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od charac.  ang Mmonitoring  remediation Operations,
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Introduction Table 1. Analytical Methods for Commonly Occurring Eq losives, 1 5
storical dlls. osal prda::;'clcs from Impunties/Degradation Prod 8= * Propellants, 'l‘?
manufacturing, nance itarization, Coupound Name Developery Wiy
lagooa di of ex losives-conununatcd Acroaym Mm Test kit ";:m
wastewster, open open detonation N
(OBK)D)ofeaplosive sludges, waste ives, Nitroaromatics B Cs CRREL, EnSys Riss N
excess propellants, and &wﬁm NT 24.6-trinitrotoluene & CRRELEsspprss gy f)
Oftca result in soils contaminger Facilities G Usace '
that may be contaminated i, explosives e DTECH _ “
include, for example, active  arc. former 1P ldetek Quanus
manufactur; plu&n:, ordnance works, Army l"’ g;"m RaPID Assay
it :ﬁ : I P EnviroGarg
depots, Naval Mu;‘lm depots, Amyma:g TNB 1.3.Strinitrobenzenc Cs CRREL, EnSys Rlss N
Naval proving grouads, burning  grounds, - ! Ohmicron RaP1D Assay
dtillery impact ranges, Cxplosa;.ve ordnance ;’2"’)” iﬂ:::bmm cp<3sc s SRREL, Ensys Riss N
di sites, bombing i . - mitrotoluene -¢5 CRREL .
‘m test and ev':lzus?o'n }r:;?":::gc/s\ 2.6-DNT 26-dinitrototuene Glt CRREL EnwwoGara
o ot of these facilitics have high lovets ofsoit  Tenyt "“'M'“I —aito- G CRREL N
d.gom was discoatinued 20 mdso ym“::oc JAmDNT Z-amino-4.6-dinitrotoluene N
amm h‘ﬂwuon Y's Federal NT Nlmw Q isomers) N
Facilities £ ) A that fial NB Nitrobenzene N
" nced guidance sbout ficid Nitragines ) Cs CRRE!..EnSy:RIS‘ N
umplm,' ol and on-site analytical methods for  RDX Heashydeo-1.3.5-triniro-1.3 -cnazre fn gﬂé%l« EnsysRISs N
. e p ECH
W“"‘"’“"& le ;',"h'“‘m-‘,f ondary explosive HMX Ocuthydro 35 1 uetramio. CRREL.EnSysRiss )y
- 1.3.5,7-4etrazocine
7
Under ambient edvironments conditions, NQ Nutroguanidine Cs  CRREL G
explosives are highly persistent i soils and  Nitrate Esters & oreeL
roundwater, exhibiting o Fesistance (o naturally NC Nitrocltulose G CRREL ’L
ing volatilization, biodegradation, ang NG Nitroglycerin (s CRREL P
SE;',Z‘ Site lavestigations indicate 1. PorN Pentacrytheiol tetrantrase G CRREL P
k“lmm'e“meewmw wwwm CRREL
most occurring soil contamination AP/PA Amdml‘qudd Cp  CRREL A
problem. RD andl-mémmemmobdc =245 trinitrophencl s ___DTECH
explosives and presen largest groundwaer A = Ammonsum Prcrate/Picric Acid (Thorne and Jenkans 1995)
w&«y TNB, DNTg.o:nd teryl (b = Colonmeun field method, Pprimary target anslyte(s)
arcof 1812 mobility and uently occur c;-&mxwmmmmmumn
&3 co-contaminants in so; and groundwater G = Nitroguansdiae (Walsh 1989)
w-hmum“ywwmnmmmn
The frequenc& of occurrence of specific 1% = Immunoassay field method, socondary target analyte(s)
ives 1 804 was assessed by w"sh et al lLe Nmﬂw (Walsh WCRREL method)
(1993), who compiled data on soils collected N = EPA SW.846, NmmmNm:m:m by HPLC, Metod 834
44 Army ammunition Plants, arsenals, and ¥« PETN and NG (Walzh unpublished CRREL method) .
depots and two exgloswe ordnance drsposal * Wkdaumd-mmar-eummmmmwmmm “approved*
sits. Of the 1155 sampics, 4 sy of 319 {aboratory methods.
explosi mza& ﬁeque'::ce: Oﬁﬁm :::,s“:? Table 2. Occurrence of Analytes Detected 1 Soil Contamunated with Explosives.
maximum concentrations detected are shown in Nitroaromatics % Samples with Analyte Present Maximum Levet («g/p)
Table 2. TNT was detected in 66% of the ™T 66 102,000
samples and 80% of the samples if the two ™8 1 1790
explosive ordnance disposal sites are excluded. N :
Ovenall, cither TNT or RDX o both werc byy 17 e o1
detected in 729, of the samples containing 24-DNT 4 AR
explosi;:d r;ndu"%s. lng 94% if the ordnance sites 26.0NT 7 44
are exc "o NUS. Dy Screening for TNT and a. NT
RDX at these facilities, 94%, of the contanminated ; :m: ):.: 17 n
areas could be identified (80% «f only TNT was Ay 7 n
determined). This demonstrates the feasihility of Teuyt v _ 1260 —
screening for one or two compaunds 1 eatsty Nitramines
the extent of contamination at mungion, ses RDX ' T n o R -
HAX 12 S300
INT andon kDY 7 : T

