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Field Sampling and Selecting .On-Site Analytical Methods for Explosives in Soil . 
' .... 

Ala.l P. Crockett. Harry D. Craig. Thomas F. Jenkins, and Wayne E. Sisk A large number of dcfenscafelated sites are contaminaccd widt devtled le\'Cis of rccoad· ary explosi~ Lewds ftf c:onlamiaacion range from barely ddec:labtc to levels aboW! I~ lhal aced special laaadlilll because of the ddonaciola poceacial. ~ of e1.plosi~ lites is particularly d:lftc:ult because of the wry ~ dJSCtibucioca or CODtlmicwioa ia the cawonment and within sampla. To improW! site characlerir.alicm. sc~ options exist iacludang c:ollocciq more~ providing on-slle analytical clara 10 help di&ect die in~&Uon. compositiftl samplcis. impRmaa Jtomoaeni· ution of....._ ad arrar:dns lqcr ..,&es. On-site aaalylicll mccbods II'C ascatial for more ecocaomical and ~ charac· tcrizabon. and v.batlhey llll)' IIICk in ac:curacy rc:latiW! 10 laboratory fnelhocls. is more Chan offset by the inc:reasecl acamber of samples chat may be run. While W!rifation using a stan· dard analytical procedure should be pan of any quality assuranc:e proaram. reducing the number of samples analyzed by the more e~pcnsiW! methods may ~c in signifacantly reduced costs. Often 70 to 90fl. of the so1l ~mples analyzed dunng an ea:plosives s1te anvestigation do not contain detectable levels ol contanunation. Two basic types of on-sttc analyttcal methods are ill wide usc for c~plo Mvc:s in sod: colorimetric and immunoassay. Colorimetric methods generally detect broad \'lasses of compounds such as nitroarom.atacs m nitramines, while immunoassay methods arc: more compound spcc:iftc. Because TNT ur RDX is usually present in cxploscvescuntanunated soils. the use of on-sue methotl~ dc!otgned to detect only chese oc smul.u compounds may be very c:ffec:aave. SclccuCin nf an on-site analytical method involve' l'\·aluatcon of many factors including the 'llc:c:dic objectives of the study, compound~ nf cnlcrc:st and other cllplossves prc:senc at the 'lie. the number of !tAmples to be run. the ,,,mpk analysis rate. mterfcrcnccs/cw\'. tr:..:U\'Ity of the method. the \\;ell requcrc:,l. ,utalyllcal co~to; per sample. and the oc:cd f••r ;111d av<~ilatuhty uf !>UPJ'Of' facthucs an.! "'' \·K'c-~ Other fac:turs tn ~ ~o'<IR..,Itlcrl."d ;ere th•· t••eu"un and baa~ nl thl' nn·!iliC an.ll)ll.:.tl mt•thn.l. hut 11 \hllultii•C' rcmt"mherr.lrll.l! I • 

u~ analyt•cal enor is generally small com. pare:lta field error and 2) the precision llld bias of a mechod an: dcpeadenc on the life (~ praent and ldarive COIIIOCacnrion) and the specific objccti~. Modifi· c:ataons 10 on-sstc methods may improve method performance including Qtracticfa a large~ sod sample co improve chc rep~e~entativeness of the anal)'tic:al sample. ensunng that the shakingfexuactioa phase of all methods lasts ac least 3 minutcs.IIICl evaluating the rate or excractioft for heavy soils by conducting a simple kinetic study. . Wach appropriate use, on-site ual~ methods an: valuable took for~ z.ataoa or soils containing exptosiW! residues and monuoring remedialion operadoas. 
It Ia lmperadve dlllt any persons worldag ou sites bellend to be coacamluted wiCb u:ploslvc residues Chorouably lamiUartze themselves wldt Che pb,.acal alld toxic: properties of Chc materials potendaUy prestat and to cake all measura as may be prudent and/or presc:ribed by law to prowee lire, health, and proprrty. nus publica· lion rs noc sntended to include ·discussions of the Wety ISSUCS associaced'wilh Siteu:oatlfn. an&led w1th e~plosive residues. Examples of _, ufecy issues to be considerN include but are not lcmllcd to: e~plosion hazards. toxicity or secondary ellplos1ves. and/or personal protec· 11ve equ1pment. Information pertaining w chest' concerns can be found in Robccts and Hartley (1992) and Yinon (1990). Specifi· u.lly,lhis p~per is mM intended to serve as a gu•d~ fur umrltng and analysas of unea:· rtikfl'd urdnancc. bulk high uplosives. or ..... ~~ secondary explosives concentrations in '"'' neeed 100.000 mg/Jcg (IM.). These t'undltions prtstnt a potendal detoudon hazard, and .. , sum, sarety procedures and safety precautions should be Identified ht"fllrl' initiatin~t site characterization activ· iii~ in tltl'S«' tnvirunment•. Finally. th1s paper dues n<lt address pnmary c:~plosives or uuhallntt Ctllli(I<IUnd~. such as lead v.idc, lead ''HlhRJie. ur mer.:ury fulminare, whaeh are <'\IH'IIlt'l~ "''''""'~" .. mc.lrre!>c:nt a ... ub!>lantsal '.<h-1\ ll'l .<1 J.ny < ••ll<t'Rir,IIIUR. 
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latroducdoa 
- Historical dispoSal practices from ~Us.crd~dc:mihtarization. la&OOG d or explosives-contaminated was&cwMCr, and ~ bumfopen detonation (OM>D) of explosive sludacs, wascc eaptosives. a.ccu propellUis. ud aaexploded onlnance ofta RSUit in soils c:oacaminatioa. Facilitacs ~ may be concaminatccl with eaplosi~ eacludc. for example. active and former awuar.ccuriDf planeS. ocdnanc:e works, Anny -atioapiiii&S.Navalocdnanceplants. Anny depocs. Na~ 8IIUliUIIitioll depob. Atmy and Naval pi0¥188 arouacSs. burning arounds. .nillay illlpiCC ~ Cltplosive ordnance disposal siecs, bombiaB ruses. firing ranges. Md on1aance tat ucl evaluation facilities. A aumbcrofdlese facilidca have high levels of soil and arouaciWif«CODtaminllioa, .. though waste dilpOul was cfilcoaliaclo(J 20 co SO JCrVS qo. 8eclase of suc:b eatcftSive coataminalion, the Ea¥iroluncatll Prolecdon A&cncy"s Federal flc!litia Forum dct.enninccf that remedial ~ tiiiiii8CIS Meld auiduce about fadd .....,.., ud OIHitc aaal~ mctbods for dclec:liaa ad QUUtif'Jial seeondary c~tplosave compoullds (Tibte I) ia soils. 

