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Screening and Possibility of Semi-quantitative Analysis of Explosive
Compounds in Soil Using EXPRAY® Explosives Field Detection Kit

Bumhan Bae* - Jung Hyun Cho
Department of Civil & Environmental Engineering, Kyungwon University

ABSTRACT

A quick and simple detection method of explosive compounds in environmental matrix (soil and water) can provide a
screening step which reduces the number of unnecessary samples and the cost of expensive laboratory analysis at a site
investigation. A commercially available EXPRAY® Explosives Field Detection Kit (EXPRAY) was used to determine the
minimum detection concentration and to test the possibility of semi-quantitative analysis of 14 explosive compounds using
standard solutions. The results showed that EXPRAY could detect 5 explosive compounds, TNT, RDX, HMX, Tetryl, and
TNB, out of 14 US EPA designated explosives. The minimum detection limit of the nitramine explosives was 14 ng/mm*
for HMX and RDX. EXPRAY was more sensitive to nitroaromatics than the nitramines and the minimum detection limits
per unit area (mm?) for Tetryl, TNB, and TNT, were 3 ng, 3 ng, and 0.3 ng, respectively. The semi-quantification of 5
explosive compounds in an order of magnitude could be achieved by the intensity of developed color only when EXPRAY
was applied on the standard solutions under controlled laboratory conditions. With contaminated soil samples, however,
only the presence and type of explosive compounds was identified. Therefore, EXPRAY is an economic and sensitive
method that can be used in a screening step for the identification of explosives in the field samples.

Key words : Explosive compounds, Colorimetry, Military Shooting range, Contaminants screening, Semi-quantification
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TNT(2,4,6-trinitrotoluene), RDX(hexahydro-1,3,5-trinitro-
1,3,5-triazine) % HMX(octahydro-1,3,5,7-tetranitro-1,3,5,7-
tetrazocine)ot 22 SjeFEZ L vid B o] ik
dom, B3] TINTY A% A 100d F*t At F
ZAz o] A=Y o, HIolle F Tl FgFolx
2%t RDXZE WAEI QUTHFlokstra, et. al., 2008). L
2L} o3t SFEAES A, A, 26k, #AH 8 A}
A Fd B FIM Agprdt EYS 29171 .
53] TAAR Bk Felo] AMgElE Xeke] ESbA 4t
8}, E9el(Unexploded Ordnance, UX0) &-& AF&it
(low-order detonation)ollA FEET Tlge] AR
9" Aoz HuHET YThJenkins, et al, 2001;
Spain et al, 2000). °]9} A o] 47y/FH(Open
burning/open detonationyS AAISHE HEAEY EYE
SRR QAR Qitt. sleFEAR o H Edolu A
3= TNTSF RDX 59 574 ol AAMe)Aleh AL
ZollAl AHAR F3FE vE 5 Ak WA vlE S
Ao oleidt SEES CF YUEAR WS =
24 7% TNTS} RDXE 47 2uglE 48] 1A
3l YTHUS EPA, 1998a; US EPA, 1998b).

TAFEAME QEEA] wiEde] T AMgEE
Fetolung, ¥ek YHo] g (main charge)] T2} £
FsiekEdo] malditt. o=e A5, hxEes F2
ALS3E Westen Area Tranining Center(Wainwright,
AB, Canada)?lAlv HMX7}F 8 EYdEAQ
(Robidoux, et al., 2004) BFHo||, BFAF L JAE 5%
B 2 fEhe A3 SAEAIAE RDXY TNTZG
T 29EEE BuEAckHewiit et al, 2005). ©] F
oA TNTE E%CZ nj&d v, nitro-7 7} AJE3H/
gleba zgof] 2l5e] aminodinitrotoluene(2- &2 4-
ADNT)E =7, J33kd Eailabgs 74 TNB
(Trinitrobenzene)yS B3+ }H(Eriksson et al., 2004). 7L
dre Eok ) slel2As AT A% BTEL0)
o] B3jaEol thet 1 Bash(US EPA, 1998a).