Oetnned treon Walsh et af 199y
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Overview of Sampling and Analysis for e Sampling Design Considerations i 2 efficien L
Explosives in Soil fo:‘quploslves Another means of Stratification is buedz
The eaviroamental characteristics of Hemgenci:y Problems and Solutions - particle size. Becayse explosive resi
Munitions in 504l indicate thag Jenkins et d.(l”ﬁ)muycolleaedmd often cxmhl%nugeofm i
g m.uwr"““wiw;gg ;n;l{:edseyensoilmwmﬁundmof (Wugmmxukpmbkmﬁ
fange om nine locations. samples into various gjpe fractio
levels (< 0.5 PPM) to percent extreme variation in infiveof  may redyce beterogeneity, o .
levels (> lmm)fwmmlesoollecled the nine locations, and 15 all cases oaly a
within several feet of each other. In small fraction of the eITor was th!un-amplehﬂ'eromgyi;
addition, the waste d; Practices g ormulyticalemr,ﬁeldwnplmgm with on-site analyses
these sites, such as O . the  dominated total efror. To improve site dupli Nbsampl«manﬂyzedandu;e
peoblem ;,:: may result in coaditions i cﬂ‘ and m;mphn;' 1o, ::ults differ by anorderle of magnitude, T
fanging "o inatj Upto the major ort 0 increase uce mhm-nmp i and
solid “chunks® of bulk sampling densiu'euadcomposm samples.  obtain o fepreseatative analytica Sznple.
explosives, Such as TNT o RDX Mwwpmdwlppmadmw Wo methods may pe cither
Secondary explosives concentrations above reducing  overal] emor  during ization and extraction or analysis
IO%(>100.0q0ppm)gnsoilmoreomn izati ofsoulscon&um‘::(edﬁth o:;lelatger ‘Iheunlualbevolm
4 potential reactivity standpoiat and exploaves.mdudmgmamq it sumber o removed for extraction and
mmmmwmung ofuuqlesoramplmgd_enmy.oollegung lwysis.dtemhomgemlheenﬁm
processes during remodiation, composite samples, using o stratified sample should be before . This
. sampling design, and reducing  within- may require drying, ing, and
site iuvﬂi::tiom may l::dul{m onlz:or v il spliting (G 4dCro %96}
in & large
percentage  of the les  wath One 5 Wiy to improve spatig| While ixi 8 procedures such s
aoodmkknk(upr)aahigh moluﬁonmoouecungmwtyq sieving to d - mixing in
Myﬁalcost(mo:o:iSOperumple). aﬁnersunplinggﬁdsudusa&mlﬂmad plastic ete., beused 1o
B.ea.nuc.ofdaeemeguy heterogeneous ornlo-m:pacing. Tlu'slpproachhlsbeen & sample aluxerwm‘:
dmbwo.ofexploamiasoils.on-s::c mecuedbiul:dlepmbecwsedmehdm pafupsdweme«nmotwng
i methods are o valusble, costs when  inexpensive on-site mm.knldmmw;
eou-eﬁeedvelool_lo_musmenmmd analytical methods used, this approach exlnaioaoMOgofsoil.anddaeum
extent of contamination, on-site  becomes feasible lpMmybemedeuilym improve the
Modcmpermnplearelowu.more wwltswithmos:on-siteamlyﬁulm
mbeaadyzedaudthc Slmauedwaysukeutoapply . ,
m;., hcar-real-time resules t inferences from the samples (o a Sampie Holding Times and Preservation
of the sampling scheme while in volume of materia), and o set of compasite Procedures - Based on spiking clean soils
the The use of oq-site methods afsq A more precise estimate of with explosives jn cetoaitrile, Maskarinec
facilitates more effective use of offsite  the mean than a comparable armber of ¢ g, 1991) recommended the followi
discrete samples, This occurs becaus? g times and conditions
compositing is a “physical process o —immediate freez; and 233 days a
Data Quality Obfectives :vmging."x Decisions based on g set of  .20°C; DNT—107 days :18 4°C;RDX—107
The Eavi tal Protection Agency composite sampies provides  greater days a1 4°C; and HMX—s2 days at 4°C,
(EPA) Data Quality Objectives PIOCESS 15 stangtical confidence A comparable st Grang ¢t al. (1993, 199s) spiked soils with
designed 0 facilitate the planning of of individual samples (Gagner and Crockety explosives dissolved jn waler to eliminate
euvirgmun:le data coil:ction l(;tl;::cs by  1996). In Jenkins' seudy, composu? any acetonitrile e?‘ectsmd ; used a ﬁdk:d
specifying intended use of data samples were much more representative o contaminated soil. The ts on spi
(what decision is 10 be made), the decision  each plot than the individual les that  soufs showed that RDX and HMX arc?;able
criteris (action level), and the tolerable  made up the composites. Using a  for ag feast 8 weeks when refrigerated (2°C)
etmus. Integrated use of on-site and composite sampling, 1t 45 possible to reduce  of frozen (-15°C). ils spiked with