Under ambient cJwitoarneftw condations. aplasiws are biahiY penisfent ia soils and ........... ~a resistance to naturally a. wladlization. biodqnldation. and Site Ia~ iadicate that 1be leat mobile of lhe explosives and most hqucady oc:ctlt'tifts soil coataminacion pcoblcm. RDX and HMX 1te the most mobile Gploliwes .ad pcaeAC lhc laqest poundwater ~lcm. 1NB. ONTs.and tctryl • of· ia mobility and ftcqucncly occur as~ in soil and groundwater. 
The. frequency of oc:currence of sp«tfk aplosaves ia sods was assessed by Walsh et al (1993), who compiled daca on soils coll«ted from 44 Anny ammunition plants. arsenals. and dcpols ancl two exPlosive ordnance dasposal sita. or dte I.ISS samples. a cotal of 319 samples (284J,) c:oncaincd detectable lc\rcls of explosives. The frequency of oc:.aarrenc:c and the maximum eoncentrations detected are shown in Table 2. TNT was detceled in 66% of the samples and 804J, of the samples if the '""'' explosive ordnance disposal sues are ex.clUtJrd. OWtaU, either TNT or ROX or both wt'rc detected in 724J, of the sample~ contacncnJ! caplosiw residues. and 94~ if the (lfdnance sue~ are excluded. Thus. by scr«ning for TNT and ROX It these facilities. 94'lt af the t·un~amanatcd areas~ be ~ntafied (8~ tf only TNT wa~ ddaminccl). ThiS demonstrates the ft'astbdlly ul screening for one or two compound\ to tdcnlth· lhe ex.tent of contamanauon a1 munllaun' "'<'' · 
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Table 2. Occunence of Analytes Detected tn Soil Contammated with Ex.plosives. 
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Onnlew of SampUag aacl Analysis for Explo$lves Ia SoD 
11le aavirocunencal chatacteristics of munitions compouads in soil indicate chat lhoy an: acn:mely befero&caous in spatial distribution. CoAceatwions range from aoaddecclble levels(< 0.5 ppm) to pen:ent levels(> 10.000 ppm) for umplc$ collected within sewcal feet of each ocher. In additioa. lbc wasfC disposal practices at Chae lites. such as 08100. euccrblte che problem &ad 1D1J raulc in coaditions nqiq from ao IOiJ c:ontamination upao solid ·chuab· of bulk secondary aplosives. such as TNT or RDX. SeCoadaly aplosiws c:oaceacrations above 15 (> 100.000 ppm) in soil are of concern from • poceatiaii'CICCivity standpoint and may lfkt .....,.., and IIIIICrials haadling poceucl duriaa rea'Jdialion. 

Rdilnc:c on laboratory analyses only for Ike iavesdplioas may mult in a large pcrccatl8e of lhc samples Wlch ~teuadolt*We levels (up to SOCII) at a high UIIJiicll cost ($2$0 10 3SO per sample). Bocause ot lbe ~Y betetoscacous dis1ribudoa of aplosives ia soils. on-site ~ medlods &R • valuable. c:ost4ecd~ 1001 to assess Cbe nacure and edeal of eoatamilllliota. Because on-site medlocl eoscs per ample 1re lower. more ~..,~-n:al~raul~~ ftldesi&n Of lbe Uft11'1ing rdlcme while in lbc fidel. 1'bc use of on-site methods also fiCiliWcs moce eft'eai\le use of off·slle laboracoric$. 

Data QaalltJ Objectives 1'bc EavirocuncntaJ Pro«ec:taon Agency (EPA) Data Quality Objectives process ts dcsianed 10 facilitate the planmng or cavironmcntaJ data collection activities by specifying the intended use or •.he data (what decision is to be made). the decision criteria (action level). and the tolerable cmw races. lntegated use of on·site and laboratory methods for explosives in sotl fac:ilicate achieving such obJecl.lves as detenninina the horizontal and vertiCal extent of conwnination. obtaining data to coaducc a risk usessmeac (F.PA 1992), identifying eanclidate waste for lreatabtlity stuclies. identifying the volume of soil ca be remediated. decernuntng whether the sml presencs a poeent1al detonation harard (radive accord1ng to Re50urcc Conservation and Recovery Ace regulations). and d~termmmJ! '"-·helhcr remediation actJvtlle) ha\·e met the de.tnup criteria (typically tO to 100 ppm I 

UniqUe SampUag Daigo Coasldendons for Eqaloslves 
Heterogeneity Problems and SolutiOM • Jenkins et al. ( 1996) rcc:cndy collected and analyltld seYea soil cora within a l'IMiius of 2 ft from nine locations. Resulcs sbowccl exuanc variation in coaoetiU'aCion in fi\le of the nine localioas. and tn all cases only a small fraction of che lOcal cnor was bcc:ause or ..Wytieal emJC; field sampling cmw dolniiWecl toeal cmw. To ~site ~and reduce umplinacnor. the major cffoct should be fO illaase sampliag dcnsilie$ 1M c:omposice umplcs. There are se\Ual pcw:ticll approadlcs to reduciag overall aror duriag ~of sods con&lllliaaUICI wich QPloli\Ue iacludiftl iftCIUSio& chc ...atbcr of samples or samplist& density. colloccing composifC ~ usia~ • Sflltified sampling desicn. IRd IQiucing Within· sample beceropetty. 

One stmp1c way to imprOve spatial fCSOiucion is by c:ollcc:t&q more ~on a finer sampling arid sudlu a 5-m irWeld of a 10-m spaciftl. This approldt hu been rej«led ia chc past llecluse of die bipr costs but w.1aen iAeapeasi\le Oft-site ..W)'lical methods are used. dUs approach becomes feasible. 

