DNT = 2%; 4AmDNT = 2% I in I 0 replicate or exceed 37"C. Shelf life 9 to 12 initial training 
2 sample wells/extract months. Avoid direct light. recommended I En viroGardTM Cross reactivity: 
Plate: Samples run in duplicate. Store 4 to 8 •c; do not freeze or Plate: Medium-

I 
Plate: 4-AmDNT = 41 %; 2,6-DNT = 41 %; TNB = 7%; 2,4-DNT = 2% exceed 37•c. Do not expose high Tube: 2,6-DNT = 20%; 4AmDNT = 17%; TNB = 3%; 2,4-DNT = 2% 

substrate to direct sunlight. Tube: Medium 
Shelf life: Plate 3 to 14 months. 

Tube 3 to 6 months. 
I Ohrnicron Cross reactivity: 

Duplicate standard curves; positive Refrigerate reagents 2 to 8 •c. Medium-high, RaPID · TNB = 65%; 2,4-Dinitroaniline = 6%; tetryl = 5%; 2,4-DNT = 4%; 2AmDNT = 3%; control sample supplied. Positive Do not freeze. initial training Assay® DNB =2% 
results requiring action may need Shelf life 3 to 12 months. recommended 
confirmation by another method. --

'Expanded and modified from EPA 1995b 
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Table 3. Comparative Data for Selecti!!.&_ On-Site Analytical Methods for Explosives in SoiJ•(continued). ,--------r-

Method/ 
Kit 

Training 
Availability 

Costs 
(not including labor) 

CRREL Free video for TNT and I $15/sample plus $1,500 for 
RDX, see text for 
address. 
None available for 2,4-
DNT,AP/PA. 

f-------+· 
EnSys 
RIS'® 

Training available. 
Applicable video on 
CRREL method 
available, address in 
text. 

Hach spectrometer. 

$2 I/ sample for TNT, 
$25/sample for RDX plus 
$160/day or $430/wk for lab 
station. Lab station cost = 
$1,950 

Criteria 

Comparisons to Method 8330 
References 

Brouillard et al. 1993; EPA 1993, 1995a 
(Method 8515), 1995b; 
Jenkins 1990; Jenkins and Walsh 1992; 
Markos et al. 1995; Lang et al. 1990; 
Walsh and Jenkins 1991; 
Jenkins et al. 1996a; Jenkins and Walsh 
1991, 1992; Thome and Jenkins 1995a 

EPA 1995a (Method 8515); EPA 1995b; 
IT 1995; Jenkins et al. 1996a, 1996b; 
Markos et al. 1995; Myers et al. 1994. 

Other 
References 

Jenkins et 
al. 1995; 
Thome and 
Jenkins 
1995b 

Developer 
Information 

Dr. Thomas F. Jenkins 
CRREL 
72 Lyme Road 
Hanover, NH 0375.5-1290 
(603) 646-4385 

Strategic Diagnostics, Inc. 
375 Pheasant Run 
Newtown, PA 18940 
(800) 544-8881 

Additional Considerations 

Large work area (2 large desks); requires the most setup time; 
. possible TNB interference, no electricity or refrigeration 

required; deionized water required; must assemble materials; 
glassware must be rinsed between analyses; larger volume of 
acetone waste, color indicative of compounds. 

I 

i 
I 

Large work area (desk size) power supply required to charge / 
Hach spectrometer; possible TNB interference; color indication!' 
of other compounds; requires acetone and deionized water; 
cuvettes must be rinsed Detween analyses. Nitrate and nitrate I 
interferences with RDX kit can be corrected usiRg alumin-a-
cartridges from EnSys. 1 

f-.-----+ 

---·- I US ACE None available. $4/sample or $5/sample if 
filtered plus $1,500 for Hach 
spectrometer 

IT 1995; Medary 1992 Dr. Richard Medary 
U.S. Army Corps of Eng. 
601 E. 12th Street 
Kansas City, MO 64106 
(816) 426-7882 

Large work area (2 large desks); requires the most setup time; 
possible TNB interference; no electricity or refrigeration 
required; must assemble materials; glassware must be rinsed 
between analyses. 

\----·-·-----+-

·------·-· D TECH""" 2 to 4 hours free on-sitel $30/sample for TNT or RDX 
training. plus $300 for DTECHTOR 

(optional) 

ldetek I' day free on-site 
Quantix TM training. 

$21/sample for TNT plus 
$5,880 for lab station or 
$500/month rental. 

f-----

Enviro- I Free training available. 
I GardTM 

I 
I 

EPA 1995a (Methods 4050 and 405 I); 
EPA 1995b; Haas and Simmons 1995; 
Markos et al. 1995; Myers et al. 1994; 
Teaney and Hudak 1994 

EPA 1995b; Haas and Simmons 1995; 
Markos et al. 1995 

Haas and Simmons 1995 

Teaney et al:. 
1993. 
Calif. EPA 
1996aand 
1996b 

Calif. EPA 
I996c 

Strategic Diagnostics, Inc. 
375 Pheasant Run 
Newtown, PA 18940 
(800) 544-8881 

ldetek, Inc. 
i245 Reamwood Ave. 
Sunnyvale, CA 94089 
(800) 433-8351 

Small working area; few setup requirements; no electricity or 
refrigeration required; temperature dependent development 
time (effect can be reduced by changing DTECHTOR setting); 
significant amount of packing; relatively narrow range; no 
check on test; easy to transpon or carry; kits can be 
customized. Out-or range reruns require use of another kit. 

Large work area (desk); requires setup time, electricity, 
refrigeration and deionized water; requires careful washing of 
microweUs; replicate run for each sample, average of the two is 
the result; less temperature dependent. Out of range reruns 
require usc of another kit. 

--------------------------- - -t 

Strategic Diagnostics, Inc., Large work area (desk size); requires setup time, refrigeration 375 Pheasant Run and power; acetone not supplied. Out-of-range reruns require Newtown, PA 18940 use of another kit. 

Plate: $17/sample plus $4129 
for equip. & small supplies. 
Tube: $20/sample plus $2409 
for equip. & small supplies. 

$13 to $20/sample plus $5,500 
for equip. (purchase) or $800 
for first month, $400 each 
additional month (rental). 

EPA 1995b; Haas and Simmons 1995; 
Markos et al. 1995; Rubio et al. 1996 

Calif. EPA 
1996d 

(800) 544-8881 

Strategic Diagnostics, Inc. 
375 Pheasant Run 
Newtown, PA 18940 
(800) 544-8881 ~

I ·--·-+-
------·-·--·- ·------·-·-Ohmicron 14 hours free on-site 

RaPID training. 
Assay® 

_____ _L ··--------------L-------------------~-----------------· 

Large work area (desk); requires serup time, electricity and 
refrigeration; less temperature dependent; low detection limit; 
all reagents supplied; reagents and kit need refrigeration. Out
of-range reruns require use of another kit. • Expanded and modified from EPA 1995b 
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removed (sieving may work well too). A second pie 
pan was used to cover the sample, which was then 
shaken and swirled vigorously to disperse and 
homogenize the soil. The sample was then· coned 
and quartered, and 5 g subsamples were removed 
from each quarter and composited to fonn the 20-g 
sample for analysis. Splits of the same sample were 
obtained by remixing the soil and repeating the 
yoning and quartering. 

Wilson (1992) studied sample preparation 
procedures for homogenizing compost prior to 
analysis for explosives. Wilson (1992) method 
involves macerating air-dried compost using a No. 
4 Wiley mill followed by sample splitting using a 
Jones-type riffle splitter. The improved method 
decreased the RSD from more than 200% to 3% for 
TNT analyses. 

Sample Holding Times and Preservation 
Procedures 

The EPA-specified holding time for nitroaromatic 
compounds in soil is 7 days until extraction and 
extracts 111:ust be analyzed within the following 40 
days (EPA 1995a). The specified sample pre
servation procedure is cooling to 4 °C. This criterion 
was based on professional judgment rather than 
experimental data. 

Two significant holding time studies have been 
conducted on explosives (Maskarinec et al. 1991~ 
Grant et al. 1993, 1995). Based on spiking clean 
soils with explosives in acetonitrile, Maskarinec 
recommende(J the following holding times and 
conditions: TNT-immediate freezing and 233 days 
at -20°C~ DNT -107 days at 4 °C~ RDX-1 07 days 
at 4 oc; and HMX-52 days at 4 °C. Grant spiked 
soils with explosives dissolved in water to eliminate 
any acetonitrile effects and also used a 
field-contaminated soil. The results on spiked soils 
showed that RDX and HMX are stable for at least 8 
weeks when refrigerated (2°C) or frozen (-15°C) 
but that significant degradation of TNT and TNB 
degradation can occur within 2 hours without 
preservation. Freezing provides adequate 
preservation of spiked 2,4-DNT for 8 weeks or 
longer. The results on field-contaminated soils did 
not show the rapid degradation of TNT and TNB 
that was observed in the spiked soils, and 
refrigeration appeared satisfactory. Pre~umably, the 
explosives still present in the field soil after many 
years of exposure are less biologically available than 
in the spiked soils. 
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Another study (Bauer et al. 1990) has shown ·that 
explosives in spiked, air-dried soils are stable for a 
62-day period under refrigeration. Data from the 
Grant et al. (1993) study indicate that air drying of 
field-contaminated soils may not result in significant 
losses of explosive contaminants. Explosives in 
air-dried soils are stable at room temperature if they 
are kept in the dark. 

Acetonitrile extracts of soil samples are expected 
to be stable for at least 6 months under refrigeration. 
Acetone extracts also are thought to be stable if the 
extracts are stored in the dark under refrigeration 
(acetone enhances photodegradation of explosives). 

Explosion Hazards and Shipping Limitations 

The Department of Defense Explosive Safety 
Board approved the two-test protocol (Zero Gap and 
Deflagration to Detonation Transition tests) in 
March 1988 for determining the explosive reactivity 
of explosive-contaminated soil. Tests on TNT and 
RDX in sands with varied water content showed that 
soils with 12% or more explosive are susceptible to 
initiation by flame, and soils containing more than 
15% explosives are subject to initiation by shock 
(EPA 1993). Explosives exist as particles in soil 
ranging in size from crystals to chunks, which can 
detonate if initiated. However, if the concentration 
of explosives is less than 12%, the reaction will not 
propagate. The water content of the soil has minimal 
effects on reactivity. The test results apply to total 
weight percent of secondary explosives such as 
TNT, RDX, HMX, DNT, TNB, and DNB. The tests 
do not apply to primary or initiating explosives such 
as lead azide, lead styphnate, and mercury fulminate. 
As a conservative limit, the EPA Regions and the 
U.S. Anny Environmental Center consider soils 
containing more than 10% secondary explosives, on 
a dry weight basis, to be susceptible to initiation and 
propagation (EPA 1993). If chemical analyses 
indicate that a sample is below 10% explosives by 
dry weight, that sample is considered to be 
nonreactive. In most cases, this eliminates the 
requirement to conduct the expensive two-test reactivity protocol. · · 

In sampling to detennine whethe.r an explosion 
hazard exists, a biased sampling approach must be 
adopted (Sisk 1992). Soils suspected of having high 
concentrations of explosives should be grab-sampled 
and analyzed to determine whether the level of 
explosives exceeds 10%. Samples to be shipped for 
off-site analysis must be subsampled and analyzed 
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on-site. Explosive residues are usually concentrated 
in the top 5 to 10 em of soil; therefore, deep samples 
must not be collected, blended, and analyzed to 
determine reactivity. Vertical compositing of 
surficial soils with high levels of explosives with 
deeper, relatively clean material provides a false 
indication of reactivity. Soils containing explosive 
residues over the 10% .level can, using proper 
precautions, be blended with cleaner material to 
reduce the reactivity hazard and permit shipment to 
an off-site laboratory. The dilution factor must be 
provided with the sample. If analytical results 
indicate that explosives are present at a concen
tration of 10% or greater, the samples must be 
shipped to an explosives-capable laboratory for 
analysis. The samples must be packaged and shipped 
in accordance with applicable Department of 
Transportation and EPA regulations for reactive 
hazardous waste and Class ~ explosives (AEC 
1994). 

In addition to the above information, the Army 
Environmental Center requires certain minimum 
safety precautions, as summarized below, for field 
sampling work at sites with unknown or greater than 
10% by weight of secondary explosives contam
ination (AEC 1994). An extensive records search 
and historical documentation review must be 
conducted regarding the contaminated area to 
identify the specific explosives present, determine 
how the area became contaminated, estimate the 
extent of contamination, and determine the period of 
use. Personnel responsible for taking, packaging, 
shipping, and analyzing samples must be 
knowledgeable and experienced in working with 
explosives. Soil samples must be taken using 
nonsparking tools, and wetting the sampling area 
with water may be necessary. If plastic equipment is 

·used, it must be conductive and grounded. Sample 
containers must be chemically compatible with the 
specific explosive, and screw tops are prohibited. 
Samples are to be field screened for explosives if 
possible. Sufficient soil samples must be collected to 
characterize the site in a three-dimensional basis in 
terms of percent secondary explosives contamination 
with particular attention paid to identifying hot 
spots, chunks of explosives, layers of explosives, 
discolorations of the soil, etc. 

In screening samples for reactivity, it should be 
remembered that most screening procedures test for 
only one analyte or class of analyte. Without other 
supporting knowledge, concluding that a soil is not 
reactive based upon just one analysis could be 
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dangerous. For assessing reactivity when multiple 
compounds are present·at high levels, the CRREL 
and EnSys RIS' colorimetric methods for TNT and 
RDX are more appropriate than immunoassay test 
kits because colorimetric tests detect a broader range 
of explosive analytes. Some conservatism in 
evaluating potential reactivity using colorimetric 
methods is appropriate. For example, Jenkins et al. 
(1996c) recommended using a limit of 7% 
explosives for conservatively estimating the lower 
limit of potential reactivity. High levels of 
explosives in soils may result in a low bias for 
.on-site methods because of low extraction 
efficiencies. Colorimetric tests of chemical 
composition are used only to estimate potential 
reactivity. There are no on-s1te methods available to 
actually determine explosive reactivity. Explosive 
reactivity is a determination made from validated 
laboratory analyses. 

PROCEDURES FOR STATISTICALLY 
COMPARING ON.SITE AND REFERENCE 
ANALYTICAL METHODS 

When on-site methods are used, their performance 
needs to be evaluated and this is commonly done by 
analyzing splits of some soil samples by both the 
on-site method and a reference method (commonly 
Method 8330). The performance of the on-site 
method is then statistically compared to the 
reference method using a variety of methods, 
depending upon the objective and the characteristics 
of the data. In most cases, measures of precision and 
bias are determined. Precision refers to the 
agreement among a set of replicate measurements 
and is commonly repor:ted as the RSD (standard 
deviation divided by the mean and expressed as a 
percent), the coefficient of variation (standard 
deviation divided by the mean), or the relative 
percent difference. Bias refers to systematic 
deviation from the true value. 

The following discussion of statistical methods 
applies to comparisons of analytical results based on 
paired sample data, e.g., soil samples are analyzed 
by both an on-site method and a reference method, 
or soil extracts are analyzed by two different on-site 
methods. Care must be taken in interpreting the 
result. For example, if subsamples of a jar of soil 
(splits) are analyzed by an on-site and reference 
method, the differences detected may be caused by 
subsampling error (sample was not homogeneous 
and the splits actually contained different 
concentrations of explosives), extraction efficiency 
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(shaking with acetone versus ultrasonication with 
acetonitrile) rather than the analytical methods 
which may also produce different results. However, 
if a group of acetone extracts are analyzed by two 
different on-site methods, the subsampling and ex
traction errors are minimized and any significant dif
ferences should be from the analytical methods. 

Precision and Bias Tests for Measurements of 
Relatively Homogenous Material - When multiple 
splits of well-homogenized soil samples are 
analyzed using different analytical methods, 
statistical procedures described in Grubbs (1973), 
Blackwood and Bradley (1991), and .Christensen 
and Blackwood (1993) may be used compare the 
precision and bias of the methods. Grubbs (1973) 
describes a statistical approach appropriate for 
comparing the precision of two methods that takes 
into account the high correlation between the 
measurements from each method. An advantage of 
Grubbs' approach is that it provides unbiased 
estimates of each method's precision by partitioning 
the variance of the measurement results into its 
component parts (e.g., variance caused by 
subsampling and by the analytical method). 
Blackwood and Bradley (1991) extend Grubbs' 
approach to a simultaneous test for equal precision 
and bias of two methods. Christensen and 
Blackwood (1993) provide similar tests for 
evaluating more than two methods. 

For comparisons involving bias alone, t-tests or 
analysis of variance may be performed. For 
comparing two methods, paired t-tests are 
appropriate for assessing relative bias (assuming 
normality of the data, otherwise data transformations 
to achieve normality must be applied, or 
nonparametric tests used). A paired. t-test can be 
used to test whether the concentration as determined 
by an on-site method is significantly different from 
Method 8330 or any other reference method. For 
comparing multiple methods, a randomized 
complete block analysis of variance can be used, 
where the methods are the treatments and each set of 
split samples constitutes a block. 

These tests are best applied when the 
concentrations of explosives are all of approximately 
the same magnitude. As the variability in the sample 
concentration increases, the capability of these tests 
for detecting differences in precision or bias 
decreases. The variability in the true quantities in the 
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samples is of concern, and high variability in sample 
results caused by . poor precision rather than 
variability in the true concentration is well handled 
by these methods. 

Precision and Bias Tests for Measurements 
over Large Value Ranges - When the 
concentrations of explosives cover a large range of 
values, regression methods for assessing precision 
and accuracy become appropriate. Regression 
analysis is useful because it allows characterization 
of nonconstant precision and bias effects and 
because the analysis used to obtain prediction 
intervals for new measurements (e.g., the results of 
an on-site method can be used to predict the 
concentration if the samples were analyzed by a 
reference method). 

In a regression analysis, the less precise on-site 
method is generally treated as the dependent variable 
and the more precise reference analytical method 
(e.g., SW-846 Method 8330) as the independent 
vanable. To the extent that the relatio~ship is linear 
and the slope differs from a value of 1.0, there is an 
indication of a constant relative bias in the on-site 
method (i.e., the two methods differ by a fixed 
percentage). Bias should be expected if on-site 
methods based on wet-weight contaminant levels are 
compared to laboratory methods based on the dry 
weight of soil samples. Similarly, an intercept value 
significantly different from zero indicates a constant 
absolute bias (i.e., the two methods differ by a fixed 
absolute quantity). There, may of course be both 
fixed and relative bias components present. 

When uncertainty is associated with the 
concentration of an explosive as· measured by the 
reference method, standard least squares regression 
analysis can produce misleading results. Standard 
least squares regression assumes that the 
independent variable values are known exactly as in 
standard reference material. When the on-site 
method results contain appreciable error compared 
to the reference method, regression and variability 
estimates are biased. This is known as an 
errors-in-variables problem. 

Because of the errors-in-variables problem, the 
slope coefficient in the regression of the on-site data 
on the reference data will generally be biased low. 
Hence a standard regression test to determine 
whether the slope is significantly different from I 
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c<m reject the null hypothesis even when there is in 
fact no difference in the true bias of the two 
methods. A similar argument applies to tests of the 
intercept value being equal ·to zero. 

To perform a proper errors-in-variables regression 
requires consideration of the measurement errors in 
both variables. The appropriate methods are outlined 
in Mandel (1984). These methods require estimating 
the ratio of the random error variance for the on-site 
method to that of the reference analytical method. 
With split sample data. suitable estimates ·of these 
ratios may generally be obtained by using variance 
estimates from Grubbs' test or the related tests 
mentioned above. 

If the variance ratio is not constant over the range 
under study, more complicated models than those 
analyzed in Mandel ( 1984) must be employed. 
Alternatively, transformations of the data might 
stabilize the variance ratio. Note that it is the 
variance ratio, not the individual variances, that 
must remain constant. The ratio of variances for two 
methods with nonconstant absolute variances but 
constant relative variances will still have a constant 
variance ratio. 

Two other caveats about the use of regression 
techniques also are appropriate. First, standard 
regression methods produce bias regression 
parameters estimation and may produce misleading 
uncertainty intervals. Similarly, the interpretation of 
R-squared values also is affected. Second, per
forming regressions on data sets in which samples 
with concentrations below the detection limit (for 
one or both methods) have been eliminated may also 
result in biased regression estimates, no matter 
which regression analysis method is used. 

. Comparison to Regulatory Thresholds, Action 
Limits, etc. - When the purpose of sampling is to 
make a decision based on comparison of results to a 
specific value such as an action level for cleanup, 
on-site and reference analytical method results may 
be compared simply on the basis of how well the 
two methods agree regarding the decision. The 
appropriate statistical tests are based on the binomial 
distribution and include tests of equality of 
proportions and chi-square tests comparing the 
sensitivity and specificity (or false positive and false 
negative rates) of the on-site method relative to the 
reference ana1ytical method. Note that any measure 
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of consistency between the two methods· is affected 
by how close the true values in the samples are to 
the action level. The closer the true values are to the 
action level, the less the two methods will agree, 
even if they are of equal accuracy. For example, if 
the action level is 30 11-g/g and most samples have 

· levels of above I 000 J-~.g/g, the agreement between 
the on-site method and reference should be very 
good. If, however, the concentration in most samples 
is 5 to 100 11-g/g, the two methods will be much 
more likely to disagree. This must be kept in mind 
when interpreting results, especially when 
comparing across different studies that may have 
collected samples at considerably different analyte 
levels. 

SUMMARY OF ON-SITE ANALYTICAL 
METHODS FOR EXPLOSIVES IN SOIL 

There is considerable interest in field methods for 
rapidly and economically determining the presence 
arid concentration of secondary explosives in soil. 
Such procedures allow much greater" flexibility in 
mapping the extent of contamination, redesigning a 
sampling plan based on near-real-time data. accruing 
more detailed characterization for a fixed cost, and 
guiding continuous remedial efforts. Ideally, 
screening methods provide high-quality data on a 
near-real-time basis at low cost and of sufficient 
quality to meet all intended uses including risk 
assessments and final site clearances without the 
need for more rigorous procedures. While the 
currently available screening procedures niay not be 
ideal (not capable of providing compound specific 
concentrations of multiple compounds simul
taneously), they have proved to be very valuable 
during the characterization arid remediation of 
numerous sites. Currently, available field methods 
that have been evaluated against standard analytical 
methods and demonstrated in the field include 
colorimetric and immunoassay methods (Table 4). 
Each method has relative advantages and 
disadvantages, so that one method may not be 
optimal for all applications. To assist in the selection 
of one or more screening methods for various users 
needs, Table 3 (modified and expanded from EPA 
1995b) provides information on on-site test kits for 
detecting explosives in soil. Selection criteria are 
discussed in the following sections. 
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Table 4. Available On-Site Analytical Methods 
for Explosives iit Soil. 

Analyte(s) Type Test 

A. Nitroaromatics Colorimetric 
I. TNT Colorimetric 

2. TNB 

3.DNT 
4. Tetryl 

B. Nitramines 
I. RDX 

2.HMX 
3.NQ 

C. Nitrate Esters 
I. NC 
2.NG 
3. PETN 

D.APIPA 

Colorimetric 
Immunoassay 

Colorimetric 
Immunoassay 
Colorimetric 
Colorimetric 
Colorimetric 
Colorimetric 
Immunoassay 
Colorimetric 
Colorimetric 
Colorimetric 
Colorimetric 
Colorimetric 
Colorimetric 

Colorimetric 

Developerffest Kit 

CRREV, Ensys RIS'® 
CRREL, Ensys RIS'® 
USACE2 

DTECHTM 
ldetek Quantix TM 
Ohmicron RaPID Assay® 
EnvirOGard'IM 
CRREL, EnSys RIS'® 
Ohmicron RaPID Assay® 
CRREL, EnSys RIS'® 
CRREL 
CRREL, EnSys RIS'® 
CRREL, EnSys RIS'® 
DTECH'IM 
CRREL, EnSsy RIS'® 
CRREL 
CRREL 
CRREL 
CRREL 
CRREL 

CRREL 
'U.S. Anny Cold Regions Research and Engineering Laboratory. 
2U .S. Anny Corps of Engineers, Kansas City District. 

The two types of currently available on-site 
methods, colorimetric and immunoassay, are 
fundamentally quite different. Both methods start 
with extracting a 2- to 20-g soil sample with 6.5 to 
100 mL acetone or methanol for a period of 1 to 3 
minutes followed by settling and possibly filtration. 
The basic procedure in the CRREL and EnSys RIS£ 
colorimetric methods for TNT is to add a strong base 
(KOH) to the acetone extract, which produces the 
red-colored Janowsky anion. Absorbance is then 
measured at 540 nanometers (nm) using a 
spectrophotometer. The TNT concentration is 
calculated by comparing results to a control sample. 
The RDX test involves a couple of more steps. 

The various immunoassay methods differ 
considerably in their steps with the D TECH method 
for TNT being the simplest. In the D TECH kit, 
antibodies specific for TNT and closely related 
compounds are linked to solid particles. The TNT 
molecules in the soil extract are captured by the 
solid particles and collected on the membrane of a 
cup assembly. A color-developing solution is added 
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to the cup assembly and the presence (or absence) of 
TNT is determined by comparing the solution in the 
assembly cup to a color card or by using the simple 
field test meter. The color is inversely proportional 
to the concentration of TNT. 

Method Type, Analytes, and EPA Method 
Number 

The first criteria column in Table 3 lists the type 
of soil screening method, the analytes it detects, and 
the EPA SW-846 draft or proposed method number. 
A commercially available colorimetric kit, EnSys 
RIS£, is used to determine TNT and RDX in soil. 
EnSys RIS£_ is the commercial version of the CRREL 
method for TNT and RDX. In addition to the 
CRREL method the U.S. Army Corps of Engineers 
(USACE) developed a colorimetric method for 
TNT. The EnSys RIS£ and CRREL colorimetric 
methods can also be used to determine 
nitroaromatics (TNB; DNB, DNTs, tetryl), 
nitramines (HMX, and NQ), nitrate esters (NC, NG, 
and.PETN), and AP/PA. 

Two companies, Idetek Inc. and Strategic 
Diagnostics Inc. manufacture commercial enzyme 
linked immunosorbent assay (ELISA) kits to detect 
TNT in soil. Idetek, Inc. produces the Quantix kit 
(both a plate and tube method are available), and 
Strategic Diagnostics, Inc., offers D TECH, Enviro
Gard, and Ohmicron RaPID Assay. D TECH kits are 
also available for RDX. Other explosives 
compounds can sometimes be detected using 
immunoassay kits because their cross reactivity (see 
Interferences and Cross Reactivity section). The 
EnviroGard TNT immunoassay kit was formerly 
produced by Millipore Corp. 

Detection Limits and Range 

The lower detection limits of most methods are 
near or below 1 part per million (ppm). The 
detection range of a test kit can be important, and a 
broad range is generally more desirable. The 
importance of the range depends on the range of 
concentrations expected in samples, the ability to 
estimate the approximate concentration from the 
sample extract, the amount of effort required to 
dilute and rerun a sample and the sampling and 
analytical objective. Some test kits have a range 
factor (upper limit of range 7lower limit) of just one 
order of magnitude (lOX), while other methods span 
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two or more orders of magnitude (100 to 400X). 
Because explosives concentrations in soil may range 
five orders of magnitude (100,000X), reanalyzing 
many out-of-range samples may be necessary. The 
D TECH immunoassay methods require an 
additional test kit to run each sample dilution. Other 
immunoassay methods can run dilutions in the same 
analytical run, but one must prepare the dilutions 
without knowing whether they are needed. The 
CRREL, USACE, and EnSys RIS' colorimetric 
procedures for RDX provide sufficient reagent to 
allow running several dilutions at no additional cost. 
For the EnSys RIS' TNT kit, the color developed 
can simply be diluted and reread in the 
spectrophotometer. The procedures that the test 
methods use for samples requiring dilution should 
be evaluated as part of the site-specific data quality 
objectives. 