0 s for explosives in soul
facilitate achieving such objectives a5
ining the horizontal and vertical
extent of comamination, obtaining data (o
risk assessment (EPA 1992),
. dudfc wls'tc for trmaubclity
identifying volume of sorl 10 he
remediated, deternuning whether the sof
presents a potential detonation hazarg
acording ¢ Resource

Costs and the (ota] number of samples
collected whyle improving characterization,

Straufied sampling also may be effective
in reducing field and subsampling errors.
Using tustorical data and site knowledge or

or  extremely heterogeneoys (open
detonation sites).  Iifferens compasiting:
and sampling sratcies may be ysed (o
characterize different areas thar may resule

fitroaromatics should be frozen g5 $00n as
passible because some results showed
significant TNT and TNB degradation
within 2 hours, However, both compounds
and 24.DNT may be adequately preserved
for 8 weeks of longer by freezing. The
results for field-contaminated soils did not
show the tapid degradation of TNT, and
TNB abserved in the spiked soils and
tefrigetation appeared satisfactory.
Presumably, the explosives still present in
the field soil afger Mmany years of exposure
are less bologically availahle than in the
sprked souls Explosives 1n air-dricd soils




are stable at room temperarure f kept in the procedure,  analygcal production rate,  methods measure the concentration of
dark. Acetonitnle CXtracts of soil samples interferences  and €ross-reactivities, compound. If multiple analytes are '
are expected to be staple for at least 6 tecommended  quality assurance/quality  in g0, field methods measure the prj
months under refrigerauon, Acetone  control, suggesied storage conditions and  target analyte plus the

€xtracts are also thought 1o be stable if  shelf hfe, skifl required, availability of analytes, nitrosromaticg for the eest
stored in the dark under refrigeration. training, cost per sample, and, among  and nitramines plus nitrate esters for

others,  additional method  selecion RDX test kits, Iq additi esponse
Explosion Hazards and  Shipping considerations, The comparable table i the i to;,:';g;,tm‘y "
Limitations - EPA regions and the U.S. complete issue Paper  also includes analytes is similar that of the
Army Eavironmentaj consider souls felerences o compansons with Method mge(uulyle.mdmn gh-
containing (mou 'IN.:“."RD;?.?{MX. ary 8330 and other references outthe range of the
explosives (i.e., . .
TNB, and DN_B) by weight 1o be ln(afmnoedess-Rcacumy-A major For i Y methods, cross.

