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A large body of anadylical resulls from CREEL and tha Missour River Division
Laboroiony was used fo assess how well EPA SWEAE Mathod B330 salishies
fhe Army need for chomcharizafion of explosives-confoménated waler and soil
samples. About 87% of Ihe explosives-confominated solls condained THT, RO
andfon 2,4-0NT, ahd hesdwers Mo compounds found al highes! coiesntalions.
Erningermantal franslomdalion products such as TNB, 2-aming- ond 4-amino-
DINT and 3, 5-dinitreaniline {3, 5-DA) wers also raquertly obsanved. Explosives-
comominaled waler somples generally corfoined ROE, HMXE andiar THT,
Transfommiadion products commanly found Incluged THB, DNB, 2,4- ond 2,6-
DNT, 3,6-D8A ond 1ha b0 isomars of omino-DNT, Limiofions of 1he prirmary
and confirmalany RP-HPLC malhods are discussad.

Far cormearsion of ST matic unils lo LS SBritish customany wnils of measurament
consull Sardand Procias for Usa of M nfanoiond Spshm of thails (50, ASTM
Slondard E380-89a, published by the Armaricon Socikahy Tor Tasling ond Maler-
lols, 1816 Roca SI, Philadeiphio, Pa. 19103,
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INTRODUCTTON

An environmental problem of major concern (o the
1.8, Army is ihe presence of sofl contnminated with
residues of high explosives al miliary installations
theeughout tse United States, This confeminalion has
oocurred over the greaber part of this century by waste
discharges from manufacturing of explosives and fabri-
cition of finkshed munitions, and from residees pro
duced during destrsction of sut-of-specification mate-
rlel, destruction of out-of-dale bambs, roe kel and anmue-
nition, and uiilization of munitions &t Army trining
sites,

THT (2.4.6-rinitrdnfuene) and EDX (hesahydro-
13, S-trinlwo- 1,5 S-winzine) are minjor ingredsents in
nearly every munitbon formulation (Table 1) and ane
used in the greatest quantities. Unlike many other or-
ganic chemicals, THNT and RDX are quite mobile in the
soil. Thus residues of teese chemicals in the sodl con by
& source of groundwater pollutien both on Army instal-
latkons and beyond installation boundaries (Kayser and
Burtinson 1982, Pugh 1982, Bosenblatt 1986, Maskari-
nec el al, 1984, Spaulding and Fullon 1REE). Recsn
studies hiave also demonstrated that Moaceumulation of
wransformation products of TNT (Palaxeo and Lepgen
1986, Hurvey elal, 19903 and intnct RDXX (Harvey el al,
198 | ) cnm ocour via plant uplake. Sinee the Army leases
large areas of povernment land 1o private farmers &l
many installaions across the United States and some of
this land may be contaminnbed with explosives nesi-
dues, the food chain may be contaminated as sell, Tn
addition, groomdwater contaminated with these swh-
stances may hove been used for crop irigation on o
near inatallatien boondaries.

Several ofber organic chemacal explasives have alsoe
bezem ised in specific monition formulations, inchsling
24-DNT {2 A-dinirotoluene), HMX {octahyedro-1,3.57-
tetranitro-1,3.5, T-lelrazocine), m-NT (m-nitrolsdeene),
tetry | (mesthyl-2 4, G-trinitropheny] nitramine ). and THE
(1,3, 5Hnnlmabenzene) (Table | While some of these
chemicals, such s lelryl, are no lonpes ussd in curment
miunitions, residues from their manufacione and usage
miy remaln.

I niktiticm to chemcals mtentionally sdded fo explo-
sives formulations, munition residues may containchedl-
cals that wese inspurities in production grade mateniel or
envirsnmental fransformation products of major or mi-
nor constitueats. For example, militnry grade TWT con-
taing a number of impuritles incloding 2 4-D0WT aml
ather isomers of dinitroteluene, 1 3-dinitrobenzens
(DMEY, and other isomers of mnitrotolusns, especially
24.5-and 23, 4- (Legoett etal. F977, LS. Army 1984)
(Table 2} In addition, THT i5 sulject 1o photodecompe-
sitiom and microbial depradation from which o variely of
trnnsformation products have been identified in labora-
tory stdics (Table 21 The majos impurity i production
grade RDX i% HMX, which iz [aresend i concentralions
as high as 12 (L5, Army 1984}, The mnjor environ-
mantal iransformation products of BDX lkave been less
well charscterizedl bt they include the mononitm-
soelinitro- dinitrmsemenonitro-and frinirosolriazines as
well as several hydrazines, formaldaliyde and methanol
(Greencetal. 1985, McCormick etal. 1951, MeCormick
el al. [984).

The toxicity of explosive chemicals has been sudied
exbensively by the LLE. Army Biomedical Research and
Devebopmend Laboratory (Fon Detrsck, Marylomd ) and
a summary of the resulis of ithese investigations has bean



Table 1. Summary of explosive chemicals present in var oes military moemitions

(S Army 1984, 1L5, Ariny Materie] Commond 19713

pablished {Burrows et al. 1989). Based on these studies,
the U5, Environmentnl Protection Agency (EPA) and
Ok Ridge Mational Laboratory have lssued & sepies of
Health Advisaries and recemimended dinking water
criteria for several of these explosives (Tahle 33 Rec-
oinsembed maximum allowable concentrations mnge
From 40 padL for HMX bo 0.0068 pa'L for 2,6-diniro-
ipluene (U.5. Environmental Protection Agency
1988, bek Mo gencral recommendations have besn
isswed for contaminant levels in soil. Instead sail levels
have been evaluated on a site-by-site basis, depemding
on such lacions as the proximily of the contaminnted sofl
1o locations of proandwater use (Dacre e al. 19805, For
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h Ammmition B Land e

example, it Cornhasker Army Ammanition Plan, cbeai.
up criteria of 5 pgfa for TNT, 10 wgig for RDX and 15
Bg'y for TNB (Rosenblan 1986) were establishad,

A variety of analytical technigues have been exam-
ined for detecting and quantifylisg munition residues in
covironmenial mairices, Since numernus compaunds
are peentially present, many with similar physical and
chemical properties (Tabls 4), analyticsl methods have
genernlly included o chromatographic sepasation. Meth-
ods have included thin layer chromatography (TLC)
(Hoffsemmer and MeCulloogh 1968, Glover and Haoff-
semmer 1973, Twibell et al. 19843, pas chromaiog-
raphy (G0} with a variety of dedectors {Hoffsommer



