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Abstract; Extensive activities in military training ranges result in a wide release of munition residues, thus causing
the pollution of energetic compounds and heavy metals in the environment. The ecological effects of such pollution
are receiving increasing global attention. The current status of energetic compound (represented by trinitrotoluene
(TNT), cyclotrimethylene trinitramine (RDX), and cyclotetramethylene tetranitramine (HMX)) and heavy metal (re-

presented by lead (Pb), antimony (Sb), and copper (Cu)) pollution in military training ranges is summarized with
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their ecological and health concerns. Different effects of both energetic compounds and heavy metals on plants, ani-

mals, microbes and human health are highlighted. Brief introduction to the risk assessment of military training

grounds in recent years is also included. The current studies urge future work to deepen our understanding of the

underlying mechanism for energetic compound toxicity, and the ecological effects of multi-pollutant co-exposure.

These efforts in future will provide scientific basis for the policy making of the pollution control management in

military training ranges, and the subsequent pollution prevention and remediation.

Keywords ; energetic compounds; heavy metals; plants; animals; microbes; ecological effects; risk assessment; mili-

tary training ranges

e NI 7870 DSt R v D NDARY | EZ e 37 e s
T, FEALRE A R G A A e
gt et B AL A g 10 Ty, L EE AN
A 3 000 M/NRIAESELIAY A ZE B R 5
KA TR B8R B Wik AR R R TS 4L TR, 51
BT ARz OEY . AT T E R4 i
HYMFR FEME TSRk mESE, %
FROETS Y46 . =S R (TNT) 36 =7 H 3 =
il % (RDX) , 24 P4 3z B 35 DU fiF 4% (HMX) | 85 (Pb) | B
(SHYFIF(Cu)dE, 7E3R 1 ol T 323 s
DR Y Py A R A A& 1 | ik 5 e W AE 1)1 2537
TR BT R S A S R R IS v I 2
) AR I 8 1™ B 1 B, 340 T R A A 4 A
77 XA AP R I Gl o Y E R i A
FAgRRT, BRI, TR I AR K S IR T e W () B
PERON , S P AR 250t e XU FHE BRAE 2 A B2
IR FNEERT . ASCE X S g M FRe b &)
FVE A S, LT Ge gk | A 253500 AT G XU 55 7
THIHEA T B2 BRI | A oA R A2 = )1 2 37 b XU A8 45
A REELE RS R IE

1 EFIILKIFHEFAETT L4 ( Typical pollutants in
military training ranges)
1.1 ZES)I SR & sefb & i

VER SN r g AR RS e, S et )
12 AR A s 2y by | 32 0 24 R 2 )
PRSI v UL 1 45 HT 4 2542 #% TNT . RDX
I HMX 11 T HE 2557 (9 E 22 R H I (NG) 2
B A I (NQ) | filf 1k £F 4 (NC), 2,4- il 2 F R
(DNT)Fili 542"

T 4R HIE S e & W) 2 AT A=
7 AL U b R R AS 3, R KR
SHLIX LA R i 2% 14 Kb e R B it 45 DXtk A PR B
15 s ORI R KR By T S X iR AR TR
MBS e B RS YR B AR . ZEhill 25

®1 ZEXREIZGiGHE LT
Table 1

military training ranges

Common contaminants in

15T TR

L MRV %
Contamination Element
Source or use
components symbols
kit Pb R ER Y Wiy
Lead Main components of bullets
, T F Sy, B AR
B .
. Sb Main components of
Antimony
bullets core, hardener
i As AR
Arsenic Components of leaded shotguns
po SRSk FOFSE & B R R
g
Cu Main components of
Copper
warheads and shells alloy
& 0SB 4B B IS (R TN SE E)
T{ Sn Components of warheads alloy
in
(increase hardness)
B 7 PASE A A I LT
Zinc Components of shells alloy
o ARk Y B
Fe Main components of
Iron
steel core warheads
” B B2, — SRl S RS2 1) R By
. Ni Hardness, main components of
Nickel ..
some guns and ammunitions
il o Rk 1S SRR
Cobalt Alloy material of warheads
% o SRk 15 AR
Chromium Alloy material of warheads
EXE IR INT YEZG 1Y Ly
Trinitrotoluene Main components of explosives