immunoassy
susceptible w0 initiation ang Propagation  difference among the ficld methods is with reactivity is defined as the iti ponse
(EPA 1993). If on-gice analyses indicate it:terfaenm for colorimetric methods and  ofa megtod to secondary puor;:ﬂv.em'mm or
Msoilwnpluepmin less than 10% tota) cross-reactivity for immunoassay methods. co-contaminants similer ¢ the primary
e ghimen Binvorosl Som LT g

i off.si as are y class sensitive, IS, ary lyte .and

i samples. Samples with moce they  respond to Many other similas urNx_‘g analytes gre nitroaromatics TNB,
llnul()%exploummbeshippedtoa compounds (nstroaromaucs ad D S.AmoDNTs.tndwu'yl. For RDX
and they 'umwm”:.w& Immonpeausie "are Feelatly 0d cros geabonan m“i‘%”‘.&?&'&‘
must § in mmenosssay  methads are re y CTOSS-feactivity is wi

accordance with icable Department specific for the primary urget analytes. The If the primary target analyte is the o)
Transportation EPA regulations for  cross-reactive secondary target analytes for Compound presens til?e soil, dney‘:munoasa;

: Measure

feactive hazardous and Class A TNT are manly other mtroaromatics, but methods tration of that
cxplosives (AEC 1994). For Sampling at  this varies considerably among the four f multiple anat Are present

mmmknowuormmw%by immunoassay test kies, 12 in s0il, the y methods
weight  of cxplosives  ypon the unplingr objectives, bebmad the i hrxumdmplusmm
special procedures seqgigivi or icty  may an  tage of the cross ve secondary targer.

must be followed (AEC 1994). adm.ugz or ."fmv".’mge If the

of Analytical M. ob;e':“uve 15 (o deterny h y Both gy Mmuroassa
On-site ethods expl nmnduampmenunsoc.bmad methods ma subject to positive marrix
Mhm  sensitivity is an advantage. For the Cold emoezom su in soils.

ite methods i

qQuality 00 & acar-real-ime basis a low  Laboras (CRREL) and EnSys RISS occurs below 10 and is indicated by
cost and of sufficien quality to meet gl colorim:;uy‘c methods,  the  color yellow extracts. ﬁ'&emimufmm may be
i uses including risk assessments development of the Cxtracts may give the reduced by careful visual analysis prior to
and final site clearances without the need Operator an ndication of wha types of  colorimetric analysis. Nitrate and nitrite,
for more figorous procedures. Whife the cumpounds are present 1n sol.  An common plant nutrients jq soil, are potentiaj
currenty available on-site methods may o advantage of some colonmetne methods is interferents with the CRREL and EnSys
be ideal imetri

have proven very valuable duning the may be used ¢o screen for HMX when RDX orgamc matter or that may have been
ization and femediaion  of levels are relatively low, and for NQ. NC, ferilized recently,
faumerous sites. Currenly available an gy NG, and PETN 1 the absence of RDX and
analytical methods thay have been evalyate, HMX. Comparisons to Laboratory Method, sw.
against standard analytical methods ang 846 Method 8330 - Precision and bias of the
demonstrated  in  ¢he field  include For colonmetric methods, interference is on-sic methods are most appropriately
colorimetric and Immunoassay methods defined as the posiuve sesponse of the assessed by comparison to established
(Table 1). Each method has relayve method o sccondary target analytes or co- laboratory methods such as EPA Method
advantages and disadvantages; therefore, contaminants simlar 1o the primary arget 8330, Methods of comparison that have
one method may not be optimal for At analyte. For TNT methods, the primary  been used include relative percent difference
applications. To assist ¢n the selection of target analyte s TNT, ang the secondary (RPD),  linear regression,  correlation,
of¢ or more on-site methods for variou, target analytes are uiher polynitroaromatycs, “Percent false positive and false negative
users needs, Table 3 wa developed TN, DNB, 2 4.DNT, 2.6.DN" Landterryl.  regylys, and analysis of variance and paired
Comparing the available colonmetnic and For RDX methods, the primary warget  tqeus gy also should be remembered that
immunoassay on-site analytical methods 1.y analyte 1s RDX, and the secondary larget  analyyca) accuracy is generally quite small
detecting explosives in s The selectyon analytes are mtramines (HMX and NQ). Compared o total errar (field error s the
criteria presented include methay BPe. and mitrate estess (NC, NG, and PETN). 11 MYor contributor
analytes determined, detectron 1ung and the primary Luget analyte 5 (he only
fange. sample ptcparation and extedction Lompound present in <), the calosimety .