Table L. Summary of major imparitles amd environmenial irandormation prodiscts asodaled with

Legpett o al. (EWTTL LS. Aresy 19841 Jenking et al, 1955
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LES, Aurmy (T9B4, Jenkins et al, i 198D
Leggen et sl (19770, LLS, Army ( 1984)
Leggem @ al. (19770 VLS. Army (1984)

Palezzny and Leppenn (19661, Won el al 11974), Jesger e al, {1976,
Amerihanova end Maumava | |9T8), Capenier et al. § 15784 Budssm
(1% Gireene et al. (1945, Spangeeed of al (1980 1583), Meimoves)
al f 1983, Jeaking e al. § 19ES)
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for munition-related chemicals,

Cassipiisind Criferda Refermpe
T I ERa {1 0E9)
ROX el i EF& I'HIEC
kX ETE i EPA {1 9ERa}
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16-0NT L EPA (15RO
I.A5THH 141 Eimier { |9ET]

* Lilerime exposeer cancer risk kevel M9,
T Revomemeaded crilena (or cancer sk of WY,

and Rosen 1972, Goerlitz and Law 1975, Juri nski et al,
1975, Percira et al. 1979, Hashimado et al, 1980, Dowss
1981, Hoffsommer et al. 1981, Loflewr an Mills 1981,
Dowse 1983, Phillips e ol, 1953, Weinberg and Hsi
1983, Belkin et ol 1985, Richard and Junk 1986,
Rosencrnee and Breeggemsann 1986, Habed coal. 19917,
high performance liquid chromatography (HPLC)
Lafleur and Morrisana 1980, Brotin e al, 1981, Hoff-
soammerelal, 1981, Krullegol, 198 12, Krulle gl V9815,
Brueggemann 1983, 1986, Bongiovanni et ol 1984,
Brull ef al, 1984, Maskarinee et al, 1984, Cragin et al.
1985, Bover ei of. 1986, Jenkins ef al. 1986, Rosen-



Table 4. Fhysicol and chemical properties of nitroaromatics and nitromines,

Viapor presrare Menry's Law
Malerular  Meiiing polad Halling g Water relatniity ot 2 coveriar Bie
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* Dicinnodfwater pamiion ensflicienl
Lilermure clintions:
(1) EPA (1589) {7 Weschemen (1933) (13} Legpem (19773
{27 EPA {1988 A Kikka et al, (197E) (14) Sgadggond e al, (1980
{3 EPA O 196EL) {9 Cilover and BolTeommer (1973)  (15) Spasggond & al, {190k}
() Wentsel ot al (1579 (000 Urhenski (15904) {06 Jenkins {19ES)
(5 Linduor (1987 {01y EPA (198 (179 Haresch and Leo (15793
(5} Fmier (RET) (12) Burows e al. 19849 {18y Layeom ot al. [1987)

crunce and Brueggemann 1986, Yoyksner and Yinon
1956, Yinon and Hwang 1986, Selavkaet al, 1987, Jen-
kims et al, 1988, Jenkins ef o, 1989, Bawer et ol, 1990,
Miyares and Jenking 1990, 1991} and recently, super-
critical Musd chrodnato praphy (S1C) (Gries) et al, | 984,
Douze 198E], The Army and the USEPA have selected
o reversed-phase high-performance lquid chaomaro-
graphic (RP-HPLC) proceduare for routine analysis of
soals and waters from potentinlly contaminoted sites,
This method has bozn tssoed in draft by ihe EPA Office
of Solid Waste as Methed 2330 (ULS, Envirenmenial
Prolection Agsncy 19901), Based on an Bocratic-HPLC
separation and LTV (ubravioket) detection, 1o is capable
of detecting and quantifving 14 individisal pitroenomal-
bce and niramines (HMX, RDX, TNE, DNE, letryl,
ME, TNT, Z-amina-4,6-DNT, 4-amine-2,6-DNT, 2 6-
DHT, 24-DNT, nmi the three ispmers of NT). This
meshod has been used extensively in our laborasories
and 1 a numbser of cominercial contractor labortories
Ed:luldutlhlg amalyses for the |'l,r|'|:|:,', It has nlsg beesn
accepled by the Associationof CfTicial Anabytical Chem-
ists (1990003 and American Society for Testing and
Materinls (ASTH 1991 ) as the standard metbod of de-
termining explosives resbdues in soll and water,

Ome objeciive of this repon is o asees how well
Method 3330 has satisfied the Army”s analytical me-
quirements for determining explosive residues in soil
arl water, This will be done by summarizing a larpe
body of analytical resulis from CREEL and the Missouri
River Diviskon Laboratory (MR wsing several nelated
RP-HPLL procedures for envirenmental samples from
several Aormy installalions throwgbout the United Stnies,
In alcdation, reswlis of HPLC and GOBS mnlysis of

extracts of munition-contaminated solls will be dis-
cussed im relation o the detection of environmental
transformation products that cannot be determined us.
ing Method 8330, Finally, obeervations from extensive
expericnce with this techoology will be provided and
recommendations mace for fisture chinnges and addi-
tions, including the possible uility of feld screening
methods, which could improve our ability o charscier.
Iz soils ard waters from these tvpes of sites.

EXPERIMENTAL

Chemicals

Analytical standards of TNT, RDX, DNB, THE,
nitmobenzens {(HB), HME, wiryl, 24-DNT, 26-D8NT,
24, G-trinirophennl (piene acid) and 2,4, 6-crinitroben-
zaldehyde (THNBA) wers Standard Analytical Refer-
ance Malarials CSARM} from the U5, Army Environ-
menfal Cenfer, Standards of 2-amino-4, G-dinitrolla-
ene (2-Am-DNTY, 4-amino-2,6-dinitrioluene (2-Am-
DT, Ed-Hamino-G-nitrotoluene (2, 4-DiAm-ST), and
2h-diaimni-4-niratolpens (2 6-DNAmM-NT) were ob.
tained from Matick Loborotories, Natiek, Massacho-
selts. Standards of the remainlag isomers of dinitratol-
uene pod triniiroiolucne were alstained from Picatinny
Arsennl, Dover, Mew Jersey. Standards of 3-nitroaniline,
A-amine-2-iirobluene, 2-amino-4-niredoluene amd
24 Berinitrobenznic scid were oblained from Chem
Services e, West Chester, Pennsybnenia, Standards of
A 5-cinitrmaniline and 2 A-dinitrogphenol were obtained
from Aldrich and Kodak, respectively, The ldentity of
all non-SARM standonds was verified by GO/MS (Jen-
kins e al. 1973).