Samples are always cakea lo apply inferences from the samples 10 a larger wlumc of material. and a set of composite samples provides a more precise estimate of the mean lhan a companble cutmber of d1scR:te samples. Thss occurs because compostting is a .. ph)'Sical pro<:ess of avcragiRg... Decisions based on a set of composite umples provides greater stallStical confidence than a comparable set of mdivsdual AR~ples (Gagner and Crockett 1996). In Jenkins' study, composiee wnples wete much more representative of e&eh ploc lhan lhe indtvsdual samples that made up the composites. Using a composite samphng, 1t 1s poss1ble to reduce costs and the total number of samples collcctbJ wt\de 1mprov1ng characteriullon. 
StraufiCd samphng also may be eff«:(.·uve 1n reducing field and subsampbng errors. Using historical data and site knowledge or re~ulcs from an exploratory study. 1t may be possible to ldenufy area.\ 1n wh"b contaminant concentrations are expected lu be moderately heterogeneous (mOO boclllm 1 or e~tttemcly het~ru~t~n~(lU!t (c>pc:n tl~lnnahon Slt~s). lltfferl'nl (·nmJlclMIIOi! anJ :o.amphng :o.UaiC:I!IC:\ nt.ly he U!l('(l lo t:h;aracleri7.C dtffer~nt area~ I hat may re'luh 

in a more effiCient c:lwlaerizaii~ Another means of SU'ati(ecation is based 4a panicle size. B~ ~~ ~often exist in a wicle range of particle:a· · (ayscals to chunlcs). il is possible 10 samples into various sit.e f'rlccions. may reduce lJeteroaencity. , 
Wldun·samplc~is~ obserwld with OHife IUlyses wbeD duplicate subslatpla are aaaly1.cd and the results dift'et by an order of magnitude. To reduce within-ample ~cy and obtain a repcaeatAtiw aaalyucal sample. two methods may be employed: cichcr homogeaizatioo ud extnceioa or aaal,sis or a~ 1bc lmlllerdlc YOlume oftbe n:movod for atl1dioa IIICI aaalysil. Cbe IDIR bcJcno&caoous die entite samplcshoul4 be before ~'Ibis may cequire ua.,&e dlyias. • and nftle splitting (Otp:r and QOcbU 996). 

While ampte.mixiq proccckaa such as saeviq eod~ mixiag in plastic.,.. etc.. be used to aapar_e ~the~~=-= represcqtadwaess. Jcaldns ftiCOiliiReCids exlriCCioa of 20 1 of soiL and cbe same appiOIClt may be used asily co impro~ the reSults with most on-sire analytical medlods. 
Sample Holding T'unes and Preservation Procedures • Based on spildng dean soils wich cqJiosivcs in tcetocUCrile. Maslcarinec ct al. (1991) recommended the followinr, holding limes and conditions: TNT -inuncdiate freezing and 233 days at .zo•c; DNT-107 daysat4•c; RDX-t07 day~ at 4•c; and HMX-52 days at ••c. Grant et al. (1993, 1995) spiked soils with elplosives dissolved in water 10 diminale any acetonicrile eft'cc:u IACI also used a field· _, contaminated soil. nte results on spiked soils showed chat RDX and HMX are stable for at least 8 weeks when refrigerated (2.C) or frottn (-ls•c). Soils spiked with nittoaromatics should be frozen as soon as possible because some n:sulcs showed signifiCant TNT and TNB degradation WlthiJ1 2 hours. However. both compounds and 1,4·DNT may be adequately preserved for 8 weeks or longer by fnle%.ing. The results for field-contaminated soils did not show the rapid degradation of TNT. and TNB ·observed in the spiked soils and rdngerauon appeared satisfactory. Presumably. the uplosives s1ill present tn the f•eld sml after many years of uposure :U~ fCS5 biologically IViolilable Chan IR the 'P•ked so1l~ Expln'itves '" a1r-dricd soils 
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Me 5f.lble ac room temperature 1f kept m the dad. Acetonicnte eatracts of soil samples are expected to be scablc for at least 6 monchs under refrigerataon. Acetone eatracts an: also chouaht co be sr.ble if stored in the dark under refrigeration. 
Eaptosioa Haards and Shipping LimiWions - EPA reaions anc1 the u.s. Amq EavitocuncnCal Center consider soils conWnial more lhan '"' secoodary ~ves (i.e .. TNT. RDX. HMX. DNT. TNB, ud DNB) by weight to be suscepcible 10 iftitialioa and popa,g&Cion (EPA 1993). U OIHite analyses indicate dllliOil umplcs c:onc.ia less chua 10% toW tclCOQdary explosives by weiaht. lhcy may be shipped to off-site llboracories as eaviroamcntalllqlb. s.q,&cs with more diu I"' eaplosives atUSt be shipped to a exp&osi¥CS-Ciplblo labcnrory for analysis. _.they must lie priepct ud staippclt in ICCOidlace wida IPPiicable Deplrtmeft& of 'l'l'8lportiCio .ad EPA cqulaciou for ..cciw lllaldous waste lnd Class A aplolives (AEC 1994). for wnplang at Iiies 1IVidl uatnown or greater chan IQil. by w.d&hC of aec:ondlry eaplosa~s coai'Priallioa, special umpbng procedures ~~~~~~tbefollowcd(AEC 1994). 

Sn~~O&Hite Aaal)'tlcal Mdhods For ElplltSiftS Ia Soli · fdeally, OlHife mcdaods proVIde ha&h· quality cia oa a Dell' -real-tame basts .alo"' cost ucl of sufficient qualicy to mecc all inCendecl uses including risk assessments aad r..w sice clearances Vilthout the aeed for more fi&orous procedures. While che c:urready available on-site methods may n<lt be ideal (not c..,able of prmrad1n~ c:ompound specifiC c:oncenuauons of multiple compounds simultaneously). th('y haw proven vel)' valuable during the ~zacion and remediatiOn of aumcrous sites. Cunently avatlable on·s1tc analytical methods chat have been evaluat('d against sundard analytical mt'thods and dcmonscratcd in the field tnclud<' colorimetric and ammunoassay methods (Table t ). Each method has relative .tvancagcs and disadvantage~; thetelorc. one method may not be optimal few all applkataons. To ass1st an the sclcct•on tlf one or more on-<&ttc methods for vac1ou, users needs. 1'able 3 was deve~.t comparing the avadable colnnmc:tnc an.t imrrMJnoassay on-sate analytacal mc:th<1ds tc11 detecting c:xplosives in sud. The !>CI«ttton criteria pcscnted 1ncludc ~lhod C~f'<'· analytes de1crm1ncd. dctC'CI~<m lunn ..... 1 range. sample preparauon and uuo~.-r•"" 