Table 3. Com,

parative Data for Selecting On-Site AnalnisaLMcthgd_s.&r*pEx ;LIOS'VCS.J_‘n.i_t._oi

e ———————————— —————

i Criteria .
! i
Method/ Method Type ! ' Sof) Sample .
. : H « Product
Kit Analytes and Epa Dm;:“m ';.::f::w . Type of Results Samples per Batch Sample Preparation & Analysis 1(1':; pe mn‘;c 1on Rat
Method No, nge . i Size Extraction
! ] o
CRREL Colvnmerne i INT 122 mp/kg (22 X3 © INT.RDX Quantitative i INT Bachoe single 208 | 3nup shaking in 100 30 munute extract Gisample.
NI KDA, 24 DNT, ROX 1102 melg 120 X, . 24.DNT Scmnqwmmm; RDX 610 7dateh of single mL acetone, setthng. | TNT § Minutes/sample,
Aitmonian Pry rate 24.DNT 21020 mg/kg (10X, APPA Quantitatyve ! 24DNT & AP/PA Single fikeation RDX 30 minutews RDX saniph
Pene And APPA 3549 mekg (L1 X, + Of datched ’- 25 samples/day for TNT » RDY
: ONT 30 mmutesss sampies
!
' 1’ AP/PA 18 minutes/sample
. e e e e ————— :
oS RiNey Calonmetn, TNT 11030 mgigin X, " Quanttative ' Single | 10g ! Dry < 10% mossture TNT 30103 mioutes/10 samples in
TNT Method 35 ¢ drah  RDA 103 mekg 30 Xy {opuonal), 3 mn lab, estimated 40 (o 45 Muntes in field
RDX Methog 810 | shakung in SO mL ROX: wmmgys samples Optyonal
pProponed ) ' acetone, S min drying ime nox inchaded
) sentling. filration .
- - e e e e ———
Esacy Coknmetn, LYSNe T mekgit X, Quantitative ! Single or batched " (Y] 1 mun shaking in 38 10¢0 20 samples/day depending on sol
NT § mL methanot, serthng characreristicy
} filtration as needed
L T thungeas Blgsy INT ¢mcq medg it x Semiquantitanve 11cingle or baech) ! Ymb | 3mun shakingm 6 § 30 mumutes for 510 4 samples for TNT
TNT Memot ¢t coatt ppyy D106 0mpkg (12 Xy {zoncentration range, | 1435 mL acetone. senle | | or RDX
RDX Methad 4051 drap ! 10 10 mun
v e e ——— ———r e —
: |
Deteh Immunoasaay  BLISA TNT 02¢i o mekeidmn X, Quantitative T 2010 40 (hageh only) | <4221 3mnm shaking in 21 25103 $ hours for 20 10 40 samples
Mante ™ Antigen- Antibady - . ' mL acetone, senje Idetek mnmaeg < 2 hours for up 15 40
INT . { | several minutes TNT samples
FavnGys™ Immunoaseas - Fi15a Plate kut 119 100 mg/ke (100 X» i Plare Quantitative , Plxte dach of 8 e Ant dey sorl, 2 min Plate 90 minutes for § samples
TNT Plate ke Tube kit 02¢0 18 mgkR (75 X) . Tube Semquantitanve ' Tube batch of 14 shaking in 8 my, Tube. 30 minutes for 14 samples
INT Soul trube) kit ! ; (concentration range) | acetone; fier, Drying time not snchuded
e — e ; t
Mhmacron Immunoassay . EIJ-;A t TINT 007¢p ¢ meXxg (T, Quantitative ‘5 $10 51 fharch only) 0g 1 mun shaking in 20 1 hout for 20 extractions, 4 Minutes
RaPID Aceavs, Magneuc pariciefiube ; ML methanol, sertie $|  for analysis (S1 sampies)
] : ! | . filer .
INT Merhd 1050 _ ) ; l
proposed . i i

