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RDX J& — Bl FAA 2R B A W A & 9, B0k g 2 —
Folt g 7 doe K o R 1 ZE BN K 251 RD XV A 45
N FERARAR AN B U W R 4 A, LK 3% 31 R
AP RAE AT 200 AN 3 o AT TNT I &, RDX Y
Koo BB/ AL 0.86 (£ 1), — BUR A 5 B AR M
B B AE S STUAR Y b RS BT K i
BT G B AR R A 2 2 4

£1 TNT.RDXFHMX ()4 BEAL 2 1 )

(3) HMX

HMX I K Fi7 32 7] o B8R0 RG 25 1 245 19 20 5 43
J& TR ALy o XA R AL G AR R TR K T
WE KA RS mg-L7', K, M/N(0.061) (F1),—
B AR K R 2352 5 Bl B 3] 4 S st AR
TEAREE RS B PR B K . HMX S5 ARTEE A 2 1
SNRAEH T & Ao i, BE R IAEAE T 3R vh

Table 1 Physical and chemical properties of TNT, RDX, HMX™!

energetic compounds TNT RDX HMX

CAS number 38082-89-2 00121-82-4 026914-41-0
chemical formula C,H;N,O C,H,N.O C,H;N,O,
Molecular mass 227.13 222.26 296.16
melting point / °C 80-82 204 276-280
boiling point / °C 240(explodes) (decomposes) (decomposes)
solubility in water / mg-L"' 130(20 °C) 42(20 °C) 5(25 °C)
specific gravity 1.5-1.6 1.82 1.96

vapor pressure at 20 °C / Pa 7.3x107* 5.4x1077 4.4x107"2

K, / m?*-mol™ 4.57%107-1.1x1078 6.3%x1078-1.96x107"" 2.6X107"°
Log K., 1.86 0.86 0.061

appearance and odor

yellow flakes with bitter almond odor

white or gray powder, odorless  white or gray powder, odorless

Note: K, is Henry’s law constant. K, is octanol/water partitioning coefficient.

22 e REUEYRERISEKE

Yy M & RE AL A W TE Y In) AR A 45 R A
FE 3 R A PR UL B B RE AL A ) L A A 2 R 4
RIS o AR R i5 Je W47 76 10 2R DA R 3 i N A 2 5%
WAL A T, S RE L A W5 Y b B oI5 Y 3 i
M E -2 ST R K RN SR K Y R
REYHESHMIREEARE (F2), XL b
Yy FEZ L LLF UM R A BRI (1) K KEZY
K 2y e e (2) KKE 2 e i 2 a4 /6 A7 5 (3) JE H
92 Ab AR B (4) E G AL RN FESE
BN A #2000 43 M, 29 1500 J5 3 [ )+ 32
PN KEZT5 G4, 87% B T K15 Je B4, 30 4> ok 36
[l PR B3 14 97 58 (USEPA) 81l Jy [ 58 0 p5i A 7 45 #0570
A W 9% UE W 36 [ % 4 A2 2% % (Camp Edwards) 1975
Yo 2 B 250 B g K3 103 A4 [ B I
YRk M 32 ) TNT {5 4%, Ho 3 4> 91 25 i b 4 28 H R
5% BA 2R BE AR KE 4, ERK h TNT (975
YL R 4 53K 2] 200 g kg™ A 100 mg- L7075 7 WM
I P 45 b X R 8 A7 A2 B 23X 2832 5 Ye iy £ 1,
Claus %"V 4 3 7[5 4 3200 4> %% TNT 95 3¢ i 3 Br
WML .
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S ERBFAE LR 100 kg TNT, & K [ B 55 b HE G
2000 m’ 32 TNT Kz H Al g Bk 55 77 e Ak & 4 75 e 1 1
K KEZG A I R A TG Y E R T A R O
M A7 I K AL B R e B AT — H A AR R
BYHUALBE N Tk R AR K, R EOF 2 A R
FAEB YL R, W H IR 10 mg kg " T HE 4
25 0] DL A I EOK TR AL, 2B E B M R # K2,
75 Y R K . Newman 2502 % BH 56 [ 1% 7 Bl 17 5 3
(Los Alamos) st 1 {37 4= 38 v 4 24 5 8 3k 3] 20% (Jilt
L), MK H ik 80 pg-L'. Eisentraeger %R
P E A2 T ez B R A ™ 17 10° kg TNT, H
FEA T MAE 5XT0° mP A TNT B K o &% TNT /9% 7K
TR, WP FR ALK, LK Tk [A B AT 30
AT HAL DT B ACG Y, 3X 28 2 KA b 3R A% i FNE i
YRR 7™ 5595 e i 3 K A oK, xRl R ) ekt
TS 2R G0 A 28 Z A B

BRUEZAE 77 AL AP A8 A 3R AE ) B T e i
JI ) R T g%, ZE S 2 g b 1 K 245 V5 e Al A% 2
ORVE , HoHk B FNFh 2 5 42 55 4 Wi Al T AR PR L R4 1 2 AR
HUIAC
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KM T2 AL FE A5 AN () BEAR )RR AR $H A
WM, X e M R E R 4 o TNT.UB 4 2
(60%RDX . 39%TNT. 1% W ) A1 4% B 4% 94 /R ¥ 25
(80%TNT.20% 550 ) , XE 2 5% B8 W 45 K I 3 Wb 43 A
JIZ HORYS) o B 4 e X 3 4 K 20 3 8 LT 4 /N
F 1 opg-kg ' MR K/NF 1 pg- L H bR BT A 5
TNT .RDX Fl HMX ¥ B2/ T 1 mg-kg™ 77 {HAE
U i 8 0 DX BB, e 3 B R 3~4 AN 9, AN TNT 78 5%
B IR E1.5%,2,4- i HEH AE(2,4-DNT)
(e N 237 mg-kg 'Y

(2) B3 o K Fi I 2R3

I B0 KO B2 HMX R TNT (4:6) 41
JI, A8 U A 2 50 AT & G, 32 oy Sy g Ak £ 4
(NC) A e H i (NG) o B, HMX  TNT fING 4+
B X R & S R SRR Y.
HMEFE D (Yakima) il Zp 0 £ 2 £ (0~5 cm)
OHMX . TNT B9 ¥ B2 43 il 5 10400 mg-kg™' F
358 mg kg™, KM 1 T > BB RDX, B & T E R
I, HMX T TNT #9 v B R BRI 2 49 mg- kg™ AN
1.7 mg-kg" (6~10 cm) """, i & K 4 15 & 1
(Petawawa ) 7= 25 J M H 7K 7 HMX A RDX BY ¥
KRBT 7 pg- L7 JEE L T USEPA LE () 24 2%
52 TR K i A (2.0 pg-L7) o NG PR g i il
JH 0 LS HE 3 570 9 32 22 B0, KR B A e ik
JE Al 35 10°~10° mg-kg''"*'. Brochu %" 4Rk il T
15AE1E (Petawawa ) Z5 35 L3 15 25 % 5 B3 0~10 m Al
10~20 m 4b -+ NG B9 B 43 5118 2400 mg-kg ™ I
380 mg-kg™'.