Sodl and water samples were obtained from 446 present
and past Defenge Depariment inatallations in 29 staies.
Snr.np'lq were shipped and handled under ¢lari-of-
custeafy and were maintained &t £°C in the dark opil
cxtracted (soils and low concentration wabers) o ana-
Ipzed {high concentration watersh

Methanol, aceione, acefonbirlle and tetrabydrofuran
(THE) ugied in preparation of the HPLC eleent and o
extract samiples were HPLC grade sol vems froo aitlier
Baker or Aldrich, Reapent grade water, used o prepare
tee eluent and to dilute sobl and waler extracts. was
puerified using o MUL-C) Type 1 Beagent-Grade Water
System (Millipoee Corpl The sodium chloride {MaC1)
usad in snlfing-out extractions and caleium chlomde
(Ca#C; ) wsed for flocoulation wene Baker rengent- gradks
chemicals

Bail extraction

Boatine extmction of soils for RP-HPLC analyzis
wis aecomplished as described in Method B330 {Jen-
kingetal. 19849, U5, Environmental Protection Agency
1920y, Sails were air dried w constant weight and
opound with n mortar and pestle, Two-gram subsanples
were extracted with 10 mL of acetonitrile for 18 hours
im a somic batls that was maintained ai room Iemperaiune
(< I0PC) with coaling water. The samples were then
removed from the bath and allowed o stand for 300
minuees, A 5.00-mL allquor was remoeved and mined
with 5,00 mL ol 5-g/L aqueous cabelum chioride ( CaCly b
The extracts were allowsd to stand a1 leas) |5 minutes
before filtering through a 0.5-pm Millex SE filter unit,
Extracks were stored @1 4°C bn e dark until analyzed.

Soil snmiples o be analyzed by GOMS were extract-
ed in & sonie buth (< 30°C) for up io TH howrs with ace-
ome. Extracts were preconcemrated under n stream of
nitrogan Fas al Fam lampesaruse.

Water samples

Water samples 1o be analyzed by RP-HPLC were
processed by pwo different protacels, For hgh-concen-
tration annlysis, somples were dilwed 1:1 with metha-
mil aned filtered through a 0.5-pm Millex S filber, For
bow-coneceniration analysis, samples Were preconcen-
trated using either of two salting-owl solvent exirsction
procedures. In the first method (Mivores and JTenking
1990}, & 200- mL aligeost wos placed in o 300-mL sepor-
ntory Funnel and 130 g of MaCl was added. The unsel
was shoken vigorously o completely dissolve the sall
apdd 100 mL of acetoniirile was added, The funnel was
shaken for 5 minuees and then alloswed o stand wndis-
turbed for 30 mimees 0 allow phase separatbon. The
upper acetonitrile-rich layer (nbout 23 mL) was collec
ed and the volume reduced to 1.0 mL using a Kaderna.

Danish microconcentrator, This concentrated extract
was diluted with 3.0 mL of reagent water prios 1o RP-
HPLC analysis.

In the second method Jenkins and Mivares 1991,
Miynres and Jenkins 1990, Jenkins et al. 09925, 2251.3-
g ponionofreagent grade MaCl wassdded toa -1 volu-
meiric flask. A TH-mL sample of waler was messured
with o 1-L graduated cylinder and sdded 1o the Aask. 4
air bar wag added and the contems stirred At masimum
spesl (1500 rpm) until the salt was completely dis-
sobved, Ac164-mL aliqued of acctenbtrile was acdlded
while the solutbon was being sikrred for 15 minules. The
srirrer was turned off and the phases allowed fo separate
[ T mamistes. Tlse scetoniiribs phnp: {abaut B mL) was
removed ind 10 mL of fresh acedonitrile sdded. The
flask was stirred for ancther 15 min fallowed by 10 min
for phase separation. The acelonlirile was recnoved and
comnbdned with the initial extesct, The exiract was placed
i a LkmL wolumeiric Mask and 84 mL of salt water
(325 g MaCl per 000 mL of water) was added. A stir bar
wis ploced in the Mask and the coments strred for 15
min, After allewing the phases to sepamte for 10 min.
the acetonitrile phase was corefully removed using a
Pastewr pipette and ploced inoa 10-ml gradiuated eylin-
der. An additional 1.0-mL alsquot of acelonitrile wis
then added 1o the volumetric flask and the contents
stirred for | Sminutes. Again the phases were allowed o
separate for 10 minwes and the resulting acetonitrile
phase was added 1o the 10-mL gradeated cylinder, The
resulling extract, about 56 ml. was then dilued 1:)
wilh reagent grade water prior 1o analysis and the
preconcentration lactor was bassd on the measared
volume,

RP-HPLC anulysis

Analyses of all soll exirscts and mast of the water
samplas were conducted on 8 253-cm * 4.6-mm {3 pm)
LC-18 {Supsles) columa (Fig, Ta). A mobile phass
compesed of 11 (wiv) methapolivater was used at g
flow rate of 1.5 mLSmin, A 1000l aliquot of sample
wak injected using a :|u11.]1¥: 5I|:|-n|:|- inj_mtu{, and & 254-nm
LY desector was used forpeakguantiation, When peaaks
were detected Al retemtion lmes comesponding to the
analyles of inleresl (Takle 5}, the samples were reana-
Ty zed using the same mobdls plaase and Tow e ona 25-
ocm ¥ 4.b-mm tS-pmjl LC-CHN iﬂup:kn] column for
ﬂ.u:l].lh: conlirmmation [Fig. 1h),

Some of the water extracts, prepored using salibng
oul solyent extraction with sceteniirile, were analyzed
gl CREEL on either a 3.3cmor a 7.5-cm = 4.6-mm (3-
pm} LC-8 column {Supeleo), A mobile phase com-
posed of 70.7:27, 8- L5 (whiviv) watenmethanol THE was
ased ot o flow rate of 2.0 mLAndn (Fig. 1o, Table 5),



WOT pun 307 Ri-27 wo vannndas 374 O paurmge ronsfoimaeny g < amilg

L POUD L £ g S0 e T 7 4 AT =pOUTIII ! ] Bt
PRI (£ o weut g ¢ | wwmos g-37 '3 U 7] Y PRANES Wk £ A0 g 0 S ) B0 j -]
{uny pan) (o] @z
1] ck | ¥ =] a1 w ] ¥ 2 a
SR Bt e iE T B S A L . DL S . T R

Yy

—
Pl comm——
g
ANO-

L]

'

LreL] - W
*ad

L] - g
LML
EML
AH
AN
[Tyl poumgosqy

BN
=1L 10]

1NHO8 T LNDb B

BUIRUBIIRTG 'E | 1ML

HHO "HML ‘51N

.