= I =
Cyclotrimethylene RDX
trinitramine
FR DU Y 3 U i
Cyclotetramethylene HMX

FE25 1 ER Ay

Main components of explosives

YEZG I B

. . Main components of explosives
tetranitramine
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M BE AL A T i A SR b A K AR i s
YR8, dF— 25 Btk A - R T K R Akt
JE| LA 25 3 M s T E (R UM, AR 1 R B
AL B PIFE RS AT RE AT B i 4%, Hoh s 2 47 i
FIE F Py A B B 15 YRR e . ZE SR YIZhI B))
FEZMR)ZE T PR S R AKAAAERT, 5
AIREERRA, HR BR324 (UXO) R i 175 G4 m] LAIE
RSB URA TR B, 7 Lk B B &5, UXO i ol 25 3%
T - R K b A AR AL S S P
TR G WAEIREE T B b2 A e i AR B E
A=W RS DR 2 i o A R K R 1 R B 9 et
PERAE , S5 EA 120 277 ¢ HHEZRNSREILA DY
1Y TSR I 103 N LI Z H] TNT
PTG, 5 5 AR AL A W vk B RS 10 ~ 1 000
mg kg™, FEFE 2 HFIH T 38 E RN g R s
AL A WIS S M ZEFYI b+ S Refk &
WRER XS AR AL A 1 O 0k 35 1 45 W R0 R S
FEHITE gt R kX 2 BE AL S W I 2 K
I3HE R E(K,, ) EAR EL AT B e e sh i
NGy 2 BRI AT ASE MR T R 9 - 48 b oK DA
FH KM 3 e DL B AL A 0 B Ny
TNT>HMX>RDX, HW [ KN 546 & A B
IR G, 1052 3] pH (H | B F 3R B I 1 A AL
e A S5 RN LR S5 R R A 52 ™ Sharma S50
T AR B, B A PR AR TNT
RDX Fll HMX AR, AR 250855 TNT Bz, 5.
X RDX Ml HMX % 47 B & % /£ . Lingamdinne

U B A ST pH (M 2.0 HE M= 6.0, TNT Al
RDX MR FHZ W80, Katseanes 551 & B 5 HLFR T
TNT W R RE T B T35 WK pH A | 25 9 3 AR B
B pH 3400, W BFRE Si kg, 24 pH=7 B, Hh BT
T HLR R 77 Bl B 50 B A8 TR A R AR
s, FERFE A B, DR R A AR, 3 [H
RS I BRI, R T SRR A
YIRS A K KI5 Y | 75 7% A A W
B 5 0 22 i L R 3Rl 0 G 3k 31 e A 1 R
[figs & R UEER G [RAEZ S A T
1.2 FEHH G E LR im Y

ZAEK R RIS Sh P R A R T T
YLIREE , SR {8 TG s 4 @5 Ye A e, 42
FYNLRIE sl B T 4 8 V5 Y TE RN 2R A0 A A BT
N AFAETEAS AL A RO %5 Oy 5 A X Sk A
FEARTR  H3Z E a3 0 BAREF I G
HEE 4 J V5 e T A B (LA SR XoF & BT 118 A 254 ol
TEEEEY R, ZE S [ S AR E
PRI 0 R P ff 4 o B 4 S R AR AE 5 At X
AR R ESR, WP g e S ER A, S
SAEFYN LI M I A2 S B 4 2 R AE K
A=A Dermatas 28PN & B Pb TR X Pb TE
TN 2 Hp R G B R i EL R EE LR
1117 252 )11 3 b v K B R ) B A AE RE S A Pb 4
HE BT SIPER ) X BRRAE R I I 2k M
Sk H 4 R 15 Y I — S AR 3 DO EL A B i B A
W EFA VIR R