U] TARERIME EY W FAolM SleFEEe]
AZEAL QT Fell] AAE TAREE Bl Tigt
AL H, RS SeRR(TNT 2 RDXY| 9ekA]
oA ASEAIL, APAR XK GF- A&kl A= TNT
o} RDXV} AEHIHE=TALFTAL, 2002, 2005). &
3], 3F7] ZpAelE X LPEYe] 27] 5
off o3l FEHY o E FeslE o) I
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REFARLFAL 2005).

AAAA (firing points)° T+ ZFEAIH (impact  locations)°l
A QT B AR BoFEd FEE ugkeolA HAE
Eo7lA] Yo Hoa ASHL 1 olf AR I8
o] 9xArElE 749 Composition B(TNT 40% +RDX
60%)2 Z21E FERIR TR 99.997% oV 415k
nl=ke] sleto] f2EE whE, Bkl gurt sid
S 3w sfekREgo] EYoR {EHY] WEeltt
(Hewiit, et al., 2005). Z|EZ 3elEdz oHd Ags
ZANE ) o]9} zhe slefEAEE BEyo] Badgol 7t
A 2 BRI ol sjdshy] gt WHOE Ag5e &
E =AY B3 EE ARERE o] JTHCrockett, et
al, 199). 3 A8 & Hee 2 AV
T3 AR o)X Bt welA sjefEde] Erdde F
Aslela AAF e AxbEel FAIRe] Jasitt,

B9k Ay EAshs sleFEde] e A3
A AWk 0 GC(gas chromatography)tt HPLC(high
performance liquid chromatography)E  ©]-&3+th(Hikmi
et al,, 1999). £3] HPLCE ¥ o= BPP3lal 2
T7E BB 7E0) - 8317 whiel] sefed
BAe] g olg¢HT kel ¢, 2003). AR
HPLCE o] &8 ZAMPHS B9k AR 71X T A
P Be =T AJ7te] AgEmE BE g NEE
BEAshe die 7 ot webd oleld EAEY o
obo 2 SW-846 Methods 8510, 8515 ¥ EXPRAY
Explosives Detection Field Test Kit®(©]3} EXPRAY)%}
2o HRA WP Y SPUReE o} 8ITHUS
EPA, 2006). Bl B2 Aol EY AlgE 7
3] Aelel] Eoh serede] EA) fF-E viE S
4 glom e ARE ¢kl B AIRE B4 4 stk
o2 Eslo] Folr AE AH AlF 2 HAE 248}
A AP Easjelshs A8 £E FU T I

B Aqoxes tEA) 1% SIFEES HMX,
RDX 2 TNTE 3} nitroaromatic L nitramine 7|
o] FEA 14F(Table 1)S gz A
EXPRAYES ©]&3 #AE&58 2 74 F3Hsemi-quan-
titative)2] 7FsAdS A3

2. JjE 3 gk
2.1 MExE 3 AEYY

22.1 AAE
slekE A e sl W3t A5 (performance)T =
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Table 1. Chemical structure of 14 explosive compounds used for detection by EXPRAY® Kit

1] =l
=

A} 7

Compound Abbrebiation Structure Compound Abbrebiation Structure
Octahydro-1,3,5,7-tetrani i Hexahydro-1,3,5-trini ey
ctahydro-1,5, 3 -tetranitro- HMX OiN'*';" exal y ro—. ,3,5-trinitro- RDX : :
1,3,5,7-tetrazo cine 1,3,5-trla zine s
ND,
1,3,5-Trinitrobenzene TNB 1,3-Dinitrobenzene 1,3DNB
1-2,4,6-trinitr
I\/‘[ethy‘ s46-trinitrophenyl Tetryl Nitrobenzene NB
nitramine
2,4,6-Trinitro toluene TNT 4-Amino-2,6-dinitrotoluene 4ADNT
2-Amino-4,6-dinitrotoluene 2ADNT 2,4-Dinitrotoluene 2,4DNT
T
NG,
cH,
2,6-Dinitrotolu_ene 2,6DNT 2-Nitrotoluene ONT le
3-Nitrotoluene 3NT 4-Nitrotoluene ANT

(sensitivity) g0l w2k 12 & 23} sjefo g BERFEUH
12} SeFF= lead azide, lead
fulminate 5= B5PH A3}ol vlg-
HAgAle 8=
sives)Q 2