UADM-[OUPYIRNN [ Jo uTlLeTi Il
PR [ g s g 5 e CF RIS g -5 T T

e muny
g

INOTZ

X
EFRH

Ll et L AR

:L



Talle 5. Hetention o (nain. ) fecanalytes of inberest for various RP-HPLC separations,

LO-&
Lo-id (Fala LC-CNE P27 R
Amafee LT medemobvareeF mathasatieer  TEES warhagslenier  ware e dianed THF
FIM% 1.6 R 0 1.4
RIZX 14 fix T4 3.0
THE 5 &0 47 15
[ fi.ll il 50 13
TETRYL 07 T4 248 a1
M 1.2 1A o3
TRT H.& X ] iy R ]
d-Aimn-DHIT R.T u | 1.5
2-AmDNT 00 5. 1.4 18
2.0-OHT 0.5 A6 BE.S
2AONT V] 4.9 &l 15
2T s a4 e
4.MT 1X3 g4 93
AT 125 4.5 o
B0 6.7 50 ol
2-dumi-d-NT 3 LE a.n
& Am-2-NT 51 a7 4.9
LAm-NB 1.9 210
Th-TH-Am-NT 2.4 37 1.8
LA-Di-Am-NT 32 41 EX
GONE analysis

CHlMS analyses wene olvained on a Hewlett-Fack-
nrd 5970 Mass Selective Delecior using elecinon impac
ionization at 70 eV, Samples were introduced through
& Hewler-Packard 5890 Series 2 gas cheomatograph,
Aan HP-5 cross-linked 5% pl'h:rl.].llmu!h_'rlﬁ'll:itl:lrh: [t B
ummin (25-m e 0.20-mme = 0.35-pm film thickness) was
temperature programmed from 73 0 2400 C at 20%min
allber an initbal hold tme of teo minoies. Splitless injec-
fiomns were sed with a linesr vebocity of 30 eavsee of
helium carrier pas. Injection porl and trnsfer line tem-
peraures were 2507 and 280°C, respectively,

Ficld screening tests for munitions

[n additkon to nmalysis by RP-HPLE, soame soils werne
analyzed using fheld-screening procedures designed o
detect KM and TNT, Depails of these colorimetric
procedures ore given elsewhere (Jenking and Walsh
15492}, but o brief description follows,

Faoe sach soil sample, a 20-g subsample of undried
soil weak extractied with D00 mL of acetone by manaakly
shaking for three minutes, The extract was filiesesd and
am aliguod removed for the TINT test, THNT wis detected
by the addition of a strong base (KOH), which results in
the production of the red-cobored Janowsky anion.
Absorbonee was mensured o 340 nm using a Hach DRS
2000 battery-aperated spectrophotometer, Other nitro-
aroimatkes were alss delected ond gave various colors:
THB {red}, DB (purpie), 24-DNT (bue). 26-TNT
{purple), and eyl (orange),

For the RIX vt an aligeot of the filered acetons

CELracD was passed tlirll'nugli an iﬂn-l::l.l;['lungl: resin Lo
remncy e nitrafe and pitrite, The exiract was acidified amd
mixed with zine dust, thereby forming nlirous acid tha)
wis ihen detected using a Grless coloe-forming renc-
Lo, A& ]:rll'lk sodulion indicales the presence of BDOX.
The absorbance was messured of 507 nm. Ocher nira-
mines (such as H&X) and nitrate esters (such as nitmo-
glvcerine and PETN} also give a pink color with this
pracedire.

The absorbances measured for both these proce.
dures were converted to analyle concentrations in lerms
of pgfp based on the mesponse from calibrstion stan-
dards.

RESULTS

Analytes detected in sodl exirncts using
Flethod K330

Uging Method 8330, CREEL detected explosives
residues in 175 out of 433 sodl samples from 31 giles,
aed MED detecisd chese analytes in |24 out of 722 sail
samples froan 21 sites, For the combined data set, 28%
of the sumples analyzed weres fourd to be contaminabed
withone ar more explosives residues {Table 53, OF these
positive samples, 7% contnined THT, RDX ondfor
LA-DINT, The analytes found in highest concentration
variecl with the type of site from which the samples were
collected,

For soil samples collected gt sites such as arsenals,
depois. and ammuniticn planis, the analyte THT was
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Figure 2, Chromatograms obtalned from TNT cartaminated with seil and water, showing commorly oocPnng co-
confaeirgris, TR, 24 NT and the fsomers of amino-DNT,

fonend mast frequendy (195 sutof 243 positive samples
o7 80%) and arf the kighest concemrations {iLe., up o
parts per hundred) (Tables 6, 7, Fig, Za), Of these TNT-
comaminated soils, 54% also were contaminated with
TNE, a phototransformation product of TNT. DNE and
24-DNT, mamdactusing byprodwcts of THT, wers
peesent at desecinbie Jevels in 26% and 32%, respective-
Ty, of these samples, and 2-Am-DINT, a biotransforma-
fion procuct of TNT, was reported in 22% of these
samples (nlthough detection of this analyte was limited
duie 10 avnilability of stindards), Conversely, over 345
of all decections of THR, DN, the isomess of DNT, and
the izomers of amino-DNT were in sampled cobtami-
nated with TNT. DX was defected in 60% of U
samples containing THT. It ks the main ingredient in
several explosive compositiens (Table 1), frequently
with THT. Samples coataminated with TNT andfor
RIFX nccounted For 249 of all these sampdes collected
from arsenals, depods, and ammunition plants with de-
tectable explosives resicdues,