B JRAD AL BT N HE T
Munition production Waste disposal fugitive emissions
v l J
FEHEEEFIZ 17
Military action or training Storage
I
v v \
LR () SERps i (fIKFF) T 58 (UXO)
Live-fire (high order) Live-fire (low order) Dud (UXO)
|
\2 N
HFEUXO L N UXO
Surface UXO Buried UXO
I I
y v V y V
5| R JRNIHRIE Kk IR I ot

Blow-in- place

Sympathetic detonation

Long-term corrosion

Sympathetic detonation

Long-term corrosion

1 EFHpMP LS TRIRER

TE: UXO FrR RARTZY

Fig. 1 Possible fates of energetic compounds in military training ranges

Note: UXO is unexploded ordnance.
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Table 2 Energetic compound contamination in selected military training ranges in the U.S.A. and Canada

i A, 5 TR EY
Site State or Province, Country Energetic compound
B s ALY ERAnE A }
. TNT:0.12 ~778 mg-kg™!
Cold Lake Air Weapons Range Alberta, Canada
e SR ) )
B RDX:114 mg-kg™' ;HMX:1.8 mg-kg™'
Demolition range Alberta, Canada
U B2 3D SN T ) ) )
) . TNT.73 mg-kg™' ;RDX:032 mg-kg™' ;HMX 745 mg-kg™’
Canadian Forces Base Petawawa Ontario, Canada
I NESN ZNre 52D ) ) ]
i . TNT:4 mg-kg™' ;RDX:<1 mg-kg™' ;HMX:680 mg-kg™'
Antitank range New Brunswick, Canada
ST JIEV NN R }
. TNT:42 200 mg-kg™!
Crater New Brunswick, Canada
SRIT TN AME T e
. TNT:3 720 mg-kg™
Crater New Brunswick, Canada
Wi IRTE B LKL
TNT:12 mg-kg™! ;RDX:16 mg-kg™' ;HMX:15 mg-kg™"
Fort Polk Los Angeles, the U.S.A.

RN R RS G0 IOk 55
R IR0 ), 21 il 4 8 72 22 )1 4 b
IR R Gt i S N 2 45 0 B
BREA T K Pb 3k | B Sk AE R0 9 AR 1l 3L
Pb 45 T 4 & 120 7 1) J PRl R IR B8 TP B, DT iF— 25
MAESHE RS NS fd R g, A4l
SR E BN A EREE K P 15 YL IR, (UK T
il B2 S g A A2 TR B Pb Rk &Y
60 000 t*', 7E3% 3 3 T 45 S Zhdg Hh Pb
DURLELRLE. Pb ik (HJ2 ,Pb MBS AR B I AN
ST AR LR AT A PE R R SR
SERHIE, B, T 2P 5 £ R AR TR Pb B
AITE Rt F  DIAR IO AEAS [R] PR 45 A T vh 19 3 i
7R, NI B 1P AL b Pb R B R BTl ok Y
WAEIREE A, — 24 R T Bl H TR 24545
M IEOR A Po JE AR 4 85, AN Tessier N7 £ HL
T K P R o A K RN S B LA A
A RIRER G A A 45 B SRR A, LA
A6 B Y Y L DA H

AN] Pb JEAS TR i A 3 22 KA AT #% X
2 MARAT N, & Pb FHAE R XUk S Pb
F o AR AS DL 4R P T4 Pb Y
Ak ARTOE R A R, FER Y 4T, Pb
PIRA = IIEAE R 22 57, — i &, 2 i KAkt
FRAIRBE R R £ B AUHE I pH &R AT HLE &
T, U Ma ZEPURIE T A O Pb KRR

S, Y - HERR K RN 100% , H A3 A LS
e pH BARM ST, Po 19 XAk B bl
KAk #) 382 Pb,(CO,),(OH), 1 PbO, ifij 7£ 14
AP HEAK pH LR I BL R, Pb (1 AU B 45
1%, XALF=HILA PbO H 3, Cao %P & SAE B £
Herh Po BYXUAL " H1h Pby(CO,),(OH), , M7EMRPE 1