procedure, analyt.cal production rate. 1ncerfetences and cros,·rcactiVItiCS, rccommc:nded quahty aswranc:clquality control. suggested storage c:ondillons and shelf hfe. skill required. availability or training, cost per sample. and, among others. additional method selecllon c:onslderarions. The comparabtc cable an die complete issue paper also includes ref~ to compansons wuh Method 8330 and other references 
lnterfcrcnc:eVCross·Re.KUvtty • A major ddfecence among the faeld methods is with intcdcrenc:a for oolorimetric: methods and cross-reactivity for immunoassay methods. The colorimetric mechods for TNT and RDX are broadly class sensitive. lhal is. chey rapond co many ocher Similar compounds (ftltnwoma&ICS ancS nauamincslnacratc ~. mpcctivdy). IIIIR'lUftOUUy methods are celabvdy speafic for the primary cargcc anllyta. The cross-re~Cd~ secoadMy WSCt analyces for TNT are maanly other n1croaromatics. but this varica considerably aJnOIIIlhe ~our TNT immunoassay test kits. Depending upon cbe Aqliina objectives. broad sccasieivity or speafaclty may be an advanugc or a disadvantage:. If the objecti~ is to dctccmanc whelher any explosi~ residues arc present in soil. broad sensitivity is an advantage. For Chc Cold Regions Rcselrcb and Engineericag l.aboratory (CRREL) and EnSys RIS' colorimccric methods. che color development of the extracts may save chc operator an tndicatton of what types of compounds arc preM:nt m sod. An advantage or some colunmctnc methods is they may be used tu detect compoundi (tther than the primary target analyte. For uample. the colonmdnc RDX methods may be used to scm:n foe HMX when RDX levels an: relatiw:ly low. and for NQ. NC. NO. and PIITN an the ab~nc<' of RDX and HMX. 

For colonmctuc method\. mtcrfcrence is defined as the pos~ta\·c rcliptm~ of the method to sec:ondary targctanalytcs 01 co\.'Ofltaminants Similar '" the pr~mary target analyte. for TNT methods. ahe pnmary car8el analytc IS TNT. and the secondary wgct analytes arc Olh<r Jl'llynuroaromallc!> TNB. ONB, 2,4·l>NT. 2.6-DNT. and tcuyl. For RDX methods. Ill<' rrunary target .analycc a:. RDX, and the ~ondary Wi!CC analytc:li arc n1tramall<'' riiMX and NQl. and Rltratc: C\ICn tNC. !'i<i. au,II'El'Nl If rhe pmn;tty l.lflo!<'l ar1o~l~1(' " the nnl;. 'Ulllf'tlURd JIIC,c."lll IR ,.,,1, tht' roloiiR'K'II r, 

.\ 

methods mcasun: the concencration of ciJt. compound. If multiple analytes are~ in soil, factd cncchods measure the ~target analyte plus the secondarY analytes. nitrolromalics for lhc TNt test and nitramiACS plus nitrate esters for RDX cesc kits. In addition. the r- .J c:olonmetric IIIClhods to die -r--~ analyta is similar to that~= target anal~ and remaift c:onstal\( chrough-OUI the concccumion range of che medtods. 
For immuaolssay methods. UOSS· reactivity is defined a lhc positive response of a method fO secondary t.erget analytes or co-c:ontaminaals similar to the primary target analyte. For TNT medlods. dae primMY tqet analyte is TNT, and lhc secondary target aaalyaes are aitroaromatics 1NB, DNTs. Am-DNTs. and tctty1. For -RDX mcAhocls. chc arimanr 11r1et anal~ is RDX. -~fsslight.3CJ. With HMX. If 1he primlry target enalyte is the only compound preseal ill soil, the immunoassay meehoda meesure chc c:oncentration of that compound. If multiple analytes arc pracllt in soiL chc immuiiOISSay methods measure cbc primlry t11JCC analyae plus IOmC pen:eatase of che cross-reacti~ ~target. 

Both colorimetric: and immunoassay methods ma~ subject to positiwe mauix inCcrfaencc humic substances in soils. For colorimetric methods, this typically occurs below 10 ppm. and is indicated by yellow cxtriCCS. These inted~ may be reduced by careful visual analysis prior co colorimetric analysis. Nitrate and nitrite, common plant nutrients in soil, arc potential tnterfercnts with the CRREL and EnSys RIS' colorimecric procedures for RDX. An extra processing step may be used to remove lhesc inlerfercnts in soils that are rich in organcc matter or chat may have been .~ fert1lized recently. 

Comparisons co Laboratory Method. SW-846 Method 8330 - Precision and bias of the on-sue methods are most appropriately a.<.sessed by comparison to established laboracory methods such as EPA Method 8330. Methods of comparison chat have boeru~ include relatiw: percent diffetence <RPDI, linear regression, correlacion. ·percent false positive and false negative rcl>Uits, and analysis or varaance and paired t-tc,ls It also should be remembered thai analyttcal accuracy is generally quite ~mall C••mp.trcd to tnlal errur (field error 1S the fll.IJnr ct~ntrcbutnr I 
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Tal:lle_ 3. Co?'p~tive Q;1~ fpr.Sel~cli!1g_Q1.1.-~ite An~l~i~~LM~thQds for Explosives,~J.I.!'nuSQOiw'ru.·---------!\let hod/ 
Kit 
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CriUria ~ ~ttthod Type DttKtlon Rangt anct I Analytes and F.PA Range Fa<:tor ~ftthod So. 