(3) FHm sty

FRRMFEZ 2N BAEZY, I F A s 5 3
i & BEAL S W 5 RDX A TNT, T i 5% 3 X
- HE S RIS W U B AR ARAR K1 m S RN
TS RE AL A R A 22 A B S L) 1 Jenkins
SN L BT T 5% [ B B 3T B8 (Fort Lewis) Yl 453 £ 2
T ROX AR EE , K L3R 2 3% b RDX Y1 24 3k J&
= MR EE 4350 1.6 mg-kg' A1 51.2 mg-kg™ , TNT FlI
HMX 9 85 K B 53 51 8 40.6 mg-kg™' #15.2 mg-kg™,
2 11 RDXF HMX (1Y F- ¥4 B2 53 51 b 10 em
TRAL 9 10.8 F1112.5 4% TNT 3 /2 i3k 49 fi5 o

(4) J& IH 5 24 55 55 37 4

R FH A be s 0 sUAL B IH 2 . T
RDX J& M K25 C4(91%RDX . 9% ¥4k ) i 3 2 i
O3 24 A AT B K B C4 0l KR 25 A o8 A B K, K
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I E RS W S A iR R R R AR B R R
FE Y X7 e e ™ Y 25 E % 2 (Holloman)
25 T — A AR 0 25 m R B B RS T 21 RD X A
HMX (% 50 514 11.4 mg-kg™ A1 1.84 mg-kg™""* .
Clark 8 238 T 4 &y Hr 2 8 M i 22 3 245 ) ] il 4 4
i RDX, TNT Al HMX A9 ¥ & & i5 1900, 1000,
900 mg-kg™, ¥4 Fh K 24 H B R BE e 1 1

F2 AV RS YL+ T A eI A W R
Table 2

typical military contaminated sites

Concentration of energetic compounds in soil of

energetic concentration

countries sites references
compounds  / pg-kg™
TNT 58 (max)
mortar
o RDX 940 (max)
projectile
HMX 220 (max) [22]
low-order
) 2-ADNT 2 (max)
detonation
4-ADNT 3 (max)
hand TNT 2 (max)
. grenade RDX 170 (max) [22]
the United
range HMX 93 (max)
States
o TNT 314000 (max)
indirect
o RDX 1400 (max)
fire impact
HMX 110 (max)
area and
. 2-ADNT 90 (max) [22]
air force
‘ 4-ADNT 700 (max)
bombing
2,4-DNT 33 (max)
range
NG 51 (max)
TNT 500000 (max)
RDX 6000 (max)
air HMX 1470 (max)
weapons 2,4-DNT 760 (max) [23]
range 1,3,5-TNB 4810 (max)
2,6-DNT 270 (max)
Canada NG 3590 (max)
. RDX 11400 (mean)
demolition
HMX 1840 (mean) [15]
range
2,4-DNT 491000(mean)
antitank TNT 390000 (max)
rocket HMX 1616000 (max) [15]
range NG 4453000 (max)
, TNT 659160 (max)
shooting
Korea RDX 128510 (max) [24]
range
HMX 2740 (max)
TNT 75 (max)
) 1,3-DNB 68 (max)
TNT-filled
Yugoslavia ) 2,4-DNT 823 (max) [25]
land mines
4-ADNT 542 (max)
2-ADNT 873 (max)

Note: 2-ADNT is 2-Amino-4, 6-dinitrotoluene; 4-ADNT is 4-Amino-2, 6-di-
nitrotoluene; 1,3, 5-TNB is 1, 3, 5-Trinitrobenzene; 2, 6-DNT is 2,

6-Dinitrotoluene; 1,3-DNB is 1,3-Dinitrobenzene.
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2.3 GHMERTLENERRNER

TNT.RDX Fl HMX & T3 rh i i W K245, o 1
LRI 25 52 T B0 R E 25 1) B M AR AR AR K220, A X
M5 TNT A RDX #: PR, HA B0 PE , 9 USEPA XE
SOCRTETER N ZEBUE Y . TNT /93 M © 9 K 5 ik
5] /N BRI K AR AR W A5 Y 2k B M B R I S
TNT 6 252 M K AR B pH (B L HL 5 38 | B i 151445
VoS fip AR AL R R AR LR R AR o R A B T
. INT — 5 AR 8 S B8 7 AR 3 32 43 LA
K P AR R B M A OO RDX A 18 R AL
IR R BAR DR A 2 R R 5 3k 8 — o )
Ah 23 B B B 30 i 7 1, R D XX 145 50590 1 > 4
FHFEH = (LDy,) A 70~200 mg-kg™'+d"** . McMurry
SEPIRSE T HMX FE S (55 (A% €0 ) 1 N 1 B B RN 2
M, & B0 HMX X 2% €8 7 15 (% LD ,,>2000 mg-kg™, 4
B HMX I v B2 35 31— 5 7K P15 i 55 2 1) O £k
23 W] AR . 20 TR R 28 9 M K 0 E ) B R TNT>
RDX>HMX.,

H Al T - AU T /K b Ve 25 PR 58 o B DE M 45
B {EL 1% E — ' 7 48 B & B USEPA At A 1, {H J& i A5 1R
22 JC At [ 58 0% BRORT FIRL 2% 5858 2ok i 52 4 th T R b
K R 25 3R B B AN W A AR R BRI (SR 3) . A
CHMREORE IRZGHC 22 7™ EWE
25 g oy b B KE 25 M B L 238 B T P A
e e AR R R 9 dan 38 R ZE g
FIPEAL 2B JE 25 F i & 8 AR 20 I Tk 8 T 62.5,
Horh RDX RS L F L T 50, REFBE

F3 AT KPS Y S RE
Table 3

ground water

Guidelines for energetic materials in soils and

[23]

ground water

soil guidance values / mg-kg™' guidance values

compound

/ pg-L™

USEPA®  BRI,,” BRI, BRI,® USEPA BRI
TNT 80 3.7 41 31 1 4.7
RDX / 4.7 250 7.6 2 28
HMX / 32 4100 13 400 93
2,4-DNT  / 11 0.14 130 017 0.7
2,6-DNT  / 8.5 0.14 130 0.0068 0.7
NG / 65 2500 2.4 5 280

Note: a is United States Environmental Protection Agency; b is preliminary
soil quality guideline for the environment; c is preliminary soil quality
guideline for human health; d is preliminary soil quality guideline to
protect aquatic life in case of groundwater discharge; e is Biotechnolo-

gy Research Institute.