®3 FREEXRESFIZHMH P RHEEME Pb 22
Table 3 Pb deposition and total Pb content in

military training ranges of different countries”™

Pb JLAH BLPb i
6% [t /mg-kg™)
Country Pb deposition Pb total contents
At a™) (mg-kg™")
FH
United States of America 60000 2520 =35 868
F}7 Denmark 800 NA
Hii# Sweden 500 ~600 71 ~24 500
i+ Switzerland 400 110 ~67 860
%% Finland 530 15 500 ~41 800
#iE ROK 267 166
B Norway 103 NA
Jn#& R Canada 10 ~30 100 ~ 14 600
i [E Germany NA 16 760
H A Japan NA 29 200

L NA EARA,

Note: NA is not available.
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g XL = 1 R Pb, (CO,),(OH), . PbCO, 1 PbO,
PRI, 7E foK A%, H&F Co, Fra HLE >
+1, P XAk R A2 P K 3 pH (A A
ML Al 4 HE K 2 BE WS 42 E Pb AY KUAERY, 25 L FF
i, Pb XA EZZ pH AL S MG K EEE
Fofr = S FLAb P TR W), 3k 4 PR 26 A AR FH 3R] e
Pb S KA =4, TS [ AL = P 9 i 2 i —
AR Po IR, — MM S, BR T R AR A
() Pb thigfa e o, HA L &R ol 6 & A= %,
I, HHEH AR RS Po X ARSI sZ M /N
YNGR ML b T K MRk A Pb &
RS, R Pb & BT, Chrastny 26PY
454 Po Wk B2 AR 7 2 E 8 23 A 1 HE SO — N
T 30 4F Pb V5 Yy, i 5% 9 W R 52 15 Gy i e 35
W Pb FEOR ALY, 8 T Pb 7E R R AA e B i
HERAT N, Pb WERAT N Z Z R R Z M, Cao
SRR R ALY BE R B R T R R A
K, 255 W BE P, BRI, 7E3X 26 43 K A A 5 s B
BP AR L Ph AR R — AR/,
Yin ZEPHGE TR TE R [F 4 Bk 2 S T X Pb
RS RZ I AT 2 IR -5 B/ | G N i) 4%

AR FE T B ARFN Pb RS L3RS

Pb J& T3k (1) AL (>90% ), LA, Fi 2y
HIR A — 2 H E6(Sb) Ll (As) 4 (Cu) B (Ni) Fl B
(Zn)ZEP | B AR ZE )1 3 M 1) 3 S0 T 4 T VA
I MR A BRI BT B AR A T R
FEF 4 AN T ZEFIN GG HA R E 4815 R 01
B, H B R A E 4 A A S R AR A bk
S S JE B AR R R T AT AT YR
7 A= A R0 Bl R AU AR B 3 e AN [R]R
JE e SR S e e A, X e AR TE
B A E AN R R E N E AT AP, BT T
Pb HYFRIE SN, 41 %) Sb BUBFSE i iz, ¥ M 36
ES 1N T A ek 1B w22 A S P
FYNGHH™ , fEdmt, BAEA 10 ~25 J7 t [ Sb
VIR R 2 3 rh i 22 E 2045 1 900 ¢,
FEZEFN S35 i B 3 b 227K R HE TR 7K A s % B Sb
WIETHE™, Z8HF5EIA Sb Lt Pb 99 AR )
ok, WP R Sh(VHFER B pH T H i sl
PEM AR Y Sh(ID)FE sh P 5 pH e 3eH!
I T f# Sb B sh P X FIEAL Sb KB & 1 F kA
AR K B9 ) B E

x4 EFNKFHARNEEEHITR

Table 4 Contamination of different heavy metals in military training ranges

15 G WP REAE

Contamination characteristics

45 27 3k
Results Reference

FJE+ A (In top soil):Pb 13 g-kg™! ;
Cus52g-kg7';Zn 1.1 g-kg™';Sb 083 g-kg™!

Pb.Cu.Zn Sb K531
Distribution of Pb, Cu, Zn, Sb

HEMOK H1 (In discharge water): Pb 0.18 mg-L™!;
Cu 042 mg-L™';Zn 0.63 mg-L™"';Sb 65 pg-L™!