(l>lunmt'ln• 
1'0 t Itt>\. ~ . .a l"T. 
""'"""''"sn Pl.r;arc 
l··~ n.: .-'.: 1d 

' TST I II\!! ml/ka I !Z )II RDX I In ~il m,\, 1:0 Xt 
H·D~T Z ru :0 ml/kc II OX t AP'P,A, I ~tuMm~\Jf(1 XI 

Type of Rmslts Samples 11ft' Batch 
Son 

Samplt 
Sf~ 

Sampl• 
Pftparatlon & 

Extntllon 
Analysis TIIM • Production Rat 

(ontptnon> TST. RDX Quafthlal•~ l TNT Batcll or IIIIP 201 13 mill sllabnt 111100 JOmtnute uttxt61umplt,. 

!.-'·DST SmloquaMUtt~ RDX 610 7/bltcll or tlft&le mL ll*ont. setlbliJ. TNT S llllllute\llollllple. 

AP'PA Quan111.31,.~ ; l.A.OST .l APIPA S•nctt tillnll1011 RDX JO mtnutetl6 RDX s..n·~~ 
or batcllcd i 

2S umpiH/day Cor Thi • R D X 1 1 
DNT JO mmut~ IMIIPk> ! . · APIPA IS minUie\ltampl.! 

-.. ---· . - ·-·-·--.. -··----·---·-.. ·---·--·-- i 101 I Dr)< 10'!1-morsrutt 

(.l!,tflmctn• 

TNT )()to )S m•IIUitsiiO umplc' '" lab. ralllllltd 40 to cs IIIJIIUI(s on field ROX· 60 111~ IMIIP~ Opuonal dtyllllllmf 1101 inclucled 

T:o-;T Ito )ll m,\c o 10 X1 
IW.lt. I to~> m,'kc 1.l<J X• 

Quantol.lh•t S•nclt 
T:O. i Mcrhoo 8~ I~ dr.111 
IH.t X ~tllloo 8 • W 
rr•'!'"td I (opuonal), .J 111111 

sMbiJIIISOml.. 
ICefellle, ' mill senllfl1. tilt.rlftoll 

. --- __ ... _ .. ·-· -+---+-...,:_---+---------
(.·~.,ntt'ln• 
T'-f 

f-.'·' :r_, mj!_.\f • l" ."'• Quan111a11•r i S111c!t or batcllcd 
! I 

l 
b& 

10 to 20 tamplc'vt:by ~pcM•nc on 1011 dlltXIeriShCS 

I 111111 shMtllltll 35 
mL metlllnOI. tadlftJ. 
t'ilnlion .. needed 

-- --·- . ··-····--·---- - .. ··-- ·--~- .. I I I ! lml l 3m•n111Wn&m6S I c..c S 11 mLacerone.leftle I 

lf1·"•1Jr..,l,l'o\.l'lo tlJ'\-\ 
r~ r l.ftrll<ltl 4/o~/J .::.Jt 
Mil X '-1e111N .&ll~ I draft 

T~ r i! ~ '"' !l m(t.'kC 'I•' \' RO\ ll(fo,r,!lms,\gO:Xt 
Semtquan~t1.31t~ 
r:oneenttatiOII ~· 

~ ""'lit ,., l>arcll' 

I 10 IOmtn 

)() mt~ (C'I I rn 4 wnplc\ !01 TNT orROX 

.. -·····--·----·-- ·--·--------·-.... · _______ ....._ ________ -+,---- ---
~ mrn 'IIWna•n 21 2 S to ) S h<lun fOt 10 to •o sampk:' 

lrr.tnun"~'.'IY loU!\" · f'o;T o ~~It> lot: m"''\' ;~m X• Quanttl.ll~>~ :0 tl' ~0 rl!~ch onl,l 1 -4 21 

""''j:\'n·Ant•l'<>d> r-.r 
1 I mL teet-. setllt lddelt attmattl . 2 IIOul'l (Of up co .C .. L-- - ~I'IIIIIUIH TNTiollll~ -----

I 
.. --·-··-·· ··--.. ···-·· .... --·----·----- .. -..... --·· 

lmmull\'131\~\ · U.IS . .t, 
!'ST Pbttlur 
J:IOT l'<.>tiiiiA~IkJI 

PL.ud .. u Ito tllO ml/k& <100 XI i ..._ Quantnll•~ 1 ~t bllcll of I : 1 I Asr eSt) SOIL 2 mill PI$ 90 mltiUftS for & umples 

Tu~ kll 0 2ro I~ m~r\t 17S X 1 ; Tubt ~~~ ! Tulle tlltcll of" s11aJunC 1111 mL Tubt. JO mltiUfH for 14 ~Its 