The detection range of a kit beComes much less 
relevant when the objective is to determine whether 
a soil is above or below a single action limit; the 
same dilution can be used for all samples. In some 
cases, changing the range of a kit may be desirable 
to facilitate decision-making. If a method has a 
range 1 to 10 ppm and the contamination level of 
concern is 30 ppm, diluting all samples (using 
acetone or methanol or as directed by the 
instructions) by a factor of five would change the 
test kit range to 5 to 50 ppm and permit decisions to 
be made without additional dilutions. 

Cleanup levels for explosives in soil vary 
considerably depending upon the site conditions, 
compound present and their relative concentration, 
threats to groundwater, results of risk assessments, 
remedial technology, etc. (EPA 1993). Based on a 
review of data from many sites, Craig et al. (1995) 
suggested preliminary remediation goals of 30 ppm 
for TNT, 50 ppm for RDX, and 5 ppm for 2,4-DNT 
and 2,6-DNT. 

Type of Results 

The type of results provided by the various 
screening methods are quantitative or 
semiquantitative. The CRREL (TNT, RDX, and 
AP/PA), EnSys RIS£, USACE, Idetek Quantix, 
Ohmicron RaPID Assay, and EnviroGard (Plate) 
kits are quantitative methods, providing a numerical 
value. The CRREL 2,4-DNT method is considered 
semiquantitative and provides a somewhat less 
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accurate numerical value. The D TECH and 
EnviroGard (Tube) test kits are semiquantitative 
(concentration range), and indicate that the level of 
an analyte is within one of several ranges. For 
example, the D TECH TNT soil kit, without 
dilution, indicates a concentration within one of the 
following ranges: < 0.5, 0.5 to 1.5, 1.5 to 2.5, 2.5 to 
4.5, 4.5 to 6.0, and > 6.0 ppm. 

Samples per Batch 

Several of the available test kits are designed to 
run batches of samples or single samples or both. 
Using a test kit designed for analyzing a large batch 
to analyze one or two samples may not be very 
cost-effective or efficient. In most cases, samples 
may easily be batched for extraction and processed 
simultaneously. 

Sample Size 

The size of the soil sample extracted contributes 
to the representativeness of a sample. Explosive 
residues in soil are quite heterogeneously distributed 
(Jenkins et al. 1996a, 1996b), and as the subsample 
size actually extracted decreases, heterogeneity 
increases. While sample preparation procedures such 
as drying, mixing, sieving, and splitting can reduce 
within sample heterogeneity, such procedures can be 
time-consuming. Based on work by Jenkins et al. 
(1996b), field compositing and homogenization 
greatly improve sample representativeness. The 
commercial test kits use 2 to 10 g of soil, while the 
CRREL methods extract 20 g of soil to improve the 
representativeness of the results. For some test kits, 
it is possible to extract a larger sample using solvent 
and glassware not provided in the kit, and then using 
the required· volume of extract for the analytical 
steps. The smaller the sample size, the more 
important is the mixing of the sample before 
subsampling. 

Sample Preparation and Extraction 

Soil extractions procedures for most of the 
screening methods are similar, shaking 2 to 20 g of 
soil in 6.5 to 100 mL of solvent (acetone or 
methanol) for I to 3 minutes. This may be followed 
by settling or filtration or both. One test kit 
(EnviroGard) specifies air drying and for the EnSys 
RIS£ colorimetric test kits, drying to less than 10% 
moisture is optional. For the CRREL methods, 
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samples must contain 2 to 3% water by weight, 
therefore, water must be added to the extract for very 
dry soils or incomplete color development will 
occur, resulting in a false negative. 

The solvent extraction times of 1 to 3 minutes 
used in on-site methods result in incomplete 
extraction of explosives compared with the 18-hour 
ultrasonic bath extraction step used in EPA Method 
8330. The percent of explosives extracted is 
sample-specific but is generally higher for high 
concentration samples, higher for sandy soils, lower 
for clayey soils, and lower if 1-minute extractions 
are used relative to 3-minute extractions. For most 
soils, a 3-minute extraction time is adequate; ratios 
of 3-minute versus 18-hour· extractions of TNT and 
RDX using acetone or methanol range from 66 to 
109% as reported by Jenkins et al. (199(>c). Jenkins 
recommends at least a 3-minute solvent extraction 
procedure for explosives. When pinpointing 
concentrations, a short kinetic study should be 
conducted of the specific soils encountered at a site 
(Jenkins et al. 1996c). The kinetic study would 
involve analyzing an aliquot of extract after 3 
minutes of shaking, and again after 10, 30, and 60 
minutes of standing followed by another 3 minutes 
of shaking. If the concentration of explosives in
creased significantly with the longer extraction time, 
a longer extraction period is needed. Jenkins et al. 
( 1996a) found that 30-minute extraction times 
worked well for clay soils at the Volunteer Army 
Ammunition Plant, Chattanooga, Tennessee. Where 
multiple analytes are of interest in each sample, a 
common extract may be used for both the 
colorimetric and immunoassay test methods. 

Analysis Time 

The analysis time or throughput for the 
colorimetric and immunoassay procedures ranges 
from 3 to 11 minutes per sample for batch runs. The 
EnviroGard kits specify air drying of samples 
(which would add considerable time), and drying is 
optional with the EnSys russ. colorimetric kits. 
Cragin et al. (1985) investigated various procedures 
for drying soils contaminated with explosives 
including air, oven, desiccator, and microwave 
drying. Air and desiccator drying appear to result in 
only minor losses of explosives. Oven drying of 
highly contaminated soil (15% TNT) at 105°C for 
an unspecified period resulted in a 25% loss of 
TNT; however, oven drying of less-contaminated 
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samples, for only 1 hour, resulted in little loss of 
TNT and 30 minutes of drying was estimated to be 
sufficient for analytical purposes. Microwave drying 
was not recommended because of spotty heating and 
drying. In addition, microwave drying should not be 
used because it may present a safety hazard and such 
drying degrades thermally unstable explosives in the 
soil. The effective production rate depends on the 
number of reruns required because a sample is out of 
the detection range. 

Interferences and Cross-Reactivity 

One of the major differences among the field 
methods is interference for colorimetric methods and 
cross-reactivity for immunoassay methods. The 
colorimetric methods for TNT and RDX are broadly 
class sensitive; that is, they are able to detect the 
presence of the target analyte but also respond to 
many other similar compounds (nitroaromatics and 
nitramines/nitrate esters, respectively). For 
colorimetric methods, interference is defined as the 
positive response of the method to secondary target 
analytes or co-contaminants similar to the primary 
target analyte. Immunoassay methods are relatively 
specific for the primary target analytes that they are 
designed to detect. For immunoassay methods, 
cross-reactivity is defined as the positive response of 
the method to secondary target analytes or 
co-contaminants similar to the primary target 
analyte. The cross-reactive secondary target analytes 
for TNT are mainly other nitroaromatics. The 
cross-reactivity to these compounds varies 
considerably among the four TNT immunoassay test 
kits. The immunoassay test kit for RDX is quite 
specific with only 3% c~oss-reactivity for HMX. 

Depending upon the sampling objectives, broad 
sensitivity or specificity can be an advantage or 
disadvantage. If the objective is to determine 
whether any explosive residues are present in soil, 
broad sensitivity is an advantage. For the CRREL 
and the EnSys RIS£ colorimetric methods for TNT, 
the color development of the extracts can give the 
operator an indication of what type of compounds 
are present in soil, for example, TNT and TNB tum 
red, DNB turns purple, 2,4-DNT turns blue, 
2,6-DNT turns pink and tetryl turns orange. For the 
CRREL method and the EnSys RIS£ RDX kit, RDX 
turns pink as well as HMX, nitroglycerine, PETN, 
and nitrocellulose. An orange color indicates that 
both TNT and RDX are present. Another advantage 
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of the broad response of some colorimetric methods 
is they may be used to detect compounds other than 
the primary target analyte. For example, the 
colorimetric RDX methods may be used to screen 
for HMX when RDX levels are relatively low, and 
for NQ, NC, NG, and PETN in the absence of RDX 
and HMX. The USACE colorimetric procedure is 
more specific to TNT than the CRREL and EnSys 
RIS£ colorimetric methods, but has not been as 
thoroughly evaluated. If a secondary target analyte 
is present at only low concentrations in a sample, the 
effect on the analytical result is minimal. If the 
objective is to determine the concentration of TNT 
or RDX when relatively high levels of other 
nitroaromatics and nitramines are present, 

· immunoassay or the USACE methods may be 
appropriate. 

Extremes of temperature, pH and soil water con
tent can interfere with on-site analytical methods. 
According to the California Military Environmental 
Coordination Committee, the following physical 
conditions are generally not recommended for both 
colorimetric and immunoassay methods, 
temperatures outside the 4 to 32° C range, pH levels 
less then 3 or greater than 11, and water content 
greater than 30% (CMECC 1996). Specific product 
literature should be consulted for more infonnation. 

Colorimetric Methods - For TNT methods, the 
primary target analyte is TNT, and the secondary 
target analytes are other nitroaromatics such as TNB, 
DNB, 2,4-DNT, 2,6-DNT, and tetryl. For RDX 
methods, the primary target analyte is RDX, and the 
secondary target analytes are nitramines (HMX and 
NQ), and nitrate esters (NC, NG, and PETN). If the 
primary target analyte is the only compound present 
in soil, the colorimetric methods measure the 
concentration of that compound. If multiple analytes 
are present in soil, the field methods measure the 
primary target analyte plus the secondary target 
analytes, nitroaromatics for the TNT test kit, and 
nitramines plus nitrate esters for the RDX test kits. 
In addition, the response of colorimetric methods to 
the secondary target analytes is equivalent to that of 
the primary target analyte, and remain constant 
throughout the concentration range of the methods, 
although the observed colors may be different. 

If multiple analytes are present in soil, 
colorimetric field results can be compared directly 
with EPA Method 8330 results. For example, if a 
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soil sample (as analyzed by Method 8330) contains 
100 ppm each of TNT, TNB, RDX, HMX, and 
tetryl, the CRREL and the EriSys RIS£ colorimetric 
methods for TNT would measure -300 ppm (100 
TNT+ 100 TNB + 100 tetryl), and the RDX test kit 
would measure -200 ppm (100 RDX + 100 HMX). 
If the sample did not contain tetryl, the TNT test kit 
would measure -200 ppm (100 TNT+ 100 TNB), 
and the RDX test kit would still measure -200 ppm 
(100 RDX + 100 HMX). 

Immunoassay Methods - For TNT kits, the 
primary target analyte is TNT, and the secondary 
target analytes are nitroaromatics TNB, DNTs, 
Am-DNTs, and tetryl. For RDX kit, the primary 
target analyte is RDX, and there is but little 
cross-reactivity with HMX (3%). If the primary 
target analyte is the only compound present in soil, 
the immunoassay methods measure the 
concentration of that compound. 

If multiple analytes are present in soil, the 
im'munoassay kits measure the primary target analyte 
plus some percentage of the cross-reactive secondary 
target analytes. The response of immunoassay kits to 
the secondary target analytes is not equivalent to that 
of the primary target analyte. Additionally the 
response does not remain constant throughout the 
concentration range of the kits. In addition, different 
immunoassay kits have different cross-reactivities to 
secondary target analytes based on the antibodies 
used to develop each method. Cross-reactivities for 
immunoassay kits are usually reported at the 50% 
response level (IC50), typically the midpoint of the 
concentration range of the kits. Table 5 shows the 
reported cross-reactivities at IC50 for the 
immunoassay kits. A complete cross-reactivity curve 
for the entire concentration range should be obtained 
from the manufacturers for the immunoassay kits 
being considered. Where multiple analytes exist in 
soil samples, immunoassay results may not directly 
compare with EPA Method 8330 results. For 
example, an immunoassay kit may have 
cross-reactivities of23% forTNB and 35% for tetryl 
for the TNT test kit, and 3% HMX cross-reactivity 
for the RDX test kit. The following simple example 
illustrates cross-reactivity but in practice, it is not 
practical to calculate contaminant concentrations in 
this manner because of synergistic effects and 
because cross-reactivity is nonlinear. Using the same 
sample as the colorimetric example above, if a soil 
sample (as analyzed by Method 8330) contains 100 
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TableS. On-Site Analytical Methods for Ex(!losives in Soil, Percent Interference• or Cross-Reactivitt. I 
! Nitramines I I TNT 

Nit~romatics 
Other i 

Test Method 

TNB DNB 2,4-DNT 2,6-DNT 2AmDNT 4AmDNT Tetryl RDX HMX PETN TNT 

CRREL 100 100 100 100 100 
EnSys RIS5® 100 100 100 100 100 
US ACE 100 NC NC 

DTECH 100 23 4 
ldetek Quantix 100 47 2 

EnviroGard: plate 100 7 2 41 tube 100 3 2 20 
Ohmicron RaPID 100 65 2 4 <I Assay 

RDX 

CRREL NC NC NC NC NC 
EnSys RIS5® NC NC NC NC NC 
DTECH <I <I <I <I <I 

• Interference for colorimetric methods. 
• Cross-reactivity for immunoassay methods at 50% response (IC,.). Blank ceU = no data. 
NC = No color development. 

ppm each of TNT, TNB, RDX, HMX, and tetryl, the TNT field immunoassay kit would measure -158 ppm (100 TNT+ 23 TNB + 35 tetryl), and the RDX field method would measure -103 ppm (100 RDX + 3 HMX). If the same sample did not contain tetryl, the TNT test kit would measure -123 ppm (1 00 TNT + 23 TNB), and the RDX test kit would still measure -103 ppm. 

Matrix Interferences - Both colorimetric and immunoassay methods may be subject to positive matrix interference from humic substances in soils, 
which results in yellow extracts. For colorimetric methods, interference may be significant for samples containing less than 10 ppm of the target analyte. Through careful visual analysis prior to colorimetric 
analysis, these interferences can be observed. Many of the immunoassay methods use a reverse.coloration process, and humic matrix interference results in less color development, hence on-site method results are 
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NC NC 100 NC NC 

NC NC 100 NC NC 

II <I 35 <I <I 

0.5 2 6.5 <I <I 

<I 41 <I <I <I I '17 0.3 

3 5 <I <I 

NC NC NC 100 100 100 
NC NC NC 100 roo 100 
<I <I <I 100 3 <I 

biased high as compared to laboratory results. Nitrate and nitrite, common plant nutrients in soil, are potential interferents with the CRREL and EnSys RIS' colorimetric procedures for RDX. An extra processing step may be used to remove these interferents in soils that are rich in organic matter or that may have been recently fertilized. 

The performance of field explosives analytical 
methods on other solid-phase environmental treatment matrices such as incineration ash, biotreatment residues such as compost or sludges from slurry phase bioreactors, cement-based solidification or stabilization material, or granular activated carbon from groundwater treatment systems have not been extensively evaluated and will most likely be subject to matrix interferences or low extraction efficiencies. The performance of field methods on these matrices should be evaluated against laboratory methods on a site-specific basis. 
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Recommended Quality Assurance/Quality 
Control 

The recommended quality assurance/quality 
control (QA/QC) procedures vary considerably with 
the screening procedure. Some test methods do not 
specify QA/QC procedures and leave to the 
investigator the determination of the numbers of 
blanks, duplicates, replicates, and standards that are 
run. During field application of these methods, it is 
common to send at least 10 to 20% of the positive 
samples to an off-site laboratory for analysis by EPA 
Method 8330, and a smaller fraction of the nondetect 

· samples also may be verified. In some cases, field 
methods are used to identify samples containing 
explosive residues. Samples containing explosives 
are sent for on-site analysis. In any case, the QC 
samples recommended by the method developer 
should be used. 

While ensuring that field methods perform as 
intended is essential, requiring laboratory type .QC 
requirements may be inappropriate for on-site 
analytical methods. Because site characterization 
efforts may be cost constrained, excess QC samples 
reduce the number of field samples that can be 
analyzed. Since sampling error (variability) is 
typically much greater than analytical error (Jenkins 
et al. 1996a, 1996b), especially for explosive 
residues, overall error is more effectively reduced by 
increasing the number of field as opposed to the 
number of QC · samples. Good sample preparation 
procedures and correlation of the field methods with 
the laboratory HPLC method over the concentration 

· range of interest should be the primary performance 
criteria. Documentation of procedures and results 
must be emphasized. 

During the initial evaluation of on-site and 
off-site analytical methods, it may be desirable to 
analyze a variety of QC samples to determine sources 
of error. The methods can then be modified to 
minimize error as efficiently as practical. This may 
involve collection and analysis of composite versus 
grab samples, duplicates, replicates, splits of 
samples, splits of extracts, etc. For more complete 
information on the types and uses of various QC 
samples, see A Rational for the Assessment of Errors 
in the Sampling of Soils (EPA 1990). 
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Storage Conditions and Shelf Life 

Storage conditions and shelf life of immunoassay 
kits are more critical than colorimetric methods. The 
reagents for some immunoassay kits should be 
refrigerated but not frozen or exposed to high 
temperatures. Their shelf life can vary from 3 
months to more than 1 year. Colorimetric reagents 
can be stored at room temperature. The EnSys RIS~< 
colorimetric kits have shelf lives of at least 2 months 
and up to l or 2 years. Before ordering test kits, it is 
important to know when they will be used to ensure 
that they will be used before the expiration date. 

Skill Level 

The skill level necessary or required to run these 
tests varies from low to moderate, requiring a few 
hours to a day of training. The manufacturers of the 
kits generally provide on-site training. A free training 
video tape on the CRREL TNT and RDX procedures 
(which also is useful for the EnSys RIS£ colorimetric 
kits) is available by submitting a written request to 
Commander U.S. Army Environmental Center, Attn: 
SFIM-AEC-ETI/Martin H. Stutz, Aberdeen Proving 
Ground, MD 21010. Training video tapes are also 
available from some kit suppliers. 

Cost 

As shown in Table 3, routine sample costs vary 
by method. The per-sample cost is affected by 
consumable items and instrument costs to run the 
method. In figuring costs per sample, it is important 
to include the costs of reruns for out-of~range 
analyses. With the EnSys RIS~< colorimetric TNT kit, 
the color-developed extract may be simply diluted 
and reread with the spectrometer. With all other 
methods, the original soil extract needs to be 
reanalyzed, which in the case of immunoassay 
procedures requires the use of another kit. 
Colorimetric methods typically have sufficient extra 
reagents to rerun samples with no increase in cost. It 
should be noted that the per-sample costs do not 
include labor hours. 



... 

Comparisons to Laboratory Method, SW-846 
Method 8330 

The objectives of the study or investigation, the 
site-specific contaminants of concern, the concen
tration ranges encountered or expected, and their 
relative concentration ratios affects the selection of a 
particular on-site method. The accuracy of an on-site 
method is another selection criteria but care must be 
used in interpreting accuracy results from com
parisons between reference analytical methods and 
on-site methods. 

Colorimetric methods actually measure groups of 
compounds (i.e., nitroaromatics or nitramines) and 
immunoassay methods are more compound specific. 
Therefore the reported accuracy of a method may 
depend on the mix of explosives in the soil and the 
reference method data used for the comparison (i.e., 
data on specific compounds, or total nitroaromatics 
or nitramines). 

The precision and bias of the screening methods 
are most appropriately assessed by comparison to 
established laboratory methods such as EPA Method 
8330. Methods of comparison that have been used 
include relative percent difference (RPD), linear 
re§ression, correlation, coefficient of determination 
(R ), percent false positive and false negative results, 
analysis of variance, and paired t-tests. It should also . 
be remembered that the contribution of analytical 
error is generally quite small compared to total error 
(field error is the major contributor). 

Three studies have been conducted comparing 
the performance of two or more on-site methods with 
Method 8330. The procedures used in the studies for 
making the comparisons are given here and a 
summary of the results of each study follows. EPA 
(l995b) calculated RPDs (the difference between the 
field and reference method concentration divided by 
the mean value and ·expressed as a percent), 
established a comparison criterion of ± 50% for 
RPDs, and determined the frequency with which 
various methods met that criteria within various 
sample concentration ranges. EPA (l995b) also 
calculated ~:egression lines and the R2

• Haas and 
Simmons ( 1995) compared on-site methods using the 
percentage of false positives and false negatives for 
determining whether samples were above or below 
two proposed remediation criteria for TNT in soil, 48 
and 64 mglkg. They also plotted regression data and 
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reported calculated R 2 values. Myers et al. ( 1994) 
calculated regression lines with 99% confidence 
intervals. 

While no study has compared all the field 
methods under the same conditions, the three studies 
evaluated multiple methods under slightly different 
field conditions (EPA l995b; Haas and Simmons 
1995, Myers et al. 1994). Summary data from these 
studies are provided in Table 6. The table includes 
the intercept and slope of regression lines for TNT 

· and RDX data for two concentration ranges, from the 
detection limit to 100 mglkg and from 100 to I 000 
mglkg. Also included are the correlation coefficient 
(r) and the mean RPD (absolute value of RPDs). The 
ideal regression line would have a slope of 1 and go -· 
through the origin (intercept of 0). The correlation 
coefficient shows the degree of association between 
the on-site method and Method 8330 and can range 
between -1 and + 1. For a perfect positive correlation 
r = l. The mean RPD closest to 0 shows the greatest 
agreement with the reference laboratory method. The 
RPDs presented are for TNT or RDX. The accuracy 
of colorimetric methods should improve when 
compared to total nitroaromatics or nitramines 
because the methods detect numerous related 
explosives. As the level of nitroaromatics other than 
TNT increases, the accuracy of the CRREL and 
EnSys RIS' methods should appear to decrease. But 
when compared to total nitroaromatics, the accuracy 
should increase. Thus, to attempt to identify the 
preferred screening method, it is important to 
determine specifically what analytical information is 
desired from a screening procedure and the relative 
concentration of the explosives at a site. Readers 
should consult the original studies for more details; 
however, some summary conclusions from the three 
cited studies follow. 

The EPA (l995b) study compared the CRREL, 
EnSys RIS', D TECH, ldetek Quantix, and 
Ohmicron RaPID Assay methods for TNT. The study 
concluded that "no single method significantly 
out-performed other methods" and accuracies for all 
the on-site methods were comparable. CRREL, 
EnSys RIS'. and Ohmicron were more accurate in the 
greater-than-30-mg/kg TNT ranges, and D TECH 
was more accurate in the less-than-30-mg/kg range. 
The same study compared the CRREL, EnSys RIS'. 
and D TECH methods for RDX in soil and 
concluded that they were slightly less accurate than 
the corresponding TNT methods. 
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Table 6. Com~arison of On-Site Analrtical Methods for TNT and RDX to EPA Method 8330. 

MDL< TNT s 100 mglkg 

Method Regression Regression Correlation MeanRPD Number Reference 
Intercept Slope Coefficient (r) (absol. value) Samples 

CRREL 10 0.84 0.74** 72 86 EPA 1995b 

EnSys RISS® 19 0.81 0.45** 90 123 EPA 1995b 

DTECH 2.9 0.79 0.76** 63 103 EPA 1995b 

ldetek Quantix 13 0.62 0.46** 84 124 EPA 1995b 

Ohmicron RaPID Assay 16 1.2 0.51** 97 115 EPA 1995b 

DTECH' -17 6.7 0.81** 110 37 Haas & Simmons 1995 one outlier deleted' 3.7 2.4 0.91** 36 

EnviroGard plate• 13 1.3 0.79** 122 36 Haas & Simmons 1995 

EnviroGard tube' 6.3 0.99 0.90** 95 21 Haas & Simmons 1995 

ldetek Quantix' 36 2.1 0.39* 131 37 Haas & Simmons 1995 

Ohmicron RaPID Assay' 18 1.8 0.83** 127 37 Haas & Simmons 1995 
EnSys Rls£• 3.8 0.72 0.91** 56 12 Myers et al. 1994 

DTECH' 5.4 0.94 0.30 88 10111 Myers et al. 1994 

100 < TNT < 1000 mglkg 

CRREL -25 1.4 0.67** 33 15 EPA 1995b 

EnSys RISS® 50 l.l 0.59** 57 21 EPA 1995b 

DTECH -250 2.2 0.59* 60 17 EPA 1995b 

ldetek Quantix 210 0.09 . 0.30 65 22 EPA 1995b 

Ohmicron RaPID Assay 680 0.50 0.12 51 16 EPA 1995b 

MDL< RDX s 100 mglkg 

CRREL -1.2 0.56 0.89** 74 64 EPA 1995b 

EnSys RISS® 6.4 0.57 0.50** 61 114 EPA 1995b 
DTECH 2.7 0.20 0.49** 103 94 EPA 1995b 
DTECH' -0.35 0.77 0.95** 66 27 Haas & Simmons 1995 

100 < RDX < 1000 mglkg 

EnSys RISS® -9.9 0.68 0.50** 83 32 EPA l995b 

DTECH 21 0.15 0.49* 127 25 EPA 1995b 
• Statistics calculated from cited reference. 
* Statistically significant at the 95% probability level. 
** Statistically significant at the 99% probability level. 
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Haas and Simmons ( 1995) evaluated 
immunoassay kits for TNT (D TECH, EnviroGard 
Tube· and Plate, Idetek Quantix, and Ohmicron 
RaPID Assay). They concluded that for 
semiquantitative screening, all kits have the potential 
to accurately screen soil samples for contamination at 
risk-based levels (EPA 1993). The study found that 
compared with HPLC analysis below 1 ppm several 
of the assays had significant bias. Measurements 
near the detection limit "are often problematic" and 
above 1 ppm, the correlation between the 
immunoassay kits and HPLC was "generally good." 

Myers et al. (1994) evaluated and compared the 
EnSys RIS' and D TECH methods for TNT in soil 
versus E~A Method 8330. The study found that 
"EnSys demonstrated a good one-to-one linear 
correlation with RP-HPLC that can be attributed to 
the procedure for extraction, i.e., a large sample size · 
of dried homogenized soil." For the D TECH kit, 
comparison was more difficult because of the 
concentration range type data and because 
"one-to-one linear correlation with RP-HPLC was 
poorer." Both methods were susceptible to 
interferences: "Although both methods showed 
strong tendencies to cross react with other 
nitroaromatics, sometimes resulting in false positives, 
in a sampling of 99 soils, neither method produced a 
false negative." The study concluded that the EnSys 
RIS' kit was well suited for analyses requiring good 
quantitative agreement with the standard laboratory 
method and that the D TECH kit was "better suited 
for quick, on-site screening in situations where all 
samples above a certain range will be sent forward to 
a laboratory for confirmation by the standard 
method." 

Additional Considerations 

Other important factors in the selection of an 
on-site method are the size and type of working area 
required, the temperature of the working area, the 
need for electricity and refrigeration, the amount of 
waste produced, the need to transport solvents, the 
degree of portability, etc. Immunoassay methods are 
more sensitive than colorimetric methods to freezing 
and elevated temperatures, and the ambient 
temperature affects the speed at which color 
development takes place on some immunoassay 
methods. Most tests are best run out of the weather 
in a van, field trailer, or nearby building. ' 
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Emerging Methods and Other Literature 
Reviewed 

Several other screening procedures exist that have 
not been included in Table 3 because of the limited 
information available on published methods or 
commercial availability. 

The Naval Research Laboratory Center for 
Bio/Molecular Science and Engineering has 
conducted developmental research on an antibody
based continuous-flow immunosensor for TNT and 
RDX and a fiber optic biosensor for TNT in water 
(Whelan et al. 1993; Shriver-Lake et al. 1995). Both 
methods have been evaluated as quantitative methods 
for explosives in groundwater at two sites (Craig et 
al. 1996). These methods reportedly tolerate a certain 
percentage of acetone, and are currently being 
evaluated for quantifying soil extracts containing 
explosives. Research of and instrument development 
for these methods are continuing. 

, The U.S. Army has been sponsoring the 
development of a cone penetrometer capable of 
detecting explosives in situ in soil, at levels 
determined to be 0.5 ppm in laboratory tests (Adams 
et al. 1995). Field tests have been conducted in 
which a probe is hydraulically pushed to depth by a 
20-ton truck, samples are pyrolized in situ, and a 
sensor selective to nitrogen oxide is used to detect 
explosives. Research on this method is continuing. 