Chinese Journal of Energetic Materials, Vol.27, No.7, 2019 (569—586)

3 MEZRIRIE I

3.1 MEHNRESHRAESR

Wt S YN RTE sh b AR B A 12, 2o ok
o R R 7% B A (B 3 TNT . RDX A HMX) |, i 76 4R
F7 R R 2 A R 43 K 2 A AR KR TR DL K BB 2 HE
TCH SR o VS A R [ A K 25 BN S BB AT O R
R, A R AR 7 b rh i A AR 0 OB, ORI R R A
Stk — 2 R A AR AT Ry o MV T K v B 1 24
ARBE G A28 — L M BRI, BT R E
[P -V -2 T R A R O B/ W S — R B 1
BeAT R, NI 305 e 288 5480 (K1) o AR
A AE R BN A i SEmh b R4S B EANE R i
YE 2GR B2 05 Je ik 5% S0 e T HE G TERR ik
by ) B E O AR R R R (A 2, B AR T FR
T 42 = 5 Gl g b, v K 245 R RE A T ok R M AR Z AR A
JoT b () I B B AL MR B o R L ORI TR S Y
Hiy B85 v R 2 ) A S RN AR A R XU 11 3 R R iR
7)o T EEKE 2R Z MR TR e B A R A
Yy BRI AT PR A PRI
3.1.1  BRRAUE

TNT.RDX Hl HMX 7E 7K (14 %5 it 2 A ARAIG | 175 i
JE R/ J : TNT>RDX>HMX il B 35 18 4 fih 1
P TR A T R 0T 35 =Py I 7 7K P ) ik TR M K
i, 5 5 10 )CHF, TNT . RDX FIl HMX FY 1 fi 8%
51 h 8.7%1077,6.3%x107, 1.3X107 mg-min~'-cm™,
I FLAE — & W BE IR N, B T 10 °C, KE 24 1Y 35 il R
R —A5 . BT R BN AR W R
ARG 3K 5 R 25 A A 50 24 AN AS T ik 3 B OB 2 ] I BE
SLRE A RE L G W IE BT G o Y 1 K G AR B B
A 3 A A A AT W AR B 2 2 R AR DLTE AT Y, i
FEKE 25 12 K B8 U RS A AT RE Hh K 2 [ 1k 45
i o
3.1.2 E%R

VS R AE AR T (4 e AL A ] DAUE o #E R LU 2E R
19T MR AH TR A SH L R R R G A S
M) 5 R 8 R BC(K) e L TERRERARET
Ky>107 m’-mol™ B}, f.& ¥ 2 PR v 4% i ok .
TNT.RDX AITHMX 9 K, 5 107~107"" m’-mol™ (% 1),
3K = Fh Wy ST T K T B RS B HE R AR
TNT.RDX Fl HMX 1E 0~40 °C F , 28 S JEAR MK (107~
107" Pa) , HoAHAEAE L AT A 200 ANt

Sttt
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air phase
(volatiles)

A
volatilization l deposition

dispersed/unexploded
ordnance

precipitationT l dissolution

sorbed phase (humic material, Fe desorption > aqueous phase el ~ )
. . > ' n >
P oxides, mineral components, (soil solution, groundwater, crystalline
microorganisms) < . surface water) D —— solids
adsorption dissolution
biotic uptake
abiotic transformation l
reduction, photolysis, hydrolysis biotic transformation bioaccumulation
o | transformation
— products
B MEZERE TR A B
Fig.1 The fate of explosives in the environment'”
S
D X N\\\k \L\‘L\‘\ ‘\‘\f\\x\ “N\‘\ ::m B dyy, b Wy
traction/phytotransformation's's 1"y P vty
S Y “‘nx ‘\k\x\b
L TN
L N I W L
v b e. picking up shrapnel

photolisys

gded ordnanCer‘ %E Ss Z 7 c

b. crater

c.puddle d. runoff g. plant

B2 ZESh 255 ey e A RS R AY (a b oo d e f I g 24 30 [ ML Y 42 5 37 1 7 A1 & B )
Fig.2 Conceptual model of a military range showing the dispersion and transportation of explosives(a, b, c, d, e, fand g, are

pictures of field investigation of typical military ranges in China)
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3.1.3 R BR/AR I VLl o [ fe AL Can 5 & 5 AL B

- M A [ AR K 25 43 04 R B, L 4 R e
BIE AN AT Y’ A5 LY 28 HE T
i CE AR B R AN HLR B S L 2 AR
B rp iy 0% B i B . Sharma 255 E T TNT . RDX Al
HMX TE 5 A8 HLIK s Rl 1 2 & 4 398 b 9 I B &R 2K
(K, S5k n B A, & & A ALk 9 13X
TNT . RDX FI HMX i W Bt fig 77 T i, W B Sk 0501 32 4y
TNT>RDX>HMX. Jenkins %72 78 [z 31 35 k57 )1 4 3
122 F 120 cm AR5 6 H HMX (B AE S R 15 em IR 4k
AL DU N 2] TNT #RDX. % 9 HMX A1 RDX 1] LA
g N AN IR 95 B T K b PR s AT LA
FE T K PRI H RDX AT HMX, EIRE A 5 TNT,

TNT 55+ 58 2 (] 14 W8 B 36 5 A m sl g i, = g
FEAILIE R i 2 B e A 5 IR 2 () i AR S A L
T AE F DL K5 A HLBR & 5 A 56 1) B K 4y i AR
FHEY S F4FH T R TNT MR e BN X,
ANTRVRS Wk TNT i W B 68 O A W0 25 5=, 52 it
X TNT A 0 B il ) 0 38 R F i 0 IR B 34 A7 K
- 3 T AT 38 e P 2R B AECRE YR Y R
Herh e 25 e R HA LR AR KNCR AL
Jo e R BRSO R A e R T s A AL
Bhn, w BT TNT A7 350 14 W B R 1 (I B R 20 K=
2.24)% T A MR I A A W B RE (K=1.81) %,
X 3225 R BRI I ER 2 A R 53R K B /i K L (R
Ko KEZS 4y 1 E fE T Fh 2 23 52 i HL7E + A pL
5k 2z 1) By 23 Bl ik B L TNT 78 + 584 HLF Y 43 B fig
TIBER T HAEG A W AP R 38 5 A 55 1) e 5437 A g T