¥l v

styphnate, mercury
Rl 2 et

T2 AMEEE 71ESeknitiating explo-
B FEHBjella, 2005). 221 3lFFE 1%} 3}
18fd 802 U de] AREED. 23] Sk
st 7\74“3}01]*1 Fshs 242 ZEe] 349K main
2 boosting BleFO. 2 AMEE =], o]0 &3l
e AR = TNT, RDX, HMX 2 Tetryl(2,4,6-trinitro-
phenylmethylnitramine)s-¢| t3t&olt}. 22} sleke- #k4
Al Ao me) 8-8-4338 38 (melt-cast explosives )
Egk~H 3o (plastic-bonded exp losives)O.2 H-F3}A L}
g}l whet nitroaromatic -2 nitramine A|EE F-

charge) =2

T3/ S} (Thiboutot et al., 2002). W3Sl 23} 8}
ekl HMX, RDX 2 TNTT 245381k (high explosives)
o7 FHEd

EXPRAY(Mistral Group, V=) Ztzte] slerZ-au

Fig. 1. Contents of EXPRAY explosives detection field test kit".
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Table 2. Sensitivity of EXPRAY® determined using explosive standard solutions in the study

Concentration of standard solution (mg/L)

Lowest detection limit

Explosives

<

250 500

1,000 (ng/mm?)

HMX

Z

p—]
X X X X XX XOO0OXX0OX X
X X X X XX XOO0OXx X000
xxxxxxx@@xxooog

14
14

X X X XXX XOO0OX X000
X X X X X X XOO0OXXQOOO
X X X X XX XOO0OXxXx0OO0O

O: positive, X: negative

9} nitrate estersRDX, HMX, NG and NC), Al 4]
0L nitrate= 7HECZ S kR, ANFO(Ammonium
nitrate/Fuel oil) 2 S238}eF 71Zo) AL8-Ht}l. EXPRAY
can No.l ZZke] slebEZe) Hh8-3le] TNTE ot
2, Tetryte T84, 1213 DNTE BEA4E vepdo,
EXPRAY can No. 2= RDX, HMX, NG9} ®kg-3}ar
EXPRAY can No. 32 ANFO, gun powder % black
powders} HHSSle] B HEals vepdth 339 7 9
% F2EA(collection paper) L A|A|°K(indicator)©] X
glElo] Ut KAK|ol= Briol| $Hto] Fo| vlERE]
27 gej2 A o] ESS FEBH Hoislal, A
NeF Fol= 7 AEsmHlo] he) Aloko] HERAES &
AL =A] FRlsk=d] ARS-"ri(Mistral group).

A& AREEE Folo AL v F8gk abolt)
Bjella(2005)7} EXPRAYES AEZ2 Fo| 5%, Faidfr
o7=| 1%, EXPRAY AlFA & Uyl BARBAIE o]
dlo] AFe A, feafeld 7t sleks AEe g
aopFo|tial BustArt wEkd B AP M=
Whatman*}e] GF/C 3592425 mm $)E Aol
ARSI T Agel AMEE 14FY ZFEsEde
AccuStandard®d| A TYIFP o, o ALL3
acetonitrile(ACN)S HPLC grade®]At. 53+, EXPRAY
A& HPLC B4A7e] Hlawel] AR SekR o4
EGS 7% &A1 DRAVGOIA AHT tha, 304
2 AAEsIL ARSSFAT
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222, Ay

EXPRAYY] 72 83} F&8 w59 7 o&
wasle AEsly) Y5ie] SkEd 1489 EE8ds
ACNSZ 83l 7] =& 10, 50, 100, 250,
500 2 1000 my/LE &1t} slbEd 1459 sMuE
golo ulo]HZ IS o183l vl FHIgE GF/IC o
Aol 140 plA Hojrtglar koAl ACNO| FEs%
B 233 AZAA AR Al FaF spefEde] &
¥l slTE. AX k) & /715 307 EE ok oF
15 cm Eo)7 $]x]oll-] EXPRAY can No. 1802 o}
A7} ozt AG wi7hR] e ofF 3027 &ods AxE
A7) F 0] W BABPH o] F TS e
EXPRAY can No. 28 Ag3lm WS #Feqlt. 1
#U EXPRAY can No. 3& 24 thidEo] ol A7
FER oz #8317 it