Of thase samples contaminated with ROEY, 37% nkso
had HMX, geseradly ol a lower concendratbon than
RO, HMX is an impurity in munitions-grade BIXX, as
weell ng an ingredieit in several explosives compeositions
(Tablz 1}, Tedryl was infrequenly found, perbaps be-
cause i s no longer used as a military explosive dus to
ils mstabaliny, The instahility can also contribute o loss
during snmphe prepazation (Jeakinset al, 1989, NB and
thse ksomers of WNT were never found in any samples,

Two Explosive Ordnance Disposal (EOD ) sl wens
sampled, Atbothsites 2, 4-DNT was detected b all sam-
phes with deteciabie analytes (Table 6), The 2 4-DNT
was present at muoch higher concentrtions than THT,
the reverse of what is found at other rypes of siles. The
souree of this comamination was probably the im-
proper demssliion of excess propellont (e, Bt owas
cleonated, ol bumed), [n fact, whobe propellant grainsg
were Toomd scatlered show! each BEOD prea. GOMS
Hl'l-h|:|'Fi!i of aceionitnle extracts af =il nmphs arel pro-
pellant prains confinmed the presence of diphenylamine



Table &, Frequency of deteedion of eaplosivis residoes in soil using Method £330,

b, Sumelar collecied from Aoy o Samples callected from
& All sawples collecred amvmuniiinn plants, arsenale g depots SrTRaTeE BT sires
CRREEL MR}  Tomal CREEL. _ MED Tl CRREL MRV e
Ftallations M 20 =h sl 2 44 F 5 1 2
Samples enalyzed 413 g 155 21 &3 B FEE) & 2uz
Samples wath deiectble 175 144 ile I0E 135 243 &7 G %
explosives
Anahvizs detecred
HMX 3l fi 17 L & as ] i 1
RDX &9 IH a7 44 k] B 1 1 i
1.35-THHE 57 51 ina n L1 j[a:.3 1 a ]
1.3-MA8 X7 240 53 an i} kx] Ll L] ]
Teirsl L 1% 2B q 19 i} il ] ]
] (K] a a n 1] 1] 4] ] il
THT 0oa [LiE} i rx {Ex] 195 i4 4] 14
d-Am-ONT I? 4 o | T £ ] 10 (] 1
2-Am-DNT kL] 13 - ] 15 a4 [} (K] (]
LE-TINT 22 = 3 1] 1 1 13 (1] 22
LADNT i 32 143 44 i1 L) a7 q W
IMNT L] 1] [ 1] a 4] 0 il o
4MT 0 i 1] ] [x] o ] ] W]
INT a il ] 1] & n Ll [&]
THT andinr RTEX 13 125 24 L] 12 v -

= Didn't diffemntisto T4~ and 25 DMT

Talele 7, Concentration rumges chserved for varboas analyies In sodl and water.

Wraiom cnnc for
__CRREL __ ___ MRD  combined e s
Sl Wi Faul Warer Fd Wester
Asiipie (mpfy) gL fiugiel gl gl (L)
HMX (B LLE k13673 Q13-15 245 1.7 5
BRI (R AL LS au-1od f.i-1ak 1.b in
THE .3-550 106 O.0E-17% L0340 a0 1.5
DD 0349 Li3=1.4 o111 Oh-E7 ki OE
Teiryl r— 12 LIa-4 035171 oof-116 34 [
THT r— 102000 Q07-0El G130 00 Coos-12s 55 15
2=AmOKT =37 o224 {E32-373 DAG-116 {113 [z
A-AmONT =39 0. 0e-207 MLAE=0.6 | -2 44 {137 4.4
IA-DONT i-R4 OG- 6 122-51% M1Z-8.74  0E5 1.2
LA-DNT L0645 (0215 125" 155 03 ]+

* Oy one sample whene analvie deiscied,

1-Anabyte deizmied bl ennsesradion belin epeding Fret.

and dibucylphchalate, which along with altrocellulase
(L. 5, Army 1954) are the ingredients of M1 propellant,

Dring the course of thess analyses, we found thas
mast analyies could be confirmed using the cyano {LC-
CH) confirmation column eluted witl 1,5 mlldmim 120
methanoliwaleras specified in Mathod 83240, HMX and
EIDX, which elabe several mimstes before THT on the
analytical coliemn (LC- T8, elebe afier THT onthe con-
firmation separntion (Table 5). This deamatic shifi m
retention makes the confirmation of nliramines certain,
Hiweyer, confermatsen of DNT 15 difficull in mnny
cites, The isomerss of DINT elute close o THT on the
confirmation sepamtion, and since they are ofien presem

al nuch bower concentrations than THT, their confir-
mation may be ambiguous, Howsver, some imiprove-
meal in the resolution of 2,4-DNT and TNT can be
achieved using a slower flow rate (1.2 mLmin) and o
weaker eluent {35:65 methanal;water) (Toble 5} Addi-
ticnally, this Bow rate and eluent greatly improves the
separatiod of 2-Am-DNT and THT.

Another problem associoed with the confirmatory
separation for some samples is the presence of many
mane peaks n the confirmulion chromaiogram tan in
the analytical chromatogram, The cyano funciion on the
LC-CN confirmatin column is less relentive for aro-
matic epmmpounds than the hydrocarbon-based phase of



the LC-18 analytical column, Since the confinmation
corliemn is less retentive, il is mone proae 10 interference
from non-turget analyles that have long retention tines
o the [LC-18,

Transformation products delected in soil exiracts

Ax evidanced by the presence of THE and the iso-
micrs Of amine-DNT i the soils contaminabed by THT,
exphimives residues inosoil may be monsformed by
phetochemical ond micrebbological processes. While
the transformation pathwiays of some explosives have
bieen studicd b cell cultures, compasting systems and
water, licle ress=arch has been comfucted 1o define what
by prodlocisare prasent in soil, Polential transformation
proclucts of TAT are numerous (Table 210 OF the com.
pounds lested in Table 2, only THI and the isomers of
aming-NT have been reported by previous investiga-
tors [ Laylen el al, 19587),