[41]

1R 13K FP (In subsurface soil water):Pb 2.5 mg-L™";
Cu09 mg-L™';Zn 1.6 mg-L™';Sb 0.15 mg-L™"

Pb.Zn Cu.Cr Ni [Y

S BE R WA R
Concentrations and availability

of Pb, Zn, Cu, Cr, Ni

Pb Cu Sb 5315
Distribution of Pb, Cu, Sb

Pb.Sb Ni,Cu.Zn Mn
BV R Pb
Total concentrations of Pb, Sb,
Ni, Cu, Zn, Mn and soluble Pb

SR B (Concentrations) : Pb 55 ~6 309 mg-L™! ;Zn 34 ~264 mg-L™};

Cu19 ~98 mg-L™!;Cr40 ~79 mg-L™';Ni 11 ~33 mg-L™! [46]
A WA R (Availability) : Pb 57 4% ;Cu 32.8% ;Zn 26.3% ;Ni 4.5% ;Cr 0.12%
0 ~15 cm:Pb (1 400.000+0.843) mg-L™';
Cu (843+15) mg-L™';Sb 110 mg-L™! 7]
15~30 cm:Pb (82+2) mg-L™';
Cu (39+1) mg-L™';Sb 2.7+0.1) mg-L™
Sk B (Total concentrations):Pb 212 ~1 898 pg-g™';
Sb 168 ~163 pg-g ' ;Ni474~769 pg-g';Cud00~649 pg-g™'; 48]

Zn 115 ~171 ug-g™';Mn 757 ~1 034 pg-g!
Al FE Pb(Soluble Pb);13.6 ~46.0 pg-g™'
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2 EFRIEHHMBFESEYHESANAR
( Study of ecological effects of typical contaminants
in military training ranges)

H T HE SRS R EY A B 8RR A
I B A BT  Sh A s 2
AN, R ZE I 2R3 s G ) B AN ] 22
PR A S FMg R RS . H A, BIFE ZE I 2547 1% B
AW R E 4 T 114 A 25800 R G A TR AL
TCEHES Y W FL3h W R0 R W) 5 2 Rl A A2 AR
IXSERFAE 5 YL AN ] AR ) S50 S i T e AT T
18 22 S RT3 ) A ] 8 SO, DL R 32 5 G 1Y
Ry LIS YR E YA

2.1 ZESYINGRIZ 0TS YR A 52 )
2.1.1  FREMLEYIXHEYI R R

Aol

A=A S A LU BOK SRARMER A 5 REIL & 1)
AZE , IR ENTTE SR R AR S AR ™ . K2

AR AR A, i/ A RS R
JNVHAE A N2 AR RO 55 N AR T O3
Br(# 5), HE40E, SEAEETE BOKR FRFEAEY)
AT AR5 Ak 3 b & R AL B 0, DA 35 2]
> RS E A, R S RE A P X X L
FE A B TR G8 B B | BEAS 3 RO ) o AR RN 25 AR
K08 AR R /N, 7= i Ao KR R, X
SRR AR SR A 5 e A ) DA - 3B BK r I W RN
AL REL S RE 1Y, R LR ) T R AL A
Yy WS AN A S 5 Re Ak B W B 1 2 A EL I
21y,

TREIL A A A R B S A R 2
HeAisg g S A EE AU g
REfL B A YA AR, ek G TE R L
A A A R VD G, DA 7 AR B Y AT B
R Robidoux ZEPMWEFSY T TNT A1 HMX Xt A=