A very simple spot test (colorimetric) kit can be 
assembled to detect elevated levels of TNT and RDX 
(>100 ppm) on filter paper swipes of surfaces and 
soil. Samples can be analyzed in 1 to 2 minutes at 
very low cost using the highly portable kit. This 
nonquantitative test kit was developed at Los Alamos 
National Laboratory and has been used to screen soil 
to ensure that explosive contamination does not 
exceed the 10% levels prior to shipping to an 
analytical laboratory for analysis (Baits 1991; 
Haywood et al. 1995; McRea et al. 1995). 

A semiquantitative method for identifying explo
sives using thennal desorption followed by ion mobility 
spectroscopy has been developed for security 
applications (Rodacy and Leslie 1992). The ion mobile 
spectroscopy method has been tested on small 
quantities of soil samples and is currently being 
evaluated for soil extracts (Atkinson, Crockett and 
Jenkins 1997). Research on this method is continuing. 
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The use of a mobile laboratory screening method 
for detecting high explosives has been described 
(Swanson et al. 1996). Ten-gram soil samples are 
extracted with 10 mL of acetone by shaking for 1 
hour, and the extract is filtered. Analysis is by high 
perfonnance · liquid chromatography using a 
photo-array detector, which takes about 15 minutes 
per sample and quantifies TNT, HMX, RDX, TNB, 
tetryl, 1,3-DNB, 2-AmD'NT + 4-AmDNT, 2,4-DNT 
+ 2,6-DNT, and all three NTs at detection limits of 
about l ppm. , 

A thennal desorption/Fourier transfonn infrared 
.spectroscopy screening technique was under 
investigation by Argonne National Laboratory for the 
U.S. Anny Environmental Center. The estimated 
detection limit was about 80 ppm without further 
modifications to the procedure (Clapper-:Gowdy et al. 
1992; Clapper et al. 1995), and no further research is 
being conducted. 

Fast determination (1 00 samples/10 hlperson) of 
explosives in soil (TNT, DNT, and NT) using 
thennal desorption followed by gas 
chromatography/mass spectrometry analysis has been 
reported. While no technical report on screening 
explosives in soil is available, the approach has been 
described in the literature for use with other 
contaminants (McDonald et al. 1994; Abraham, Liu, 
and Robbat 1993). 

Work is under way within CRREL to investigate 
the use of a simple thin-layer chromatographic 
method for use as a confinnation test following 
colorimetric-based procedures. This method can be 
applied to extracts that test positive for TNT or RDX 
to discriminate among the several analytes that may 
be present. Work is also under way using x-ray 
fluorescence for screening for metals containing 
primary explosives. 

SUMMARY OF THE EPA REFERENCE 
METHOD FOR EXPLOSIVE COMPOUNDS, 
METHOD8330 

Properties of Secondary Explosives 

TNT and RDX have been the two secondary 
explosives used to the greatest extent by the U.S. 
military over the past 70 years. With their manufac-
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turing impurities and environmental transfonnation 
products, the two compounds account for a large part 
of the explosives contamination at active and fonner 
U:S. military installations. While all of these explosive 
compounds can all be classified as semivolatile 
organic chemicals, their physical and chemical 
properties require different analytical approaches than 
nonnally used for other semi volatiles. 

Table 7 presents some of the important physical 
and chemical properties for TNT and RDX, and 
some of their commonly encountered manufacturing 
impurities and environmental transfonnation 
products. The unique properties that differentiate 
these chemicals from other semivolatiles such as 
PCBs and polynuclear aromatic hydrocarbons 
(PNAs) are their thennallability and polarity. Many 
of these compounds thennally degrade or explode at 
temperatures below 300°C. Thus, methods based on 
gas chromatography are not recommended for 
routine use. In addition, log K.,w values range from 
0.06 to 2.01 compared with values of 4 to 5 for PCBs 
and PNAs, indicating that these compounds are quite 
polar and that nonnal nonpolar extraction solvents 
used for other semivolatile organics may not elute 
successfully. For most routine analyses, 
environmental soil samples are extracted with polar 
solvents. The sample extracts are analyzed using 
reversed-phase high perfonnance liquid 
chromatography (RP-HPLC), often using SW -846 
Method 8330 (EPA 1995a). 

Soil Extraction 

Extraction of TNT and RDX from soils has been 
studied in tenns of process kinetics and recovery 
using methanol and acetonitrile with several 
extraction techniques including Soxhlet, shaking, and 
ultrasonication (Jenkins and Grant 1987). Acetone, 
while an excellent solvent for these compounds, was 
not included in this study because extracts were to be 
analyzed using RP-HPLC-UV, and acetone absorbs 
in the ultraviolet region used for detection of the 
contaminants of interest. 

Overall, methanol and acetonitrile were found to 
be equally good for extraction of TNT, but 
acetonitrile was clearly superior for RDX. 
Equilibration of the soil with solvent using 
ultrasonication or a Soxhlet extractor appears to 
provide equivalent results; however, a subsequent 
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. Table 7. Physical and Chemical Properties of Predominant Nitroaromatics and Nitramines. 
Compound Molecular Melting Pt. Boiling Pt. Water Vapor log K,,. Weight (0 C) ( 0 C) Solubility Pressure 

(mg!L at 20°) (torr at 20°) 
TNT 

TNB 

227 

213 

80.1 - 81.6 

122.5 

240 (explodes) 

315 

130 l.lxl0-6 1.86 
385 2.2x 10-4 1.18 

2,4-DNT 182 69.5-70.5 300 
(decomposes) 

270 l.4xl0-4 2.01 

Tetryl 287 129.5 

RDX 222 204.1 

HMX 296 286 

(decomposes) 

(decomposes) 

(decomposes) 

80 

42 

5 at 25° 

5.7xto-9 

4.lxl0-9 

3.3xl0-t4 

1.65 

0.86 

0.061 

investigation indicated that tetryl, another secondary 
explosive often determined in conjunction with TNT 
and RDX, is unstable at the temperatures required for 
Soxhlet extraction (Jenkins an.d Walsh 1994). That, 
combined with the ability to extract many samples 
simultaneously using the sonic bath approach, makes 
ultrasonication the preferred technique. 

Results of extraction studies indicate that even 
when acetonitrile is used with ultrasonic extraction, 
the extraction is kinetically slow for weathered 
field-contaminated soils (Jenkins and Grant 1987; 
Jenkins et al. 1989). For that reason, SW-846 
Method 8330 (EPA 1995a) requires acetonitrile 
extraction in an ultrasonic bath for 18 hours. 

RP-HPLC Determination 

Generally, detection of the analyte within the 
proper retention time window on two columns with 
different retention orders is required for confirmation 
of the presence of these explosives. Method 8330 
specifies primary analysis on an LC-18 ( octade
cylsilane) column with confirmation on a cyanopro
pylsilane (LC-CN) column (Jenkins et al. 1989). 

Walsh, Chalk, and Merritt (1973) were the first to 
report on the use of RP-HPLC for the analysis of 
nitroaromatics in munitions waste. Most subsequent 
HPLC methods for these compounds rely on ultra
violet detection because of its sensitivity and 
ruggedness. Initially, determination was specified at 
254 nm because of the availability of fixed 
wavelength detectors based on the mercury vapor 
lamps and a significant absorbance of all target 
analytes at this wavelength. Current instruments are 
generally equipped with either variable wavelength 
detectors or diode array detectors, and wavelengths 
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of maximum absorption can be selected to optimize 
detection. However, 254 nm is still often used 
because of the low incidence of interference at this 
wavelength. 

Method Specifications and Validation 

Based on the research described above, SW -846 
Method 8330 (EPA 1995a) specifies the following: 

1. Soil samples are air-dried and ground in a 
mortar and pestle for homogenization. 

2. A 2-g subsample is placed in an amber vial, l 0 
mL of acetonitrile is added, and the vial is 
placed in a temperature-controlled ultrasonic 
bath for 18 hours. 

3. The vial is removed from the bath and the soil 
is allowed to settle, a 5-mL aliquot is removed 
and diluted with 5 mL of aqueous CaC12 to 
assist in flocculation, and the diluted extract is 
filtered through a 0.45-~.tm membrane. 

4. A 100-~.tL portion is injected into an HPLC 
equipped with a primary analytical column 
(LC-18) and is eluted with methanoVwater (1: I) 
at 1.5 mUmin; retention times for the 14 target 
analytes range from 2.44 to 14.23 minutes. 

5. If target analytes are detected, their presence is 
confirmed on a confirmation column (LC-CN). 

6. The estimated quantitation limits in soil for 
most analytes is about 0.25 mglkg, with RDX 
and HMX being somewhat higher at 1.0 and 
2.2, respectively. No limits are provided for 
the Am-DNTs. 
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This procedure was subjected to a ruggedness test 
(Jenkins et al. 1989) and a full-scale collaborative 
test (Bauer, Koza , and Jenkins 1990) was conducted 
under the auspices of the Association of Official 
Analytical Chemists (AOAC). In addition to 
acceptance by the EPA Office of Solid Waste as 
SW-846 Method 8330 (EPA 1995a), this procedure 
also has been adopted as Standard Method 991.09 by 
the AOAC (AOAC 1990) and as ASTM Method 
05143-90 (ASTM 1990). In addition, the procedure 
has been used successfully by a large number of 
commercial laboratories for several years. 

SUMMARY 

A large number of defense-related sites are 
contaminated with elevated levels of secondary 
explosives. Levels of contamination range from barely 
detectable to levels over 10% that need special 
handling because of · the detonation potential. 
Characterization of explosives-contaminated sites is 
particularly difficult because of the very hetero
geneous distribution of contamination in the 
environment and within samples. To improve site 
characterization, several options exist including 
collecting more samples, providing on-site analytical 
data to help direct the investigation, sample 
compositing, improving homogenization of samples, 
and e~tracting larger samples. On-site analytical 
methods are essential to more economical and 
improved characterization. What they lack in precision 
and accuracy when used to simultaneously identify 
specific multiple compounds, the on-site methods 
more than make up for in the increased number of 
samples that can be analyzed. While verification using 
a standard analytical method such as EPA Method 
8330 should be part of any quality assurance program, 
reducing the number of samples analyzed by more 
expensive methodology can result in significantly 
reduced costs. Often 70 to 90% of the soil samples 
analyzed during an explosives site investigation do not 
contain detectable levels of contamination. 
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Two basic types of on-site analytical methods· are 
in wide use for explosives in soil: colorimetric and 
immunoassay. Colorimetric methods generally detect 
broad classes of compounds such as nitroaromatics 
or nitramines, while immunoassay methods are more 
compound specific. Because TNT or RDX is usually 
present in explosive-contaminated soils, the use of 
procedures designed to detect only these or similar 
compounds can be very effective. 

Selection of an on-site analytical method involves 
evaluation of many factors including the specific 
objectives of the study, compounds of interest and 
other explosives present at the site, the number of 
samples to be run, the sample analysis rate, 
interferences or cross reactivity of the method, the 
skill required, analytical costs per sample, and the 
need for and availability of support facilities or 
services or both. Another factor that may be 
considered is the precision and accuracy of the 
on-site analytical method, but it should be 
remembered that analytical error is generally small 
compared to field error and that the precision and 
accuracy of a method is dependent on the site 
(compounds present and relative concentration) and 
the specific objectives (the question being asked). 

Modifications to on-site methods may be able to 
improve method performance. In most cases, a larger 
soil sample can be extracted to improve the 
representativeness of the analytical sample. Also, 
with heavy soils or soils with high organic matter 
content, conducting a short-term kinetic study may 
be useful to determine whether a 3-minute extraction 
period is adequate. The shaking and extraction phase 
of all on-site methods should last at least 3 minutes. 
In all cases, a portion of the on-site analytical results 
should be confirmed by using a standard laboratory 
method. With appropriate use, on-site analytical 
methods are a valuable tool for characterization of 
soils at hazardous waste sites and monitoring soil 
remediation operations. 
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METHOD 6200 

FIELD PORTABLE X-RAY FLUORESCENCE SPECTROMETRY FOR THE 
DETERMINATION OF ELEMENTAL CONCENTRATIONS IN SOIL AND SEDIMENT 

1.0 SCOPE AND APPLICATION 

1.1 This method applies only to radioisotope source instruments and is applicable to the in situ 
and intrusive analysis of the 26 analytes listed in Table 1 for soil and sediment samples. 
Some common elements are not listed in Table 1 because they are considered "light" 
elements that cannot be detected by field portable x-ray fluorescence (FPXRF). They are: 
lithium, beryllium, sodium, magnesium, aluminum, silicon, and phosphorus. Most of the 
analytes listed in Table 1 are of environmental concern, while a few others have 
interference effects or change the elemental composition of the matrix, affecting quantitation 
of the analytes of interest. Generally elements of atomic number 16 or greater can be 
detected and quantitated by FPXRF. 

1. 2 Detection limits depend on several factors, the analyte of interest, the type of detector used, 
the type of excitation source, the strength of the excitation source, count times used to 
irradiate the sample, physical matrix effects, chemical matrix effects, and interelement 
spectral interferences. General instrument detection limits for analytes of interest in 
environmental applications are shown in Table 1. These detection limits apply to a clean 
matrix of quartz sand (silicon dioxide) free of interelement spectral interferences using long 
(600-second) count times. These detection limits are given for guidance only and will vary 
depending on the sample matrix, which instrument is used, and operating conditions. A 
discussion of field performance-based detection limits is presented in Section 13.4 of this 
method. The clean matrix and field performance-based detection limits should be used for 
general planning purposes, and a third detection limit discussed, based on the standard 
deviation around single measurements, should be used in assessing data quality. This 
detection limit is discussed in Sections 9.7 and 11.3. 

1.3 Use of this method is restricted to personnel either trained and knowledgeable in the 
operation of an XRF instrument or under the supervision of a trained and knowledgeable 
individual. This method is a screening method to be used with confirmatory analysis using 
EPA-approved methods. This method's main strength is as a rapid field screening 
procedure. The method detection limits (MDL) of FPXRF are above the toxicity 
characteristic regulatory level for most RCRA analytes. If the precision, accuracy, and 
detection limits of FPXRF meet the data quality objectives (DQO) of your project, then 
XRF is a fast, powerful, cost effective technology for site characterization. 

2.0 SUMMARY OF METHOD 

2.1 The FPXRF technologies described in this method use sealed radioisotope sources to 
irradiate samples with x-rays. When a sample is irradiated with x-rays, the source x-rays 
may undergo either scattering or absorption by sample atoms in a process known as the 
photoelectric effect. When an atom absorbs the source x-rays, the incident radiation 
dislodges electrons from the innermost shells of the atom, creating vacancies. The electron 
vacancies are filled by electrons cascading in from outer electron shells. Electrons in outer 
shells have higher energy states than inner shell electrons, and the outer shell electrons give 
off energy as they cascade down into the inner shell vacancies. This rearrangement of 
electrons results in emission of x-rays characteristic of the given atom. The emission of x
rays, in this manner, is termed x-ray fluorescence. 

Three electron shells are generally involved in emission of x-rays during FPXRF analysis 
of environmental samples: the K, L, and M shells. A typical emission pattern, also called 
an emission spectrum, for a given metal has multiple intensity peaks generated from the 
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emission of K, L, or M shell electrons. The most commonly measured x-ray emissions are 
from the K and L shells; only metals with an atomic number greater than 57 have 
measurable M shell emissions. 

Each characteristic x-ray line is defined with the letter K, L, or M, which signifies which 
shell had the original vacancy and by a subscript alpha (a) or beta (B), which indicates the 
higher shell from which electrons fell to fill the vacancy and produce the x-ray. For 
example, a Ka line is produced by a vacancy in the K shell filled by an L shell electron, 
whereas a Ks line is produced by a vacancy in the K shell filled by an M shell electron. 
The Ka transition is 10 times more probable than the KB transition; therefore, the Ka line is 
approximately 10 times more intense than the Ks line for a given element, making the Ka 
line the choice for quantitation purposes. 

The K lines for a given element are the most energetic lines and are the preferred lines for 
analysis. For a given atom, the x-rays emitted from L transitions are always less energetic 
than those emitted from K transitions. Unlike the K lines, the main L emission lines (La 
and LB) for an element are of nearly equal intensity. The choice of one or the other 

depends on what interfering element lines might be present. The L emission lines are 
useful for analyses involving elements of atomic number (Z) 58 (cerium) through 92 
(uranium). 

An x-ray source can excite characteristic x-rays from an element only if the source energy is 
greater than the absorption edge energy for the particular line group of the element that is, 
the K absorption edge, L absorption edge, or M absorption edge energy. The absorption 
edge energy is somewhat greater than the corresponding line energy. Actually, the K 
absorption edge energy is approximately the sum of the K, L, and M line energies of the 
particular element, and the L absorption edge energy is approximately the sum of the L and 
M line energies. FPXRF is more sensitive to an element with an absorption edge energy 
close to but less than the excitation energy of the source. For example, when using a 
cadmium-109 source, which has an excitation energy of 22.1 kiloelectron volts (keV), 
FPXRF would be more sensitive to zirconium which has a Kline energy of 15.7 keV than 
to chromium, which has a Kline energy of 5.41 keV. 

2.2 Under this method, inorganic analytes of interest are identified and quantitated using a field 
portable energy-dispersive x-ray fluorescence spectrometer. Radiation from one or more radioisotope 
sources is used to generate characteristic x-ray emissions from elements in a sample. Up to three sources 
may be used to irradiate a sample. Each source emits a specific set of primary x-rays that excite a 
corresponding range of elements in a sample. When more than one source can excite the element of 
interest, the source is selected according to its excitation efficiency for the element of interest. 

The sample is positioned in front of the source-detector window. This can be done in two 
manners using FPXRF instruments: in situ or intrusive. If operated in the in situ mode, the 
source-detector window in the probe is placed in direct contact with the soil surface to be 
analyzed. When an FPXRF instrument is operated in the intrusive mode, a soil or 
sediment sample must be collected, prepared, and placed in a sample cup. The sample cup 
is then placed on top of the window inside a protective cover for analysis. 

Sample analysis is then initiated by exposing the sample to primary radiation from the 
source. Fluorescent and backscattered x-rays from the sample enter through the detector 
window and are counted in the detector. The detector in FPXRF instruments is usually 
either a solid-state detector or a gas-filled proportional counter. Within the detector, 
energies of the characteristic x-rays are converted into a train of electric pulses, the 
amplitudes of which are linearly proportional to the energy. An electronic multichannel 
analyzer (MCA) measures the pulse amplitudes, which is the basis of qualitative x-ray 
analysis. The number of counts at a given energy per unit of time is representative of the 
element concentration in a sample and is the basis for quantitative analysis. Most FPXRF 
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instruments are menu-driven from software built into the units or from personal computers 
(PC). 

The measurement time of each source is user-selectable. Shorter source measurement times 
(30 seconds) are generally used for initial screening and hot spot delineation, and longer 
measurement times (up to 300 seconds) are typically used to meet higher precision and 
accuracy requirements. 

FPXRF instruments can be calibrated using the following methods: internally using 
fundamental parameters determined by the manufacturer, empirically based on site-specific 
calibration standards (SSCS), or based on Compton peak ratios. The Compton peak is 
produced by backscattering of the source radiation. Some FPXRF instruments can be 
calibrated using multiple methods. 

3.0 DEFINITIONS 

3.1 FPXRF: Field Portable X-Ray Fluorescence. 

3.2 MCA: Multichannel Analyzer for measuring pulse amplitude. 

3. 3 SSCS: Site Specific Calibration Standard. 

3.4 FP: Fundamental Parameter. 

3.5 ROI: Region of Interest. 

3.6 SRM: Standard Reference Material. A standard containing certified amounts of metals in 
soil or sediment. 

3. 7 Refer to Chapter One and Chapter Three for additional definitions. 

4.0 INTERFERENCES 

4.1 The total method error for FPXRF analysis is defined as the square root of the sum of 
squares of both instrument precision and user- or application-related error. Generally, 
instrument precision is the least significant source of error in FPXRF analysis. User- or 
application-related error is generally more significant and varies with each site and method 
used. Some sources of interference can be minimized or controlled by the instrument 
operator, but others cannot. Common sources of user- or application-related error are 
discussed below. 

4.2 Physical matrix effects result from variations in the physical character of the sample. These 
variations may include such parameters as particle size, uniformity, homogeneity, and 
surface condition. For example, if any analyte exists in the form of very fine particles in a 
coarser-grained matrix, the analyte's concentration measured by the FPXRF will vary 
depending on how fine particles are distributed within the coarser-grained matrix. If the 
fine particles "settle" to the bottom of the sample cup, the analyte concentration 
measurement will be higher than if the fine particles are not mixed in well and stay on top 
of the coarser-grained particles in the sample cup. One way to reduce such error is to grind 
and sieve all soil samples to a uniform particle size thus reducing sample-to-sample particle 
size variability. Homogeneity is always a concern when dealing with soil samples. Every 
effort should be made to thoroughly mix and homogenize soil samples before analysis. 
Field studies have shown heterogeneity of the samle generally causes the greatest error 
when comparability with confirmatory samples is examined. 
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4.3 Moisture content may affect the accuracy of analysis of soil and sediment sample analyses. 
When the moisture content is between 5 and 20 percent, the overall error from moisture 
may be minimal. However, moisture content may be a major source of error when 
analyzing samples of surface soil or sediment that are saturated with water. This error can 
be minimized by drying the samples in a convection or toaster oven. Microwave drying is 
not recommended because field studies have shown that microwave drying can increase 
variability between FPXRF data and confirmatory analysis and because metal fragments in 
the sample can cause arcing to occur in a microwave. 

4.4 Inconsistent positioning of samples in front of the source-detector window is a potential 
source of error because the x-ray signal decreases as the distance from the radioactive 
source increases. This error is minimized by maintaining the same distance between the 
window and each sample. For the best results, the window of the probe should be in direct 
contact with the sample, which means that the sample should be flat and smooth to provide 
a good contact surface. 

4.5 Chemical-matrix effects result from differences in the concentrations of interfering 
elements. These effects occur as either spectral interferences (peak overlaps) or as x-ray 
absorption and enhancement phenomena. Both effects are common in soils contaminated 
with heavy metals. As examples of absorption and enhancement effects; iron (Fe) tends to 
absorb copper (Cu) x-rays, reducing the intensity of the Cu measured by the detector, 
while chromium (Cr) will be enhanced at the expense of Fe because the absorption edge of 
Cr is slightly lower in energy than the fluorescent peak of iron. The effects can be 
corrected mathematically through the use of fundamental parameter (FP) coefficients. The 
effects also can be compensated for using SSCS, which contain all the elements present on 
site that can interfere with one another. 

4.6 When present in a sample, certain x-ray lines from different elements can be very close in 
energy and, therefore, can cause interference by producing a severely overlapped spectrum. 
The degree to which a detector can resolve the two different peaks depends on the 
resolution of the detector. If the energy difference between the two peaks in electron volts 
is less than the resolution of the detector in electron volts, then the detector will not be able 
to fully resolve the peaks. 

The most common spectrum overlaps involve the KB line of element Z-1 with the Ka line 

of element Z. This is called the KafKB interference. Because the Ka:KB intensity ratio for 
a given element usually is about 10: 1, the interfering element, Z-1, must be present at large 
concentrations to cause a problem. Two examples of this type of spectral interference 
involve the presence of large concentrations of vanadium (V) when attempting to measure 
Cr or the presence of large concentrations of Fe when attempting to measure cobalt (Co). 
The V Ka and KB energies are 4.95 and 5.43 keV, respectively, and the Cr Ka energy is 

5.41 keV. The Fe Ka and KB energies are 6.40 and 7.06 keV, respectively, and the Co Ka 
energy is 6.92 keV. The difference between the V KB and Cr Ka energies is 20 eV, and 

the difference between the Fe KB and the Co Ka energies is 140 eV. The resolution of the 

highest -resolution detectors in FPXRF instruments is 170 e V. Therefore, large amounts of 
V and Fe will interfere with quantitation of Cr or Co, respectively. The presence of Fe is a 
frequent problem because it is often found in soils at tens of thousands of parts per million 
(ppm). 

4.7 Other interferences can arise from KIL, KIM, and LIM line overlaps. Although these 
overlaps are less common. Examples of such overlap involve arsenic (As) Kaflead (Pb) La 

and sulfur (S) Ka!Pb Ma· In the As/Pb case, Pb can be measured from the Pb LB line, and 
As can be measured from either the As Ka or the As KB line; in this way the interference 
can be corrected. If the As KB line is used, sensitivity will be decreased by a factor of two 
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to five times because it is a less intense line than the As Ka line. If the As Ka line is used in 
the presence of Pb, mathematical corrections within the instrument software can be used to 
subtract out the Ph interference. However, because of the limits of mathematical 
corrections, As concentrations cannot be efficiently calculated for samples with Pb:As 
ratios of 10: 1 or more. This high ratio of Ph to As may result in no As being reported 
regardless of the actual concentration present. 

No instrument can fully compensate for this interference. It is important for an operator to 
understand this limitation of FPXRF instruments and consult with the manufacturer of the 
FPXRF instrument to evaluate options to minimize this limitation. The operator's decision 
will be based on action levels for metals in soil established for the site, matrix effects, 
capabilities of the instrument, data quality objectives, and the ratio of lead to arsenic known 
to be present at the site. If a site is encountered that contains lead at concentrations greater 
than ten times the concentration of arsenic it is advisable that all critical soil samples be sent 
off site for confirmatory analysis by an EPA-approved method. 

4.8 If SSCS are used to calibrate an FPXRF instrument, the samples collected must be 
representative of the site under investigation. Representative soil sampling ensures that a 
sample or group of samples accurately reflects the concentrations of the contaminants of 
concern at a given time and location. Analytical results for representative samples reflect 
variations in the presence and concentration ranges of contaminants throughout a site. 
Variables affecting sample representativeness include differences in soil type, contaminant 
concentration variability, sample collection and preparation variability, and analytical 
variability, all of which should be minimized as much as possible. 

4.9 Soil physical and chemical effects may be corrected using SSCS that have been analyzed by 
inductively coupled plasma (ICP) or atomic absorption (AA) methods. However, a major 
source of error can be introduced if these samples are not representative of the site or if the 
analytical error is large. Another concern is the type of digestion procedure used to prepare 
the soil samples for the reference analysis. Analytical results for the confirmatory method 
will vary depending on whether a partial digestion procedure, such as SW -846 Method 
3050A, or a total digestion procedure, such as Method 3052 is used. It is known that 
depending on the nature of the soil or sediment, Method 3050 will achieve differing 
extraction efficiencies for different analytes of interest. The confirmatory method should 
meet the project data quality objectives. 

XRF measures the total concentration of an element therefore to achieve the greatest 
comparability of this method with the reference method (reduced bias), a total digestion 
procedure should be used for sample preparation. However, in the study used to generate 
the performance data for this method, the confirmatory method used was Method 3050, 
and the FPXRF data compared very well with regression correlation coefficients (r2 often 
exceeding 0.95, except for barium and chromium. (See Table 8 in Section 13.0). The 
critical factor is that the digestion procedure and analytical reference method used should 
meet the data quality objectives (DQO) of the project and match the method used for 
confirmation analysis. 

4.10 Ambient temperature changes can affect the gain of the amplifiers producing instrument 
drift. Gain or drift is primarily a function of the electronics (amplifier or preamplifier) and 
not the detector as most instrument detectors are cooled to a constant temperature. Most 
FPXRF instruments have a built-in automatic gain control. If the automatic gain control is 
allowed to make periodic adjustments, the instrument will compensate for the influence of 
temperature changes on its energy scale. If the FPXRF instrument has an automatic gain 
control function, the operator will not have to adjust the instrument's gain unless an error 
message appears. If an error message appears, the operator should follow the 
manufacturer's procedures for troubleshooting the problem. Often this involves 
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performing a new energy calibration. The performance of an energy calibration check to 
assess drift is a quality control measure discussed in Section 9.3 

If the operator is instructed by the manufacturer to manually conduct a gain check because 
of increasing or decreasing ambient temperature, it is standard to perform a gain check after 
every 10 to 20 sample measurements or once an hour whichever is more frequent. It is 
also suggested that a gain check be performed if the temperature fluctuates more than 10 to 
20°F. The operator should follow the manufacturer's recommendations for gain check 
frequency. 