R4 E0 TNT R R Y B R
Table 4 Major factors affecting TNT adsorption process

—NH—C(O)— A 5 & A= R AT 336 1) £k 2 U B ) 184 5
0 B 6 L DA T ek 2% G B . Sheremata 257
6 B G 2 5E T Re A A 3G N, K 2 A W B R ) R Ok
5, TNT 9 W BfE 2R B0 T 53 it 7= ) 4-2 55 -2, 6- 1§
L (4-ADNT) , 1] 4-ADNT A9 W [ E 1 A0 2,
4- TR I F T 2K (2,4-DANT) . TNT AL =8
5 8eA MR GE 5 TTE AR U R W e 2 8L
e Al B TNT (B8 . X R i Al B R e
149 2 B 0T 5% 3 ], S e A A0k b R R 5605 /AL 5
FL 7 AR R BRI AR L X AT R R R R B AT TE R
TR ELHE THEFFRAYER LT Y B
W B0

RDX Al HMX &2 AL G0 PS5, K, T/,
AN Sk B . Tucker 25070122 2] RDX A9 %
M R A KA S A MURK & B A AR W R G R
A LT W B0 4 T 28 A 3R EL S iy Wi o ot AR 3k R 1]
A HLR G K 5 Bl 2 3 RDX FZE R WL . 5
TNT A [A], - HEXT RDX 9 W B A FH JLF- #5027 336 7y
M s EE TINT PR, Rk a8
RDX 1) W B TG BH S 52 Wi, 2 Bk = 48 /T U 40 R 4 vh
B8k AL B IE AR 0 RDX B W B BE f . HMX 7E 35
T I AT o8 5 RDX 2R, AR 88 p oA BILAR % 1 9F AN
23 I R HMX B W B RE 700, X T e K 24
W o6 3k i B LML B TR 1 R o B 9T, K 245 N - T
fiff W 3k R 4 BF 5 S AR /D W AT RE s ke 24 04 il AT
B FE KA B T A T A L 2 AR IR R Z A A T Y
FEABEAT M

influencing factors adsorption capacity references
clay mineral montmorillonite (156 L-kg™")>kaolin (1.0 L-kg™") [3]
exchangeable cation K*/NH,*>Ca%/Na*/Mg*/AI** [33]
organic carbon the higher the organic carbon content, the better the adsorption capacity [31]

. the more amino functional groups, the better the adsorption capacity
functional group [36-37]

(2,4-DANT>4-ADNT>TNT)

pure iron oxide no (negative) effect [38]

3.2 KHEREFNEL
3.2.1 kf@

AR R B L3O BB R O 5 R i & W e ik
MG, HEOL R0 E& Y R BOLRe &4 ik, o
T2 32 K RO o B Y 52 1) [ 42 O i DU 38 2o D' B o

Chinese Journal of Energetic Materials, Vol.27, No.7, 2019 (569—586)

Chnd Sy B84 BRST ) K RE B A L ( F AR Al
WSz R AR o R TR AR AR M 25 2 oE L AR T
SRR AR 247, R O i 3 2 2 P R 2 AR S Y
FTRRA T 20 . RDX WU 330 nm A AY 48 25
PRI It T Lk A B ' v B v i 5% A1 A 2 (280~315 nm)
Sttt
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FIK % 22 AN 28 (315~400 nm) FEA#2 . TNTEH: 1L
A48 FP 3 AL Y A DR IR AT A AR 7 AR
SR R R RIR AR AL RDX Tk 5 %
FERIT T = RACH, W B AEASG Y  NH,.
NO, \NO, .N,O FIHCHO Z:"“"([&] 3).

K PGSR BE FR B W A BLJE i A K
A SRR A WG R PR E Y
S B IR B A DL K A AR AR R A G . Spang-
gord 255 o S I GE Y RDX 2 55 ) HE 4 P ASE 280 51
WY 2 T K 20%~160% , 3 A2 PR A b AT TAF 5 3B s 1Y
4 F (46. 9ON)ttﬁﬁ'lﬁﬁﬁﬁﬁé%ﬁ(mw)ﬁﬁ‘,%*EP
75 78 T A T O, K BHOGE i R /N, RDX G
EEL“ S U R A Ak 2 B i RDX A O fife o
RN B )E A5 T T AT DA S B e R A e I e A
R BH ' 4 £ 2 ) B 0 e T R e A K R 4R
B2 5 A BE AL A W e R RIS KRN0

B E] 50% F1100% B, TNT 6 i 5 2 23 551 189 Kk 7 4%
A2 A5 U K £ E K, U TNT S B i R
Pisel, i’ﬁ‘éﬁﬁ%fﬁqﬂﬂ@ﬁﬁ%iﬁué%nm%ﬁ’%iﬁ%,
s i A5 AL A 1 EE R S R Aol R R AR R A
FIE AR A 7] o 25 B2 i TNT (10 % e 1 R, 5 Sl 257 &
AN TiO, M Ak 51 )5 g (8 + 48 s B 4 500 mg- kg™
B TNT B BR R 36% =2 95% LI E .

B T G TE KR 2R B O R IR AR S KE 2
A ) 10 B T DA R R it R G Y, O X
KR BN LA 7= S e B T B =Y NO,
ERAFKME TSR MAFE, BRlEEMEZRYEZANESR
Yl 2tz b ) bR K R T NOLT O 20 2k
By BE T 34 A7 A2 HoAth NO, R U, TL St 15 Ay 2 ] 76 FH il
Hu R K NO, Y SR BE A T g AR K e Y
KU M L NO, T /K A ) 1 A RUTR, K NO,
i A AT RE SO E KRR B IR

@light intensity

nitrobenzene (NB) benzaldehyde,
nitrophenol, azoxy dicarboxylic acid

7
N

n-nitroso-methylenediamine
HCHO, NH,, N,O, NO,, NO,

azoxy compound

@salinity
&P (3dissolved organic matter
& "
N @soil moisture
content
energetic
compounds
£ H
% @p

‘ <$
% (@oxidation reduction potential

2-amino-4,6-dinitrotoluene (2-ADNT)
4-amino-2,6-dinitrotoluene (4-ADNT)

— biodegradation

azo compound — adsorption

(3organic carbon content
(@cation exchange capacity
(B®metallic reducing agent

‘%‘ hexahydro-1-nitroso-3,5-dinitro-1,3,5-triazine (MNX) i .
hexahydro-1,3-dinitroso-nitro-1,3,5-triazine  (TNX) » N0

hexahydro-1,3,5-trinitroso-1,3,5-triazine (DNX) HCHO

reduction|] ~ NH.