x5 EFSEHHMEIMBOEDEE
Table 5 Phytotoxicity of contaminants in military training ranges
b 7] WFh YO 22 30k
Contaminants Species Effects References
TNT(55.9 mg-kg™")HI A A) H  LL R
LRIV ZERMRMAE K HMX(@ 500 mg-kg™" ) ok
INT.HMX 3% K i ( g-kg™ ) oHE [55]
Latuca sativa, Hordeum vugare TNT (559 mg-kg™') decreased the capacity of plant emergence and the
growth of shoots and roots; HMX (4 500 mg-kg™') was not toxic
S IR et TNT(O ~60 mg- L")l 46 2 Fi s 28 Fh 7 R 2F
= . L3N .
TNT(7.5 mg- L™ )i HIBIA B A 48 22 B it 2 A 1
TNT Tall fescue, switchgrass, ¢ ¢ YA EREMBA [56-57]
TNT (0 ~60 mg-L™") decreased germination of smooth bromegrass and tall fescue;
smooth bromegrass
TNT (7.5 mg-L™") reduced shoot growth of switchgrass and smooth bromegrass
[~ RDX Hl HMX i ICRLR e 9 586 mg-kg™ 119 282 mg-kg™
RDX HMX - The no observed effect concentration (NOEC) values for growth [58]
Ryegrass Lolium perenne
were 9 586 mg-kg™! for RDX and 9 282 mg-kg™' for HMX
AT AT TNT #2100 mg-kg™ i, AL BT
=4 H R0 5 . _ - . = . _
. ) Tk AR T A B 5 A i 37 e 13K 500 mg kg™
TNT Medicago sativa, . . | i Kol [59]
Phaseolus vulgaris Medicago sativa was not able to grow with TNT (100 mg-kg™"),
and Phaseolus vulgaris was able to grow with TNT (500 mg-kg™')
it et AN H AL T
TNT HMX it stk sk Tk . [60]
Moyrica cerifera Photosynthesis and leaf fluorescence significantly declined
Pb:%f MR ECy, WREEVE RN 519 ~>1 280 mg-kg™' 285 ~445 mg-kg™!
h=0 NA
RS R N TR EC,, of shoot or root for Pb was 519 ~>1 280 mg-kg™' or 285 ~445 mg-kg™'
Pb.Cu Sorghum bicolor, Cucumis sativus, 5 4 VR Ny 48 ~232 Kol <40 ~100 o] [64]
Triticum aestivum, Zea mays Cu: 3 ik ECy - merkg T =40~ merke
ECs, of shoot or root for Cu was 48 ~232 mg-kg™' or <40 ~100 mg-kg™*
- FAR TR HE K 32 B4 I [65]
Pine trees The growth of the pine trees was reduced
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RN BRI RZm Y TNT R E R 559 mg-
kg™ S AT ARG 2 MRV DA BCE RIR B A= 4 T HMIX
HeJE ik 4 500 mg-kg '3 CEE:, Peterson &7
/N T TNT X ZA4F A RE AR -8 & 4l & & 15
Wi, 75 TNT ¥eJEH 0 ~60 mg- L™ 0}, B EE M 4
TR R ZERBES TNT WG Inm T F%, 24 TNT
WHE R 7.5 mg- L7 B, MIBC B RN 48 22 BB A AE K
M R, Rocheleau %P {EAH RDX Fl HMX X}
AR A RUER TRV W E Sl 9 586 mg- kg™
f19 582 mg-kg™' ., Gong ZPUIBIE T TNT X} /K7
FUEHE S A ERARFE M Mk B 50 mg-kg ™', MiHE 2 fig
fif 32 TNT (¥ Al =ik 1 600 mg-kg™' . Scheide-
mann PRI T 7E TNT ¥ 100 mg-kg ™' i}, 48
AEE A8 T A T A 396 0 %) T 52 W B /=i 35 500
mg-kg™' . FREAL G W iE o WA E R R AR Y
AR AN Via SFMRIE T TNT A RDX 400 i #
LD e (R P Ly /| NI (TR = =8 o ==
B KRR Y CEIER AR, SefeaYt
S REMAAE P b A Y 3 1 L SR AR e S
FRRISW A OGS PR 63k, DT 11— 25 52 i 4 47
AR
2.1.2 FEEJEXHEYI W