5.0 SAFETY 

5. 1 Proper training for the safe operation of the instrument and radiation training should be 
completed by the analyst prior to analysis. Radiation safety for each specific instrument 
can be found in the operators manual. Protective shielding should never be removed by the 
analyst or any personnel other than the manufacturer. The analyst should be aware of the 
local state and national regulations that pertain to the use of radiation-producing equipment 
and radioactive materials with which compliance is required. Licenses for radioactive 
materials are of two types; ( 1) general license which is usually provided by the 
manufacturer for receiving, acquiring, owning, possessing, using, and transferring 
radioactive material incorporated in a device or equipment, and (2) specific license which is 
issued to named persons for the operation of radioactive instruments as required by local 
state agencies. There should be a person appointed within the organization that is solely 
responsible for properly instructing all personnel, maintaining inspection records, and 
monitoring x-ray equipment at regular intervals. A copy of the radioactive material licenses 
and leak tests should be present with the instrument at all times and available to local and 
national authorities upon request. 

5.2 Radiation monitoring equipment should be used with the handling of the instrument. The 
operator and the surrounding environment should be monitored continually for analyst 
exposure to radiation. Thermal luminescent detectors (TLD) in the form of badges and 
rings are used to monitor operator radiation exposure. The TLDs should be worn in the 
area of most frequent exposure. The maximum permissible whole-body dose from 
occupational exposure is 5 Roentgen Equivalent Man (REM) per year. Possible exposure 
pathways for radiation to enter the body are ingestion, inhaling, and absorption. The best 
precaution to prevent radiation exposure is distance and shielding. 

5.3 Refer to Section 3.1.4 of Chapter Three for guidance on some proper safety protocols. 

6.0 EQUIPMENT AND SUPPLIES 

6.1 FPXRF Spectrometer: An FPXRF spectrometer consists of four major components: (1) a 
source that provides x-rays; (2) a sample presentation device; (3) a detector that converts x
ray-generated photons emitted from the sample into measurable electronic signals; and (4) a 
data processing unit that contains an emission or fluorescence energy analyzer, such as an 
MCA that processes the signals into an x-ray energy spectrum from which elemental 
concentrations in the sample may be calculated, and a data display and storage system. 
These components and additional, optional items, are discussed below. 

6.1.1 Excitation Sources: All FPXRF instruments use sealed radioisotope sources to 
produce x-rays in order to irradiate samples. The FPXRF instrument may contain 
between one and three radioisotope sources. Common radioisotope sources used 
for analysis for metals in soils are iron (Fe)-55, cadmium (Cd)-109, americium 
(Am)-241, and curium (Cm)-244. These sources may be contained in a probe 
along with a window and the detector; the probe is connected to a data reduction 
and handling system by means of a flexible cable. Alternatively, the sources, 
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window, and detector may be included in the same unit as the data reduction and 
handling system. 

The relative strength of the radioisotope sources is measured in units of millicuries 
(mCi). The stronger the source, the greater the sensitivity and precision of a given 
instrument. Radioisotope sources undergo constant decay. In fact, it is this decay 
process that emits the characteristic x-rays used to excite samples for FPXRF 
analysis. The decay of radioisotopes is measured in "half-lives." The half-life of a 
radioisotope is defined as the length of time required to reduce the radioisotopes 
strength or activity by half. Developers of FPXRF technologies recommend source 
replacement at regular intervals based on the source's half-life. The characteristic x
rays emitted from each of the different sources have energies capable of exciting a 
certain range of analytes in a sample. Table 2 summarizes the characteristics of four 
common radioisotope sources. 

6.1.2 Sample Presentation Device: FPXRF instruments can be operated in two modes: in 
situ and intrusive. If operated in the in situ mode, -the probe window is placed in 
direct contact with the soil surface to be analyzed. When an FPXRF instrument is 
operated in the intrusive mode, a soil or sediment sample must be collected, 
prepared, and placed in a sample cup. For most FPXRF instruments operated in 
the intrusive mode, the probe is rotated so that the window faces upward. A 
protective sample cover is placed over the window, and the sample cup is placed on 
top of the window inside the protective sample cover for analysis. 

6.1.3 Detectors: The detectors in the FPXRF instruments can be either solid-state 
detectors or gas-filled, proportional counter detectors. Common solid-state 
detectors include mercuric iodide (Hgi2), silicon pin diode and lithium-drifted 
silicon Si(Li). The Hgi2 detector can be operated at room temperature. The silicon 
pin diode detector is cooled via the thermoelectric Peltier effect. The Si(Li) detector 
must be cooled to at least -90 OC either with liquid nitrogen or by thermoelectric 
cooling via the Peltier effect. Instruments with a Si(Li) detector have an internal 
liquid nitrogen dewar with a capacity of 0.5 to 1.0 liter. Proportional counter 
detectors are rugged and lightweight, which are important features of a field 
portable detector. However, the resolution of a proportional counter detector is not 
as good as that of a solid-state detector. The energy resolution of a detector for 
characteristic x-rays is usually expressed in terms of full width at half-maximum 
(FWHM) height of the manganese Ka peak at 5.89 keV. The resolutions of the 
above mentioned detectors are as follows: Hgi2-210 eV; silicon pin diode-700 eV; 

_ Si(Li)-170 eV; and gas-filled, proportional counter-750 eV. 

During operation of a solid-state detector, an x-ray photon strikes a biased, solid
state crystal and loses energy in the crystal by producing electron-hole pairs. The 
electric charge produced is collected and provides a current pulse that is directly 
proportional to the energy of the x-ray photon absorbed by the crystal of the 
detector. A gas-filled, proportional counter detector is an ionization chamber filled 
with a mixture of inert and other gases. An x-ray photon entering the chamber 
ionizes the gas atoms. The electric charge produced is collected and provides an 
electric signal that is directly proportional to the energy of the x-ray photon 
absorbed by the gas in the detector. 

6.1.4 Data Processing Units: The key component in the data processing unit of an 
FPXRF instrument is the MCA. The MCA receives pulses from the detector and 
separates them by energy level. The MCA counts pulses per second to determine 
the height of the peak in a spectrum, which is indicative of the target analyte's 
concentration. The spectrum of element peaks are built on the MCA. The MCAs in 
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FPXRF instruments have from 256 to 2,048 channels. The concentrations of target 
analytes are usually shown in parts per million on a liquid crystal display (LCD) in 
the instrument. FPXRF instruments can store both spectra and from 100 to 500 
sets of numerical analytical results. Most FPXRF instruments are menu-driven 
from software built into the units or from PCs. Once the data-storage memory of 
an FPXRF unit is full, data can be downloaded by means of an RS-232 port and 
cable to a PC. 

6.2 Spare battery chargers 

6.3 Polyethylene sample cups: 31 millimeters (mm) to 40 mm in diameter with collar, or 
equivalent (appropriate for FPXRF instrument) 

6.4 X-ray fluorescent window film: Mylar, Kapton, Spectrolene, polypropylene, or equivalent; 
2.5 or 6.0 micrometers (J!m) thick 

6.5 Mortar and pestle: glass, agate, or aluminum oxide; for grinding seiland sediment samples 

6.6 Containers: glass or plastic to store samples 

6. 7 Sieves: 60-mesh (0.25 mm), stainless-steel, Nylon, or equivalent for preparing soil and 
sediment samples 

6.8 Trowels: for smoothing soil surfaces and collecting soil samples 

6.9 Plastic bags: used for collection and homogenization of soil samples 

6.10 Drying oven: standard convection or toaster oven, for soil and sediment samples that 
require drying 

7.0 REAGENTS AND STANDARDS 

7.1 PURE ELEMENT STANDARDS: Each pure, single-element standard is intended to 
produce strong characteristic x-ray peaks of the element of interest only. Other elements 
present must not contribute to the fluorescence spectrum. A set of pure element standards 
for commonly sought analytes is supplied by the instrument manufacturer, if required for 
the instrument; not all instruments require the pure element standards. The standards are 
used to set the region of interest (ROI) for each element. They also can be used as energy 
calibration and resolution check samples. 

7.2 SITE-SPECIFIC CALIBRATION STANDARDS: Instruments that employ fundamental 
parameters (FP) or similar mathematical models in minimizing matrix effects may not 
require SSCS. If the FP calibration model is to be optimized or if empirical calibration is 
necessary, then SSCSs must be collected, prepared, and analyzed. 

7 .2.1 The SSCS must be representative of the matrix to be analyzed by FPXRF. These 
samples must be well homogenized. A minimum of ten samples spanning the 
concentration ranges of the analytes of interest and of the interfering elements must 
be obtained from the site. A sample size of 4 to 8 ounces is recommended, and 
standard glass sampling jars should be used. 

7.2.2 Each sample should be oven-dried for 2 to 4 hours at a temperature of less than 
150°C. If mercury is to be analyzed, a separate sample portion must remain 
undried, as heating may volatilize the mercury. When the sample is dry, all large, 
organic debris and nonrepresentative material, such as twigs, leaves, roots, insects, 
asphalt, and rock should be removed. The sample should be ground with a mortar 
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and pestle and passed through a 60-mesh sieve. Only the coarse rock fraction 
should remain on the screen. 

7.2.3 The sample should be homogenized by using a riffle splitter or by placing 150 to 
200 grams of the dried, sieved sample on a piece of kraft or butcher paper about 1.5 
by 1.5 feet in size. Each corner of the paper should be lifted alternately, rolling the 
soil over on itself and toward the opposite corner. The soil should be rolled on 
itself 20 times. Approximately 5 grams of the sample should then be removed and 
placed in a sample cup for FPXRF analysis. The rest of the prepared sample 
should be sent off site for ICP or AA analysis. The method use for confirmatory 
analysis should meet the data quality objectives of the project. 

7.3 BLANK SAMPLES: The blank samples should be from a "clean" quartz or silicon dioxide 
matrix that is free of any analytes at concentrations above the method detection limits. 
These samples are used to monitor for cross-contamination and laboratory-induced 
contaminants or interferences. 

7.4 STANDARD REFERENCE MATERIALS: Standard reference materials (SRM) are 
standards containing certified amounts of metals in soil or sediment. These standards are 
used for accuracy and performance checks of FPXRF analyses. SRMs can be obtained 
from the National Institute of Standards and Technology (NIST), the U.S. Geological 
Survey (USGS), the Canadian National Research Council, and the national bureau of 
standards in foreign nations. Pertinent NIST SRMs for FPXRF analysis include 2704, 
Buffalo River Sediment; 2709, San Joaquin Soil; and 2710 and 2711, Montana Soil. These 
SRMs contain soil or sediment from actual sites that has been analyzed using independent 
inorganic analytical methods by many different laboratories. 

8.0 SAMPLE COLLECTION. PRESERVATION. AND STORAGE 

Sample handling and preservation procedures used in FPXRF analyses should follow the guidelines in 
Chapter Three, Metallic Analytes, Section 3.1.3. 

9. 0 QUALITY CONTROL 

9.1 Refer to Chapter One for additional guidance on quality assurance protocols. All field data 
sheets and quality control data should be maintained for reference or inspection. 

9.2 Energy Calibration Check: To determine whether an FPXRF instrument is operating within 
resolution and stability tolerances, an energy calibration check should be run. The energy 
calibration check determines whether the characteristic x-ray lines are shifting, which 
would indicate drift within the instrument. As discussed in Section 4.10, this check also 
serves as a gain check in the event that ambient temperatures are fluctuating greatly(> 10 to 
20°F). 

The energy calibration check should be run at a frequency consistent with manufacturers 
recommendations. Generally, this would be at the beginning of each working day, after 
the batteries are changed or the instrument is shut off, at the end of each working day, and 
at any other time when the instrument operator believes that drift is occurring during 
analysis. A pure element such as iron, manganese, copper, or lead is often used for the 
energy calibration check. A manufacturer-recommended count time per source should be 
used for the check. 
9.2.1 The instrument manufacturer's manual specifies the channel or kiloelectron volt 

level at which a pure element peak should appear and the expected intensity of the peak. The intensity and 
channel number of the pure element as measured using the radioactive source should be checked and 
compared to the manufacturer's recommendation. If the energy calibration check does not meet the 
manufacturer's criteria, then the pure element sample should be repositioned and reanalyzed. If the criteria 
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are still not met, then an energy calibration should be performed as described in the manufacturer's 
manual. With some FPXRF instruments, once a spectrum is acquired from the energy calibration check, 
the peak can be optimized and realigned to the manufacturer's specifications using their software. 

9.3 Blank Samples: Two types of blank samples should be analyzed for FPXRF analysis: 
instrument blanks and method blanks. An instrument blank is used to verify that no 
contamination exists in the spectrometer or on the probe window. 

9.3.1 The instrument blank can be silicon dioxide, a Teflon block, a quartz block, "clean" 
sand, or lithium carbonate. This instrument blank should be analyzed on each 
working day before and after analyses are conducted and once per every twenty 
samples. An instrument blank should also be analyzed whenever contamination is 
suspected by the analyst. The frequency of analysis will vary with the data quality 
objectives of the project. A manufacturer-recommended count time per source 
should be used for the blank analysis. No element concentrations above the method 
detection limits should be found in the instrument blank. If concentrations exceed 
these limits, then the probe window and the check sample should be checked for 
contamination. If contamination is not a problem, then the instrument must be 
"zeroed" by following the manufacturer's instructions. 

9.3.2 A method blank is used to monitor for laboratory-induced contaminants or 
interferences. The method blank can be "clean" silica sand or lithium carbonate that 
undergoes the same preparation procedure as the samples. A method blank must be 
analyzed at least daily. The frequency of analysis will depend on the data quality 
objectives of the project. To be acceptable, a method blank must not contain any 
analyte at a concentration above its method detection limit. If an analyte's 
concentration exceeds its method detection limit, the cause of the problem must be 
identified, and all samples analyzed with the method blank must be reanalyzed. 

9.4 Calibration Verification Checks: A calibration verification check sample is used to check the 
accuracy of the instrument and to assess the stability and consistency of the analysis for the 
analytes of interest. A check sample should be analyzed at the beginning of each working 
day, during active sample analyses, and at the end of each working day. The frequency of 
calibration checks during active analysis will depend on the data quality objectives of the 
project. The check sample should be a well characterized soil sample from the site that is 
representative of site samples in terms of particle size and degree of homogeneity and that 
contains contaminants at concentrations near the action levels. If a site-specific sample is 
not available, then an NIST or other SRM that contains the analytes of interest can be used 
to verify the accuracy of the instrument. The measured value for each target analyte should 
be within ±20 percent (%D) of the true value for the calibration verification check to be 
acceptable. If a measured value falls outside this range, then the check sample should be 
reanalyzed. If the value continues to fall outside the acceptance range, the instrument 
should be recalibrated, and the batch of samples analyzed before the unacceptable 
calibration verification check must be reanalyzed. 

9.5 Precision Measurements: The precision of the method is monitored by analyzing a sample 
with low, moderate, or high concentrations of target analytes. The frequency of precision 
measurements will depend on the data quality objectives for the data. A minimum of one 
precision sample should be run per day. Each precision sample should be analyzed 7 times 
in replicate. It is recommended that precision measurements be obtained for samples with 
varying concentration ranges to assess the effect of concentration on method precision. 
Determining method precision for analytes at concentrations near the site action levels can 
be extremely important if the FPXRF results are to be used in an enforcement action; 
therefore selection of at least one sample with target analyte concentrations at or near the 
site action levels or levels of concern is therefore recommended. A precision sample is 
analyzed by the instrument for the same field analysis time as used for other project 
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samples. The relative standard deviation (RSD) of the sample mean is used to assess 
method precision. For FPXRF data to be considered adequately precise, the RSD should 
not be greater than 20 percent with the exception of chromium. RSD values for chromium 
should not be greater than 30 percent. 

The equation for calculating RSD is as follows: 
RSD = (SD/Mean Concentration) x 100 

where: 

RSD = Relative standard deviation for the precision measurement for the analyte 
SD = Standard deviation of the concentration for the analyte 
Mean Concentration = Mean concentration for the analyte 

The precision or reproducibility of a measurement will improve with increasing count time, 
however, increasing the count time by a factor of 4 will provide only 2 times better 
precision, so there is a point of diminishing return. Increasing the count time also 
decreases the detection limit, and decreases sample throughput. 

9.6 Detection Limits: Results for replicate analyses of a low-concentration sample, SSCS, or 
SRM can be used to generate an average site-specific method detection and quantitation 
limits. In this case, the method detection limit is defined as 3 times the standard deviation 
of the results for the low-concentration samples and the method quantitation limit is defined 
as 10 times the standard deviation of the same results. Another means of determining 
method detection and quantitation limits involves use of counting statistics. In FPXRF 
analysis, the standard deviation from counting statistics is defined as SD = (N)-, where SD 
is the standard deviation for a target analyte peak and N is the gross counts for the peak of 
the analyte of interest. Three times this standard deviation would be the method detection 
limit and 10 times this standard deviation would be the method quantitation limit. If both of 
the abovementioned approaches are used to calculate method detection limits, the larger of 
the standard deviations should be used to provide the more conservative detection limits. 

This SD based detection limit criteria must be used by the operator to evaluate each 
measurement for its useability. A measurement above the average calculated or 
manufacturer's detection limit, but smaller than three times its associated SD, should not be 
used as a quantitative measurement. Conversely, if the measurement is below the average 
calculated or manufacturer's detection limit, but greater than three times its associated SD. 
It should be coded as an estimated value. 

9. 7 Confirmatory Samples: The comparability of the FPXRF analysis is determined by 
submitting FPXRF-analyzed samples for analysis at a laboratory. The method of 
confirmatory analysis must meet the project and XRF measurement data quality objectives. 
The confirmatory samples must be splits of the well homogenized sample material. In 
some cases the prepared sample cups can be submitted. A minimum of 1 sample for each 
20 FPXRF-analyzed samples should be submitted for confirmatory analysis. This 
frequency will depend on data quality objectives. The confirmatory analyses can also be 
used to verify the quality of the FPXRF data. The confirmatory samples should be selected 
from the lower, middle, and upper range of concentrations measured by the FPXRF. They 
should also include samples with analyte concentrations at or near the site action levels. The 
results of the confirmatory analysis and FPXRF analyses should be evaluated with a least 
squares linear regression analysis. If the measured concentrations span more than one 
order of magnitude, the data should be log-transformed to standardize variance which is 
proportional to the magnitude of measurement. The correlation coefficient (r2) for the 
results should be 0.7 or greater for the FPXRF data to be considered screening level data. 
If the r2 is 0.9 or greater and inferential statistics indicate the FPXRF data and the 
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confirmatory data are statistically equivalent at a 99 percent confidence level, the data could 
potentially meet definitive level data criteria. 

10.0 CALIBRATION AND STANDARDIZATION 

10.1 Instrument Calibration: Instrument calibration procedures vary among FPXRF instruments. 
Users of this method should follow the calibration procedures outlined in the operator's manual for each 
specific FPXRF instrument. Generally, however, three types of calibration procedures exist for FPXRF 
instruments: FP calibration, empirical calibration, and the Compton peak ratio or normalization method. 
These three types of calibration are discussed below. 

10.2 Fundamental Parameters Calibration: FP calibration procedures are extremely variable. An 
FP calibration provides the analyst with a "standardless" calibration. The advantages of FP calibrations 
over empirical calibrations include the following: 

·No previously collected site-specific samples are required, 
although site-specific samples with confirmed and validated 
analytical results for all elements present could be used. 

·Cost is reduced because no confirmatory laboratory results or calibration 
standards are required. 

However, the analyst should be aware of the limitations imposed on FP calibration by 
particle size and matrix effects. These limitations can be minimized by adhering to the 
preparation procedure described in Section 7.2. The two FP calibration processes 
discussed below are based on an effective energy FP routine and a back scatter with FP 
(BFP) routine. Each FPXRF FP calibration process is based on a different iterative 
algorithmic method. The calibration procedure for each routine is explained in detail in the 
manufacturer's user manual for each FPXRF instrument; in addition, training courses are 
offered for each instrument. 

10.2.1 Effective Energy FP Calibration: The effective energy FP 
calibration is performed by the manufacturer before an instrument is sent to the analyst. 
Although SSCS can be used, the calibration relies on pure element standards or SRMs such 
as those obtained from NIST for the FP calibration. The effective energy routine relies on 
the spectrometer response to pure elements and FP iterative algorithms to compensate for 
various matrix effects. 

Alpha coefficients are calculated using a variation of the Sherman equation, 
which calculates theoretical intensities from the measurement of pure 
element samples. These coefficients indicate the quantitative effect of each 
matrix element on an analyte's measured x-ray intensity. Next, the 
Lachance Traill algorithm is solved as a set of simultaneous equations based 
on the theoretical intensities. The alpha coefficients are then downloaded 
into the specific instrument. 

The working effective energy FP calibration curve must be verified before 
sample analysis begins on each working day, after every 20 samples are 
analyzed, and at the end of sampling. This verification is performed by 
analyzing either an NIST SRM or an SSCS that is representative of the site
specific samples. This SRM or SSCS serves as a calibration check. A 
manufacturer-recommended count time per source should be used for the 
calibration check. The analyst must then adjust the y-intercept and slope of 
the calibration curve to best fit the known concentrations of target analytes 
in the SRM or SSCS. 
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A percent difference (%D) is then calculated for each target analyte. The 
%D should be within ±20 percent of the certified value for each analyte. If 
the %D falls outside this acceptance range, then the calibration curve should 
be adjusted by varying the slope of the line or the y-intercept value for the 
analyte. The SRM or SSCS is reanalyzed until the %D falls within ±20 
percent. The group of 20 samples analyzed before an out-of-control 
calibration check should be reanalyzed. 

The equation to calibrate %D is as follows: 
%D = ((Cs- Ck) I Ck) x 100 
where: 
%D = Percent difference 
Ck = Certified concentration of standard sample 
Cs = Measured concentration of standard sample 

10.2.2 BFP Calibration: BFP calibration relies on the ability 
of the liquid nitrogen-cooled, Si(Li) solid-state detector to separate the coherent 
(Compton) and incoherent (Rayleigh) backscatter peaks of primary radiation. 
These peak intensities are known to be a function of sample composition, and the 
ratio of the Compton to Rayleigh peak is a function of the mass absorption of the 
sample. The calibration procedure is explained in detail in the instrument 
manufacturer's manual. Following is a general description of the BFP calibration 
procedure. 

The concentrations of all detected and quantified elements are entered into 
the computer software system. Certified element results for an NIST SRM 
or confirmed and validated results for an SSCS can be used. In addition, 
the concentrations of oxygen and silicon must be entered; these two 
concentrations are not found in standard metals analyses. The manufacturer 
provides silicon and oxygen concentrations for typical soil types. Pure 
element standards are then analyzed using a manufacturer-recommended 
count time per source. The results are used to calculate correction factors in 
order to adjust for spectrum overlap of elements. 

The working BFP calibration curve must be verified before sample analysis 
begins on each working day, after every 20 samples are analyzed, and at the 
end of the analysis. This verification is performed by analyzing either an 
NIST SRM or an SSCS that is representative of the site-specific samples. 
This SRM or SSCS serves as a calibration check. The standard sample is 
analyzed using a manufacturer-recommended count time per source to check 
the calibration curve. The analyst must then adjust the y-intercept and slope 
of the calibration curve to best fit the known concentrations of. target 
analytes in the SRM or SSCS. 

A %D is then calculated for each target analyte. The %D should fall within 
±20 percent of the certified value for each analyte. If the %D falls outside 
this acceptance range, then the calibration curve should be adjusted by 
varying the slope of the line the y-intercept value for the analyte. The 
standard sample is reanalyzed until the %D falls within ±20 percent. The 
group of 20 samples analyzed before an out-of-control calibration check 
should be reanalyzed. 

10.3 EMPIRICAL CALIBRATION: An empirical calibration can be performed with SSCS, site
typical standards, or standards prepared from metal oxides. A discussion of SSCS is 
included in Section 7.2; if no previously characterized samples exist for a specific site, site-
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typical standards can be used. Site-typical standards may be selected from commercially 
available characterized soils or from SSCS prepared for another site. The site-typical 
standards should closely approximate the site's soil matrix with respect to particle size 
distribution, mineralogy, and contaminant analytes. If neither SSCS nor site-typical 
standards are available, it is possible to make gravimetric standards by adding metal oxides 
to a "clean" sand or silicon dioxide matrix that simulates soil. Metal oxides can be 
purchased from various chemical vendors. If standards are made on site, a balance capable 
of weighing items to at least two decimal places is required. Concentrated ICP or AA 
standard solutions can also be used to make standards. These solutions are available in 
concentrations of 10,000 parts per million, thus only small volumes have to be added to the 
soil. 

An empirical calibration using SSCS involves analysis of SSCS by the FPXRF instrument 
and by a conventional analytical method such as ICP or AA. A total acid digestion 
procedure should be used by the laboratory for sample preparation. Generally, a minimum 
of 10 and a maximum of 30 well characterized SSCS, site-typical standards, or prepared 
metal oxide standards are required to perform an adequate empirical calibration. The- --
number of required standards depends on the number of analytes of interest and interfering 
elements. Theoretically, an empirical calibration with SSCS should provide the most 
accurate data for a site because the calibration compensates for site-specific matrix effects. 

The first step in an empirical calibration is to analyze the pure element standards for the 
elements of interest. This enables the instrument to set channel limits for each element for 
spectral deconvolution. Next the SSCS, site-typical standards, or prepared metal oxide 
standards are analyzed using a count time of 200 seconds per source or a count time 
recommended by the manufacturer. This will produce a spectrum and net intensity of each 
analyte in each standard. The analyte concentrations for each standard are then entered into 
the instrument software; these concentrations are those obtained from the laboratory, the 
certified results, or the gravimetrically determined concentrations of the prepared standards. 
This gives the instrument analyte values to regress against corresponding intensities during 
the modeling stage. The regression equation correlates the concentrations of an analyte 
with its net intensity. 

The calibration equation is developed using a least squares fit regression analysis. After the 
regression terms to be used in the equation are defined, a mathematical equation can be 
developed to calculate the analyte concentration in an unknown sample. In some FPXRF 
instruments, the software of the instrument calculates the regression equation. The 
software uses calculated intercept and slope values to form a multiterm equation. In 
conjunction with the software in the instrument, the operator can adjust the multiterm 
equation to minimize interelement interferences and optimize the intensity calibration curve. 

It is possible to define up to six linear or nonlinear terms in the regression equation. Terms 
can be added and deleted to optimize the equation. The goal is to produce an equation with 
the smallest regression error and the highest correlation coefficient. These values are 
automatically computed by the software as the regression terms are added, deleted, or 
modified. It is also possible to delete data points from the regression line if these points are 
significant outliers or if they are heavily weighing the data. Once the regression equation 
has been selected for an analyte, the equation can be entered into the software for 
quantitation of analytes in subsequent samples. For an empirical calibration to be 
acceptable, the regression equation for a specific analyte should have a correlation 
coefficient of 0.98 or greater. 

In an empirical calibration, one must apply the DQOs of the project and ascertain critical or 
action levels for the analytes of interest. It is within these concentration ranges or around 
these action levels that the FPXRF instrument should be calibrated most accurately. It may 

DRAFT6200- 14Revision o 
March 1996 

, I 



not be possible to develop a good regression equation over several orders of analyte 
concentration. 