, 
: (~ rlftlel ! 

~~~:~et-; IURt. Dl)tftlllme nat tnclu4ed 

.... --· ••• '4 ·-·------ -· __.,____ 

_.....,_ 

l.l~::>.~h'lll 
11..!'10 .t.«a>·'. 

..., 
' 

l 

L'llmuii0.1SS3) . EU!iiA • "r.IIT o 07 co ~ m• 't.c 1 i 1 X 1 ' Quant•t.att"e 
1 S to S I ttoarch onl~ 1 10 1 II m•n slld:ina•n 20 

M.1gMt11: pantcle/lu~ 
I 

mL llltllllnol, setlle $ 

... , . 
! . 111111. tilttt 

TST Mrtlh'd ol(l~ 

: 
~ 

; l 
. . . ........... -.. 

·~ •r~d a,,,tm,,:,ti~.l fttwr EPA 1'19~11 

1 hour tor :o tatt:achMt. •s m•nu•.-s for~~~ CSI ump~\1 

- _...,... ~ ~ 
- ...... ·.,. .. J .. •. 
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T~bi~.J.c .. J~Q.tn~'i\·~Q~d9f S~J~ting On-Site An!b'J.lgL~ethods (or Explosiyes in Soir <continued) I 
Method/ I 

Stonae Conditions alld 

! Kit lnterferenas and Ctoss-rnctbltla > t ~ bisect on IC50 (see ltjtt) Reconm~encted QAIQC Shelf Ute or Kit« ., 

Rnaeata 
("R.~f.l. I" T t T~T • TNB • t>NB • Dl't"Ts •ICII)I, 

Blink 1114 cahtlflboft SUIMards Store • ~ootnltm~ 

· okl~lt•lft lttntiHpptlll. "r.OB 0 S. 0~8 < 0 S. 2A·D'-"T 0 ~- ~.6-D"'T 2 l.ttvyl 0 ~ , lllllylied ..,1}< before IIIII alter 

k!J\ • RLIX • U~X • PETh• NQ • NC • NG lllalple lllll,ws Blank and 

· dete.:tiOII bnuts lpptlll. H~X 2 .-. PETN I. NQ 10. NC •2. SG 9 
sptbd 1011 nm daily 

S.••l ITIUt>lllte > 101o. andllunucs rnterfm Wtdl TNT and RDX. nrltile and nlltltt rllledeft 1l>lth RDX 
~.&.()'iT • ~-" DST • 2.6-DST • TNT • TSB • lttl")l. lll&fl t~r. ITIOI'ture 1111·1 humrn tfllerfm ! 
M' "P" • rebtl\-el~ tree ot llumte .and IIIU'OWOI!Utt~ tnrrrfett!ICa 

I 
: 

.. ·---·---·· 

~ 1\.fetflod 1114 so.l blaftb llld a ! S101t • room tt~ 

l:r.<." IUS•., r<T • l'T • 'T'>B • OSB • D~"Ts •ltU)I. . Ckrrw"" brnru lpptlll. TNB 0 S. DSB < 0 ~- :.£ DST n S. 2.6-0ST ~ l.ltll)'l 0 ~ i fOIItiCI umplc ..,.,. 1111t : Sllelfbft 

P.l>\ •I<I>X • H\fX • ~ • !IOQ • SC • :-.G 
I duphclle/20sampla SCIM 1 TNT • 2 ro 2h1o11111u ~1·c 

. .kttdt<"•n bmtl$ !ppm I. HMX H. P£r.'O I ~Q Ill. ~C 42. NG 4 
J pou1111e field mulls II 101 j RDX • 2ro 12 mondls at 21•c 

.. ·-s~~~~ ~-'~· ~ ltunuc~ tnrttferr -.rll niT oVId RDX. rut~a~t lind lllltiiUittrft~ •ldt RDX I shouldbeCOftrwmed 

... - . . ~-

l ~-\l'F. 'T'>K rnrtrfcre' h~ t:U\In~ mrntmum dere.:tt(lft bm11 
' 8!111111011 Uft\911, llld calibrauonj Store as mom ttmperarure 1tllldard ~ lrtWII tlean '''t : 

., 

Skill Letel 
I 

M~turn ! 
: 

: 
; 
I 
I 'r.IIT I.J:I• I 

llnX Medtum : 

: 

I Medrum 1011 i -+-------------- --t--·---

;. n-:<"~1"" Ctt"'' tt:Atl\lt~ 
l'T trr~l • l<'1 T~8 a~'~ ZAmi>Sl • I i". Z.J ()\T • -'~APiVA unknm•n t!\11 -Itt>"' 31 l,.wt; ltm•• ,., "~"c'""' ~0\ H~X a 3'\ 

i SAmples lmlfll posrtt.e should I be COIItlftllfd Ullftl Wllldatd 
method\ 

j 
I Store 11 room ltlllptrtiVtf ex 
1 

~tnaer-. do 110t freeze llf 
1 Ctceed 37"C rex pnllonJtd 

pmod Shelf life 4 IIICllltiK • ·-

Lo• 

• --·--·· .......•. - --------·-·-----
, 

momtel'llp!nllll't 
. 

.. -· .~ .... i ··-. ·-

' 

( 

I 

· --·-·--- -l.l~rrl· -- t'trl\~ tUdl'll' 

! Dupll(ae e•tr~~:~!OM 
Mrdtum-hrc~. i 

~·":.£.&:.~;' ..... TS8 z J"~. trr~l • •· ~-"t. ~.£-D'iT • :" . .a.a.mO.'\T • ~~ 

tt\::·t(~.ll.('"' f'tt'\\ ttJC'tl\lf!t 
l':.ve .&-AIIIDST • ·U'l. 2.6·DST • 41~. TNB a 74. ~.4·DNT • 2'\ T uht H•·OST "10"\ . .aAmDST • ""· TS8 • 3~. 2.Hl~T • 2~ 

I I 111 10 lepiiCife I 2 wnple wett.~ttrld I 
f 

I PIMe Samples IIIII 111 dupbc11e I Store • 10 a•c; cto ncr freczt ex 
etceed l')"C Do 110t e•IIC* 
IUbaiiiHo clinlciiUIIIIJIIC. Shelllire l'lllle 3 to 14 mom~~s 

Ttatle , 10 6111011111s 

lllllrM ttallllftl 
~ommended 

l'blt Medtum· • 

"'"' ' Tulle MaltUIII I 
j 

-----

I 

{)hmtCIOO 
R.li'ID 
"-"a~ 

-

lttXS ~XIIYI!y 
NB • 6S'f. ~.4-Drllllroanthnt • 64. ltll)'l• S'l. :!.4-DNT • -''l. 2Atn0NT • )'l. 
OS8a24 

'F•r.lll<k•f anor m<-.hfiftf fnwn EPA l90Sb 

Dupbcale lllndlrd cunes. 
poslthe COIIIIOI sample supplrtd. 
PosiiM 11111111 ftiCIIIdltiiCiioa 
lftl7 need COIII'Irmldoa bJ IIIOdlcr medlod. 

Refnamre reaaems 2 ro s•c Do 1101 f~t~Ue. 
Slletf lite l to 12 mondls 

Medtum·lltp. 
Initial 1111tftl,. 
leCOmmendal 

., .. ::....~x .r.; .. 

I 

.. ~ -- ~ . -.1..· .L. -· 



T:~l'lk " (\1mft;tratt'e.Pata for .S!!'!e~ting,On·Site: Anal}1tcatM~.tJJ.<ld.~fQr..J;xplosJ!ttln.~~~iq~~1-------·- ___ _ \lrlhod/ 
Kil 

I J.:l-:11. 

I r" ., R:~ .. _.. 

i 'I \l } 

:: .,,-~ 

i :t'td~ 
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!·:~:~·~ 
lo,.t,., 

I ~"':. ·~·"·l' 1ft 
11~1·111 
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Criteria 
... ·····- --·· 

TrafnJn~ 
A tallablllly 

Cosrs 
I not lndudlftR labnr) ; 

l·:n .. ~,,., r~T St\•wroplt: pllli \1.\00 f,lf .and Rt>X. ~ re•r Hxll specuometrr '"' a.t.lrrn 
~one a•o~~bblc: fot 
~ 41>' J Af'-1' o\ 

Comparisons to Mtthod 8330 Rttermces Othfr 
Rtf-

Deftfoptr 