(Fe2+ Mn2+ Fe)
B3 TNT A RDX % fif 7 J5 o it 41-49.54.50)

Fig.3 Photolysis and reduction processes of TNT and RDX'#'-#3-54.5%)

3.2.2 Jkf#

KA A5 A AL A P00 A1 5 7K N T B BT
C—OHMmiTf., T HERMET HEFFLEY
5 B Wi A& BN 25 5y & A KRt dlad 1] 7K 5
+HE R G A i NaOH 5 Ca(OH), 75 & pH>10 7]
DAPRE TNT K i o 38 515 00T, TNT 7K fif 2 B bl &
pH B T i 1 38 K, pH=12 I IR W TNT W R AR T
95% LA I, Wﬁpr—H i v BE AN BRI 25% 07, L8R
FI AR A5 0 DL 3k 313X 4 i 19 pH 451, {H%Eﬁzﬁykﬁﬁ
ER—ME R KEZGT5 g LR E 488 T Z W
g 0t

B 45 RDX M HMX 12 % H: /K f# |, Sviaten-

ko ZE VL EE B HMX £E pH>10 If C—N £ 2 Wi T, &
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K AR, PR RN AR -2, 4-E A T EE R
£ HCHO .NO, .N,O 1 NH,, {H # 318 | pH F+ &
F 1 ~13 B B R R S AR

3.23 &

TR R BRI BB AL B B R A AR A ik
FLNE i 3 38 R A 3 0t B R B2 M pH
AR R LA A BB AL BH B A de i AT TRORG
+ 14 8 A JE R (Fe™ . Mn” fl Fe) B9 52 10, I H.75 2L 8k
AW K 0 YA HLR 51 AR .

HAlC AR U5 iE T8 (g go ek %
k) if J5 TNT .RDX HTHMX (3 #2025 7252 i +
o A+ AE RS R L Fe X5 TNT (%% 4k 13 K il pH
B T = w7 EEN R A YR A S
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TR R IGB P BER FO  XI AR

Yo, B 0L g R L b & W W 2-ADNT Al
4-ADNTPY ) (Hax #6357 F 2 M XY R AR faoe , — it
AR — 20 e (B 3) , 75 2238 ik A Py B i a8
FAF A L, K AL AR iR X 30 2 A8 T 7= g ) W R % AT A 3k ]
94.7%" o I JEZS AT A ML AT LLKE L P A% 336 25 il
FITFEFACA Y AR R SR AR AR R A
SR W KE 2GR AL, TNT W R 78 1R 8 IR & 14 F
(=150 mV) e i 1 Kt s 58 i, (H 2 7E+500 mV
W T 24 KA RE Ak 58 &7 . RDX AT LA gk g 2k 97
B W P Fer i Ak K Uk AR TR Sy 0 il b [ Ak
(MNX, DNX, TNX) il £ £ 7= ¥ (NH," . N,O #il
HCHO) ([ 3)"%, Jf BB & pH 7 & , 2w 1 g it
) Fe” 3 2  RDX S5 AL HOR BT . 56 F HMX (134 5
AR BIEIE AT 50 B A BT 5T K BRI R kR
A pH fEXF HMX 19 52 i 88/, B4 8 (ZV1D 38 5 HMX
B BE Ak Rl i /T TNT F1RDX, 1 H AE RDX 77 7E
BF, HMX B 38 R 5% A6 38 1T R 25 32 E ] o
3.2.4 MEYEMR

T "y (A 0 L T ) 7R B SRR S AR T T LA
R f# TNT .RDX FI HMX o ol A= 9 % ik ol 2 BOKE 25 19
WA B A B B, S W A T REE— A R A
BE Mg A Mg A R

T TNT B 5 A W) B i, Kalderis 283V Juhasz
SRR HEAT T VR AN MY 2538 2R W3E F L TNT 4y 1
SRy Bt R /SRR B AR SR AR B D AR Y Oy XS
BLTNT B9 % ff . ok B 1% 18 40 5 09 S 58 38 T il nl

TNT i J5& 4 B 28 417 £ ¥ (2-ADNT. 4-ADNT,
2,4-DANT 1 2,6-DANT) " i 647 A= ) 75 4 S8 F 48
XoF DR AR 2% A T T 44k 2 B A S [ 4 7= 4 (R 4) 2
HAE SRR T LR e b T e & 5 - %
R EE A T BR ] T 3E— 25 RN AT R . Ik
4, % B K #F # PB2 ( Enterobacter cloacae PB2) f)
25 8 Y S DG i R T 3 D il AS AT LA DA R R RE AT
W] LR S AR P BB 05 A b IR NO, T (Hi%
I R A R LI H R SR A R AR AE AT TNT &2
24 (1 I8 240 AN AL R AR AT SR R AR R MBS B bR . BT
AR A AN AR Z2 A 58I B B T DR i s Ak i
SO AL A Y, P Bl R R Al M A il R S (R T
Fod A ALY B AR SR B R ) B AE AR TNT
(Kl 4). B 38J7 EF % & (Phanerochaete chrysospo-
rium) & E T BF5E 5 22 00 TNT R A 2058 L 3 b 20 3 0
TNT Y [ it 5% 0] 35 %) 80%, H %t w5 #k B i TNT
(1000 mg-kg™")F B K 4r B it 52 Lo

RDX Fl HMX 19 A5 W) [ A A0 0 Ak 80 0a 8 i T
TNT, 32 B TNT B 55 &2, R e v,
T P 1 A 0 A ML 2 ALY s (@) i e B P 3
(49T BRI 2 RE A B 3K 5 (b) il 55 1 BE A 7 3 i
(c) L HE MR 24 5 (d) a-F2 AL 5 (o) R AR B & 43
7 NO,” \N,O \HCHO 8 HCOOH %5 fix & 7= Wy . i
R 52 IV I 7% By ol B i 1) N— N U7 284 O il e R
HCHO, fiff i i 523 3E A4 Wy 5% ik N,O , HCHO i i 2k
YAkl CO,,