10.4 COMPTON NORMALIZATION METHOD: The Compton normalization method is based 
on analysis of a single, certified standard and normalization for the Compton peale The 
Compton peak is produced from incoherent backscattering of x-ray radiation from the 
excitation source and is present in the spectrum of every sample. The Compton peak 
intensity changes with differing matrices. Generally, matrices dominated by lighter 
elements produce a larger Compton peak, and those dominated by heavier elements 
produce a smaller Compton peak. Normalizing to the Compton peak can reduce problems 
with varying matrix effects among samples. Compton normalization is similar to the use of 
internal standards in organics analysis. 

The certified standard used for this type of calibration could be an NIST SRM such as 2710 
or 2711. The SRM must be a matrix similar to the samples and must contain the analytes 
of interests at concentrations near those expected in the samples. First, a response factor 
has to be determined for each analyte. This factor is calculated by dividing the net peak 
intensity by the analyte concentration. The net peak intensity is gross intensity corrected 
for baseline interference. Concentrations of analytes in samples are then determined by 
multiplying the baseline corrected analyte signal intensity by the normalization factor and by 
the response factor. The normalization factor is the quotient of the baseline corrected 
Compton Ka peak intensity of the SRM divided by that of the samples. Depending on the 
FPXRF instrument used, these calculations may be done manually or by the instrument 
software. 

11.0 PROCEDURE 

11.1 Operation of the various FPXRF instruments will vary according to the manufacturers' 
protocols. Before operating any FPXRF instrument, one should consult the 
manufacturer's manual. Most manufacturers recommend that their instruments be allowed 
to warm up for 15 to 30 minutes before analysis of samples. This will help alleviate drift 
or energy calibration problems later on in analysis. 

11.2 Each FPXRF instrument should be operated according to the manufacturer's 
recommendations. There are two modes in which FPXRF instruments can be operated: in 
situ and intrusive. The in situ mode involves analysis of an undisturbed soil sediment or 
sample. Intrusive analysis involves collection and preparation of a soil or sediment sample 
before analysis. Some FPXRF instruments can operate in both modes of analysis, while 
others are designed to operate in only one mode. The two modes of analysis are discussed 
below. 

11.3 For in situ analysis, one requirement is that any large or nonrepresentative debris be 
removed from the soil surface before analysis. This debris includes rocks, pebbles, leaves, 
vegetation, roots, and concrete. Another requirement is that the soil surface be as smooth 
as possible so that the probe window will have good contact with the surface. This may 
require some leveling of the surface with a stainless-steel trowel. During the study 
conducted to provide data for this method, this modest amount of sample preparation was 
found to take less than 5 minutes per sample location. The last requirement is that the soil 
or sediment not be saturated with water. Manufacturers state that their FPXRF instruments 
will perform adequately for soils with moisture contents of 5 to 20 percent but will not 
perform well for saturated soils, especially if ponded water exists on the surface. Source 
count times for in situ analysis usually range from 30 to 120 seconds, but source count 
times will vary among instruments and depending on required detection limits. 

11.4 For intrusive analysis of surface or sediment, it is recommended that a sample be collected 
from a 4- by 4-inch square that is 1 inch deep. This will produce a soil sample of 
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approximately 375 grams or 250 cm3, which is enough soil to fill an 8-ounce jar. The 
sample should be homogenized, dried, and ground before analysis. The sample can be 
homogenized before or after drying. The homogenization technique to be used after drying 
is discussed in Section 5.2. If the sample is homogenized before drying, it should be 
thoroughly mixed in a beaker or similar container, or if the sample is moist and has a high 
clay content, it can be kneaded in a plastic bag. One way to monitor homogenization when 
the sample is kneaded in a plastic bag is to add sodium fluorescein dye to the sample. After 
the moist sample has been homogenized, it is examined under an ultraviolet light to assess 
the distribution of sodium fluorescein throughout the sample. If the fluorescent dye is 
evenly distributed in the sample, homogenization is considered complete; if the dye is not 
evenly distributed, mixing should continue until the sample has been thoroughly 
homogenized. During the study conducted to provide data for this method, the 
homogenization procedure using the fluorescein dye required 3 to 5 minutes per sample. 

11.5 Once the soil or sediment sample has been homogenized, it should be dried. This can be 
accomplished with a toaster oven or convection oven. A small aliquot of the sample (20 to 
50 grams) is placed in a suitable container for drying. The sample should be dried for 2 to 
4 hours in the convection or toaster oven at a temperature not greater than 150"C. 
Microwave drying is not a recommended procedure. Field studies have shown that 
microwave drying can increase variability between the FPXRF data and confirmatory 
analysis. High levels of metals in a sample can cause arcing in the microwave oven, and 
sometimes slag forms in the sample. Microwave oven drying can also melt plastic 
containers used to hold the sample. 

11.6 The homogenized dried sample material should be ground with a mortar and pestle and 
passed through a 60-mesh sieve to achieve a uniform particle size. Sample grinding should 
continue until at least 90 percent of the original sample passes through the sieve. The 
grinding step normally takes an average of 10 minutes per sample. An aliquot of the sieved 
sample should then be placed in a 31.0-mm polyethylene sample cup (or equivalent) for 
analysis. The sample cup should be one-half to three-quarters full at a minimum. The 
sample cup should be covered with a 2.5 Jlm Mylar (or equivalent) film for analysis. The 
rest of the soil sample should be placed in a jar, labeled, and archived for possible 
confirmation analysis. All equipment including the mortar, pestle, and sieves must be 
thoroughly cleaned so that any cross-contamination is below the MDLs of the procedure or 
DQOs of the analysis (Reference 16.18). 

12.0 DATA ANALYSIS AND CALCULATIONS 

Most FPXRF instruments have software capable of storing all analytical results and spectra. The results 
are displayed in parts per million and can be downloaded to a PC, which can provide a hard copy printout. 
Individual measurements that are smaller than three times their associated SD should not be used for 
quantitation. 

13.0 METHOD PERFORMANCE 

13.1 This section discusses four performance factors, field-based method detection limits, 
precision, accuracy, and comparability to EPA-approved methods. The numbers presented 
in the six tables in this section were generated from data obtained from six FPXRF 
instruments. The soil samples analyzed by the six FPXRF instruments were collected from 
two sites in the United States. The soil samples contained several of the target analytes at 
concentrations ranging from nondetect to tens of thousands of mglk:g. 

13.2 The six FPXRF instruments included the TN 9000 and TN Lead Analyzer manufactured by 
TN Spectrace; the X-MET 920 with a SiLi detector and X-MET 920 with a gas-filled 
proportional detector manufactured by Metorex, Inc.; the XL Spectrum Analyzer 
manufactured by Niton; and the MAP Spectrum Analyzer manufactured by Scitec. The TN 
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9000 and TN Lead Analyzer both have a Hgl2 detector. The TN 9000 utilized an Fe-55, 
Cd-109, and Am-241 source. The TN Lead Analyzer had only a Cd-109 source. The X
Met 920 with the SiLi detector had a Cd-109 and Am-241 source. The X-MET 920 with 
the gas-filled proportional detector had only a Cd-1 09 source. The XL Spectrum Analyzer 
utilized a silicon pin-diode detector and a Cd-109 source. The MAP Spectrum Analyzer 
utilized a solid-state silicon detector and a Cd-1 09 source. 

13.3 All data presented in Tables 3 through 8 was generated using the following calibrations and 
source count times. The TN 9000 and TN Lead Analyzer were calibrated using 
fundamental parameters using NIST SRM 2710 as a calibration check sample. The TN 
9000 was operated using 100, 60, and 60 second count times for the Cd-109, Fe-55, and 
Am-241 sources, respectively. The TN Lead analyzer was operated using a 60 second 
count time for the Cd-109 source. The X-MET 920 with the Si(Li) detector was calibrated 
using fundamental parameters and one well characterized site-specific soil standard as a 
calibration check. It used 140 and 100 second count times for the Cd-109 and Am-241 
sources, respectively. The X-MET 920 with the gas-filled proportional detector was 
calibrated empirically using between 10 and 20 well characterized-site-specific soil 
standards. It used 120 second times for the Cd-109 source. The XL Spectrum Analyzer 
utilized NIST SRM 2710 for calibration and the Compton peak normalization procedure for 
quantitation based on 60 second count times for the Cd-109 source. The MAP Spectrum 
Analyzer was internally calibrated by the manufacturer. The calibration was checked using 
a well-characterized site-specific soil standard. It used 240 second times for the Cd-109 
source. 

13.4 Field-Based Method Detection Limits: The field based method detection limits are 
presented in Table 3. The field-based method detection limits were determined by 
collecting ten replicate measurements on site-specific soil samples with metals 
concentrations 2 to 5 times the expected method detection limits. Based on these ten 
replicate measurements, a standard deviation on the replicate analysis was calculated. The 
method detection limits presented in Table 3 are defined as 3 times the standard deviation 
for each analyte. 

The field-based method detection limits were generated by using the count times discussed 
earlier in this section. All the field-based method detection limits were calculated for soil 
samples that had been dried and ground and placed in a sample cup with the exception of 
the MAP Spectrum Analyzer. This instrument can only be operated in the in situ mode, 
meaning the samples were moist and not ground. 

Some of the analytes such as cadmium, mercury, silver, selenium, and thorium were not 
detected or only detected at very low concentrations such that a field-based method 
detection limit could not be determined. These analytes are not presented in Table 3. Other 
analytes such as calcium, iron, potassium, and titanium were only found at high 
concentrations (thousands of mg/kg) so that reasonable method detection limits could not 
be calculated. These analytes also are not presented in Table 3. 

13.5 Precision Measurements: The precision data is presented in Tables 4 and 5. Each of the 
six FPXRF instruments performed 10 replicate measurements on 12 soil samples that had 
analyte concentrations ranging from nondetects to thousands of mg/kg. Each of the 12 soil 
samples underwent 4 different preparation techniques from in situ (no preparation) to dried 
and ground in a sample cup. Therefore, there were 48 precision data points for five of the 
instruments and 24 precision points for the MAP Spectrum Analyzer. The replicate 
measurements were taken using the source count times discussed at the beginning of this 
section. 

For each detectable analyte in each precision sample a mean concentration, standard 
deviation, and RSD was calculated for each analyte. The data presented in Table 4 is an 
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average RSD for the precision samples that had analyte concentrations at 5 to 10 times the 
MDL for that analyte for each instrument. Some analytes such as mercury, selenium, 
silver, and thorium were not detected in any of the precision samples so these analytes are 
not listed in Table 4. Some analytes such as cadmium, nickel, and tin were only detected at 
concentrations near the MDLs so that an RSD value calculated at 5 to 10 times the MDL 
was not possible. 

Table 5 shows the effect of sample preparation on precision. The average RSD was 
calculated for all precision samples within a sample preparation method. There were no 
significant trends noted when analyzing the effects of sample preparation on precision. The 
data from the field studies showed that increasing the level of sample preparation did not 
consistently improve precision. This is likely explained by the fact that the field studies 
were primarily measuring instrument precision and not total method precision. When the 
FPXRF instruments performed replicate measurements in the in situ mode, the probe was 
not moved between replicate measurements. Likewise, in the intrusive mode, the replicate 
measurements were collected without moving the sample cup or shaking the sample cup in 
between replicate measurements. Therefore, the precision data in Tables 4und 5 have not 
taken into account the full effect of sample variability on precision. 

13.6 Accuracy Measurements: Five of the FPXRF instruments (not including the MAP 
Spectrum Analyzer) analyzed 18 SRMs using the source count times and calibration 
methods given at the beginning of this section. The 18 SRMs included 9 soil SRMs, 4 
stream or river sediment SRMs, 2 sludge SRMs, and 3 ash SRMs. Each of the SRMs 
contained known concentrations of certain target analytes. A percent recovery was 
calculated for each analyte in each SRM for each FPXRF instrument. Table 6 presents a 
summary of this data. With the exception of cadmium, chromium, and nickel, the values 
presented in Table 6 were generated from the 13 soil and sediment SRMs only. The 2 
sludge and 3 ash SRMs were included for cadmium, chromium, and nickel because of the 
low or nondetectable concentrations of these three analytes in the soil and sediment SRMs. 

Only 11 analytes are presented in Table 6. These are the analytes that are of environmental 
concern and provided a significant number of detections in the SRMs for an accuracy 
assessment. No data is presented for the X-MET 920 with the gas-filled proportional 
detector. This FPXRF instrument was calibrated empirically using site-specific soil 
samples. The percent recovery values from this instrument were very sporadic and the data 
did not lend itself to presentation in Table 6. 

Table 7 provides a more detailed summary of accuracy data for one FPXRF instrument 
(TN 9000) for the 9 soil SRMs and 4 sediment SRMs. Table 7 shows the certified value, 
measured value, and percent recovery for five analytes. These analytes were chosen 
because they are of environmental concern and were most prevalently certified for in the 
SRM and detected by the FPXRF instrument. The first nine SRMs are soil and the last 4 
SRMs are sediment. Percent recoveries for the four NIST SRMs were often between 90 
and 110 percent for all analytes. 

13.7 Comparability: Comparability refers to the confidence with which one data set can be 
compared to another. In this case, FPXRF data generated from a large study of six 
FPXRF instruments was compared to EPA SW-846 Methods 3050A and 6010A which are 
the standard soil extraction for metals and analysis by inductively coupled plasma. An 
evaluation of comparability was conducted by using linear regression analysis. Three 
factors were determined using the linear regression. These factors were they-intercept, the 
slope of the line, and the coefficient of determination (r2). 

As part of the comparability assessment, the effects of soil type and preparation methods 
were studied. Three soil types (textures) and four preparation methods were examined 
during the study. The preparation methods evaluated the cumulative effect of particle size, 
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moisture, and homogenization on comparability. Due to the large volume of data produced 
during this study, linear regression data for six analytes from only one FPXRF instrument 
is presented in Table 6. Similar trends in the data were seen for all instruments. 

Table 8 shows the regression parameters for the whole data set, broken out by soil type, 
and by preparation method. The soil types are as follows: soil 1--sand; soil 2--loam; and 
soil 3--silty clay. The preparation methods are as follows: preparation l--in situ in the 
field; preparation 2--in situ, sample collected and homogenized; preparation 3--intrusive, 
with sample in a sample cup but sample still wet and not ground; and preparation 4--sample 
dried, ground, passed through a 40-mesh sieve, and placed in sample cup. 

For arsenic, copper, lead, and zinc, the comparability to the confirmatory laboratory was 
excellent with r2 values ranging from 0.80 to 0.99 for all six FPXRF instruments. The 
slopes of the regression lines for arsenic, copper, lead, and zinc, were generally between 
0.90 and 1.00 indicating the data would need to be corrected very little or not at all to match 
the confirmatory laboratory data. The r2 values and slopes of the regression lines for 
barium and chromium were not as good as for the other for analytes, indicating the data 
would have to be corrected to match the confirmatory laboratory. 

Table 8 demonstrates that there was little effect of soil type on the regression parameters for 
any of the six analytes. The only exceptions were for barium in soil 1 and copper in soil 3. 
In both of these cases, however, it is actually a concentration effect and not a soil effect 
causing the poorer comparability. All barium and copper concentrations in soil 1 and 3, 
respectively, were less than 350 mglkg. 
Table 8 shows there was a preparation effect on the regression parameters for all six 
analytes. With the exception of chromium, the regression parameters were primarily 
improved going from preparation 1 to preparation 2. In this step, the sample was removed 
from the soil surface, all large debris was removed, and the sample was thoroughly 
homogenized. The additional two preparation methods did little to improve the regression 
parameters. This data indicates that homogenization is the most critical factor when 
comparing the results. It is essential that the sample sent to the confirmatory laboratory 
match the FPXRF sample as closely as possible. 

Section 11.0 of this method discusses the time necessary for each of the sample preparation 
techniques. Based on the data quality objectives for the project, an analyst must decide if it 
is worth the extra time required to dry and grind the sample for small improvements in 
comparability. Homogenization requires 3 to 5 minutes. Drying the sample requires one to 
two hours. Grinding and sieving requires another 10 to 15 minutes per sample. Lastly, 
when grinding and sieving is conducted, time must be allotted to decontaminate the 
mortars, pestles, and sieves. Drying and grinding the samples and decontamination 
procedures will often dictate that an extra person be on site so that the analyst can keep up 
with the sample collection crew. The cost of requiring an extra person on site to prepare 
samples must be balanced with the gain in data quality and sample throughput. 

14.0 POLLUTION PREVENTION 

14.1 Pollution prevention encompasses any technique that reduces or eliminates the quantity 
and/or toxicity of waste at the point of generation. Numerous opportunities for pollution 
prevention exist in laboratory operation. The EPA has established a preferred hierarchy of 
environmental management techniques that places pollution prevention as the management 
option of first choice. Whenever feasible, laboratory personnel should use pollution 
prevention techniques to address their waste generation. When wastes cannot be feasibly 
reduced at the source, the Agency recommends recycling as the next best option. 

14.2 For information about pollution prevention that may be applicable to laboratories and 
research institutions consult Less is Better: Laboratory Chemical management for Waste 
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Reduction available from the American Chemical Society's Department of Government 
Relations and Science Policy, 1155 16th Street N.W., Washington D.C. 20036, (202) 
872-4477. 

15.0 WASTE MANAGEMENT 

The Environmental Protection Agency requires that laboratory waste management practices be 
conducted consistent with all applicable rules and regulations. The Agency urges laboratories to 
protect the air, water, and land by minimizing and controlling all releases from hoods and bench 
operations, complying with the letter and spirit of any sewer discharge permits and regulations, 
and by complying with all solid and hazardous waste regulations, particularly the hazardous waste 
identification rules and land disposal restrictions. For further information on waste management, 
consult The Waste Management Manual for Laboratory Personnel available from the American 
Chemical Society at the address listed in Sec. 14.2. 
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17.0 JABLES. DIAGRAMS. FLOWCHARTS, AND VAl IDATIOH DATA 

DRAFT 

TABLE 1 
· INTERFERENCE FREE IETECTION LIMITS 

Chemical 
Abstract 

Analyte SeriQs Numbgr 
-Ant1mony (Sb) 7440·36-0 

At"senfc (As) 7440-30-0 
Ba\"'1Um (Ba) 7440-39-3 
Cadm1um (Cd) 7440-43·9 
Calcium (Ca) 7440-70·2 
Ch\"'omf um (Cr) 7440-47-3 
Cobalt (Co) 7440-48-4 
Copper {Cu) 7440-50-8 . . -
Iron· (Fe) 7439-89-6 

·Lend (rb) 7439-92-1 
Manganese (Hn) 7439-96-5 
Mercury {Hg} 7439-97-6 
Molybdenum (Ho) 7439-93-7 
N1 ckel (Ni) 7440-02-0 
Potassium {K) 7440-09·7 
Rubidium (Rb} 7410-17-7 
Selenium (Se) 7/82-49-2 
Silver (Ag) 7440-22-4 
Strontium (Sr) 7440-24-6 
Thall fum (Tl) 7440-28-0 
Thori urn {Th) 7440-29-1 
Tin (Sn) 7440-31-5 

-~ .. 
Titanium (Ti} 7440-32-6 
Vanadium (V) 7440-62-2 
Zfnc (7n) 7440-66-6 
Zirconium (Zr) 7440·67-7 

Detection limit in 
QUil\"'tz Sand 

{milligram$ pet' 
kilogram) 

40 

40 
20 .. 

100 
70 

150 
-

60 

60 

60 

20 
70 --· - . 
30 

10 

so 
-· ·-

200 

10 
40 ..... .. 
70 

10 
20 

10 
60 

50 

50 
so 
10 

. -[ 
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Source 

Fe~ss 

Cd-109 

Am-241 

Cm-244 

DRAFT 
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TABLE 2 
SUMMARY OF RADIOISOTOPE SOURCE CHARACTERISTICS 

Half- Excitation 
Activity life Energy 

(mCi) (Years) (keV) 
20 - 50 2.7 5.9 

5 - 30 1.3 22.1 and 87.9 

5 - 30 458 26.4 and 59.6 

60 - 100 17.8 14.2 

6200 - 33 

Elemental Analysis Range 
Sulfur to chromium K Lines 
Molybdenum to barium l lines 
Calcium to rhodium K lfnes 
Tantalum to lead K lines 
Barium to uranium L Lines 

Copper to thul1um K Lines 
Tungsten to uran1um L lines 
Titanium to selenium K Lines 
Lanthanum to lead l Lines 
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TABLE 3 
FIELD-BASED METHOD DETECTION. LIMITS (mgjkg)• 

Instrument 

Analyte TN TN Lead X-MET 920 X-MET 920 XL HAP Spectrum 9000 Analyzer (Sili (Gas- Spectrum Analyzer 
Detector) Filled Analyzer 

Detector) 
Antimony 55 NR NR NR NR NR 
Arsenic 60 50 55 50 110 225 

-Barium 60 NR 30 400 NR NR 
Chromium 200 460 210 110 900 NR 
Cobalt 330 NR NR NR NR NR 
Copper 85 115 75 100 125 525 
Lead 45 40 45 100 75 165 
Manganese 240 340 NR NR NR NR 
Molybdenum 25 NR NR NR 30 NR 
Nickel 100 NR NA NA NA NR 
Rubidium 30 NR NR NR 45 NR 
Strontium 35 NR NR NR 40 NR 
Tin 85 NR NR NR NR NR 
Zinc so 95 70 NA 110 NA 
Zircon fum 40 NR NR NR 25 NR 

Notes: 
·~~ • MDLs are related to the total number of counts taken. See section 13.3 ' ___.. for count times used to .::; generate this table. 

NR Not reported·by t~ FPXRF iAstrumeAt •. 
NA Not .applicable; analyte was reported~ the FP~RF iAstruJ;laRt but was not at high enough concentrations for method detection limit to be determined. 
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Analyte 

Antimony 
Arsenic 
Barium 
Cadmfum 
Calcium 
Chromium 
Cobalt 
Copper 

Iron 
Lead 
Manganese 
Molybdenum 
N1 eke 1 

Potassium 
Rubidium 
Strontium 
T1n 
Titanium 
Ztnc 
Zircon fum 

TABLE 4 
PRECISION 

110.~ 4-J.•::JI .J.U•.JL I'IU.UUl. r,.U~ 

Average Relative Standard Dev1at1on for Each Instrument 
at 5 to 10 Times the MDL 

TN TN Lead X-MET 920 X-MET 920 XL MAP 
9000 Analyzer (Sili (Gas- Spectrum Spectrum 

Detector) F111 ed Analyzer Analyzer 
Detector) 

6.54 NR NR NR NR NR 
5.33 4.11 3.23 1.91 12.47 6.68 
4.02 NR 3.31 5.91 NR NR 

29.848 NR 24.80a NR NR NR 
2.16 NR NR NR NR NR 

22.25 25.78 22.72 3.91 30.25 NR 
33.90 NR NR NR NR NR 
7.03 9.11 8.49 9.12 12.77 14.86 
1. 78 1.67 1.55 NR 2.30 NR 
6.45 5.93 5.05 7.56 6.97 12.16 

27.04 24.75 NR NR NR NR 
6.95 NR NR NR 12.60 NR 

30 .as· NR 24.92a 20. 92a NA NR 
3.90 NR NR NR NR NR 

13.06 NR NR NR 32. 69a NR 
4.28 NR NR NR 8.86 NR 

24.32a NR NR NR NR NR 
4.87 NR NR NR NR NR 
7.27 7.48 4.26 2.28 10.95 0.83 
3.58 NR NR NR 6.49 NR 

Notes: 

a 

NR 
NA 

DRAFT 

These values are biased high because the concentration of these analytes in the soil samples was near the detection limit for that particular FPXRF instrument. 
Not reported . .&y the FPXRF iAstrliffiefttr-
Not applicable; analyte was reported -by the FPXRF iRstrttment but was below the method detection limit. 
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__. ------------------------~T~A"'BL~E~S~-----------------------
PRECJSION AS AFFECTED BY SAMPLE PREPARATION 

Notes: 

• 

DRAFT 

Average Relative Standard Deviation for Each 
Preparation Method Analyte 

Intrueive-
In Situ-!'ield Und.ried and 

Ung.round 
Ant1.1110ny 30.1 15.0 
Ar~tenic 22.S 5,36 
Barium 17.3 3.38 
Cadmium" 41.2 30.8 
Ca.lciWII 17.5 1.68 
Chromium 17.6 28.5 
Cobalt 28.4 31.1 
copper 26.4 10.2 
Iron 10.3 1.67 
Lead 25.1 8.55 
Manganese 40.5 12.3 
Mercu.r:y NP kD 
Molybdenum 21.6 20.1 
Nickel• 29.8 20.4 
Potassium 18.6 3.04 
Rubidi\Uil 29.8 16.2 
Seleniura ND 20.2 
Silver• 31.9 31.0 
St.r:onti\U'I\ 15.2 3.38 
Thalliwn 39.0 16.0 
Thoriwn NR NR 
Tin 

ND 14.1 
Titanium. 13.3 4.15 
Vanadiwn NR NR 
Zine 26.6 13.3 
Zircon! WI\ 20.2 S.63 

These Yalues mAY be biased high·becau~Je the concent.ration the soil aamples was near the detection limit. Not detected. 
Not .reported. 

6200 - 36 

Intrusive-
Dried and 

Ground 

14.4 

3.76 

2.90 

28.3 

1.24 

21.9 

29.4 

7,90 

1.57 

6.03 

13.0 

kD 

19.2 

18.2 

2.57 

18.9 

19.5 

29.2 

3.98 

19.5 

NR 

15.3 

3. 74 

NR 

11.1 

5.18 

of these analytes in 
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c 

1'N9000 

c 
'1!ABUI: s 

ACCtJJW:X 

lostrumcnl 

1N Lead ANJyzr:t X-MET 920 (SiU Ddcelor) 

Anal)1e n Range of MQUI SD n Rmgcof Meao•-4 so n Range of Mean so n %Rec. 

Sb 

N 

Ba 

Cd 

Cr 

Cu 

Fe 

Pb 

Mn 

Ni 

Sr 

Zn 

No4cs: 

0 

SD 
NA 

DRAFT 

~oRec. %Rec. Roc. ~.Rcc.. %Rcc 
2 100-149 124.3 NA - - - - - - - - -s 68-115 92.8 17.3 s #lOS 83.4 23.2 4 9.7-91 47.7 39.7 s 
9 98-198 1353. 36.9 - - - - 9 18-S48 168.2 262 -
2 99-129 l 14.3 NA - - - - 6 81-202 IJO.S 4S.7 -
2 99-17R 138.4 NA - - - - 7 22-273 143.1 93.8 3 
8 61-140 95.0 28.8 6 38-107 79.1 27.0 11 10-210 II J.8 72.1 8 
6 78-lSS 103,7 26.1 6 89-lS9 102.3 28.6 6 48-94 80.4 16.2 6 

11 66-138 98.9 19.2 II 68-131 97.4 18.4 12 23-94 72.7 20.9 13 
4 81·104 93.1 9.7() 3 92-152 IJJ.r 33.8 - - - - -
3 99-122 109.8 12.0 - - - .. - - - - 3 
8 110-178 132.6 23.8 - - - - - - - - 7 

II 41·13<l 943 24.0 10 81·133 100.0 19.7 12 46-181 106.6 . 34.7 11 

Number of SlliDpla thai oontaincd a ocrtificd value fOf the anaJyte and produced a detectable CXlOCCOtllltion 6t!rn the FPXRF instrument Standard deviation. 
Not applicable; onJy. rwo dala poillta, lbc:rc:forc. • SO was DOC calc:uJdocf. Nodala. 
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Range of Mean•At 
~.Reo. Roc. 

- -
38-SJS 189.8 

- -
- -

98-625 Z'/92. 

95-480 203.0 

'26-187 108.6 

8()..234 107.3 

- -
57-123 87.5 

86-209 125.1 

31-199 94.6 

( 

SD 

-
2Q6 

-
-

300 

147 
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39.9 

-' 
33.5 

39.5 . 

42.5 
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TABLE 7 
ACCURACY FOR TN 9oooa 

St a.nd.a.rd Arsenic 
' 

Barium Reference 
Material Cert. Mea.s. %Re<:, Cert. Meas. \Re<:. 