lnf'onnadon 

flmutlbrd rt 11 1991. EPA l"l. J ltftlaM" I Ot 1llomas F Jenuns 
t99SatMethoci&SISI. 199Sb. al 1945, 1 CRRS. Jenbns 1990. hnbns llld Wlfslll99~ T1lomt IIICt f 1.2 Lrme lt.S M.artos et al 1995, Lin& et al 1990. Jeftbns ~. NH 0)155-1290 

'Walsll llld lenbiiS 1991; 199Sto 160))646-4)15 JrnbM t1 aJ 1~ • .lttltsM ll'ld Wak 

Additional COI1Sidtratlons 

l..ltF 'AIOI1t- C2 1wJt desks I, rtqUdft !he most ~up rune poSSible 11118 UlfttfaeMe. 110 elecv1clly or n:tn~t':lloOft reqund, *-led ..., lllqlltl'ed, ftiUII arretnble 111.21tn:als. psswwe IIIIISI be IIIIJed ~ anai)'WS. w~r >olumr ol aettane -lt. eolor llldlcal•w o( compoullds Tr:~.:.~~ -~~~~~~ --- -~; ;~~~~~-;;;;;;T. -- .. - FJ>A l'¥l~a 1\trtlwld lSI St. EPA I --t-;:IK 0\lpoiiiCs. Inc 
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1 
I !SOOt,.. ~All 

re•: Sl.9~ 

, . --- ---------- ··- ... --------------+----+1-----+------------
~- ...vnplt ,, SS,UIIIplr ol 11 I<)(,< \1rd.lr) I c,c.: ! I 0t Rldllrd Medal) l....tqe 'AIOI1t - !2 larfe desks); ttJqustn tilt II!Oil srrup rome. 

frltertJ "'"' SI.SO(Jf,, lb:h 
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Small wortsftt-. few SC'IIp ttoquutmtftiS, 110 tltc\ncor1 or n:fri~ required; ICIIIpetiiWt depelldellt dctorfo9mt'nl lUIIe I effect Clll be teduced bJ cllaftPt DnCHTOR -"'Cl· 4rprtean~ -of pll:klnc. rr'*"''' NtrTn .. ran~. 110 check OIIIH1. e&SJIO tnnspon or ~, km Call hr CVSIOIII!aed Out-« flnlt reMIS l'f.IQIIll't ll5f of IIIOtlltr ul 
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· 
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Three studies have evaluated multaple methods under sligbdy daff~nt fseld c:on· ditioas. Rader's should consult lhc onginal studies for more ddails; however. some SUIIUIIII')' c:oaclusioas from the dvce cited IIUdiclfOUow. AaEPAstudy (EPA 1995) COIIIpllecl Che CRREL. EnSys RlSl (c:olorilaelric). D TECH. ldetek Quanti1., aad Obmiaoa RaPID Assay melhods fOJ TNT. The study coadudcd lhat overall •no siaalc IIIICihod lipifandy out-performed eMber ....... and accuncics for all else OCHite IDCdlocls were compltable. HOM¥«. CRREL. EnSys RISC • .00 Obmicloa RaPID AlA)' .ac mon: .a:urale ia die pater-chln-30-mgiKs TNT ranges. and D TECH W1S men *XUrale in the less· cbaa-30-maiKI ran,ae. The ume scudy c:ocapae4 CIUU3L. EaSys RIS', and D TSCH cnechods for RDX in soil and con· dueled lhlt lbcy were sliahdy less KCUrate .._lbe c:onespoadiq TNT methods. 
Haas ad Simmons (l99S) evaluated ........, tits for TNT (D TECH. l!ftiroGinl'I'We and Pfate.lddek Quanha, and Oluaiaoa RaPID Assay). They eocduclcd lbat for semiquantitaCive ~ Ill kits have the poteneaal cu ICii:lraldy SCftiCII soil samples for COilllmiudoa II risk-based levels. For quMCiciiM lllllyses. several of the assayt. W ""lipificur positive bias" comp&Rd widl Wah performance laquld c:llroallropphy (RPLC) resulcs below I ppm; aasun:mcats near the detection lanut -...e oftaa problematic"; and above I ppm. the c:orrdalion between the immuooa. .. uy till ucl HPLC WIS "generally good " 

Myers d al. (1994) evaluated anJ compuec1 e1se EnSys RISi and D n~cu methods for TNT in sod versus El' A Mechod 8330. ·ensys demonstrated a good one-to-one linear conelalion wtlh RP (nMCSe phase)·HPLC that may be .aribcstal to dte procedure for cxtractactn, i.e".. 1 large sample sir.e <lf dned homogenir.c:d soil: For the D TECH kn. comparison was more difficult because uf che c:onccatration range type data (a!> opposed to siagle value) and because ·one· to-one linear conelauon wilh RP·HPI.C was poorer: The study cuncluded that the EnS,s IUS' kit was well sutted for analy!>e' requiriag sood quantitatave a~reemenc wath the standlld laboratory method and that the 0 TECH kit was "'beuer susccd for qutd. .. on-site screening an stcuatmn,; tn whtch all samples above a certain ran~c." \l,·tiii'C M":nl forward to a laboratory fur l·onftrmatwn t-o~· the standard method ·· 

-------""'"',---------------,,.,,i 

Emerging Melhods and Ocher Literature Reviewed • Other on-sice procedures arc being used but limited informaaion •s available on chem. Emcqing procedures anc:ludc en antibody-baed c:onlinuous-now immunoscnsor for TNT ad RDX and a fiber opcic bioseasor for TNT Chat an: be1ng evaluated by dte Navy for use in soil, lhe u.s. Asmy is d~aa • cone peaccromdCI' for Ill sit,. detection of explosiva. ion mobild)' spec:tromeUy is bein& evaluatod by sew:ral orpniz.ations. a modified Mcdaod 8330 bas bcca used in a mobile trailer, dlcrmaJ desorpCioa followed by ps c:hromal.op'lphlmass spectrometry analysis bas bcea reported. and woc\ IS under way wicbia CRREL to iaYCSCipfe lhe use of a simplethia-layer ~ic mccbod for use as a confumation test followifta colorimccric:-based proceclucu. 