ESFA]E(Table 3y DRAFEAIA 33 200 g&] Al
2 okrold FA% ok 308 A de Fulsith
o]9} 7lo] FH|S EQGA|EE HPLCE HA18198 35
RDXS] FEW3) 5% oUi® fAlEo} tistds 2
Ao VERITH(data not shown). ©]9F o] 0T E
%k AgE HHI dFulFE HAM 22 T, EXPRAY
AFRY] 0] o] QU= Wo = Fu EYS E3LT
B33, 4719 Whis go] AAJeRs He] WA fd
3)5ict. ]9} TAlol US EPA SW-846 Method 833
g wio s 29kl dletEEe BRI o] W

u:znﬁém
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Table 3. Soil texture of DR shooting range soil

Coarse Sand (%)

Fine Sand (%) Silt-Clay (%)

DR Shooting Range 47.77

41.78 10.57

Coarse Sand: 4.75~0.425 mm; Fine Sand: 0.425~0.075 mm; Silt: 0.075~0.002 mm; Clay: <0.002 mm

\nngh W, W wal). 290wk | B0 maA: mm
HMX A

Wowd. Hmgh  WOmRA 20w/l 500wl S0 s/l

RDX ) j

omn @
TNB T

W m’l = M e
DNB i N ! ’ 3

L

Bmet
NB. T
1 agh
Tetryl )
1% u!IL
wroS
10 mﬂ!
2ADNT

Fig. 3. Pink color development on the glass fiber filter glass fiber filter containing explosive compound after the spray of contents in

EXPRAY® can No. 2.

< et 2o 40ml 2R EY 10 g/ACN

20mLe] HIEE B& the 289 oM 18413t B9t
SRHEA S FE3ITE AT HE 5,000 mg/Le] CaCl, &
dog M3 thS, 0.2 um PTFE syringe filterZ &3}
3l HPLC B4AIEE FHIsilth. F2A189] HPLC
|8)232 RP C18(Shiseido CAPCELL PAK-MG, 250
mm x 4.6 mm)Z ZH2% 30°C, ©]F/ isopropanol:
acetonitrile : water=18:12:70 2 % 0.80 mL/min©]
™, 230 nmollA AE3IAT

.40 % aF
3.1. BEES ASAH

EXPRAY can No. 19] A|AJekol] g A7 ](tetrabut-
ylammonium hydroxide)?} nitroaromatic A|gS] FeFE-

Ho] wkg3le] AAE Meisenheimer BA=(Hilmi et
al., 1999) BA}F A TNB, Tetryl 2 TNTO| whA F
A3} o5 o] VJERGTHFig. 2). TNB, Tetryl %
= 10 myLRE S 3RS & J%laL, sekEd
5 Wl wE Ae] s} FeiehA #AEHAT. 1
B nitramine A2 FFEZMHMX Z RDX)%+
DNB, 3%¢] nitrotoluene @ TNT SIFHEAQ] 2- &
4-ADNTE No. 1 Aokt Hkg31A] 23kt}. Fig. 2004
9} go] 2- ¥ 4-ADNTS =33 el e 2 =
o] whaslgd o, AER A IRHE AA 7Rl A
o= I
EXPRAY can No. 19| AA|2kE EARE HEo|
EXPRAY can No. 22 T BAISE 23 nitramineA| E
°] HMX9} RDX9} #HE3l 5~10% Alolel] g0l
UeRgchFig. 3). EXPRAY can No. 29 X A|x|ek
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Fig. 4. Faint color development on the glass fiber filter containing low

EXPRAY® can No. 1 and No. 2.

£ YEZ7]9} Griess ¥H-S 53 AAE azo dyedl] ¢
3 ZAICTHHilmi et al, 1999). HMX$} RDX+
EXPRAY can No. 19} TNB, Tetryl ¥ TNT ZA3}9}
g 3lokEd FEo sl uE FHg A wishke
FEE)R] et} B3] HMXE 50 mg/LE] T8 81
T 5 AT =& FEAME T3 Ao Wl B
HA F3teh. G4 2835 AA|e] 7Rl Tt A
3 BEZ o] Uehytth RDXE HMX ZA#sl 2o
50 mg/LFE g ER1E 4 e, 250~1,000 mg/
L % AlolollA Ae] wsle #&% 5 YA TNB,
Tetryl 2 TNTS}F 22 551817 ¥30Th(Fig. 2).