For pm initial study of THT transfomation produes
present in soil, [ 1 soils that had been analyzed by Meth-
o 3230 were selecied 1o reprisent aranpe of THT con-
cefitragicms (1 ppfato 14 mafg), The soils comse Trom s
following locations: Weldon Spring (Missowr ), Haw-
tharme (Mevada), Hastings Fast (Mebrska), SangEamon
{[linais), Raritan (Mew Tersew) and VIGO §Indiana)
Subspmples (20 g were excracted with D ml. of ace-
Lo I‘J}' manwally shaking fisr 3 min and aqu:il il111.1|ng in
an ultrasonic both a 20°C for 14 br. A sabsample ([0
mL.y of each extract was filtered through & Milles SR
filter unic and & 1-pL aliquon was analyeed by GOMS
a5 deseribed in the Experimental section, Then the 10-
ml, subsamiple was placed under a gentle stream of nl-
tragen wntil the volume was approsimaisly 0.5 mL and
another [-pl aliquol was analyzed by GBS,

The mesd commaanly Tound irsnsformation ]'rmujm:u
were 2-Am-DINT and 4- Am-DNT, the microbiclogical

Table 8, Compoumts Foand by GCY
ME anulysis of soebone extracls of 11
soils from varieus Army installagions,

Mumder of
Analire s derenind
2AETHT
26T
IASTNT
T Am-Lh- DN
4 Am-LL-DONT
TR
[hmienaniline (55104 )
Trinhrohenyylaldehyde TTHEA)
2A-0OMT
LA-DNT
Diniirophenal
DA
Trnzmplhennl

I—-nl-l-':"—|-l-l-F-'J'_"\|=-——:

redduction products of THT (Table 81, TNE, & photede-
composation product of THT, was ideatified in 5 of the
L1 sails, Oiber transformation prsdoces identifiesd in 4
of the |11 soils wese trindtobenzaldebyde [ THBA) and
35-dinacroaniline (DAY THNEA, ke THB, is a photo-
decompositbon priduct of TNT, and convernsio THNE by
decarbony l&ton (Burlinson 19807 We have detecied
THEA using Method 8330, but TRBA& slowly comveris
Lo TIWES in acetomitrile (Jenkins er al. 198%), Because of
this instability, the THB concentration estimated using
Meshod B350 88 the s of the THT and THNEA inidally
present (lenking e al 19E9) Becasse 15-DNA is n
rnicrnl:-mlugi-_-ur refuction |'|r|:|du|:1 of TWE, Bls forma-
tiodt From THI in soil would be comsasient with the
formation of 2-Am-DNT and 4-Am-DNT from TWT in
seil, s presence i soil was further investigated by
HFLL.

The relention Lime an the LO-18 eolumn for §.5-
EPA i the same as thae for ety L e, 8.9 mind (Fig. 1),
However, tetryl and 3,5-DNA are well separated on the
LC-CH columa with setention timesof 7.4 and 5,0 min,
redpectively [Table 51, When we were developing Meth-
od B330 and examining chromalogmms of exploaives.
conlaminated sols, we frequently observed @ peak cor-
responding fo the retention time (ortetryl oo the LC- 1B,

Tahle 9, Detections of 3,5dinitroandine (5,5-0A)
by Method S330.

Conpeamranin ipgiy)

Ungialiunng T TME jfm
Sevemna Ay Doepo iz i <il
Sevaang Aamy el 1.5 [EN [ 132
Savanng Armiy Dejed 104 10K s
Spvanna Army Deps 148 25 il
Savanna Army Depat 4,07 15 ke
Savanma &rmy Depol 13.1 R4 g
Savanra Army Depoi 17 04h 0ld
Savanes Army Depal S 12.9 AT |
Swarma Anmy Cepm &1 2.4 6.8
Melwnika Ord, Plani ad FER] Al
Medwaaka Cinl, Plam, 4 [H0T} =il
Hebwaska Cinl, Flans, oz = il
Mebwasks Dnl, Plant, 2i 14.% L84
Webrasks Ourl. Mese. i N 0,51
Mebraska Cend. Plase [ENF el [REA AT
Mehraska Owd. Pla. 2,17 g LA
Pzhragka Ord. Plani. n,1 2 (W]
Blehragka Ol Plani 0850 415 2mn
Pizlimeka Ol Plang, 250 R <
Plahragka Qrd. Plan), Ha2 oz E]
Deieciiore (5] 14 14
Towal Oecurmence |5 PR W s
Dgenrmenen wilh TRT (%) 106078 PR il
Ccimmenis wifl Thilsd ) FEE] 10 Rs B
Lo Coae (i) oz Il 0050
High Cone, {ugigl &l jina 74.1 14,4
MedunCoscguglgl =~ 40t  6m o

o d-lssa lln deleciicn limi



bt mor eyl was gresent on thee LC-CN, Oflen 350N A
cannot be confimmed on the LC-CN since it co-eluies
with THNT. To see iT3,5-DMA is o commonly ocowrring
iransformatben produce, 20 sobls with either THT or
THH contaminars, bar no eoryl, wene analveed using
the paramelers :ipe-:i fiecl in B30 An aclditional calibira-
tion stnndard wos prepared to allow determination of
35-DNA. For the 1R samples with THEB. 16 also led
peiaks comespanding fo 3,.5-10MA (Table 9,

The formation of 3,5-DNA wis observed in three
srls spiked in the laboratary with squenies solutions of
THE and held atelther room remperaiare for 3 days or
refrigesated for 2 weeks (Cieamt o al. 1993), Similary,
the pwo expeciald microbiological iransformation prod-
ncls of 2.4-INT, Z-nmino- nitroteluene and $-amino-
2-pirotoduens wepe observed under thess conditions,

Test of improved RE-HPLC
separation for solls

Aoy specilied m Methad B330, 0 25-cmx=4.6-mm = 5-
pHm octslecyldimethy ity (LOC-18]) cedumn is elued
with 1.5 mLfmin of 171 v/ methanol-warer. This col-
it a&ned eluent combination provides baseline resolu-
tion of the mos commonly feund analytes in explo-
sives-contamingted soils (Le, HMX, RO, THBE, DME,
THT, BNT, amd 2-Am-I3NTL The column 15 rugged,
maintaining resolution after the analysis of hundreds of
samples. It does g, however, resolve the isomers 2.4-
DHT and 2,6-DNT, nor the isomers 2-Am-4,6-DNT
and 4-Am-26-10MT, Thus, in genaral, only ame of the
o pairs of isomers was identified and guantified for g
given snmphe depemding on which was present in higher

concentration. Recause the issmers of Am-DMNT elute
close fo TWT, they will not be detecred ot low coneen
trations inthe presence of high concentrations of TWT
Also, 35-dinirroaniling co-elutes with teiryl,

Thee segraration schemme desoribed for waler annlyses
{Miyares and Jenkins | 990 was wested for soil nnalyses,
Acelonitrile exiracts of 16 soil samples with THT con
ceitrabens ranging from 0,1 o 69100 P {8 deler-
rined using Method 83200 were diluted 1:3 with waler
priew g Filieation amd injection eneo & 7.5-cim = 4.6- mny
= A-pum oty idimethylsily ] LC-8) codumn eluted with 2
mLSmin ol TR LSV water-methanol-THE.