M 3 v.p.'mded .m m..\

hfied feorm EPA 1995h

e .
ol ST A DN
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Table 3. Commtingata.f_origlss_ti.n_g.0..n_-S.i_tc...Agglnic_al.M_eshod | in Soj tinued
| |

£ =0m 4 LE R e —_—
Criteria
Method/ X Storage Conditions and
Kit : Interferences and Cross-reactivities > 1% based on IC50 (see text) Recommended QA/QC Shelf Life of Kit or Skill Level
N Reagents i
CRREL N2 INTAINBo NG DNTs « tetnyl, Blank and catbeason standards Store at room femperature Medium !
- detectson imag 1ppm). TNBOS, DNB < 0 5.24.DNT0 s 26.DNT2 Lteryl 09 ! mdyuﬂdaly before and after !
KON « RUX « HMIX + PETN. NQ » NC o NG sample smalyses Blank ang (>
- detection Limuts ippm), HMX 24, PETN 1.NQ10.NC42.NG o piked sonl run daity ? * 7
Seui Mossture > 1%, and humucs interfere wity TNT and RDX. nitrate and nitnte interfere with RDX i
J4DONT 2 24DNT « 26.DNT » TNT« TNB « tetny!, mgh Copper. morsture and bumics imterfere ! : ;
APPA 2 retativels free of hummic and Atroaromans interferences ‘l i
R — , —
EaSwRISss  INT2TNT. NB-DN‘BoDNTs‘m:)L R M«mmwmmw: ,, Smnmmemtammn INT Low ;
« detection imits Ppm). TNBO'S, DNB < 0 5.23DNTOS, 26-DNT 21, tetryl 0 9 | control sample daly, one i Shelf ufe RDX Medium '
m\.\-zknx.m«x.mmo.sc.nc | duphicse20 samples Some | TNT 2 210 24 months a 27+ j
- detection limuts tppm), HMX 24 PETN NQIANC 82.NG 9 | postve fleld resuns (| 1]} i RDX=21012 months at 27°C
Soul mowsture > 10% . anq humics snterfere wih TNT and RDX. mitrate and artryre nterfere with RDX l, should be confirmed 1
- - —— e . - $ ‘_J
UMACE TNH interferes by raisng mimmum detection himg; . Blank son) sample, and calibratyon Store at room temperature Medium ’
standard prepared from ¢lean site
sonl |
- . R—— - — - ; ———
i ECH™ Criasreativin i Samples testing positive should , Stmumankmmor Low :
INT tetnl = 143 TN 2ig AMDNT 2 1i&. 24pNTN 19, | be confirmeq using standard ; fefrigerse, do not freeze o .
APPA unknown but - jing. 5 leowes bt of derection | methods { exceed 32°C for protonged ,
RDX HMX a2 34 ] period Shelf ufe 9 months o -~ )
_ i e e ’ 00 tempersture i
e L i ] i P
Lleteh -- Crng reactsan f Duplicme entractions Refrigerate 210 8°C. do nx Medium.high, ; ﬁwg
Quantia™ TNB2a°g, eyl 2 A8 34 DNT . 3% 4AmDNT 2 2a I 110 10 replrcase freeze or exceed 37°C Sheitiite | i vamng
| 2 cample weliventracy 910 12 months Avord direcy recommended |
. { light i
T e T —
Esvinlant™ g reactiviey l Plate Samples pun 1 duphese Store 410 8°C; do nex freeze o0 | Plate Medium.
Pate . AMDNT = g1, 26:-DNT 2412, TNB » 7%, 24.DNTa22% ! exceed 37°C Do not expose high 1
Tube 26.DNT o 20%. SAMDNT = 17%, TNB = 3a, 24.DNT 22 direumbw‘ Tube Medium I
Shelf tife Plate 310 14 months I
Tube 3 10 6 months }
- —— - !
Ohmicton Cross reactivity Duplicate standarg curves, Refrigerate reagents 2 10 8°C Medium-high,
RaPID TNB = 684, 2.3-Dimitroamiline 6%. tetryl = S, 24.DNT 24, 2AMONT = 3, positivecmuoltample supphed. | Do pox freeze, initial traening
Assay® DNB 2 2a Positive resuirs fequiring action Shelf life 310 12 months. recommended
may need confirmation by
, ‘Expanded and mahified from EPA 1995h
R S R Al P