Fig. 4= EXPRAY®] HAH=TS dopir] 3t 2
&5Ho] gelel TNB, Tetryl, TNT, HMX % RDX9]
FEE Imgl FE, 10mgLold 50mglLe] 5EA=
AEstete] FA3 FASARE ANG Aol 47iet
TU AkE BAREAL SFEA R wE T3
A1) Wsle BEEA gigkovt B fE= IRIF 4
AJTh TNTE 1 mg/L7HA], TNB 2 Tetryhs TNTRC}
F2 10 mg/l7HA] HAEIS, HMXS} RDXE ZZF 50
mg/L7HA] ER1% 4= At 28 T 27} 26) o)
3R] Y = Wslel] wE Ne] W3lE #IF - 9l
At

Table 2= 145¢] SeFEd EFAE slMsle] {elid
FroqZRlol] A7) 1, EXPRAYS E5-3 AF A7
FHEGN] T W 2 HAETE deHE
T slerEZe] o g Zlolth. INTS] A dEs
= 1mylolH, GHAgoE IS 0.3 ng/mm’o|ct,
HA PAFCTE 10mg/lL}] Tetryl?t TNBE 3 ng/mm’
olH, 50 mg/L.3] HMXS} RDXE 14 ng/mm®]|3ic}. u}
2}x] EXPRAY®] 3lFEd HAEE TNT/} 7 97819
o, Tetrylob TNB, RDX, HMX o2 Wzsisct.
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concentrations of explosive after sequential spray of contents in

J#u EXPRAY AZAPE AIAIE RDXSF TNTS| A
A& 20 ng/mm’# 5 ng/mm*S ThA: Aozt Stk
olg} e A= B AFor] AMESE foldele) sokE
Ao| AR 1=A] EFsle] sjepEge] rpoz
EAT o) B} FHyo] A7) WEoE Algdn). o
o| A9} zZro] EXPRAY Can No. 13 EXPRAY Can
No. 28 3FEA 1450 HE3t A3 TNB, Tetryl,
TNT, HMX ¥ RDXZE HEZ 4 JNoH, Bx=9] A}
ole UYATF FFEA Fro WMl wE T3 Ao
W3}l #AERT e A71e] sEE 5EE A9
3t 9F0] FOFEAL EXPRAYS ol83le AEHA &
ik,

32. 2HEY HEMH

FEFgA| tigk Ago] A 2dERIE HEEeA
R1517] &l A71% &4 DR TAEARA 12712 &
FAES} M9 HFHE AFRE AFHSL FRFNA
EXPRAYZ 3IFEZE HAES ths, ARE 4PN
HPLCE EA%F Axe} v|w3iti(Table 4). HPLCE
B8 23}, TNTE D2, D4, D6 2 DOANEdAN Zbz}
12.81, 048, 043 2 1.09 mg/kgo]l HEFUTE. RDXE
EE ARAAM AEHJCH, FEE 0.53~97.82 mgkg
Heolict.

PR A EXPRAYE 2393 A= INTE 5%
7} 71 B D4 NEAAT ASHUR, FET) %
D5 2@ D9 AlZE 7MISA(false negative)°l, HPLCE
AZE)A] &2 DIAE MK (false positive)ike-o]
veldt welr Aes 32 vl EYRA TNTeIA
22} 2ol YERES & 4 I3t o|¢F 2L TNk
o] VeRt €212 TNT9} EXPRAY can No. 1 AJ2fo]
wheEtH e 7ol Meisenheimer EEAE 3AIS
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Table 4. Comparison of the explosive compounds concentrations analyzed using HPLC and the detection results using EXPRAY®

HMX, RDX (mg/kg) TNT (mg/kg)
Sample HPLC . .
EXPRAY screening®* HPLC EXPRAY screening*
HMX RDX