Use of this sépasation scheme improved the detec-
zan capability for the isomers of Am-DRT and DNT
For example, 2-Am-DINT was deiecied in 16 0wl of 16
spmiples (Table 1O wsing the LR colwmn, and |1 owi
of the same samples wsing the LC-18 column. OF the
five samples where 2-Am-DNT was aot detected an the
C-18 columm, all had concentrations ol THNT highenough
L sk the signafecantly smuoller amounts of the amino-
DNTs, The LOC-B separmtion also improves the delection
of 2,6-DNT. This analyvie was found in 11 oot of 16
samples using the LOC-H separation, but it was not
dedecied in any snmples wsing the LO-18 separation
wiiens it is not resobved from 2,4-DMT. In nsost cases,
ihe concemiration of 2,4-DNT reporied for the LC-18
separation i actuplly the sum of 24-DMNT and 2,6-
DMT. Inthe two cases where 24-0NT was detected on
the LC-8 and nat the LC- LB, the samples had been dilug-
ed by a factar of 10 prior to analysis on the LC-18. This
dilution was mede based on the desporange coloe ol ihe
neetomitrile extracts of these soils that generally indi-

Table 1k lsmmers af BNT and Am-DNT detected asing using LO=18 and LC<8 calumns,

Caivrcasimabios [Reer

T - DN A DN 1A.0NT 24-ONT
[ T SR < 1 [ == T - T = B - =
LT 412 L103 h51 (i < i 03 w il =l I 0w [ N1t
Pshraska .33 .5 [HEE] 1 nli .35 ol <l [ e} {1275
Savanna .5 125 0T [LES =d LIETS il | i il
Pl lraihia 4 LT Hx] .54 [ (N1 Id il =il il el
Savanra 1la 147 naa {10 =d all < ooE azn iz
Mebnska N Li5 0ls 015 =d Ll ] e | 0T 327 Jans
Bavsinaa A0k i il {im il L =d s mis A
Samnna 447 4.1z =il LINE =d E R ad LT DA 113
Hetskn 6.BE 545 A hL] T35 =i 4.5 < d [ T4 S B 25
Ravasin I3.1 129 s 2 =il [ER .t a2 ifl m1l mES e
Bawpeni 7 157 T 54 i 1.3 = ki b .58
SuvEana kg dap.2 < (38 =il [LE 5 wd .31 i I3
Hrbraks dl T4.2 ons als i [ = L34 ERIR) (]
Hebraake asn iar.s AT [N 1 il 0iE o il i 05
Mebrasks RN rad 11 1.7 &l <l L] i wd 3 A 305
Savenng 911 %A =il .2 wd i el 41 s 1y
Dtecticnis [£4] If il i 2 15 (1] 1 12 |4
Clevume nse (R £ Pl o 1% 4% (153 i TE% HE%
Mrdan 545 4T@ kT2 05T L] [L5] LINLT 112 1124




cates high concemratons of TNT, Without this dilution,
24-DNT emoan likely would have been deleciad. Ths,
the LC-8 separntion improves the determination of the
individual concentrations of the isomers of DNT, bt
does nod improve the ability 10 detect the presepce of
I¥NT,

The LC-& separation has some drwhbacks. First, the
colimn hos not proven 10 be rogged whien used for long
peniods of time, Additionally, the separation is very sen-
sitive bo the eluent composition (e, small changes in the
THF corcentration result in significant changes in the
separation of analyies), Also, in mony samples, an un-
identified compound co-elules with TNI; the peak for
this compound is observed in the clwomaboprams from
blank soils ns well as contaminated soils. For routine
analysis, the LC-1 8 separation has proven to be rellable
in that it resodves the anplyies most likely (o be presen)
in mutition-contminmted soils. The eluent is easy o
prepare and the separation has been consisient from col-
umn fo columin, Tlserefore, we do not recommend &
chonge o e LC-8 separation for routine analysis, If the
objectives of . panticular study reguire the resoltion of
isomers of DINT and Am-DNT, e LR sepamtion
coulbd be used for sanmples where explosives residues ase
detected by the LC-18 separation.

Ficld sereening meethod For
explosives residues in sofl

sifce the distribution of comtaminatson &1 haeandoas
wastes siles is ponuniform, the moere samples analyzed,
the betier the zones of contamination will be delineated.
However, Laborstony analyses are expensive, winchsome
tmes limtits the nomber of samples taken, and jum-
around times can be weeks 10 months, reducing the effi-
ciency of a site investigation, The abilicy w rapldly an.
alyze samples on-site is a cost-effective altzmative 1o
taboratory analyses of every saniple collected, especial -
ly when we consider duat 72% of the samples we ina-
Ivzed reswlied in below-detection results (analyrical
zeros). To meed this need, we developed fleld screening
procedures o detect RINY and TINT in sodl,

Since nlmost all (94%) che sotl umpFeF with m;p:-l_'u-
sives detectable with Methiod E330 contained TNT and/

" or RIDX, testing soils for these tw compoinids woitldd be

an efficient way 1o screen for explosives-residue con-
tamination. OF the contaminaled soils thae did nas have
TNT andfor RDX, all had teiryl, TNB, DNB, or 2,4
IINT, all of which ore detectable by the field screening
procedure described v the Egperiorenial section,