B 1) 4 R TEAR YR N FR B AR D A
O A Y2 S R T & 2F R AR A KAL)
KB R T e 2 R BN ) ZE R
YRt + 5 b i B 4 B AR Y S Y £ 2L P
FOREA) A PE N B 45 Ahmad Z5VF] BT & 2F S0
RGP AR A K SR HEA TR 5T, R IAE & Pb 1Y
HHY G PRI R R 2R 15%
RN VR B (ECy) M 7 150 mg- kg™, An'™ 218
TERERZEH Y% 1% Po A1 Cu X 3| B
JI N RN R K ZE R A K s i), 25 51 R, 6
Pb fi5 ,EC,, ¥ ¥} 519 mg-kg' E>1 280 mg -
kg ' (ZF) M1 285 ~445 mg-kg ' (), i Cu iy EC,, #k
JiE 48 ~232 mg-kg ™' (ZF)F1<40 ~ 100 mg-kg™' (1),
e Cu XY A9 75 58 T Pb, IF HAR A K XF Pb Al
Cu By 7 H 2R A4 K ABUE . Selonen I Setila™! & i
I5 2 — N IETE R A F I 2R3 h AR AE K ] 8 32
FED, X 0T RE R R AR R T R E A P, fliAR
BB ZH LR 2540 32 B4 338 LAY o
2.2 YNGR 5 Y%t 54 B 5
2.2.1 FREIALA VXS S

FEHRI 2537 HW  BE AL G W % sh W 1 B P A

N, CATEL R AR BIESE SRR S 50 o K
AR A A0S R RN B AR 07 0 SR AR TA
e AR 6), Mukhi A1 Patifio ™ 58 T
RDX X EE £ () 2 2 5 O 2k R it &
B RDX B T BUALHE 9] e 2 8h A g e 55 5% 1T 0
(& ,9.6 mg- L™ 2 55 R JE 23 il B T £ 1) 4
TR SET RGN AL T 9.6 mg- LT B EEIE 1
mg - L™ 5 58 Vi 1 8 TR I ) AR I DR 1T X6 AE
TRICF M, Burton'™ 3 T4 i B 728 L I3 2% A5,
UEBA T RDX XSSk O 9 B 1, AR 8 15 d &2
F RSB ORI 96 h ZPEZR R BUL IR B (LC,, )
h112.7 mg-L™",28 d M 158 58 (1 e AR S0k B
ToRHe BE N 2.4 mg - L7 F1 1.4 mg-L™', Johnson
LGOI TEPEUTE  ARTT WA G T 3 RO R sh B oY
HMX 2k, a5 R B R 2 RE T &4 5 000 mg-
kg™ HMX [ 5 K 3l i 55 25 50 20 SE 1, AR 25 WEAE
HMX W B T 1 970 mg-kg ™" (% 38 vh A 32 5] 47 [
S (H R A IR HMX 24 h 5, 2B fl22
RETUHE, FFAEA R, R EE R, Wb Z ik
Hizef JUHUEH B RS T a2 R W RE AR
M) HMX WA, DA T S 35O [ 40 b 22 58 T ] — 1k
BV, AT B R 2510 A P (RDX
HMX)X A 32 R i s i 305 & (L &9 TNT R
AN 535 M) S g o ) A A I B 3 2 1 ™ EE 1Y
U LA B FE B TNT 195 1 22 1R 38 &
PES A A DL Bum S57OHGE T TNT X BED fa ik
JIf % B BISE IR 78 TNT A0 BRI IA Y & B bRt 20 41
W AR T R D R BB O AR
AT AT PR B TR R = e %, KRB TNT 51 T
DI FLC NG A ELRE . Koske 557 i
T TNT K HAC M ™= 9y 2-% Fe-4,6- il 3 1 %€ (2-
ADNT)F 4-28 J£-2,6- —fif§ 5 H! 7K (4-ADNT) 23 1 A
BETh IR iR ) DNA 5145, i S80I & & i 72
B BEASIE , TNT S 208 R 3 1 19 e IRk o 0.1
mg-L™", Strehse %57 & Bl TNT X i I U1 v 3¢ L i
I it 5 R 1 2 5 A R B B A T B, Y
WEFEABA HRIE TNT X+ EHE S s, ds
TNT X W5 ) BOE A= A %56 7 DL & DNA $ii
G5 A2 7 e Ak, TNT 45 %6 K R
WL 76 00 A4/ L € 2T R I B 200 A G A S5
AR, H IR BIE 5 (LD VB4 5914 607 mg-kg™ (b
AT 767 mg - kg™ (M BT, TNT £ % K s A 1%
IMAEZ I P IRUEE |5 R e R A i 7
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2.2.2  EEX YRR