2-amino-4,6-dinitrotoluene
(2-ADNT) e azo compound
) AN 20\ azoxy compound
4-amino-2,6-dinitrotoluene 6\0{@0‘ hydrazo, phenolic
. (‘."ADNT) acetyl derivatives
2,4-diamino-6-nitrotoluene trihydroxvtoluen
(2,4-DANT) g, triaminonitrotoluene| transformation y°|°r¥é%gf ¢
2,6-diamino-4-nitrotoluene Van p POV
(2.6-DANT) 9610, (TAT) p-cresol
' ¢ acetate
ortho-hydroxylamino-4,6- azo compound
nitroso-toluene | transformation dinitrotoluene 2-amino-4,6-dinitrotoluene azoxy compound
(NsT) > (2-HADNT) further | 4-amino-2,6-dinitrotoluene further acylated
para-hydroxylamino-2,6- transformation 2,4-diamino-6-nitrotoluene | transformation derivatives
dinitrotoluene 2,6-diamino-4-nitrotoluene phenolic
(4-HADNT)

4 TNT (880 W [ i 3k i g ey 134301702

Fig.4 Microbial degradation processes and products of TNT?:43.61-62]

VFZ I\ RDX ¥5 3t + 38 vh 73 85 1 ok 09 B AR T 181 )
( Corynebacterium) f 4 % AT LR RDX . 785k
W& T, 408k (Rhodococcus) 78 72 h N 1] L 5E 42
B i RDX'7 76 DR AEUR0 G S0 ik 42 o RD X R % #8
S H SRR K A A T T B R 2 5 | 0, o UL B ]

Chinese Journal of Energetic Materials, Vol.27, No.7, 2019 (569—586)

TRFIERZ =Y, WK 5% Yang %5 B 4Rl 1T RDX
B G A B A, IR T 3 P sl B IR AT B8 B BR , B AT L
RDX ARy i — B RUIR 4R+ F B A8, B s 8000 3k )
PITE 32 h (N EBREE ST 0.18 mM Ay RDX. & T
U S B A RDX TE IR 855 1F T 3228 &) B i, Hawari

Sttt

www.energetic-materials.org.cn



K245 1) 22 A0 5 TR BR B8 AT O 5 08 IF 5 B R

577

SEORI LR IS U8 R AT R i S5, R IR ST e B A
RDX {4 2 fre PR, 75 2 KN AT UAE 0.27 mM ) RDX ¥
JE FEAK 90% o

HMX B R] A 25 PR i, o ml e A i 405 1, O
o5 RDX K. ©F SCHRRE 150 . L3 T
DUR R I HMX T DL A W e e 7ol T ok A e
A1 R LT LA B — 2 IR AR TR R AR T LA A HMX, G B
i )5 & V- 578 ( Phanerochaete chrysosporium) TE %A1
HoAth Z IR B &L F AT LAk HMX. Perumbakkam
S URRIT Y LA SF R R T LR R HMX

TE X — 1 B2 Y o B Ak Ak ) 2 % IR T B (Prevotel-

la) . 534, Nagar &7  KE 2475 Y 4 398 v 43 5t —Fh
#h M % W J® (Planomicrobium flavidum) & #
S5-TSA-19, 1% 1 ¥k 20 X N 7] LLRE fift 70% 9 HMX.
SR A HMX AT W B A ) B i il 4%, — o2 i 8 8
VI BT A 35 rh ) 44 i — 2P B4k HCHO FINLO,
AWk R CO, %Ny FACE I 53 Ab—Fh i S 38
A AL I HMX B iR 42, % ad B 25 Bk i A2 B Y 3 —
il e C(MDNA ) FIRLCHE 35 H 6 ) fil§ i (BHNA) |, 2R 5 3
— A R N,O F HCHO , F-38 1 &2 Al £k 1 7= B e
JHEEAL AN, .CO, FI CH," (K 5)

HFRELG R T A Y B U E B E HRE )
TR S P B RIA B . A0 Jugnia 857 & BHL 4]
V5 Y 4 HE RS i 3 H Il AT LA 2F RDX A B A )
fift o BLAI, BT LA o (] 15 Y - 38 i — e A n AR £ i
TNT R RUE B R . Vasilyeva 25704 H (il 36 M =
FIREAR TNT /Y 80 , 8 Gl st i is e H B
Wi 1o A TNT JEAL DR S A ) W A B 1ol = 398 v 3% o sk

TR (U LR A 2 W55 ) v DL i TN (6 B i ok R
o JCHLER TE MY A 3R I M R S T T LA
JH A HE v st A 4 % 0 25 1) B A
3.2.5 HEYRIEFIEL

A ) XoF K 24 1 W AT R 2 b Rt B ke A A o 26
- HERE 25 B DA R K2 i A T R . H RTXERE2Y
1A W B WS R AR B 9 2 /D R 55 T 45 FRAE Y, A EE
LI (7 R R R IR R 1 € 7/ A NCIE T E7/P0)
YELG I W AFTEAR K25 5 (£ 5) . Adamia %70 5¢
T8 FAE M X TNT i [/ 4k A 1Y, & 3 K & (Glycine
max) % TNT (4 W Ui g ) fe ik, HOTNT 3 2 03 A 76 fE
PIAR R AL 2L ey i R 0 i R TNT 3 5t o F2 B i —
il 5L F R (HADNT) (& 56 Al 3L F R (ADNT) il &
B4l H 2K (DANT) . 5 INT 41 & , RDX Fl HMX 7£
T ) 2H 23 0 % s AR WA ik, 24 58 B B (Populus deltoi-
des x nigra DN34)7E & 47 RDX I h 35 5% 48h J5
90.9% I RDX B # B i Jy v, 4.4% 55 R 3 25 fY
H3.9% BB . Fig W —F, RDX 78 M A
(Panicum vigratum Alamo) 145 5 Kk A% iz A&
TE I R v o A TR IS AT AR A R o 4y
K 41.9% F158.1% %, £ SCHkHZIE , TNT .RDX Al
HMX FE A 4 i W i s A =S B 6 s o H Al
XiF KB 245 1 W O RN SRR KON, — BB AR ) ) 22 Bl A T A
K 2575 G 3 M) AR 038 7R 11 B AN Manley 5525 1o
i A (Ulmus alata) F 4 % B (Vitis labrusca) % #& 1€
RDX FITNT T 9 J& , & B0 75 i Ae 9 9 €5 3 & & I I
L I T AR AE P o A5 S B R A AR A, R X AR
AT LA Sk K 2535 e g Wb 1) 46 7 MERE )

octahydro-1-nitroso-3,5,7-trinitro-1,3,5,7-tetrazocine
octahydro-1,3-dinitroso-5,7-dinitro-1,3,5,7-tetrazocine | %