j :;u......., : The ~ty =ves in sods poses sipil'"acut for sate characterizalioa. Several options e&tst incluclina collcccin& more samples. providiag on-site M&l)'(ical data to help direct the ia~ composating samples. ialpRwin& homopil.acioG of samples. and el1niCtiq lqer samples. On· sccc enalytical mecbods are esselltial for more cc:oaomical and cmprowd dalnlc&crizacion. What abe on-site mdhods lack ift lamS of precision and .caney in scmulc.aneously identifying specific multiple compounds, Che)' more than make up for tn the inaeased number of samples that can ~ run. 

MochfiCaUons to on-sate methe~ds may be able to unprove method pedonnancc. In most cases. a larger sod sample may be exttactcd to improve lilt representativeness of the analytical sample. Also, wilh heavy s.ods or soils wilh high organic matter content. it may be useful to conduct a shon · term kinetic study to determine whether a ~· nunute extraction period is adequate. It ts recommended that lhc shWnglextraaaon phase of all methods last at least 3 nunutes. In all cases. at as recommended chat a ponaon of the on·site analytical results " confirmed ustng a standard !aboral!•~· method. 

Notice 
11lc: U.S. Envarunmental ProtC'CUCJn A}!CI"K:)' <EPA), through at<; Offlcr of Research and lkvelopmenc CORD). funded ;and prepared tht'i Issue Paper. 11 ha~ been peer rcv1eweol by the EPA and approved for pubhcall•'" Mention o( trade names or t:onunerctal 
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produdS does not constitute c:ndorscment L.. recommendation by EPA for usc. ~ 
Aduaowledgmeat B Work panly perfonncd under Che ~ of lhc U.S. Department of Eaergy-:-dfiit Contraa No. DE·AC07-941DI322i. through lntaagency ~t ~.t DW89937192.0t-2· with the U~ Environmental Procccdoa AseacY. The U.S. EPA wishes 10 thank Che U.S. Anny Environmental Center and CRREL for assistins in die ~ of this document. 

Refercac:es 
AI?£. 1994. Standard Commcats for Healcb and Safety Document Review, Memorandum for Reccxd. SFIM-AE.C-TSS, July 18. u.s. Army Enviromneatal Center. Aberdeen Proving Ground, MD, 9 p. 

EPA. 1992. Ouidance for Dala Useability ia Risk Assessment (Part A). Final Report. OSWER Darec:tive 928S.i-09A. Oft'ace of Emergency and Remedial Response. U.S. EPA. Washington. D.C. · 
EPA. 1993. Handbook: Approaches for the Remediation of FederaJ - Flcility Sites Contaminated wilh Explosive or Radiolceive Wastes. EPA/62SIR-93A»l3. Office of Researc:b and Development. EPA. Washington. D.C., 116 pp. 

EPA. 1995. Field Screening Technologies Umatilla Eaplosive Washout Lagoon Soils. U.S. EPA Region tO, Seattle. WA, (unpublished draft report). 

Gagner. S.D .• and A.B. Crockett. 1996. Composning and Subsampling of Media Related co Waste Management Activities. In Proceedings Twelfth Annual Waste Testing .' and Quality Assurance Symposium, ACS. Washtngton D.C. 

Grant. CL., T.F. Jenkins, and S.M. Golden. 1993. Experimental Assessment of Anal· yttcal Holding Times for Nicroaromaric and Natranune Explostves in Soil, Report 93-1 t. U.S. Army Corps of Engineers, 18 pp. ·l' 
<lrant. C L. et al. 1995. Holding-time bllmates for Sotls Containing Explosives . Rc~tdue~· Comparison of FortifiCation vs. l:trld Contanunation, Environ. Tox. and Chrm. l4tl I):JK65·1874. 

lla;l\. R A. anti H.P. Simmons. 1995. Mc:a\urc.:n~n! of TNT and RDX in Soil by En1ynlt' hnmumwsays and Htgh l'c.:r1<~m~o~n.:c.: l.tqutd Ovdntatography (EPA 



Mdhod 8330), California EPA, Hazardous Materials Lab. 

Jenkins, T.F., et at. 1996. Assessment of Sampl. EmJc Associated with Collection and A:fysis of Soil ~at &plosive Contaminated Sica. Special Report 96-IS. CRREL. 

Maskarinec:, M.P •• et al. 1991. S~bthty of Eaplosives in Eaviconmc:alal Water and Soil Samples. ORNI./I'M-11770, ORNL. 08 Ridge. TN, 98 pp. 

Myers, K.F., d at. 1994. Comparison of Commercial Colorimetric: and Enzyme Immunoassay Faeld Saeen;ng Methods for TNT in Soil, TR·IRRP-94-4, USACE· WES, Vac~. MS. 

Roberts. W.C. and W.R. Har1ley. 1992. Drinking Water Health Advisory. Munitions. l..cWts Publishers. Boca Raton. Florida. 

Thome. P.G.. and T F. Jenkins. 199S. Development of a fteld Method for Ammonium PICrakiPi<:nc Acid tn Soil and Water, Special Report 9S-20. U.S. Army Cold Regions Research and Engincenng Labotalory. Hanover, NH. 22 pp. 
Walsh. M.E. 1939. Analytical Methods for l>etemuning N•troguantdine an Soil and Water, Spccaal Repon 89-3S, U.S. Army Corps of Enginm-s. Cnld Regions Reswch and Engineerinl! laboratory. · 

., 

. \ 
'J ~ ; 

Walsh. M.E.. et al. 1993. Evaluation of S~~ 846 Method. 8330 for Charactcrir.atiOA if Sites Contaminated with Residues of lfilH Explosrwes, Special Report 93·S~ Cold Regions Rewrch and Engi · · Laboratory, Hanover, NH. 17 pp. , .. Yinon. J. 1990. Tolic:aty and Metabolism 64 Explosives. CRC Press, Boca Raton, Ronda. 

·- ~ 