Table 3 Comparative pata for Selecting On-Site Analmcal..&1s!heds_f9r_5xp&s_i.!ss_jg..5_o,t(gi ontinued) _

Criteria
e o ———— —_—
Metho/ Teaining | Costs ' Comparisons to Method 8330 Other Developer
Kit Avallability | (not including Iabor) References References]  Information Additlonal Considerations
CRREL Free videw tr INT . S157%ample plus $1.400 1. f Rroutllad er at 1993, EPA 1993, Jenkinser | Dy Thomas F Jenkyns Large work ares (2 large desks), requures the MOst setup time
and RDX, see tery . Hach spectrometer 19933 (Methog 8515), 1995, al j995, CRREL possidle TNB snterference, nO electnerty or refngeraion
for addresy . lJenkins 1990, Jenkins and Waksh 1992 Thome and 72 Lyme Road fequired, devomzed water foquired, must assembie matenals,
None availabie for Markos et o) 1998, Lang &1 2 1990, | Jenksns Hanover, N4 03758. 1290 girssware must be nnsed berween analyses, larger volume of
SIDNT APTPA " Walsh and Jenking 1991, 1995b (603) 64564385 Acetone waste, color indicatrve of compounds
© Jenkins ety 19964, Fenkens and Wasy
1991. 1992. Thome and Jenkuns 1995, ]
Froa RiNe, Tramng avaladie $214ample fie TNT, . EPA 199352 (Meinod R815). EPA I Dragnosucs, Inc Large m area {desk s12¢) power supply requised 1o charge
Apphcadle video on $28sample for RDX plus 1995h, IT 1995, Jenksns et &y 1996a, ’Sg;'egx Pheasane Run Hach . possidie TNB interference, color
CRREL method $160vday or $430vmk for Lah 19965, Markox ef o 1995 Myers o1 ) ] Newtown, PA 18930 indication of other €COMpounds, requares acetone and
rulable address in stanon Lab stanon con = 1994 I (800) 344 8283 deronized watey, Cuventes must be nnsed between analyces
te: $1.950 ; Nmummmmmnoxh«mu
] comected using alunin-s-cantndges from EnSys
. .. T e e e ——— e I
taang None s gilat e $oample or $Ssample of T 199% Medury 1962 .' | Dr Richarg Medary Large work area (2 lacge desks), roquires the most serup ime.
filtered plus $1.500 fog Hach | ,' US Amy Corps of Eng possible TNB interference, 0 electricity or refngeration
\pecitmeter i L 60LE I 2th Streer required. must assembie materials, glassware must be nnsed
! | Kansas Cery, MO 64106 between analyses .
) (816) 426. 7382 l
. e e ' .
R TEUE W tree $ Visample for TNT o RDY £PA mu.wemoauosowtosn. ‘rmyaall Stratepe Duagnostcs, inc Senall working ares, fewsempreqammem.ooekmcuyor;
e ttwny Plus $300 1 HTECHTOR EPA 19945, Haas ang Simmons 1993, 1993 f 375 Pheasaen Run refrigermion requi . temperatre dependent developmen: ;
optronaly © Markoceta) 1998, Myers et al 1994, Caht EPA { Newtown, Pa 13040 time (effect can be reduced by chanping DTECHTOR ;
Teanes and Hudak 1994 19%a and 1 180N ¢4y, 818 Senng), sigmlicant amaunt of packing, relatively narrow i
1996» i range, noehackcnlm.mytomwmauny hucanhe‘:
! , custormzed Ou-am;emsmuno{mwm |
. e e e L b e _ —
ileteh Pdas free on ate -$2thample for INT phay e EFA 1994h Hase ang Simmons 1098 Idetek, Inc Large work ares (desk), requires setup time. electncity, !
frant ™ ‘tafang 3880 for Lab stanon or Markos et at j90¢ 1243 Reamwood Ave refrigeration and deromzed wates, fequires careful washing
$SU0/month reata) : Sunnyvale, CA 94089 microwetls; rephcate run for each sample. average of the 1wi.
1800) 433.835) 13 the result, legs emperature dependent Out of range rerung |
requise use of another kit {
TR e e e e . —
beaes Eree trumng = Pare $12ample plus $41239- Haas and Simmons 1908 ! Calt EPA { Strategic Dragnorties Inc! Large work afea (desk s12¢), requires setup time, refngerarion ‘
vane™ vulshie Lt equip & smal) supphes it 375 Pheatane Run and power; acetone nor supphed Out-of.range reruns require |
Tuhe $20<ample plus $2409 i PA 13940 use of another knt ]
forequip & smay supplies i (800) S44.888) . |
Uretacton dhwrfree onate ${ap $20/sample plus EPA 199%h, Haas and Simmons 1994, ' Cahf Epa Stratepre Dragnosnes, Inc|  Lerpe work areq (desk), requires setup time electnerty and
Rapth traming " $5.500 for equip {purchases | Markog ey g 1395, Rubio e at 1904 19964 , 375 Pheasant Run refrigeration; Jess femperature . low detection limit, ;
A av e or $800 for firs month, $400 . 1 [ Newtown, Pa 18940 all reagents mppbedrum and kst need refngeration Out |
exch additional month . (800) 544.888) of-range reruns require.use of another ki ;
‘rental) ' , . |
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Three studies have cvaluated multple
methods under slightly different field con.
ditions. coasult the onginal
studies for more details;