(nitroso derivatives)

octahydro-1,8-dinitroso-3,7-dinitro-1,3,5,7-tetrazocine ‘7.9,-%
&(’7
denitrification CH,
N,0 Z

2
HCHO | methanogenesis N,

methylenedinitramine(MDNA) {é\é@
bis-(hydroxymethyl)nitramine(BHNA) A

nitramines

ring cleavage

hexahydro-1-nitroso-3,5-dinitro-1,3,5-triazine (MNX)
hexahydro-1,3-dinitroso-nitro-1,3,5-triazine(DNX)
hexahydro-1,3,5-trinitroso-1,3,5-triazine(TNX)
4-nitro-2,4-diazabutanal(NDAB)
methylenedinitramine(MDNA)
bis-(hydroxymethyl)nitramine(BHNA)

HCHO, CH,OH, HCOO'
NO;, NO;, CH,
NH,, CO,, N,0

mineralization
L

5  RDXFI HMX {8 4= 490 [ fife 1k 7 K = gy te-o0.74)

Fig.5 Microbial degradation processes and products of RDX and HMX!
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TREH R TR B R SR, X BEAR

F5 KA TNT RDX A HMX (1 11
Table 5 TNT, RDX and HMX uptake by terrestrial plants

species energetic compounds initial concentration / mg-kg™ incubation time / d removal capacity  references
Tagetes patula TNT 100-1000 90 87.6-98.6* [83]
vetiver grass TNT 40 48 100* [84]
PoPqus deltoides NT 100 10 100* [85]
xnigra, DN34

Zea mays RDX 100 28 1.21%* [86]
Triticum aestivum RDX 100 28 1.4%* [86]
Lolium perenne HMX 30 77 8.1%x [87]
Brassica rapa HMX 30 77 5.2%% [87]

Note: *is the removal rate of explosives from the soil (%). ** is the uptake of explosives by plants(mg-g™).

CH

A N7
A RDX
A HMX

phytovolatilization

phytostagzation
phytostablllzatlon

ammunition residue

CH

3

NH,

NHOH NH,
HADNT 4-ADNT 2,4-DANT

TNT is transformed by nitroreductase in plant roots

unexploded ordnance crater

phytotransformation (nitroreductase)

phytostablllzat|on§ { i i
microbial degradatloh
I % earthworm accumulation/decomposition

phytoextraction
microbe

6 AEYXT TNT .RDX A1 HMX [ W i 5 b 45 =

Fig.6 Uptake and transformation of TNT, RDX and HMX by plants

BEOR A W X A 2 1 W WSORAR L (EAR ) AR B B i
SRR NE S R I ARAR . R 5T N D3 K BB I i 5 ik
A4 W %) 4 AR DR R S AR A, TS G 3 i Y
MYEE . a1 Zhang %031 2 15 41 B4 il 55 34 Il A
nfsl 3 [R5 7 21| M %4 &k ( Nicotiana tabacum) W, %
PR3 T A 5 DR % TNT 9 i 32 | () Ak i1 i 53 RE 71 45
B s . e — RIS b, Zhang 451 xpl A Fl
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xplB Lh F nfsl B PAE A B 74 38 2 L (Pascopyrum
smithii) W, J& 33X B i J DR 4 AN AR DL TNT fi
B, 0 EL 4 T X RDX M W e K 5% AL gE o, B B 7E
Py v 43X PR R 24 5 R T IR ARG, okt R R 5
H i [ I i RDX ORI TNT B9 R B2 P 4 %6 2 A 9,
TN TR I A P R DR B R AE o Ak B R 5 KR 2 T
7T A KT 5
S
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4 HEMEARRETH

WA % AR E R R T A
i aa oK o IMX-101 J& H Al fic w0 H 1 Bl 25 2 — |
H & 40%~45% 1 2, 4- fitf 5 8 /1 B (DNAN) |
18%~23% [1) 3-flF-1,2,4-= Wk -5-Fi (NTO) Fl 35%~
40% 11 1-A8 FEIRONQ) ), 3 Fir KF 24 11 4 KB 8k 7 5 1%
GiKE R Y U AL, AT TG & ARG
Yot &, H R SR B E 25 0 BT R IR A D

oM T AL EEARMET . T RARA
i B, DNAN 7E + 38 3% A7 83 1 B ) 30 K, 78 R 85
o R AE 7R AR W R R WA TR M bR R, B
B8k AE T DNAN AT LU 5oy 22 Jk - 4-fif 255 op H ik
(2-ANAN) Y SEfg =4 NO,” \HCHO ,HCOOH #1I

2,4- TS EE R (DNP)PY L Hir , Halasz 2 & 9L T
— P I DNAN DG 7=y WA - i B8 Wy, o2
DNAN G =4 A 35 -l 3 8 o a0k — 2B 5 A A= iy (1
AT FSUBE - R T 11 B 1 R TE 2
ple %5125 2o + A 55 0 2 3K 50 W 4% 31 DNAN 7£
AL A R 6 KN k4 bl sE e R AR,
W e 1 2 B R W) Ok 2-5 F -4 35 7K i (2-ANAN)
Ph K IR o B 4-28 -2 JE 2K H ik (4-ANAN) | 76 7™ %
IRAR ST R 234 B 2, 4- 88 3 26 H ik (DAAN) Y
HATC &4l 7 LA AT DU i DNAN B UAE Y , an 2
FUAT B ( Bacillus) %8 [ fift DNAN , {5 5 g 34 % ( Pseu-
domonas sp.) FK357 H1 £1 Bk & #k (Rhodococcus im-
techensis) RKJ300 1t DNAN. /X4 DNAN o TNT
WU R, K, 3N A% T INT I F , DNAN 1 2 7%

Tem-

|6 P RLE 25 PR IR S R Y
Table 6 Physicochemical properties and toxicity of novel explosives
novel explosive DNAN NTO NQ CL-20
CAS number 119-27-7 932-64-9 556-88-7 135285-90-4
chemical formula C,HN,O, C,H,N,O, CH,N,O, C¢H¢N,,0,,
My, 198.13 130.06 104.07 438.19
melting point / °C 97 161 239 350
boiling point / °C 320 390 404 806
solubility in water
— 2761110 1664209 38001111 3.86, 2,912
mg-
Henry's law con-
5.5x1074113 / 7%10-6100 /

stant, K, / m*-mol™
adsorption

fficient / L ke 9.10°1] 0.37-1.03104 <0.1t100] 0.02-3.830108]
coefficient / L-kg
octanol/water
partitioning 1.580°1 0.82,-1.191114] 0.148!100] 1.920115]

coefficient LogK,,,

guanidine, urea,

major degradation 2-ANAN, 4-ANAN, urea, ATO, NO,", . o HCOOH, NH,
. dicyandiamide,
products DAAN, DNPLoU NO,”, CO, o117l B . N,Ol0e]
NO,”, NH,, N,O
Bacillus''®) Enterobacter, )
. Bacillus
degrading Pseudomonas fluorescens,

licheniformis,

microorganisms Burkholderia cepacia,

Shewanella oneidensis'®!