D1 0.08 97.82 + n.d. +
D2 n.d. 34.92 + 12.81 +
D3 n.d. 19.83 + n.d. -
D4 0.19 13.54 + 0.48 -
D5 n.d. 6.36 n.d. -
D6 n.d. 75.30 + 043 -
D7 n.d. 69.96 + n.d. -
D8 n.d. 26.16 + n.d. -
D9 n.d. 84.57 + 1.09 -
D10 n.d. 29.58 - n.d. -
D11 n.d. 72.14 - n.d. -
D12 n.d. 0.62 - n.d. -
DS1 n.d. 0.55 - nd. -
DS2 n.d. 1.13 + n.d. -
DS3 n.d. 0.53 - n.d. -
2/15 15/15 9/15 4/15 2/15

n.d.: Not Detected; +: positive; —: negative

a. TNT detection

b. RDX detection

Fig. 5. Test results of EXPRAY® detection on a collection paper with soils sampled at a military shooting range.

(Fig. S), £ F80) o}g17) wjizelc), B3] @)
7 S olhol M EQPRRYo] ol =
ek 735l

FAE 72 5 gl

RDX®| Z¢ol= B

Eokaln Ao

=

242

o] gle.

_“L;ﬂ—

o] A

Mesienheimer &

shATt. HeAe) 053~

0.62 mgkell AE% RDX ESAE(DI2, DS1 2 DS3)
oA VERLS %‘i OMB}, RDX 5% 6.36~72.14 mg/kg
o2 A" FE EYAEDS, DI0 2 DipM=
LR Ezo A Azl oshd RDXS HAAS
TEE TNTO Blgte] oF souff o) o E®, AEko

J. Soil & Groundwater Env. Vol. 14(2), p. 45~53, 2009
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A 7HEEA3e) vhee Al dadst A9d 5 Stk
RDXS} A|efo] Ag}ste] EM{— =& (Fig. sby
TNTSh= g2] EQRia) gigh Hio] Hug 1HdEs
% QoA gtk w3 RDXS] S3ImE TN M3
AR Bl Ba7F INTRG gdslns, BE9AEu
RDX #3329 EvdAdx: Aio] XA FEc} oyl
RDXE #&317] Y8lA= EXPRAY can No. 1 AJokS-
HA BARSl] A3 Uhe No. 2 Aok thA] HARs|]
OF shal, AJoke] ARl sl A7) white] Aeke]
ol RDXE $Hre EFYAT A8

’ﬂ dolx] vzt 4= sle 7Fs3E Sl

4. & =

FHTEAOE EXPRAYO o3 slof=d WAy HE
AEE 3 A3}, TNB, Tetryl, TNT2} RDXE 50~
1,000 mg/Le] F= HloA, seke srs]el wE
TAE Aol Wit i) o] Flort HMXE
SPPF o), I che 435 Sl i
o e 250melL o) AN 2R 2ol i
B Ut Qe e 459 serde] thele]
EXPRAY Explosives Detection Kit*E ©|835lo] &
H slefEAe] J—ZH TS SIS, A3aA Al
ghe ZsloA FE3ted 100 @] FA S (semi-
quantitative)s & AL ALZ FYPFHD. wEhA
EXPRAY Explosives Detection Kit*S o83} ERY 3}
e AR = AN T2 &l disiede vl
Ao 100 d9le] FEEElE Vs Zlog widE)
HMX, RDX 3! TNT$} 22 spefeds 999 AY
& 2] S B ol ERS Ak 3
AR Tre] RS 5P SRS BE eels) AR
2 wigo] Meslt). Hepy AN 232d v
EXPRAY Explosives Detection Kit®E o]-83 Z-¢- 2
PalolA] Exafolshi= A) JL«l Fe Y U @
A vk 99iEe] ASS sjelstel Aze] A4 A
AL Z*% % 9 9t} EXPRAY Explosives Detection
Kit*s @golr 2zl GAZ 283 A9 TNT]
ql—%/\ﬂo] EO]:«] /\ﬂ‘q. 1:]] ]_o:] TNT 7~Izoﬂ‘_ 7]./\4 KX
‘&, RDX HEAN e 7MYl frelsiefol & Aolch,
SW-846 Methods 85104} 8515 HFHo] RDX®} TNT
T AEE 4 v AP+ 2] EXPRAY Explosives
Detection Kit*s== TNT2} RDXE Ao A& 4 L
TNB, Tetryl ¥ HMX= &S 4= v}, waha] A|2A)
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