Since the development and inital field sesting of
these procedures (lenkins amd Walksh 19923, 1he methods
have been used by privale confractors doing site assess
ineits al Depaniment of Defense installations, A1 5eneca
Army Drepat, 163 soils were teated for THT asing the

e
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Figure X, Carrclation af extimares of TNT con-
ceftraiion obtained by the feld methed with
thase abfaimed by Metbod 8330 (v = 1035 +
078 B - 08

frebd-screening approach. OF these, 18 gove posilive
results. When 15 of these positives were analyzed using
Method 330, nine had measusable levels of THT, tan
had 74-DNT and two had TNR, Only two samples
proved 1o be false positives. OF the samples giving
negotive results using the feld screen method, 56 were
analysed by Method B330, and all proved 1w be Blank,
indicating the procedure does not produce large num-
bers of false negatives. Al Sovanno Ay Depot, nine
sumples. were analyzed using the field screen pro-
cedures and Method 8330, ROX was ot detected tnany
of these siils by aliber procedure, THT was dedected in
cight samples using the field screening procedure, and
the estimated concentration correlated well witl the
sum of TNT and TNE concentrations obtained using
Method 8330 (Fig. 3. =

The ficld screening procedures will produce quanti-
tatlve eatintates of THNT and RDX concentrations for
enany soils; however, they were nat designed 10 replace
labaratory analyses, While acefone is an excellent sol-
went for both THT and RIDX, extraction kinetics will ba
skow In seme soils, specifically heavy, dense clays
where diffusion is a rate-limiting siep. Thiss for these
sils, the field protocal using only 3 minutes of manual
shaking wall resull in bower resulis than far the labora:
ey miethod shere an LE-howr extrction in oa ulteason-
i hath is specificd

Amalytes Touned in waler

Of the 12 waler samples analyzed using Method
333':“.:'_5' CRREEL ind HH':'. 14%: were found (o e con-
taminaleyd with explodives residues. Like the soils we
analymed, the principal conlaminans were TRT and
BRI (Tables 4, L1}, €4 the waler samples witly de-



Talde 11. Explosives residuss dedected in waler sam-
ples amudveed using Meihod 8330,

CRAEL MRD Towl

Insellilhoas 5 12 12
Sarnples anabyeed & as RI2
Zamples with desecrahle 57 51 14

Enphoives
Mo, off rampler contimiaaied

Avralwies doiociod % derections
[HETE 15 [ 16 | 4%
R 3 13 i %
1.L5-THA I I ¥ I
12-EMHE o 11 1= 12%
Tetrsl 2 13 15 12%
MNE L 1 F. A%
THT 34 W il %
d4-Am-DRT 15 2 17 15%
2-Am-DN 15 12 Rl L
L6-D0dT o T i 0
2A-DMT 12 il 24 1
2-NT i i i %
4-MT a i ] %
I-KT 0 8] ] %

THT andlr RDX = LK | 7 g

* Diepacted below reporcing .
 Didn't differentlae 24 and 26:.0MT.

tectnble explosives, 61% confained RDX. This rate of
detection was greaier than that observed for solls, where
RIXX was found in 27% of the soils with detectable cx.
plosives, While both RDX and THT can migmte thromegh
soil, RDX is less readily sorbed by soll than THT (Table
43, and beaches a1 a higher rate (Bayser and Buslinson
1982). For example, when Spalding and Fulton {198E8)
investigated groundwader contamination from munition
residues st Comhusker Army Ammunition Plant, they
foudiel char the THT plums was 0.8 kin leng while the
Plume for ROX was 6,5 km long, aithough THT manu-
facture was initisted a decade before the manufocture of
RDX, Sinee RDX migrates theough sail more rapidiy
than THT, it is more likely to be detecied in monfloring
wells farthest from the source of the contominatien,

Of the water samples that were contaminated with
RDX, 23% wene aleo comaminaied with HMM All de-
tections of HMX were in snmples contnminated with
RDX. O the onolyies determined by Meshod 8330,
HMX is the least readily sorbed and will migrace the
fastest throwgh soil.

The THT manulacturing by-products and trnsfor.
mation producis observed in soils were also observed in
water samples, and the rates of detecibon were stmilar,
These analyies and eatex of defection in THT contamin-
iled waler samples were THIBU3ES:), DN G5, 2,6
DNT4%), 24-DNTE6F), 4-Am-DNT (1 T%) and 2-
Am-DNT (30%:),

Througlwout these water analyses, 3 5-dinitroanilineg
was not repored because it was i considered an

anadyie of interest, Afer 3,5-dinitroaniling was jdenti-
fied by GO/MS in extracts from sobls, we began o
nnalyze for it and find it in water samples (Fig. 2b).

CONCLUSIONS AND RECOMMENDATIONS

Medhod 8330 is intended for the analysis of explo-
sives residues in sedl and water, This RP-HPLLC proce-
dure was designed for routing analysis, and it wes
laboratary equipment and supplies that are castomanly
available in analyticol lobaratorkes.

OH the analytes determined by Method B330, TWT
and RDX are the most commaonly found in munition-
contaminated soil amd water, The environmental trans-
Formition products TNB and the izomers of Am-DNT,
ns well as the manufacturing by-products DNE and the
Isomers of DINT, are lso frequantly found, Neither the
petemtial mamefacturing by -product NB nor ibe somers
of nitroiokuene were debected above reparting limits in
any of the 1153 soll or 812 water samples we analyzed.
However, 3, 5-dinitraaniline, & micrmbiological redue-
tion product of THE, was detected in soils and waters,
and we recommend that this analyie be added v Method
E130. The Inclasion of HB amd the isomers of nitrotol-
sen &4 largel analyles, bowever, appenrs 1o be unneces-
sary and lesds o difficulties during calibeation, becauss
ME can interfers with tetryl asd the inclosion of the
irrotaluenes requines unnecessrily lengihy run dmes.

Thechromalographic separation specificd fn Method
B33 s adegquate for the routine analysis of munition-
contaminatad soils. The lseeratle elution of the oclade-
cyldimsethylsilyl {LC-18) calumm does not resolve iso-
mvers Of someof the analytes, bud is ndequaie for standard
analysis of soil extracts. Confirmation of analytes using
the cyano (LOC-CM)colume is sstisfactony for the confir-
mation of THT and of the nitrmmines, HMX and RDX,
However, larpe concentrations of TWT interfers with the
confirmation of DNT and 3 S-dinitroaniline. Since DNT
i5 ofien found ol concanirafions that are orders of mag.
rifisle Jower than THT and the Isomess of DNT have
lower drinking water eritesii than THNT, another scheme
should be fownd 10 allow Tor their confirmaton.
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