Penicillium sp.''"®/

Variovorax 110%! Pseudomonas sp.l'1%)

! 28d-LOEC=5.0
LD4,=199 (rats) 2

toxic effect

96h-LC,,=24.3
28d-LOEC=2.4
(Rana pipiens)?®]

(Rana pipiens)t?®
7d-LOEC=1000
14d-LOEC=500

(mice)!120]

96h-NOEC=0.37
96h-LOEC=0.59
96h-LC5,=1.15

(Selenastrum capricorntum)!2")

EC,,=53.4

(Eisenia Andrei)!'?*]
EC,,=0.08-0.62
(Enchytraeus crypticus)!123)

Note:

LD, ( mg-kg™ )is median lethal dose. 96 h-LC,,(mg-L™")is median lethal concentration. 28 d(96 h)-LOEC(mg-L™") is lowest observed effect concentration.

7(14)d-LOEC (mg-L™") is lowest observed effect concentration. 96 h-NOEC (mg-L™") is non-observed effect concentration (test maximum concentration).

EC,,(mg-L™") is median effect concentration.
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KEH KT

\
JA

B =P B RO X R

BN —— 5 RDX A 24 B H b 7= ) DNP Y 3
P DU) 3 58

BlRE AN S8 R AE R S R s T AL &Y
NTO VJLA#E 3 e 1, I HONTO M3 i BEAR K, X
PV A T 5 NTO A T B 2 50 b 338 3 5 000t T 101
MINTO BYPREE T 2 OCH 2. NTO 78 F 5 b id o 47
B AT, PR R far RS R T ) 6 NTO 9 1% i fig
AR, B RS L pH (5 W MG, NTO 7
RS f A R 1) T )2 I B R K s
75 R Z LRI R K5 gt . NTO b m] L gy
1F HL A B AT R IR B, E R R TE Y AT B R NTO
oA W 4L 45 75 55 1 (Penicillium sp.) Rl A 2F f T 14
(Bacillus licheniformis) . NTO T DIAE b Hi A< 2F 78 4T
B B — SR T B R R AR R 3-% -1, 2, 4
-5-fi] (ATO) JRE \NO, .NO, #1 CO,"**'., Madeira
LI NTO TR R T i 82 IR A -1 R AE YRR it o, &
BNTO TR AFM T RAET R EHLA , bRk
) 93.5% , B 7= ) ATO TE 47 S 5518 0T LA#E o8 42 [
fitt . NTO B 7 1t DNAN G, X 4554 9 22 % ( Cerio-
daphnia dubia) . %k ¥ (Selenastrum capricornutum)
FR L (Rana pipiens) AAREEVE B E — &R L
i R ARG A B A 000

NQ % i £ T DNAN FINTO Z i), A2+
Hew Wy b 2 W B, D] DAPR SRR RS LR K . 6
fEVE & NQ FE 20 A AR AL, 7 40°N Y R 2 +
HONQ DGR R 0.6 (H ) ~2.3 K (& Z)00
JGAE PR IR PR R CFEIENUR NO, ", 5 DNAN
—FE,NQ T B A HLT & 8 (4 4 39 v £ 52 28 W) B ik 1Y)
s, IR R AW R W 4 R KT
TN, A R S s (A EN . Per-
reault 2 O2IE 5 % PR T 6 B kR ( Variovorax) VC1 75 75
75 Wl RN 8% FO R R AF AE R 0T LLAF R R NQ, TR A
NH, 5 N,O.

H i — e F 55 Hie 18 1 AR A% 5 Y K 24 B W W e Ak
YEH o Richard %" BF 58 T #1 4%) %F DNAN (NTO Al
NQ B Wi 4k, 28 225 KA FLE , b = Fib 59
B 25 5 R ARIE B T 96% Ll b o Panja 2510 7 AR AL
(Chrysopogon zizanioides) # 17 T i & 5 #2 il 1,
DNAN F1 NQ i 25 B 2 73 51 35 5] 96% 1 79% . NQ
F LA AEAE Y B ZE RN DANA AR #5442 1) 25
) BRI S (I 9 & R L UL R O R RS9 (Arabi-
dopsis) Hh 2 554k A i 2-ANANT UNTO 78 # 4 19 AR
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A Review on Environmental Behavior and Fate of Explosives in Multiphase Interfaces

ZHANG Hui-jun', ZHU Yong-bing’, ZHAO San-ping’, HUANG Hui-hui', NIE Ya-guang’, LIU Xiao-dong'
(1. School of Earth and Space Sciences, University of Science and Technology of China, Hefei 230026, China; 2. State Key Laboratory of NBC Protection for
Civilian , Beijing 102205, China; 3. Institute of Physical Science and Information Technology, Anhui University, Hefei 230039, China)

Abstract: Energetic compounds represented by trinitrotoluene (TNT), cyclotrimethylene trinitramine (RDX) and cyclotetrameth-
ylene tetranitramine (HMX) are highly toxic. When released into the environment, these energetic compounds will undergo
complex redistribution, migration and transformation in soil-water-organism system, and pose hazards to ecosystems and human
health. According to the pollution status of energetic compounds in domestic and foreign sites, the environmental behaviors of
TNT, RDX and HMX in soil such as dissolution/precipitation, volatilization, adsorption/desorption, photolysis, hydrolysis, re-
duction, microbial degradation and plant uptake and transformation were reviewed. The physical and chemical properties of ex-
plosives and soils, and the effect of on-site environmental conditions on these complex environmental behaviors were also ana-
lyzed. The latest research on the environmental behavior of hexanitrohexaazaisowurtzitane (CL-20) and other novel explosives
was briefly introduced. Based on the current research status, it is recommended that more attention should be paid to marine en-
vironmental ammunition pollution and combined pollution between energetic compounds and heavy metals in the future, and
more attention should be paid to the application of the advanced technologies, such as compound-specific stable isotope analy-
sis, to the environmental behavior and fate of explosives.
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