Cone. Cone: Cone. Cone. 

RTC CRM• 24.8 ND HA 586 1135 193.5 021 

RTC CRM- 397 429 92 .s 22.3 ND NA 020 

BCR CRM -- -- -- -- -- --143R 

BCR CRM -- -- -- -- -- --141 

USGS GXR-2 25.0 HD NJI. 2240 2946 131.5 
' USGS GXR-6 330 294 88.9 1300 2581 198.5 
NIST 2711 105 104 99.3 726 801 110.3 
NlST 2710 626 722 us. 4 707 782 110.6 
NIST 2709 17.7 ND m 968 950 98.1 
HIST 2704 23.4 ND NA 414 443 107.0 
CNRC PJI.CS- 211 143 67.7 -- 112 NA 1 

SAFM-51 -- -- -- 335 466 139.1 
SARM-52 -- -- -- 410 527 128.5 

Notes: 

%Rec. 
ND 

All concentratio~ in Dcilligrams per kiloq~am. Percent recovery. 
Not detected. 

NA Not applicable. 
No data. 
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Copper 

Cert. Meas. 
Cone. Cone. 

4792 2908 

753 583 

131 lOS 

32.6 ND 

76.0 106 

66.0 HD 

114 ND 

2950 2834 

34.6 ND 

98.6 105 

452 302 

268 373 

219 193 

Lead 

@Rec. Cert. Meu. 
Cone. Cone. 

60.7 144742 149947 

77.4 5195 3444 

80.5 180 206 

NA 29.4 HD 

140.2 690 742 

NA 101 80.9 

NA 1162 1172 

96.1 5532 5420 

NA 18.9 ND 

106.2 161 167 

66.9 404 332 

139.2 5200 7199 

88.1 1200 1107 
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Zinc 

%Rec. Cert. Meas. 
cone. Cone. 

103.6 546 224 

66.3 3022 3916 

114.8 1055 1043 

NA 81.3 ND 

107.6 530 596 

80.1 118 ND 

100.9 350 333 

98.0 6952 6476 

NA 106 98.5 

103.5 438 427 

82.3 824 611 

138.4 2200 2676 

92.2 264 215 

( 

%Rec. 

40.9 

129.6 

99.0 

NA 

112.4 

K\ 

94.9 

93.2 

93.0 

97.4 

74.2 

121.6 

81.4 
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L-

0 rl 

All Data 824 0.94 

Soil I 368 0.96 

~12 453 0.94 

Soil3 - -
~1 207 0.87 

~2 208 0.97 

:Prep3 204 0.96 

Prep4 205 0.96 

Lead 

n r1 
~Data 1205 0.92 

Soil I 357 0.94 

Soi.I2 451 0.93 

Soil3 397 0.90 

I Prep I 305 0.80 

prep2 298 097 

~3 302 0.98 

Prep4 300 0.96 

Nolei!: 

Log-trans£ormcd data 
o Nwnber of data points 
r eocmcient or ddermin.arion 
1nt y -inleroept 

No applicable data 
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TABLE 8 
REGRESSION PARAMETERS FOR COMPARABILI~ ... 

~·-

Int Slope n 

1.62 0.94 1255 

1.41 0.95 393 

1.51 0.96 462 

- - 400 

2.69 0.85 312 

1.38 0.95 315 

1.20 0.99 315 

1.45 0.98 313 

Int Slope n 

1.66 0.95 1103 

1.41 0.96 329 

1.62 0.97 423 

2.40 0.90 351 

2.88 0.86 286 

1.41 0.96 272 

1.26 0.99 274 

1.38 1.00 271 

6200 - 39 

r2 

0.71 

0.05 

0.56 

0.8S 

0.64 

0.67 

0.78 

0.81 

.71oc 

r 
0.89 

0.93 

0.85 

0.90 

0.79 

0.95 

0.93 

0.94 

Inc. Slope 

60.3 0.54 

42.6 0.11 

30.2 0.66 

44.7 0.59 

53.7 o.ss 
64.6 0.52 

64.6 0.53 

58.9 0.55 

lnt Slope 

1.86 0.9S 

J.78 0.93 

2.57 0.90 

1.70 0.98 

3.16 0.87 

1.86 0.93 

1.32 1.00 

1.41 1.01 
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D r2 lnl 

984 0.93 2.19 

385 0.94 1.26 

463 0.92 2.09 

136 OA6 16.60 

2S6 0.87 3.89 

246 0.96 2.04 

236 0.97 1.45 

246 0.96 1.99 

Chrwnium 

n r' Jnt 

280 0.70 64.6 

- - -
_, - -
186 0.66 38.9 

105 0.80 66.1 

77 0.51 81.3 

49 0.73 53.7 

49 0.75 31.6 

c·· 

Slope 

·o.93 
0.99 

0.95 

0.51 

0.87 

0.93 

0.99 

0.96 

Slope 

0.42 

-
-

0..5() 

0.43 
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iku•ic 
II ,J 

1-\U IJaJil au 0.94 

~oil I 16.8 0.96 

~i/2 45J OJ).I 

~J - -
' 

Pr~p J 1fi7 0.87 

IPrtp 2 208 0.97 

Prep] 204 0.96 

I Prt~p" 205 0.96 

I u-1 

n r' 

iAJt!JiJia 1205 0.92 

~ou I 157 fi.94 

~i/1 451 0.9) 

~UJ 197 0.90 
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Project Summary 
Field Sampling and Selecting .On-Site Analytical Methods for Explosives in Soil 
Al<m B. Crockett. Barry D. Craig, Thomas F. Jenkins, and Wayrie E. Sisk 

A large number of defense-related sites are contaminated with elevated levels of secondary explosives. Levels of contamination range from barely detectable to levels above 10% that need special handling because of the detonation potential. Characterization· of explosives-contaminated sites is particularly difficult because of the very heterogeneous distribution of contamination in the environment and within samples. To improve site characterization, several options exist including collecting more samples, providing on-site analytical data to help direct the investigation, compositing samples, improving homogenization of samples, and extracting larger samples. On-site analytical methods are essential for more economical and improved characterization, and what they may lack in accuracy relative to laboratory methods, is more than offset by the increased number of samples that may be run. While verification using a standard analytical procedure should be part of any quality assurance program, reducing the number of samples analyzed by the more expensive methods may result in significantly reduced costs. Often 70 to 90% of the soil samples analyzed during an explosives site investigation do not contain detectable levels of contamination. Two basic types of on-site analytical methods are in wide use for explo·· sives in soil: colorimetric and immunoassay. Colorimetric methods generally detect broad classes of compounds such as nitroaromatics or nitramines, while immunoassay methods are more compound specific. Because TNT or RDX is usually present in explosivescontaminated soils, the use of on-site methods designed to detect only these or similar compounds may be very effective. Selection of an on-site analytical method involves evaluation of many factors including the specific objectives of the study, compounds of interest and other explosives present at the site, the number of samples to be run, the sample analysis rate, interferences/crossreactivity of the method, the skill required, analytical costs per sample, and the need for and availability of support facilities and services. Other factors to be considered are the precision and bias of the on-site analytical method, but it should be remembered that l) 

the analytical error is generally small compare:f to field error and 2) the precision and bias of a method are &:pendent on the site _ (compounds present and relative concentration) and the specific objectives. Modifications to on-site methods may improve method performance including extracting a larger soil .sample to improve the representativeness of the analytical sample, ensuring that the shaking/extraction phase of all methods lasts at least 3 minutes, and evaluating the rate of extraction for heavy soils by conducting a simple kinetic study. With appropriate use, on-site analytical methods are valuable tools for characterization of soils containing explosive residues and monitoring remediation operations. 

It is imperative that any persons working 
Oit sites believed to be contaminated with Explosive residues thoroughly familiarize themselves with the physical and toxic properties of the materials potentially present and to take all measures as may be prudent and/or prescribed by law to protect life, health, and property. This publication is not intended to include discussions of the safety issues associated with sites contaminated with explosive residues. Examples of safety issues to be considered include but are not limited to: explosion hazards, toxicity of secondary explosives, and/or personal protective equipment. Information pertaining to these concerns can be found in Roberts and Hartley (I 992) and Yinon (1990). Specifically, this paper is not intended to serve as a guide for sampling and analysis of unexploded ordnance, bulk high explosives, or where secondary explosives concentrations in soil exceed 100,000 mg/kg (IO%). These conditions present a potential detonation hazard, and as such, safety procedures and safety precautions should be identified before initiating site characterization activities in these environments. Finally, this paper does not address primary explosives or initiating compounds, such as lead azide, lead styphnate, or mercury fulminate, which are extremely unstable and present a substantial safety risk at any concentration. 



.. 

Introduction 
Historical disposal practices from 

manufacturing, spills, ordnance demilitarization, 
lagoon disposal of explosives-contaminated 
wastewater, and open burn/open detonation 
(08/0D) of explosive sludges, waste explosives, 
excess propellants, and unexploded ordnance 
often result in soils contamination. Facilities 
~hat may be contaminated with explosives 
mclude, for example, active and former 
manufacturing plants, ordnance works, Army 
ammunition plants, Naval ordnance plants, Army 
depots, Nav~ ammunition depots, Army and 
Na_val p~ovmg grounds, burning grounds, 
artillery Impact ranges, explosive ordnance 
disposal sites, bombing ranges, firing ranges, 
and ordnance test and evaluation facilities. A 
number of these facilities have high levels of soil 
and groundwater contamination, although waste 
disposal was discontinued 20 to 50 years ago. 
Because of such extensive contamination, the 
Environmental Protection Agency's Federal 
Facilities Forum determined that remedial 
project managers need guidance about field 
sampling and on-site analytical methods for 
detecting and quantifying secondary explosive 
compounds (Table l) in soils. 

Under ambient environmental conditions 
explosives are highly persistent in soils and 
groun~water, e~i~iti~g a resistance to naturally 
occumn~ volatd1zatton, biodegradation, and 
hydrolysis. Site investigations indicate that 
TNT is the least mobile of the explosives and 
most frequently occurring soil contamination 
problem. RDX and HMX are the most mobile 
explosives and present the largest groundwater 
contamination problem. TNB, DNTs, and tetryl 
are of intermediate mobility and frequently occur 
as co-contaminants in soil and groundwater. 

The frequency of occurrence of specific 
explosives in soils was assessed by Walsh et al. 
(1993), who compiled data on soils collected 
from 44 Army ammunition plants, arsenals, and 
depots and two explosive ordnance disposal 
sites. Of the 1,155 samples, a total of 319 
samples (28%) contained detectable levels of 
explosives. The frequency of occurrence and the 
maximum concentrations detected are shown in 
Table 2." TNT was detected in 66% of the 
samples and 80% of the samples if the two 
explosive ordnance disposal sites are excluded. 
Overall, either TNT or RDX or both were 
detect~d in _72% of the samples containing 
explosive residues, and 94% if the ordnance sites 
are excluded. Thus, byscreening for TNT and 
RDX at these facilities, 94% of the contaminated 
areas could be identified (80% if only TNT was 
determined). This demonstrates the feasibility of 
screening for one or two compounds to identify 
the extent of contamination at munitions sites. 

Table l. Analytical Methods for Commonly Occurring Explosives Ptopellants and Impurities/Degradation Products. . ' ' 
Acronym Compound Name Field Developer/ Laboratory 

Method Test ldt Method 
Nitroaromatics Cs 
TNT 2,4,6-trinitrotoluene Cp 

Cp 
lp 
lp 
lp 
lp 

TNB 1,3,5-trinitrobenzene Cs 
Is 

DNB I ,3-dinitrobenzene Cs 
2,4-DNT 2,4-dinitrotoluene Cp,Cs 
2,6-DNT 2,6-dinitrotoluene Cs, Is 
Tetryl Methyl-2,4,6-trinitro- Cs 

phenylnitrarnine 
2AmDNT 2-amino-4,6-dinitrotoluene 
4AmDNT 4-amino-2,6-dinitrotoluene Is 
NT Nitrotoluene (3 isomers) 
NB Nitrobenzene 
Nitramines Cs 
RDX Hexahydro-1 ,3,5-trinitro-1 ,3,5-triazine Cp 

lp 
HMX Octahydro-1 ,3,5,7-tetranitro- Cs 

I ,3,5, 7 -tetrazocine 
NQ Nitroguanidine Cs 
Nitrate &ters Cs 
NC Nitrocellulose Cs 
NG Nitroglycerin Cs 
PETN Pentaerythritol tetranitrate Cs 
Ammonium Picrate/Picric Acid 
APIPA Ammonium 2,4,6-trinitrophenoxide/ Cp 

21416-trinitro~henol [S 
A= Ammonium Picrate/Picric Acid (Thome and Jenkins 1995). 
Cp =Colorimetric field method, primary target analyte(s). 
Cs =Colorimetric field method, secondary target analyte(s). 
G = Nitroguanidine (Walsh 1989). 
lp = Immunoassay field method, primary target analyte(s). 
Is = Immunoassay field method, secondary target analyte(s). 
L = Nitrocellulose (Walsh unpublished CRREL method). 

CRREL, EnSys RIS' 
CRREL, EnSys RIS' 
US ACE 
DTECH 
ldetek Quantix 
Ohmicron RaPID Assay 
EnviroGard 
CRREL, EnSys RIS' 
Ohmicron RaPID Assay 
CRREL, EnSys RIS' 
CRREL 
CRREL, EnviroGard 
CRREL 

EnviroGard 

CRREL, EnSys RIS' 
CRREL, EnSys RIS' 
DTECH 
CRREL, EnSys RIS' 

CRREL 
CRREL 
CRREL 
CRREL 
CRREL 
CRREL 
CRREL 
DTECH 

N =EPA SW-846, Nitroaromatics and Nitramines by HPLC, Method 8330. 
P = PETN and NG (Walsh unpublished CRREL method). 
• The performance of a number of field methods have not been assessed utilizing "approved" 

laboratory methods. 

N 
N 

N 

N 
N 
N 
N 

N 
N 
N 
N 
N 
N 

N 

G 

*L 
•p 
*P 

A 

Table 2. Occurrence of Analytes Detected in Soil Contaminated with Explosives. 
Nitroaromatics % Samples with Analyte Present Maximum Level {.ug!g) 
TNT 66 102,000 
TNB 
DNB 
2,4-DNT 
2,6-DNT 
2-AmDNT 
4-AmDNT 
Tetryl 
Nitramines 
RDX 

HMX 
TNT and/or RDX 

Derived from Walsh et al. (1993). 
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Overview of Sampling and Analysis for 
Explosives in Soil 

The environmental characteristics of 
munitions compounds in soil indicate that 
they are extremely heterogenous in sp(!.tial 
distribution. Concentrations range from 
nondetectable levels(< 0.5 ppm} to percent 
levels (> 10,000 ppm} for samples collected 
within several feet of each other. In 
addition, the waste disposal practices at 
these sites, such as OB/OD, exacerbate the 
problem and may result in conditions 
ranging from no soil contamination up to 
solid "chunks" of bulk secondary 
explosives, such as TNT or RDX. 
Secondary explosives concentrations above 
10% (> 100,000 ppm} in soil are of concern 
from a potential reactivity standpoint and 
may affect sampling and materials handling 
processes during remediation. 

Reliance on laboratory analyses only for 
site investigations may result in a large 
percentage of the samples . with 
nondetectable levels (up to 80%} at a high 
analytical cost ($250 to 350 per sample}. 
Because of the extremely heterogeneous 
distribution of explosives in soils, on-site 
analytical methods are a valuable, 
cost-effective tool to assess the nature and 
extent of contamination. Because on-site 
method costs per sample are lower, more 
samples may be analyzed and the 
availability of near-real-time results permit 
redesign of the sampling scheme while in 
the field. The use of on-site methods also 
facilitates more effective use of off-site 
laboratories. 

Data Quality Objectives 
The Environmental Protection Agency 

(EPA} Data Quality Objectives process is 
designed to facilitate the planning of 
environmental data collection activities by 
specifying the intended use of the data 
(what decision is to be made), the decision 
criteria (action level), and the tolerable 
error rates. Integrated use of on-site and 
laboratory methods for explosives in soil 
facilitate achieving such objectives as 
determining the horizontal and vertical 
extent of contamination, obtaining data to 
conduct a risk assessment (EPA 1992), 
identifying candidate waste for treatability 
studies, identifying the volume of soil to be 
remediated, determining whether the soil 
presents a potential detonation hazard 
(reactive according to Resource 
Conservation and Recovery Act 
regulations), and determining whether 
remediation activities have met the cleanup 
criteria (typically 10 to 100 ppm). 

Unique Sampling Design Considerations 
for Explosives 

Heterogeneity Problems and Solutions -
Jenkins et al. (1996) recently collected and 
analyzed seven soil cores within a radius of 
2 ft from nine locations. Results showed 
extreme variation in concentration in five of 
the nine locations, and in all cases only a 
small fraction of the total error was because 
of analytical error; field sampling error 
dominated total error. To improve site 
characterization and reduce sampling error, 
the major effort should be to increase 
sampling densities and composite samples. 
There are several practical approaches to 
reducing overall error during 
characterization of soils contaminated with 
explosives, including increasing the number 
of samples or sampling density, collecting 
composite samples, using a stratified 
sampling design, and reducing within
sample heterogeneity. 

One simple way to improve spatial 
resolution is by collecting more samples on 
a finer sampling grid such as a 5-m instead 
of a 10-m spacing. This approach has been 
rejected in the past because of the higher 
costs but when inexpensive on-site 
analytical methods are used, this approach 
becomes feasible. 

Samples are always taken to apply 
inferences from the samples to a larger 
volume of material, and a set of composite 
samples provides a more precise estimate of 
the mean than a comparable number of 
discrete samples. This occurs because 
compositing is a "physical process of 
averaging." Decisions based on a set of 
composite samples provides greater 
statistical confidence than a comparable set 
of individual samples (Gagner and Crockett 
I 996). In Jenkins' study, composite 
samples were much more representative of 
each plot than the individual samples that 
made up the composites. Using a 
composite sampling, it is possible to reduce 
costs and the total number of samples 
collected while improving characterization. 

Stratified sampling also may be effective 
in reducing fjeld and subsampling errors. 
Using historical data and site knowledge or 
results from an exploratory study, it may be 
possible to identify areas in which 
contaminant concentrations are expected to 
be moderately heterogeneous (pond bottom) 
or ·extremely heterogeneous (open 
detonation sites). Different compositing 
and sampling strategies may be used to 
characterize different areas that may result 
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in a more efficient characterization. 
Another means of stratification is based on 
particle size. Because explosive residues 
often exist in a wide range of particle sizes 
(crystals to chunks), it is possible to sieve 
samples into various size fractions, which 
may reduce heterogeneity. 

Within-sample heterogeneity is frequently 
observed with on-site analyses when 
duplicate subsamples are analyzed and the 
results differ by an order of magnitude. To 
reduce within-sample heterogeneity and 
obtain a representative analytical sample, 
two methods may be employed: either 
homogenization and. extraction or analysis 
of a larger sample. The smaller the volume 
of the subsample removed for extraction and 
analysis, the more homogeneous the entire 
sample should be before subsampling. This 
may require sample drying, grinding, and 
riffle splitting (Gagner and Crockett 1996). 

While sample-mixing procedures such as 
sieving to disaggregate particles, mixing in 
plastic bags, etc., should be used to prepare 
a sample. Extracting a larger sample is 
perhaps the easiest method of improving 
representativeness. Jenkins recommends 
extraction of 20 g of soil, and the same 
approach may be used easily to improve the 
results with most on-site analytical methods. 

Sample Holding Times and Preservation 
Procedures - Based on spiking clean soils 
with explosives in acetonitrile, Maskarinec 
et al. (1991) recommended the following 
holding times and conditions: 
TNT -immediate freezing and 233 days at 
-20°C; DNT-107 days at4°C; RDX-107 
day.s at 4 oc; and HMX-52 days at 4 °C. 
Grant eta!. (1993, 1995) spiked soils with 
explosives dissolved in water to eliminate 
any acetonitrile effects and also used a field
contaminated soil. The results on spiked 
soils showed that RDX and HMX are stable 
for at least 8 weeks when refrigerated (2°C) 
or frozen (-15°C). Soils spiked with 
nitroaromatics should be frozen as soon as 
possible because some results showcil 
significant TNT and TNB degradation 
within 2 hours. However, both compounds 
and 2,4-DNT may be adequately preserved 
for 8 weeks or longer by freezing. The 
results for field-contaminated soils did not 
show the rapid degradatfon of TNT, and 
TNB observed in the spiked soils and 
refrigeration appeared satisfactory. 
Presumably, the explosives still present in 
the field soil after many years of exposure 
are less biologically available than in the 
spiked soils. Explosives in air-dried soils 



are stable at room temperature if kept in the 
dark. Acetonitrile extracts of soil samples 
are expected to be stable for at least 6 
months under refrigeration. Acetone 
extracts are also thought to be srable if 
stored in the dark under refrigeration. 

Explosion Hazards and . Shipping 
Limitations - EPA regions and the U.S. 
Army Environmental Center consider soils 
containing more than 10% secondary 
explosives (i.e., TNT, RDX, HMX, DNT, 
TNB, and DNB) by weight to be 
susceptible to initiation and propagation 
(EPA 1993). If on-site analyses indicate 
that soil samples contain less than 10% total 
secondary explosives by weight, they may 
be shipped to off-site laboratories as 
environmental samples. Samples with more 
than H)% explosives must be shipped to a 
explosives-capable laboratory for analysis, 
and they must be packaged and shipped in 
accordance with applicable Department of 
Transportation and EPA regulations for 
reactive hazardous waste and Class A 
explosives (AEC 1994 ). For sampling at 
sites with unknown or greater than 10% by 
weight of secondary explosives 
contamination, special sampling procedures 
must be followed (AEC 1994 ). 

Summary of On-site Analytical Methods 
For Explosives in Soil 

Ideally, on-site methods provide high
quality data on a near-real-time basis at low 
cost and of sufficient quality to meet all 
intended uses including risk assessments 
and final site clearances without the need 
for more rigorous procedures. While the 
currently available on-site methods may not 
be ideal (not capable of providing 
compound specific concentrations of 
multiple compounds simultaneously), they 
have proven very valuable during the 
characterization and remediation of 
numerous sites. Currently available on-site · 
analytical methods that have been evaluated 
against standard analytical methods and 
demonstrated in the field include 
colorimetric and immunoassay methods 
(Table 1). Each method has relative 
advantages and disadvantages; therefore, 
one method may not be optimal for all 
applications. To assist in the selection of 
one or more on-site methods for various 
users needs, Table 3 was developed 
comparing the available colorimetric and 
immunoassay on-site analytical methods for 
detecting explosives in soil. The selection 
criteria presented include method type, 
analytes determined, detection limit and 
range, sample preparation and extraction 

procedure, analytical production rate, 
interferences and. cross-reactivities, 
recommended quality assurance/quality 
control, suggested storage conditions and 
shelf life, skill required, availability of 
training, cost per sample, and, among 
others, additional method selection 
considerations. The comparable table in the 
complete issue · paper also includes 
references to comparisons with Method 
8330 and other references. 

Interferences/Cross-Reactivity- A major 
difference among the field methods is with 
interferences for colorimetric methods and 
cross-reactivity for immunoassay methods. 
The colorimetric methods for TNT and 
RDX are broadly class sensitive, that is, 
they respond to many other similar 
compounds (nitroaromatics and 
nitramineslnitrate esters, respectively). 
Immunoassay methods are relatively 
specific for the primary target analytes. The 
cross-reactive secondary target analytes for 
TNT are mainly other nitroaromatics, but 
this varies considerably among the four 
TNT immunoassay test kits. Depending 
upon the sampling objectives, broad 
sensitivity or specificity may be an 
advantage or a disadvantage. If the 
objective is to determine whether any 
explosive residues are present in soil, broad 
sensitivity is an advantage. For the Cold 
Regions Research and Engineering 
Laboratory (CRREL) and EnSys RIS£ 
colorimetric methods, the color 
development of the extracts may give the 
operator an indication of what types of 
compounds are present in soil. An 
advantage of some colorimetric methods is 
they may be used to detect compounds 
other than the primary target analyte. For 
example, the colorimetric RDX methods 
may be used to screen for HMX when RDX 
levels are relatively low, and for NQ, NC, 
NG, and PETN in the absence of RDX and 
HMX. 

For colorimetric methods, interference is 
defined as the positive response of the 
method to secondary target analytes or co
contaminants similar to the primary target 
analyte. For TNT methods, the primary 
target analyte is TNT, and the secondary 
target analytes are other polynitroaromatics 
TNB, DNB, 2,4-DNT, 2,6-DNT, and tetryl. 
For RDX methods, the primary target 
analyte is RDX, and the secondary target 
analytes are nitramines (HMX and NQ), 
and nitrate esters (NC, NG, and PETN). If 
the primary target analyte is the only 
compound present in soil, the colorimetric 
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methods measure the concentration of that 
compound. If multiple analytes are present 
in soil, field methods measure the primary 
target analyte plus the secondary target 
analytes, nitroaromatics for the TNT test kit, 
and nitrarnines plus nitrate esters for the 
RDX test kits. In addition, the response of 
colorimetric methods to the secondary target 
analytes is similar to that of the primary 
target analyte, and remain constant through
out the concentration range of the methods. 

For immunoassay methods, cross
reactivity is defined as the positive response 
of a method to secondary target analytes or 
co-contaminants similar to the primary 
target analyte. For TNT methods, the prim
ary target analyte is TNT, and the secondary 
target ~alytes are nitroarornatics TNB, 
DNTs, Arn-DNTs, and tetryl. For RDX 
methods, the primary target analyte is RDX, 
and cross-reactivity is slight, 3% with HMX 
If the primary target analyte is the only 
compound present in soil, the immunoassay 
methods measure the concentration of that 
compound. If multiple analytes are present 
in soil, the immunoassay methods measure 
the primary target analyte plus some percen
tage of the cross-reactive secondary target. 

Both colorimetric and immunoassay 
methods may be subject to positive matrix 
interference from humic substances in soils. 
For colorimetric methods, this typically 
occurs below lO ppm, and is indicated by 
yellow extracts. These interferences may be 
reduced by careful visual analysis prior to 
colorimetric analysis. Nitrate and nitrite, 
common plant nutrients in soil, are potential 
interferents with the CRREL and EnSys 
RIS£ colorimetric procedures for RDX. An 
extra processing step may be used to remove 
these interferents in soils that are rich in 
organic matter or that may have;: been 
fertilized recently. 

Comparisons to Laboratory Method, SW-
846 Method 8330 - Precision and bias of the 
on-site methods are most appropriately 
assessed by comparison to established 
laboratory methods such as EPA Method 
8330. Methods of comparison that have 
been used include relative percent difference 
(RPD), linear regression, correlation, 
percent false positive and false negative 
results, and analysis of variance and paired 
t-tests. It also should be remembered that 
analytical accuracy is generally quite small 
compared to total error (field error is the 
major contributor). 
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Method/ Method Type 
Detection Range and Soil Sample 

Analysis Time· Production Rat 
Kit Analytes and EPA 

Range Factor Type of Results Samples per Batch Sample Preparation & 
(one person) 

Method No. 
Size· Extraction 

CRREL Colorimetric TNT: I to 22 mglkg (22 X) TNT, RDX: Quantitative TNT: Batch or single 20 g 3 min shaking in 100 30 minute extract 6/samples; 
TNT, RDX, 2,4-DNT, RDX: Ito 20 mglkg (20 X) 2,4-DNT: Semiquantitative RDX: 6 to 7/batch or single mL acetone; seuling; TNT: 5 minutes/sample; 
Ammonium Picrate 2,4-DNT: 2 to 20 mglkg (lOX) APIPA: Quantitative 2,4-DNT & APIPA: Single filtration. RDX: 30 minutes/6 RDX samples; 
/Picric Acid APIP A: 1.3 to 69 mglkg (53 X) or batched 

25 samples/day for TNT + RDX 
DNT: 30 minutes/6 samples 
APIPA: IS minutes/sample 

EnSys RIS'® Colorimetric TNT: I to 30 mglkg (30 X) Quantitative Single JOg Dry < I 0% moisture TNT: 30 to 35 minutes/10 samples in 
TNT: Method 85 I 5 draft RDX: I to 30 mglkg (30 X) 

(optional); 3 min lab; estimated 40 to 45 minutes in field. 
RDX: Method 8510 

shaking in 50 mL RDX: 60 minutes/6 samples. Optional 
proposed 

acetone; 5 min drying time nor included. 
settling; filtration. 