conclusions

Myers et al. 1994) evaluated and
compared the EnSys Riss and D TECH
methods for TNT in soll versus EpA

8330. “EnSys demonstrated a good
onc-lo-one linear correlation with Rp
{reverse phase]-HPLC  thag may be
atributed (o the procedure for extraction,
ie., a large sample  size of dried
homogenized soil.* For the D TECH iy,
comparison was more difficuls because of
the conceatration fange type data (as
opposed to single value) and because “one.
to-onc linear correlation with RP-HP{.C
Was poocer.” The study concluded that the
EnSys RIS® kit was weil suited for analyse
requiring good quantitave agreement with
the tory method and that the
D TECH kit was “berter sutted for quich.,
on-site screening 1n situations n which all

Emerging Methods and Other Literature
Reviewed -« Other on-site

¢evaluated by the Navy for use in soil, the
US. Army 5 4

xblost ion mobility
beingcvaluamdbysemdorguﬁuﬁons.a
modi(iedMelbodSSJOhasbceugsﬁdina
n\obdemlaﬂlermaldmmoa ollowed
bymchmmnompwluusstpectmmuy
malysishasbeenlcponed,

Snmq :
Thehetetofmeityof explosives in soils
Poses  significant prot:ﬁm for sie
characterization, Several options exust
including collecting more samples,
providing on-site analytical data ¢o help
direct the investigation, ]

precision and accuracy in
simultaneous identifying specific multiple
compounds, J;cy more than make up for in
the increased number of samples that can be
run. .

Mod:fications to on-site methods may be
able to improve method performance. In
most cases, a larger soqf sample may be
cxtracted (o improve the representativeness
of the analytica] sample. Also, with heavy
solds or soils with high organic marter
content, it maybcuscfultoconducushon-
term kinetic study to determine whether 3 3.
unute extraction period is adequate. It s
reccommended that the shaking/extraction
phase of all methods last at least 3 nunutes.
In alf cases, ¢ s recommended that a
portion of the on-site analytical results ¢
confirmed using a standard laboratory
method.,
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