US ACE Colorimetric 6 to 100 mglkg (17 X) Quantitative Single or batched 6g I min shaking in 35 I 0 to 20 samples/day depending on soil 
TNT 

mL methanol; settling; characteristics 
(.Jl 

filtration as needed. 
0 TECHTM Immunoassay - ELISA TNT: 0.5 to 5.0 mglkg (10 X) Semiquantitative 4 (single or batch) 3mL 3 min shaking in 6.5 30 minutes for I to 4 samples for TNT 

TNT: Method 4050 draft RDX: 0.5 to 6.0 mglkg (12 X) (concentration range) (-4.5 g) mL acetone; settle 1 orRDX. RDX: Method 4051 draft 
to IOmin. 

ldetek Immunoassay - ELISA TNT: 0.25 to 100 mglkg (400 X) Quantitative 20 to 40 (batch only) -4.2g 3 min shaking in 21 2.5 to 3.5 hours for 20 to 40 samples. 
QuantixTM Antigen-Antibody 

mL acetone; settle ldetek estimates • 2 hours for up to 40 
TNT 

several minutes. TNT samples. 
EnviroGardTM Immunoassay - ELISA Plate kit: I to 100 mglkg (100 X) Plate: Quantitative Plate: batch of 8 2g Air dry soil, 2 min Plate: 90 minutes for 8 samples 

TNT: Plate kit Tube kit: 0.2 to 15 mglkg (75 X) Tube: Semiquantitative Tube: batch of 14 shaking in 8 mL Tube: 30 minutes for 14 samples 
TNT: Soil (tube) kit (concentration range) acetone; filter. Drying time not included. 

Ohmic ron Immunoassay - ELISA TNT: 0.07 to 5 mglkg (71 X) Quantitative 5 to 51 (batch only) lOg I min shaking in 20 I hour for 20 extractions; 45 minutes 
RaPID Assay® Magnetic particle/tube 

mL methanol; settle 5 for analysis (51 samples) kit 
min; filter TNT: Method 4050 

proposed 
- -· -- -------

-----~--~---~ ---- L __ 
-----------------

• Expanded and modified from EPA 1995b 
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' Criteria 

Method/ 
Storage Conditions and Kit Interferences and Cross-reactivities > 1% based on ICSO (see text) Recommended QA/QC Shelf Life of Kit or Skill Level 

Reagents 
CRREL TNT = TNT + TNB + DNB + DNTs + tetryl; Blank and calibration standards Store at room temperature. Medium -detection limits (ppm); TNB 0.5; DNB < 0.5; 2,4-DNT 0.5; 2,6-DNT 2.1; tetryl 0.9 analyzed daily before and after RDX = RDX + HMX + PETN+ NQ + NC + NG sample analyses. Blank and -detection limits (ppm); HMX 2.4; PETN I; NQ 10; NC 42; NG 9 spiked soil run daily. Soil moisrure > 10%, and humics interfere with TNT and RDX; nitrate and nitrite interfere with RDX. 2,4-DNT = 2,4-DNT + 2,6-DNT +TNT+ TNB + tetryl; high copper, moisture and humics interfere. APIPA =relatively free of humic and nitroaromatic interferences. 

EnSys RIS'® TNT= TNT+ TNB + DNB + DNTs + tetryl; Method and soil blanks and a Store at room temperarure. TNT: Low -detection limits (ppm); TNB 0.5; DNB < 0.5; 2,4-DNT 0.5; 2,6-DNT 2.1; tetryl 0.9 control sample daily, one Shelf life: RDX: Medium RDX =·RDX + HMX + PETN + NQ + NC + NG duplicate/20 samples. Some TNT= 2 to 24 months at 27"C -detection limits (ppm); HMX 2.4; PETN I; NQ 10; NC 42; NG 9 positive field results (I: I 0) RDX = 2 to 12 months at 27"C Soil moisrure > I 0%, and humics interfere with TNT and RDX; nitrate and nitrite interfere with RDX. should be confirmed. 

US ACE TNB interferes by raising minimum detection limit. Blank soil sample, and calibration Store at room temperature Medium 0\ 
standard prepared from clean site 
soil. 

D TECHn.~ Cross reactivity: 
Samples testing positive should Store at room temperarure or Low TNT: tetryl = 35%; TNB = 23%; 2AmDNT = II%; 2,4-DNT = 4%; be conftrmed using standard refrigerate; do not freeze or APIP A unknown but -I 00% at lower limit of detection methods. exceed 37•c for prolonged RDX: HMX=3% 

period. Shelf life 9 months at 
room temperarure 

ldetek Cross reactivity: 
Duplicate extractions Refrigerate 2 to s•c, do not Medium-high, QuantixnA TNB = 47%; tetryl = 6.5%; 2,4-DNT = 2%; 4AmDNT = 2% I in I 0 replicate freeze or exceed 37•c. Shelf life initial training 
2 sample wells/extract 9 to 12 months. Avoid direct recommended 

light. 
EnviroGardnA Cross reactivity: 

Plate: Samples run in duplicate. Store 4 to s•c; do not freeze or Plate: Medium-Plate: 4-AmDNT = 41 %; 2,6-DNT = 41 %; TNB = 7%; 2,4-DNT = 2% exceed 37•c. Do not expose high Tube: 2,6-DNT = 20%; 4AmDNT = 17%; TNB = 3%; 2,4-DNT = 2% substrate to direct sunlight. Tube: Medium 
Shelf life: Plate 3 to 14 months. 

Tube 3 to 6 months. 
Ohmicron Cross reactivity: 

Duplicate standard curves; Refrigerate reagents 2 to s•c. Medium-high, RaPID TNB = 65%; 2,4-Dinitroaniline = 6%; tetryl = 5%; 2,4-DNT = 4%; 2AmDNT = 3%; positive control sample, supplied. Do not freeze. initial training Assay® DNB =2% 
Positive results requiring action Shelf life 3 to 12 months. recommended 
may need conftrmation by 

J 
another method. 

'Expanded and modified from EPA 1995b 
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Criteria 
Method/ Training Costs Comparisons to Method 8330 Other Developer 

Additional Considerations 

Kit Availability (not including labor) References Rererences Information 
CRREL Free video for TNT $15/sample plus $1,500 for Brouillard et al. 1993; EPA 1993, Jenkins et Dr. Thomas F. Jenkins Large work area (2 large desks); requires the most setup time 

and RDX, see text Hach spectrometer. J995a (Method 8515), 1995b; al. 1995; CRREL possible TNB interference, no electricity or refrigeration 
for address. Jenkins 1990; Jenkins and Walsh 1992; Thome and 72 Lyme Road required; deionized water required; must assemble materials; 
None available for Markos et al. 1995; lang et al. 1990; Jenkins Hanover, NH 03755-1290 glassware must be rinsed between analyses; larger volume of 
2,4-DNT, APIPA. Walsh and Jenkins 1991; 1995b (603) 646-4385 acetone waste, color indicative of compounds. Jenkins et al. 1996a; Jenkins and Walsh 

1991, 1992; Thome and Jenkins 1995a 

EnSys RIS'® Training available. $21/sample for TNT, EPA 1995a (Method 8515); EPA Strategic Diagnostics, Inc. Large work area (desk size) power supply required to charge 
Applicable video on $25/sample for RDX plus 1995b; IT 1995; Jenkins et al. 1996a, 375 Pheasant Run Hach specu:ometer; possible TNB interference; color 
CRREL method $160/day or $430/wk for lab 1996b; Markos et al. 1995; Myers et al. Newtown, PA 18940 indication of other compounds; requires acetone and 
available, address in station. Lab station cost = 1994. (800) 544-8881 deionized water; cuvettes must be rinsed between analyses. 
text. $1,950 

Nitrate and nitrate interferences with RDX kit can be 
corrected using alumin-a-cartridges from EnSys. US ACE None available. $4/sample or $5/sample if IT 1995; Medary 1992 Dr. Richard Medary Large work area (2 large desks); requires the most setup time; 

filtered plus $1,500 for Hach 
U.S. Army Corps of Eng. possible TNB interference; no electricity or refrigeration 

spectrometer 
601 E. 12th Street required; must assemble materials; glassware must be rinsed Kansas City, MO 64106 between analyses. 

-...J 

(816) 426-7882 
D TECHTM 2 to 4 hours free on- $30/sample for TNT or RDX EPA 1995a (Methods 4050 and 4051); Teaney et al. Strategic Diagnostics, Inc. Small working area; few setup requirements; no electricity or 

site training. plus $300 for DTECHTOR EPA 1995b; Haas and Simmons 1995; 1993. 375 Pheasant Run · refrigeration required; temperature dependent development 
(optional) Markos et al. 1995; Myers et al. 1994; Calif. EPA Newtown, PA 18940 time (effect can be reduced by changing DTECHTOR Teaney and Hudak 1994 1996aand (800) 544-8881 setting); significant amount of packing; relatively narrow 1996b range; no check on test; easy to transpon or carry; kits can be customized. Out-or range reruns require use of another kit. ldetek I day free on-site $21/sample for TNT plus EPA 1995b; Haas and Simmons 1995; ldetek, Inc. Large work area (desk); requires setup time, electricity, 

QuantixTM training. $5,880 for lab station or Markos et al. 1995 1245 Reamwood Ave. refrigeration and deionized water; requires careful washing of 
$500/month rental. 

Sunnyvale, CA 94089 microwells; replicate run for each sample, average of the two (800) 433-8351 is the result; less temperature dependent. Out of range reruns require use of another kit. 
Enviro- Free training Plate: $17/sample plus $4129 Haas and Simmons 1995 Calif. EPA Strategic Diagnostics, Inc. Large work area (desk size); requires setup time, refrigeration 
GardTM available. for equip. & small supplies. 1996c 375 Pheasant Run and power; acetone not supplied. Out-of-range reruns require 

Tube: $20/sample plus $2409 
Newtown, PA 18940 use of another kit. for equip. & small supplies. 
(800) 544-8881 

Ohmicron 4 hours free on-site $13 to $20/sample plus EPA 1995b; Haas and Simmons 1995; Calif. E.PA Strategic Diagnostics, Inc. Large work area (desk); requires setup time, electricity and 
RaPID training. $5,500 for equip. (purchase) Markos et al. 1995; Rubio et al. 1996 1996d 375 Pheasant Run refrigeration; less temperature dependent; low detection limit; 
Assay® or $800 for firSt month, $400 

Newtown, PA 18940 all reagents supplied; reagents and kit need refrigeration. Out-
each additional month 

(800) 544-8881 of-range reruns require use of another kit. (rental). 

-

• Expanded and modified from EPA 1995b 



Three studies have evaluated multiple 
methods under slightly different field con
ditions. Readers should consult the original 
studies for more details; however, some 
summary conclusions from the three _cited 
studies follow. An EPA study (EPA 1995) 
compared the CRREL, EnSys RIS£ 
(colorimetric), D TECH, ldetek Quantix, 
and Ohmicron RaPID Assay methods for 
TNT. The study concluded that overall "no 
single method significantly out-performed 
other methods" and accuracies for all the 
on-site methods were comparable. 
However, CRREL, EnSys RIS£, and 
Ohmicron RaPID Assay were more accurate 
in the greater-than-30-mg/Kg TNT ranges, 
and D TECH was more accurate in the less
than-30-mg/Kg range. The same study 
compared CRREL, EnSys RIS£, and D 
TECH methods for RDX in soil and con
cluded that they were slightly less accurate 
than the corresponding TNT methods. 

Haas and Simmons (1995) evaluated 
immunoassay kits for TNT (D TECH, 
EnviroGard Tube and Plate, ldetek Quantix, 
and Ohmicron RaPID Assay). They 
concluded that for semiquantitative 
screening, all kits have the potential to 
accurately screen soil samples for 
contamination at risk-based levels. For 
quantitative analyses, several of the assays 
had "significant positive bias" compared 
with high performance liquid 
chromatography (HPLC) results below l 
ppm; measurements near the detection limit 
"are often problematic"; and above l ppm, 
the correlation between the immunoassay 
kits and HPLC was "generally good." 

Myers et al. ( 1994) evaluated and 
compared the EnSys RIS£ and D TECH 
methods for TNT in soil versus EPA 
Method 8330. "EnSys demonstrated a good 
one-to-one linear correlation with RP 
[reverse phase]-HPLC that may be 
attributed to the procedure for extraction, 
i.e., a large sample size of dried 
homogenized soil." For the D TECH kit, 
comparison was more difficult because of 
the concentration range type data (as 
opposed to single value) and because "one
to-one linear correlation with RP-HPLC 
was poorer." The study concluded that the 
EnSys RIS£ kit was well suited for analyses 
requiring good quantitative agreement with 
the standard laboratory method and that the 
D TECH kit was "better suited for quick, 
on-site screening in situations in which all 
samples above a certain range will be sent 
forward to a laboratory for confirmation by 
the standard method." 

Emerging Methods and Other Literature 
Reviewed - Other on-site procedures are 
being used but limited information is 
available on them. Emerging procedures 
include an antibody-based continuous-flow 
immunosensor for TNT and RDX and a 
fiber optic biosensor for TNT that are being . 
evaluated by the Navy for use in soil, the 
U.S. Army is developing a cone 
penetrometer for in situ detection of 
explosives, ion mobility spectrometry is 
being evaluated by several organizations, a 
modified Method 8330 has been used in a 
mobile trailer, thermal desorption followed 
by gas chromatography/mass spectrometry 
analysis has been reported, and work is 
under way within CRREL to investigate the 
use of a simple thin-layer chromatographic 
method for use as a confmnation test 
following coforimefric-based procedures. 

Summary 
The heterogeneity of explosives in soils 

poses significant problems for site 
characterization. Several options exist 
including collecting more samples, 
providing on-site analytical data to help 
direct the investigation, compositing 
samples, improving homogenization of 
samples, and extracting larger samples. On
site analytical methods are essential for 
more economical and improved 
characterization. What the on-site methods 
lack in terms of precision and accuracy in 
simultaneously identifying specific multiple 
compounds, they more than make up for in 
the increased number of samples that can be 
run. 

Modifications to on-site methods may be 
able to improve method performance. In 
most cases, a larger soil sample may be 
extracted to improve the representativeness 
of the analytical sample. Also, with heavy 
soils or soils with high organic matter 
content, it may be useful to conduct a short
term kinetic study to determine whether a 3-
minute extraction period is adequate. It is 
recommended that the shaking/extraction 
phase of all methods last at least 3 minutes. 
In all cases, it is recommended that a 
portion of the on-site analytical results is 
confirmed using a standard laboratory 
method. 

Notice 
The U.S. Environmental Protection Agency 
(EPA), through its Office of Research and 
Development (ORD), funded and prepared 
this Issue Paper. It has been peer reviewed 
by the EPA and approved for publication. 
Mention of trade names or commercial 
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products does not constitute endorsement or 
recommendation by EPA for use. 
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AN ASSESSMENT OF IDGH-ENERGY EXPLOSIVES 
AND METAL CONTAMINATION IN SOIL AT 

TA-67 (12), L-SITE, AND TA-14, Q-SITE 

by 

Wallace Haywood, Dexter McRae, Jonathan Powell, and Betty W. Harris 

ABSTRACT 

The results of the field investigation to determine the kind and concentration of explosives found in the soil and on articles at sites known to be contaminated with 
energetic materials are given in this report. We are concerned about safety and 
health hazards associated with some explosives, nitro-organics and organic 
nitrates. Results from the use of the old and new field spot-test kits to detect the 
presence of energetic materials are given. Also included are data from the highperformance liquid chromatography (HPLC) analyses of acetonitrile extracts from Q-Site soil samples, and data from the energy-dispersive x-ray fluorescence 
(EDXRF) analyses for hazardous metals on the same samples. 

I. INTRODUCTION 

On the morning of June 24, 1993, a team of field investigators led by Calvin Martell visited T A-
67 (12), L-Site, located on Redondo Mesa (Map 1). The purpose of the visit was to establish the 
feasibility of using the field spot-test kits to detect explosives in soil samples in which there is 
known interference from other media. The field investigation team consisted of Calvin Martell 
(Group CST-1), Wallace Haywood (Group CST-4), Dexter McRae (Group CST-4), Peter 
Encinatis (Group ESA-3), Steve Watanabe (Group CST-DO), and Betty Harris (Group DX-16). 
Field tests were run by Dexter McRae, Wallace Haywood, and Betty Harris. 

L-Site was constructed in the spring of 1945 and used for approximately one year as an 
explosives test facility, but it was abandoned in mid 1950. Inspection records of that decade 
indicate that several buildings, subsequently removed, were contaminated with explosives. In 
1950 the Laboratory's Health Division used the eastern parameter ofL-Site for radiation studies 
on animals and a section of the perimeter became contaminated with radiation. During the Viet
nam War a portion of the site was used by a Laboratory group for "Mortar Locator" experiments 
in which an acetylene gas gun was part of the apparatus. There is a question about possible 
contaminants from this study. 



II. AREASSAMPLED 

The team sampled for unexploded energetic materials in the soil and on metal components 

around an inactive, closed firing pit, TA-12-4 (Map 1) and B-19 (Map 2). This pit is steel-lined, 

partially submerged, hexagonal, and 8-ft long per side by 12-ft deep. The pit was built in 1945, 

after a similar one was abandoned at Far Point, and used for approximately one year as a 

containment vessel for the detonation of explosives and weapons components. It was 

decommissioned in 1953. TA-12-4. and the soil that surrounds it comprise Solid-Waste 

Management Unit 12-00la (SWMU 12-00la) in Operable Unit 1085. Also, we sampled for 

explosives in what is suspected as being the worst-case situation at L-Site, an inactive, open 

firing pit that lies about 200 yards due east ofTA-12-4 on the north side of a utility road (Map 2). 

This open pit was used extensively in 1945, and on other occasions through 1953, to test 

weapons components containing uranium, possibly depleted uranium. The site is suspected of 

being contaminated with lead, uranium, and explosives. Visual evidence of yellow uranium 

oxide extends as far as eight feet from the pit on the east and north sides. 

A few yards west of the open pit is an area with small chunks of formulated 1 ,3, 5-hexahydro-1, 

3, 5-s-trinitro-triazine (royal demolition explosive, RDX) identified in the Group DX-16 

laboratory of Terry Spontarelli. The hard, rock-like pink pieces of explosives are scattered in a 

graveled semicircle that has two trees at the outer south edge. Also collected was one piece of 

yellowish brown material believed to be both RDX and octahydro-1,3,5,7-tetranitro-1,3,5,7-

tetraazocine (high-melting explosive, HMX) and possibly some other compound and a binder. 

This contamination, scattered chunks of explosives, may have resulted from a partial detonation 

in an attempt to dispose of explosives found in the area during the 1970s. 

To ensure that we had test results from an area that is known to be contaminated, we sampled an 

active open firing mound at TA-14, Q-Site (Map A). Q-Site has been used for development and 

testing of explosives since 1944. Swipes were taken from the first firing pad near the Control 

Room, TA-14-23, the back side of the retainer wall associated with this pad, and the surrounding 

soil about three feet from the firing pad. 

In the afternoon of June 25, 1993, Dexter McRae, Wallace Haywood, and Betty Harris also 

sampled the soil and metal components in and around the Gun Facility located at the west end of 

TA-14, Q-Site (Map B). 
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Dried soil samples and articles from Q-Site, taken on a prior visit, were also tested using the 
spot-test kits. These samples had been analyzed by high-performance liquid chromatography 
(HPLC) for explosives and the hazardous metal concentrations were determined by energy
dispersive x-ray fluorescence (EDXRF). 

m. ANALYTES 

We tested for 1,3,5-trinitrotoluene (TNT), RDX, HMX, pentaerythritoltetranitrate (PETN), 
1 ,3,5-trinitrophenylmethylnitramine (tetryl), 1 ,3,5-triamono-2,4,6-trinitrobenzene (TA TB), and 
1,3,5-trinitrophenol (picric acid), see Fig. 1. 

IV. SPOT TESTS 

A. Old ffigh-Energy Explosive (HE) Spot-Test Kit 
The old HE spot-test kit consists of three reagents known as 

• Reagent A [an 80%/20% mixture of the solvent, N,N-dimethylformamide (DMF) and di
N-butylamine], used to test for TNT and explosives that are similar in structure (aromatic 
amines); 

• Reagent B [tetra-N-butylammonium hydroxide in methanol with a fluorescence dye 
dissolved in dimethyl sulfoxide (DMSO), 2%/98%, as an indicator], used to test for RDX, 
HMX, and PETN (once applied, the solution is viewed under an ultraviolet light to 
enhance the color of this test); and 

• Reagent C [potassium hydroxide, water, DMSO, 515190 wt%], used to test forTATB, 
which gives a distinct orange color when applied to a contaminated area. It also gives a 
color distinctly different than the color for T A TB when other explosives are present: a 
red color for tris-picrylamino-1,3,5-triazine (PYX), hexanitrostilbene (HNS), and tetryl, 
and a purple to black color for TNT. 

B. New Spot-Test Kit 

The new field spot-test kit consists of 
• Reagent C from the old kit, more concentrated, now called Solution 1; 
• Hydrochloric acid and sulfanilide, Solution 2; and 
• N-naphthalenediamine dihydrochloride, Solution 3. 
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V. EXPERIMENTS 

While in the field, we swiped soil and metal surfaces of the closed firing pit (TA-12-4), the RDX 

visibly contaminated soil of a semicircle, and the soil in an open firing pit. The latter two are 

located due east and near TA-12-4. We used both old and new field spot-test kits. We also 

sampled scoops of soil from these areas by putting the soil on the filter paper and adding the test 

reagent or solution. Samples weighing about 10 g each were taken back to the laboratory from 

each location and tested with all of the reagents from both spot-test kits. 

Reagent A and Reagent C (Solution 1) were used first to test the soil samples. Then all three 

solutions from the new kit were tried. Note that Reagent B from the old kit, used to test for 

PETN, RDX, and HMX, was not used in the field but was used to test for explosives in all 

samples in the laboratory. 

VI. RESULTS 

A. Hexagonal Closed Firing Pit 

The outer walls of the closed firing pit at TA-12-4 (SWMU-12-001a) were swiped and the results 

were negative. Metal pieces on the ground near the opening of the pit were tested; all were 

negative. Surface swipes of the soil around the pit were tested; all results were negative. 

On June 14, 1993, Ken Uher (Group DX-16) was lowered into the pit. He took samples of the 

white residue on the walls, swipes from the inside walls, and soil from the bottom of the pit. All 

samples tested negative for explosives. 

B. Open Firing Pit 

All swipes of the soil surface and scoops of soil analyzed in the field at TA-67( 12) were 

negative. The material, believed to be uranium oxide, also tested negative for explosives. The 

very hard, formulated, pink pieces of material found scattered in a semicircle east of the closed 

firing pit and very near two trees tested positive for RDX. When grains from these pieces were 

put into the soil, the soil tested positive. This material had been analyzed previously by Terry 

Spontarelli (Group DX-16) and shown to be RDX and a plastic binder. The results of the 

laboratory tests of soil samples are given in Table I. 
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TABLE I. The results of field spot tests for explosives on samples taken from surface swipes and scoops of soil taken at L-Site [the closed pit (TA-12-4), the open pit, and a semicircular area 25 ftwest of the open pit]. 

Location Sample Number/ID Reagent A Reagent C All Reagents 
Open Pit (Center) I NRl NR NR 
Open Pit (Center) 2 NR NE NR Open Pit (Center) 3 NR NR NR Open Pit (Center) 4 NR NR NR Open Pit (Center) 5 NR NR NR South Tree· Edge NR NR NR 25 ft W of Open Pit Pieces of Pink HE NR ? R2 
25 ft W of Open Pit Soil Composite NR NR NR 25 ft W of Open Pit Center of Area NR NR NR 25 ft W of Open Pit Ridge By Trench NR NR NR 25 ft W of Open Pit Rim Composite NR NR NR Open Pit HE pieces NR NR R Open Pit, 5 ft NW Small Yellowish Purple Purple Purple 

Brown Pieces of Iffi3 
Closed Pit Soil NR NR NR Open Pit, 8ft E of Tree Uranium Oxide NR NR NR 
1 NR = No Reaction 
2 R = Reaction 
3 Gave a Deep Purple Color With Reagent B 

C. Firing Pad 1 Associated with Pull Box (Capacitor Discharge Unit) at TA-l 
Three swipes were taken from the first firing pad near the control room (Map A); all were 
negative. A yellow material embedded in the center panel of the retaining wall of the firing pad 
tested positive for TNT. Swipes of the center wall were negative for TNT. Scoops of soil taken 
from a circle approximately 3ft in diameter that encompassed the firing pad tested positive for 
TNT. The color was very faint which indicated a very low concentration of explosive in the 
sandy soil sample that covered the firing mound. During cleanup of this area, fresh sand is 
routinely brought in to provide a new covering over the mounds where firing operations are 
done. Table II shows the results of the field spot-test kit for explosives on other samples taken at 
Q-Site. 
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TABLE II. Q-Site samples taken prevously from firing mounds and surrounding areas for 

HPLC analyses of eight basic explosives, TNT impurities, and degradation products. 

Location Sample Number Reagent A ReagentB ReagentC All Solutions 

Firing Pad 1 1 R4 Nf5 R R 

Firing Pad 1 2 R Nf R R 

Firing Pad 1 3 NR6 Nf NR R 

Firing Pad 1 4 NR Nf NR R 

Firing Pad 1 5 NR Nf NR R 

Firing Pad 2 1 NR Nf NR R 

Firing Pad 2 2 NR Nf NR R 

Firing Pad 3 1 NR Nf NR NR 

Firing Pad 3 2 NR Nf NR NR 

Firing Pad 3 3 NR Nf NR R 

Q-Site West Underground NR Nf NR NR 
Cable 

Fire Hydrant Soil NR Nf NR NR 

Near Entrance 
WSide 

4 R = Reaction 
5 Nf = Not Tested 
6 NR = Negative Results 

The samples in Table ill, Firing Pad 3, were also analyzed for picric acid. The concentration was 

less than 0.2 mg/kg. The area became contaminated with picric acid when a shot designed to 

dispose of waste explosives failed to detonate. 

D. Q-Site Gun Facility 

We tested the firing pedestal, TA-14-44, of the Gun Facility located at the west end of Q-Site 

(Map B). The pedestal held a large barrel-shaped containment vessel. Swipes were taken from 

the metal component and scoops of soil were tested. We obtained several questionable positive 

tests that were not very intense, which caused us to worry about false positive. Results from these 

tests aregiven in Table IV. 
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TABLE m. HPLC analyses of the solution from the extraction of Q-Site soil with acetonitrile. [Samples were analyzed using a UV detector at 254 nm.] · 

Location Sample 
Firing Pad Number/ID Compound Concentration Jlg/g 

1 1 IDJX 82.7 
1 1 RDX 4.2 
1 1 Tetryl <0.4 
1 1 TNT 15.8 
1 1 2,4-DNT <0.2 
1 2 IDJX 174.5 
1 2 RDX 2.6 
1 2 Tetryl <0.4 
1 1 TNT 0.8 
1 1 2,4-DNT <0.2 
1 3 IDJX 215.0 
1 3 RDX 3.2 
1 3 Tetryl <0.4 
1 3 TNT 0.8 
1 2 2,4-DNT <0.2 
1 4 IDJX 168.6 
1 4 RDX 3.4 
1 4 Tetryl <0.4 
1 4 TNT 1.0 
1 4 2,4DNT <0.2 
1 5 IDJX 315.0 
1 5 RDX 1.8 
1 5 Tetryl <0.4 
1 5 TNT 0.6 
1 5 2,4-DNT <0.2 
1 IDJX 72.8 
1 6 RDX 6.0 
1 6 Tetryl <0.4 
1 6 TNT 0.6 
1 6 2,4-DNT <0.2 
1 7 IDJX 111.3 
1 7 RDX 6.0 
1 7 Tetryl <0.4 
1 7 TNT 1.4 
1 7 2,4-DNT <0.2 

5'N2 8 IDJX 186.0 
5'N2 8 RDX 0.4 
5'N2 8 Tetryl <0.4 
5'N2 8 TNT 0.4 
5'N2 8 2,4-DNT <0.2 
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TABLE ID. (Continued) 

Location Sample 
Firing Pad Number liD Compound Concentration J..Lg/g 

2 9 HMX 39.8 
2 9 RDX 1.6 
2 9 Tetryl <0.4 
2 9 TNT 0.8 
2 9 2,4-DNT <0.2 
3 1 HMX 6.8 
3 1 RDX 10.0 
3 1 Tetryl <0.4 
3 1 TNT <0.4 
3 1 2,4-DNT <0.2 
3 2 HMX ll.8 
3 2 RDX <0.3 
3 2 Tetryl <0.4 
3 2 TNT <0.4 
3 2 2,4-DNT <0.2 
3 3 HMX 9.3 
3 3 RDX 1.2 
3 3 Tetryl <0.4 
3 3 TNT <0.4 
3 3 2,4-DNT <0.4 
3 4 HMX ll.8 
3 4 RDX <0.3 
3 4 Tetryl <0.4 
3 4 TNT <0.4 
3 4 2,4-DNT <0.2 
3 5 HMX 2.4 
3 5 RDX <0.3 
3 5 Tetryl <0.4 
3 5 TNT <0.4 
3 5 2,4-DNT <0.2 

West Side Electric Cable HMX 0.6 
West Side Electric Cable RDX <0.3 
West Side Electric Cable Tetryl <0.4 
West Side Electric Cable TNT <0.4 
West Side Electric Cable 2,4-DNT <0.2 
East Gate Fire Hydrant HMX <0.3 
East Gate Fire Hydrant RDX <0.3 
East Gate Fire Hydrant Tetryl <0.4 
East Gate Fire Hydrant TNT <0.4 
East Gate Fire Hydrant 2,4-DNT <0.2 
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TABLE IV. Analyses of samples from the Q-Site West firing pedestal at the Gun Facility. [Samples were taken from a metal barrel-shaped containment vessel, soil in this vessel, and sand near the target stand.] 

Sample Reagent A ReagentB ReagentC All Solutions 
Target Table NR7 ?8 NR R9 
Barrel Material (Yellow) NR ? NR R 
Barrel (West End) NR (R)? NR R 
Metal Plate (In Barrel) NR NR NR NR 
Barrel (Center) NR NR NR R 
Target Plate NR (R)? NR R 
Black Soil (East End) NR Green R R 
Barrel (Oily Black Soil) NR (R)? R R 
Barrel (Clean Soil) NR NR R R 
Barrel (Right Side) NR R R R 
7 NR = No Reaction 
8 ? = Color different than expected 
9 R = Reaction 

E. Q-Site Samples Previously Analyzed 
About fifteen samples had been taken previously from Q-Site and analyzed with HPLC for the 
basic explosives, impurities, and decomposition products. We included these samples in our 
spot-test analyses and the results are given in Table II. The concentrations of the various 
explosives, HMX, RDX, tetryl, TNT, and 2,4-DNT, are given in Table ill. HMX was the most 
concentrated of all of the explosives in the soil (sand) with concentrations ranging from a few 
tenths of a ppm to over 300 ppm. Firing Mound 1 was the most contaminated. 

Also, we analyzed several samples for metals using EDXRF. The concentrations of metals and 
the screening-action levels (SALs) are given in Table V. SALs are concentrations of materials 
that, if exceeded, will require a hazard assessment to be done. Values for the most concentrated 
of the toxic metals, chromium, mercury, and lead, are shown to be less than SALs. Therefore 
they would not pose a health hazard to workers. One sample, number 7, exceeded the SAL for 
uranium and should be treated as a health hazard to workers. 
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TABLE V. Metal concentrations in ppm for samples taken from Firing Mounds 1, 2, 3 and the 

bum pit at TA-14, Q-Site. a [Analyses were performed by EDXRF.] 

Elements and SALs (ppm) 

Sample 
Number Chromium ( 400) Mercury (24) Lead (500) Uranium (240) 

2 208.2 0.4 27.0 3.7 

3 33.8 0.5 32.1 4.1 

4 NDlO 1.2 15.4 21.63 

5 ND ND 67.6 3.1 

6 ND 0.7 13.9 19.9 

7 76.2 0.5 24.0 648.0 

8 ND 0.3 78.8 16.2 

9 51.9 5.0 44.06 6.7 

10 195.2 ND 3.9 3.3 

11 58.4 0.1 46.7 32.7 

12 ND ND ND 16.1 

13 79.8 1.3 38.4 24.3 

14 97.8 ND 15.3 6.4 

15 2.8 0.9 13.8 ND 

16 ND ND 24.5 21.2 

17 287.6 2.0 38.7 8.0 

18 132.4 0.9 ND 14.8 

19 ND 0.8 ND ND 
20 ND ND ND 19.2 

21 ND ND 45.1 ND 

22 ND ND ND 20.7 

a Although selected samples are reported, a profile was taken and analyzed. 

10 ND = Not detected 

The pH of the soil is also given. This is an important piece of data because its helps determine 

whether or not the metals are bound or migrating in the soil. Several of the metals are mobile in 

most acidic soils. The pH values for Q-Site soils are shown in Table VI. The pH of the soil is 

slightly acidic to slightly basic at Firing Mounds 1 and 2 and parts of Firing Mound 3. However, 

other areas were very acidic as indicated by samples from Firing Mound 3 (see Table VII), a 

sample from near an electrical cable at the west end of Q-Site, and a sample from the area of the 

fire hydrant at the entrance gate for TA-14. 
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TABLE VI. The pH of Q-Site soil samples. 
Location Firing Pad Sample pH 

1 1 6.85 1 2 6.80 1 3 7.06 1 4 7.27 1 5 6.86 1 6 7.38 1 7 7.43 2 8 7.34 2 9 6.81 3 10 (1) 6.26 3 11 (3) 4.27 3 12 (4) 5.50 3 13 (5) 7.40 WestSide Electric Cable 4.91 East Gate Fire Hydrant 4.76 

TABLE Vll. Analyses ofTA-14, Q-Site, soil from Firing Mound 3 for picric acid after removal of top soil. 

Location Firing Pad SampleNumber Compound Concentration Jlg/g 1 3 Picric Acid <0.2 3 1 Picric Acid <0.2 3 3 Picric Acid <0.2 3 4 Picric Acid <0.2 3 5 Picric Acid <0.2 

VII. DISCUSSION 

The chemistry of the field spot-test kit for explosives has been well established since the 19th century. The application of this chemistry to soils is being explored by several laboratories. Thomas F. Jenkins and Marianne E. Walsh (U.S. Army Cold Regions Research and Engineering Laboratory, Hanover, New Hampshire) have made significant progress in quantifying a kit similar to ours for field studies. Our kit needs to be tested against the by-products and results from soils that have been tested. 
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A. Tests for TNT and Related Compounds 

TNT was not found in any of the soil samples tested at TA-67 (12), yet it was the explosive used 

most frequently during World War II. TNT is believed to biodegrade rapidly in nature after an 

undetermined length of time and, therefore, is not detected by the spot tests used. However, the 

brown pieces of material with bead-like crystals on their surfaces did test positive for TNT (see 

Table 1). This material was not sensitive to a hammer blow. 

At Q-Site East, a positive test for TNT resulted from the solid taken from the containment wall at 

Mound 1 and the surrounding soil that was scooped up but not from the soil that was swiped nor 

the swipe from the metal firing pad. Nearly all of the Q-Site samples shown in Table II gave 

negative test results for TNT, although the HPLC analyses showed ppm concentration levels of 

this compound. Soil and metal objects at the Q-Site West Gun Facility tested negative for TNT. 

B. Tests for RDX, HMX, PETN, and Tetryl 

Tests for the other explosives (RDX, HMX, PETN, T A TB, and tetryl) in the soil at L-Site and in 

the metal part of the hexagonal closed firing pit, T A -12-4, at L-site were also negative. 

Negative tests were obtained for soils from the open firing pit, except for cases in which small 

pieces of suspected explosives from the ground were placed in the sample to be tested. This 

suspected explosive was very hard, plastic-like material scattered four to eight feet from the open 

pit. This material was sensitive to a hammer blow. 

RDX was found in chunks at TA-12 but did not give a positive test with the spot test kit. 

Solubility was a factor in these results. The presence of RDX was expected in both the cast 

explosives used during the 1940s and the present-day Plastic Bonded Explosives (PBXs) used by 

DX- and ESA-Divisions. 

Tests for explosives in the soil and swipes of objects were found to be positive for all active areas 

ofTA-14, Q-Site. Reagents A and C of the old kit and Solution 1 from the new kit all confirmed 

the presence of TNT. All three solutions from the new kit were used to confirm the presence of 
RDX, HMX, and PETN or compounds that, when hydrolyzed, produce N02 ions. At Q-Site 

West, we questioned the results from all three solutions of the new spot -test kit. The deep purple 

blue color, though obviously present, was very faint and in some cases was slow to develop. 

When Reagent B from the old kit was used in the Q-Site West soils, a greenish color different 

than the deep purple blue expected was produced. Interference from another contaminant or the 

pH of the soil could have an effect on this test. All three test solutions from the new spot-test kit 

seem to be better indicators for HMX. From HPLC analyses, HMX remains in the Q-Site soil 
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and at higher concentrations than the other explosives. HMX may have been used more 
frequently and/or the half-life of the HMX in the Q-Site soil may be longer than that of other 
explosives. 

C. Tests for TATB, TNT, and Tetryl 
Reagent C and Solution 1 (identical except in concentration) were also used to confirm the 
presence ofT ATB (orange color), TNT (purple color), and tetryl (red color). Neither T ATB nor 
tetryl were found in the swipe tests of soils at Q-Site. At L-Site, TATB was not used in explosive 
tests; therefore, its absence is not surprising. 

D. Analyses of Samples for Metal 
The EDXRF analyses for metals revealed no significant metal contamination, although detectable 
levels of some hazardous metals were found, and in one sample uranium exceeded the SAL of 
240 ppm (see Table V). Depleted uranium is the form used in most tests. 

Vlll. CONCLUSIONS 

The spot-test kits could not be reliably used to swipe soils and could not confirm, with 
confidence, the presence or absence of explosives for some of the sites tested. We obtained 
negative results, even though we had experimental evidence that the soil in one area was 
contaminated. This was true for the open firing pit at L-Site where scattered explosives could be 
picked up but contamination was not detected with either spot-test kit. If the concentration of 
explosive is above a certain level, then one can test scoops of soil and increase the probability of 
obtaining positive results, as was done at Q-Site. There is a need to quantify the detection 
concentration limits on these tests. 

Both L- and Q-Sites are sandy loam and the firing mound at the latter is sand. Given the very low 
solubility of explosives in this soil and the nearly fifty years of weathering, especially at L-Site, 
the probability of swiping the exact location where a grain of explosive is found is very low. 
Even the soil beneath the chunks of formulated explosives at L-Site gave negative results. It is a 
matter both of explosive concentration and locating a contaminated area. The concentration of 
explosives dissolved in the soil at L-Site is extremely low, whereas ppm levels of explosives 
were found in the Q-Site soil. 
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From this data, we would not recommend the use of the spot-test kits, without other determining 

methods, to screen for explosive contamination in the soil. This is true where firing operations 

have been conducted and explosives scattered. 

Of the several metals analyzed, chromium, mercury, lead, and uranium, only uranium exceeded 

SALs. 
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not provided or intended for 
regulatory position of the :New 

s with LANL's ER Project that this 
result in much time savings and be a very 

ng methods used to guide this VCA investigation 
XRF, DTECH and spot test kits, are fairly unique to 

r to verify that FU~3's field screening methods ~re 
fixed-lab results and are reliable for bounding 

ion, the DOE OB ~nd state regulators would still need to 
review a comparison study or data if available. 

~Jf- Not adequately addressed.~.- March 1997 Final VCA Plan. 
- "';at ;;;::=:::::-----=""~ =--.. .,. ;;; . 
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3. DOE OB recommends that the verification procedures 
be clearly identified and displayed in the VCA 
demonstrate that these sites will be clean upon 
remediation. All pertanent data should lis 
such a manner to show that soil con~~'nL•·~· 
fact "bounded" in the vertical and 
removal. 

~ ~ Stands as a general statement. 

-

4. DOE OB recommends that 
excavation or trench address 
directions to demonstrate that cl 
The current verification sampling 
vertical direction (e.g., the 
hori~ontal direction would be a 
interface where underflow 
contaminants mobility. 

~ Addreaaed in March 1997 still unclear. 

1. 

L 

2. 

s at V-Site (pages 21 
tail that is given in the 

cially clear were the stage 
is planned as a final remedy, 

is for stage 2 details be given 

1997 Pinal VCA Plan. 

3, Approved Work Plan S&ll\Pling, PitS 16-

s that "Three laboratory samples were originally 
this site.". After reading the paragraph, it is 
ther more or less than three laboratory samples 
ted based on the field screening. 

in March 1997 Pinal VCA Plan. 

I 3 .1.2 .1, Page 25, Approved Work Plan Sampling, PRS 16-
029(w). 
''Three laboratory samples will be selected from 10 screening 
sample locations that have been ~andornly selected along the 
drainage.". lt is recommended that at least one of these 
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samples be selected close to the original sump (i.e., close to 
the source) . 

~--*Adequately addressed in March 1997 

3. 1 3.1.2.1, Page 25, APproved Work 
The reader was led to believe that 
all structures and concrete at 
under the slab once it is 

~Adequately addressed 

4 . 5 3 . 1. 2 • 2, Page 3 o , 
029(:JC). 
If highly contaminated soils 
below a depth of 15 feet · 
recommends that con 
investigated at this si 

___ *Stands as a general s 

PRS 16-

tered at or 
1 the DOE OB 

ound water be 

If there at 672-0448. 

cc: Chief, DOE OB 
1 Chief/ HRMB 

1 Program Manager, SWQB 
LAA01 Program Manager, MS A316 

LANL, Ft.J-3 FPL, MS E525 
, DOE LAAO, FU-3 FPC, MS A316 
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Los Alamos National Laboratory 
UNIVERSITY OF CALIFORNIA 

Environmental 

Restoration 

Environmental Restoration Project 
MS M992 
Los Alamos, New Mexico 87545 
505-667-0808/FAX 505-665-4747 

Mr. Benito Garcia 
NMED-HRMB 
P.O. Box 26110 
Santa Fe, NM 87502 

Date: 

Refer to: 

SUBJECT: REVISED NOTIFICATION FOR V SITE SAMPLING 
ACTIVITIES AT TA-16 

Dear Mr. Garcia : 

Field Unit 3 is planning to perform Phase I sampling along with voluntary 

corrective measures activities at V Site, Building 27, Building 10, and GMX-3 Sites at 

Technical Area 16 on or about April 1, 1997, through approximately September 30, 

1997. This work will be performed in conjunction with decontamination and 

decommissioning activities (conducting building and utility removals). 

Surface and subsurface soil samples will be collected as shown in the revised 

table enclosed as Table 1 . 

If you have any questions or concerns, please call me at (505) 667-0819. 

Si~~~~ 

~Z'clnr; 
{/y Environmental Restoration Project 

DM/ss 

Enclosure: Sample Analyses Table 

An Equal Opportunity Employer/Operated by the University of California 



Mr. Benito Garcia 
EM/ER97 -080R 
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Cy: M. Alexander, ESH-18, MS K497 
R. Bohn, EM/ER, MS M992 
S. Bolivar, EES-13, MS H865 
D. Bradbury, EM/ER, MS M992 
G. Coffin, EM/ER, MS M992 
L. Kidman, ICF-Kaiser, MS M892 
R. Michelotti, CST-18, MS E525 
J. Mose, LAAO, MS A316 
D. Neleigh, EPA, R.6, 6PD-N 
T. Taylor, LAAO, MS A316 
M. Leavitt, NMED-GWQB 
G. Saums, NMED-SWQB 
S. Yanicak, NMED-AIP, MS J993 
EM/ER File MS M992 
RPF, MS M707 

April 2, 1997 



TABLE 1. SAMPLE ANALYSES 
PAS uranium metals boron VOCs SVOCs PCBs HE 
16-005(d) 3 3 3 3 3 
16-006(g) 2 2 2 2 2 2 
16-006(h) 2 2 2 2 
16-013 2 2 2 2 2 
16-017 20 20 20 20 20 20 20 
16-025(x) 3 3 3 3 
16-026(q)** 40 40 40 40 30-40 
16-029(g2) 2 2 2 2 
16-029(h2} 6-7 6-7 6-7 6-7 6-7 
16-029(w) 3 3 3 3 
16-029(x) 27-31 27-31 27-31 27-31 27-31 27-31 27-31 
16-031 (d) 1 
C-16-065 1 1 1 1 
C-16-068 2 2 2 2 1 
C-16-074 2 2 2 2 1 
16-034(p) 4 4 4 
main drainage 16 16 16 16 16 

** Waste will require 5 TCLP samples and 30 DTECH screens 

An Equal Opportunity Employer/Operated by the University of California 
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Los Alamos National Laboratory 
UNIVERSITY OF CALIFORNIA 

Environmental Restoration Project 
MSM992 

oate: March 19, 1997 
Rerarto: EM/ER:97 -080 

Los Alamos, New Mexico 87545 
505-667-0808/F'AX 505-665-4747 ;fjj'f~flr£1fx~~I:~Y!l0 

TO i-/nh: 'f'-t,._i._( 
FROM -, .. J ; e~· ,r 
00. ltt<',7 q Mr. Benito Garcia 

NMED-HRMB 
P.O. Box 26110 
Santa Fe, NM 87502 

PHI. f,)Z-I.rn~ FAXI·-----
i-

SUBJECT: 
., 

FIELD UNIT 3 SAMPLING ACTIVITIES AT TA-16- )J..--

Dear Mr. Garcia : 

Field Unit 3 is planning to perform Phase I sampling along with voluntary corrective 
measures activities at V-Site, Building 27, Building 10, and GMX-3 Sites at Technical 
Area 16 on or about April1, 1997, through approximately September 30, 1997. This 
work will be performed in conjunction with decontamination and decommissioning 
activities (conducting building and utility removals). 

Surface and subsurface soil samples will be collected as shown in the table below. 

FIELD UNIT 3 PHASE I SAMPLE ANALYSES 
PRS uranium metals boron vocs SVOCs PCBS 
16-005 d 3 3 3 3 
16-006 [g' 2 2 2 2 2 
16-006 h 2 2 2 
16-013 2 2 2 2 
16-017 15 15 15 15 15 15 
16-025 X 3 3 3 
16-026 ~q •• 40 40 40 40 
16-029 :g2} 2 2 2 
16-029 h2} 6-7 6-7 6-7 6-7 
16-029 w) 3 3 3 
16-029 x) 35 35 35 35 35 35 
16-031 d) 1 
C-16-065 1 1 1 
C-16-068 2 2 2 2 
C-16-074 2 2 2 2 
**Waste w1ll requ1re 5 TCLP samples and 30 DTECH screens. 

An Equill Opportunity Employer/Operated by the Univerllity of C&lifomia 
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Mr. Benito Garcia 
EM/ER:97-080 

-2-

LANL ER Project~ 5058271544:# 3/ 3 

March 19, 1997 

If you have any questions or concerns, please call me at (505) 667-0819. 

Sin~ely 5;1 / 17/y,_ 
j).A__ David Mcinroy 

f- Environmental Restoration Project 
DMiss 

Cy: M. Alexander. ESH-18, MS K497 
R. Bohn, EMlER, MS M992 
S. Bolivar, EES-13, MS H865 
D. Bradbury, EMlER, MS M992 
G. Coffin, EMlER, MS M992 
l. Kidman, ICF-Kaiser, MS M892 
R. Michelotti, CST-18, MS E525 
J. Mose, LAAO, MSA316 
D. Neleigh, EPA, R.6, 6PO-N 
T. Taylor, LAAO, MS A316 
M. Leavitt, NMEO-GWQB 
G. Saums, NMED-SWQB 
S. Yanicak, NMED-AIP, MS J993 
EMlER File MS M992 
RPF, MS M707 . 



State of New Mexico 
ENVIRONMENT DEPARTMENT 

Hazardous & Radioactive Materials Bureau 
2044 Galisteo 

GARY E. JOHNSON 
GOVERNOR 

March 17, 1997 

P.O. Box 26110 
Santa Fe, New Mexico 87502 

(505) 827-1557 
Fax (505) 827-1544 

Theodore J. Taylor, Program Manager 
Los Alamos Area Office 
Department of Energy 
528 35th Street, Mail Stop A316 
Los Alamos, New Mexico 87544 

Mr. Jorg Jansen, Program Manager 
Environental Restoration 
Los Alamos National Laboratory 
528 35th Street, Mail Stop A316 
Los Alamos, New Mexico 87544 

MARK E. WEIDLER 
SECRETARY 

EDGAR T. THORNTON, III 
DEPUTY SECRETARY 

RE: Expedited Cleanup of TA-16 V-site and Building 27 in conjunction with 
D&D Activities 

Dear Mr. Taylor and Mr. Jansen: 

The New Mexico Environment Department (NMED) Hazardous and Radioactive Bureau (HRMB) 
has considered the TA-16 V-site and Bulding 27 with regard to the corrective action process. 
HRMB has concluded that a expedited Voluntary Corrective Measures (VCM) Plan must be 
submitted and that upon receipt of NMED recommendations that the expedited cleanup activities 
may proceed in conjunction with the scheduled decommissioning and decontamination (D&D) at 
both the V -site and Building 27. 

To expedite these activities, HRMB has asked for assistance from the DOE Oversight Bureau 
(DOE OB) to review the VCM Plan and provide technical comments to HRMB. The DOE OB has 
agreed to keep HRMB informed as to the review of the VCM Plan and clean-up activities at the 
site. 

If you have any questions please call me or Mr. John Kieling, HRMBs LANL Facility Manager at 
(505) 827-1561. 

Sincerely, 

& 1 4~7 ---~ct I ·' .· / .·· r-z.ti!l tL<-<-·1.-•·; .--J:-

ert S. (Stu) Dinwiddie, Manager 
RCRA Permits Management Program 
Hazardous and Radioactive Materials Bureau 

RSD:jek 
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cc: T. Davis, NMED HRMB 
B. Garcia, Chief, NMED HRMB 
T. Glatzmaier, DDEES/ER, MS M992 
M. Johansen, LAAO, MS A316 
M. Leavitt, NMED GWQB 
D. Mcinroy, EMlER, MS M992 
D. Neleigh, EPA 6PD-N 
J. Parker, NMED DOE OB 
G. Saums, NMED SWQB 
S. Yanicak, NMED DOEOB 
File: HSWA LANLFU-3/0U 1082/TA-16 

Track: LANL, 3/17/97, n/a, DOEILANL, HRMB/JEK, RE, File 



GARY E. JOHNSON 
GOVERNOR 

April21, 1997 

State of New Mexico 
ENVIRONMENT DEPARTMENT 

Hazardous & Radioactive Materials Bureau 
2044 Galisteo 

P.O. Box 26110 
Santa F'e, New Mexico 87502 

(505) 827-1557 
Fax (505) 827-1544 

CERTIFIED MAIL 
RETURN RECEIPT REQUESTED 

Mr. Theodore J. Taylor, Program Manager 
Los Alamos Area Office 
Department of Energy 
528 35th Street, Mail Stop A316 
Los Alamos, New Mexico 87544 

Mr. Jorg Jansen, Program Manager 
Environment Restoration 
Los Alamos National Laboratory 
1900 Diamond Drive, Mail Stop M992 
Los Alamos, New Mexico 87544 

MARK E. WEIDLER 
SECRETARY 

EDGAR T. THORNTON, III 
DEPUTY SECRETARY 

RE: Notice of Deficiency for Voluntary Corrective Measures (VCM) Plan 
for Potential Release Sites at TA-16, Field Unit 3, March 25, 1997, Los 
Alamos National Laboratory (LANL) NM 0890010515 

Dear Mr. Taylor and Mr. Jansen: 

The New Mexico Environment Department (NMED) Hazardous and Radioactive Materials 
Bureau (HRMB) has reviewed the the VCM Plan for Seventeen PRSs at TA-16 dated 
March 25, 1997, and referenced by EM/ER: 97-081, and has determined it to be deficient. 
The attachment includes comments concerning the corrective measures at the TA-16 site. 

Should you have any questions concerning this letter, please contact either myself or Mr. 
John Kieling at (505) 827-1561. 

Sin~ 

p~_:xf~~~ 
Benito Garcia, Chief 
Hazardous and Radioactive Materials Bureau 

BG:jek 

attachment 
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cc(w/attachment): T. Davis, NMED HRMB 
R. Dinwiddie, NMED HRMB 
K. Hill, NMED HRMB 
J. Kieling, NMED HRMB 
T. Glatzmaier, DDEES/ER, MS M992 
G. Saums, NMED SWQB 
M. Johansen, LAAO, MS A316 
M. Leavitt, NMED GWQB 
D. Mcinroy, EMlER, MS M992 
D. Neleigh, EPA, 6PD-N 
J. Parker, NMED DOE OB 
S. Yanicak, NMED DOE OB, MS J993 
File: HSWA LANLFU-3/0U-1082/TA-16 
Track: LANL, 4/11197, N/A, DOE/LANL, HRMB/JEK, RE, File 



Mr. Taylor and Mr. Jansen 
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General comments: 

1 • Field screening methods used to guide this VCA investigation such as: LIBS, XRF, 
DTECH and spot test kits, are fairly unique to FU-3. In order to verify that FU-3's field 
screening methods are comparable to fixed-lab results and are reliable for bounding contamination, HRMB still needs to review a comparison study or data if available. 

2. LANL will need to address the verification procedures and results, clearly identified 
and displayed, in the VCM Report to demonstrate that these sites will be clean upon 
completion of the remediation. All pertinent data should be listed and displayed in such a 
manner to show that soil contamination at these sites was in fact "bounded" in the vertical 
and lateral directions before removal. 

3. LANL needs to indicate that verification sampling within an excavation or trench 
addresses both the vertical and horizontal directions to demonstrate that cleanup levels have 
been achieved. The current verification sampling plan appears to address only the vertical 
direction (e.g., the bottom of the excavation). The horizontal direction would be a key 
consideration at the soil/tuff interface where underflow conditions might exist to increase a 
contaminants mobility. 

4. If worked is stopped at any time during this VCM and Decontamination and 
Demolition process, at TA-16, HRMB needs to be contacted and be provided with adequate 
information indicating the purpose for stopping work. LANL shall also provide HRMB 
adequate information on how they will proceed if variance from the plan is deemed 
necessary. 

5 • The sampling of PRSs indicated within the text is diffucult to undertand whereas 
Table 3.1.2-1 is more appropriate. In future plans a reference to the field screening and 
analytic (confirmatory) sampling table would be of use. 

Specific Comments: 

1. § 3.1.2.1,Page 23, Approved Work Plan Sampling, PRS 16- 025(x). 
The text states that "Three laboratory samples were originally proposed for this site.". 
After reading the paragraph, it is not clear whether more or less than three laboratory 
samples will be selected based on the field screening. 

2.§ 3.1.2.2, Page 30, Augmented Work Plan Sampling, PRS 16- 029(x). 
If contaminated soils and tuff are encountered within the swale area, LANL should 
investigate contaminant pathways to ground water at this site. 
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