FRYNGRI P ok A% 57525 89 Pb Sb S5
Glmad AL e oy YRl MU AR 2 | P A )
R A B BE , B m B D B 7E R AL R
MR RR| o B R TR RN, AR,
HERIN AT 5w S AR ST A SZ2 R A
TR 1 S ZE S Zhdg i 3 b i S & sh LA
TAMESH Y, FEMNENTR AR SR BOEKFS54
PR W 2 SRR VR 1 KCF- EAT PRAL . AR H
fbH 5 Jm , Pb RIS QLR B A o, DR It b 32 5T, (5
RRTE R, KT R 37 1l B 465 T ) 3 ) 1) B
MR BB =

Johnsen Fll Aaneby” ¥4 T 76 98 )&k 42 J& Pb
I Cu 75 YL 9 B 37 v R BCR0 A= #0454 s P FERY
RS, B s, A4 R0 Y ZE 1 25 37 4 P

M Cu &R THUEE, X R S a R,
b R IR g MO S SR A E AR, —
JEi S BB, P R R ECE LAY, T Cu h
FE— A LR R W, Luo ZEUT D iz 5] Ay 4 2
AEYIWESE T S REPE XS P 19 A= W A A
BEPERZ MR, LR 25 R N, 28 28 d ZREEJS ,7E Pb iR
JE>2 000 mg-kg ' (Tt i), pH {6~ 3.3 ~3.5 B,
B H B B T ARG A B R e &l H A B U
b JEAREL 2 TR B T #E Pb MR <1 000 mg kg™
(P BT I, Wi 451 () S50 55 pH (R A Al - 38 R 14
2R AHERMKER, Cesynaite 5% W EH 4 )E
15 Y B 1 ZE 1)1 G b B ST i s ) A R B
B ELAT AR B S A o] i 5 Ao DAV G 4 3 e AR
FHY KA Cu Fe SR ITC R XRG4 T ft
TS 1]

*6 ERIINFHEEUNYEYE
Table 6 Animal toxicity of contaminants in military training ranges

b 7] WFh 7 R 22 3k
Contaminants Species Exposure methods Effects References
RDX RES ok PR BRI SE T EE A N [66]

Zebrafish Drinking water Lower body weights and high mortality
BBCHE N 12.7 mg- L B AINAT 200 e B
. TR E ST 9 2.4 mg-L™' Fl 1 4 mg- L~ (i)
PRSL AR i R AT o
RDX . . LCy, was 12.7 mg-L™", lowest-observed-effect [67]
Pimephales promelas Solution exposure
concentration and no-observed-effect concentration
were 2.4 mg-L™" and 14 mg-L™" (weight)
) ey WS G -« B KT FRIMMTIASET , S TR S U RETUE
*ﬁ%\i’fﬁf\%?‘ S ot LDy, 45 93 mg-kg™ , 7R I 5 A0 R
izards, . . . . . .
HMX Lizards and rabbits: Some lizards died, rabbits showed neurologic [68]
salamanders, . . L
bbit: Corn oil through gavage effects manifested as hyperkinetic events, LD, was
rabbits i
Salamanders: Soil exposure 93 mg-kg™!, and salamander did not show adverse effects
, oo g1 ) | BTN = A N s TS B 2 N
BE L iy VW S :
TNT . Apoptotic cells increased, hypoplastic heart [70]
Zebrafish Solution exposure . . i
chamber formation and cardiac looping defects
INT i 01 [ealiEr e B30 T Rl PR R 3 4 2]
Mytilus spp. Solution exposure TNT induced the gene expression of carbonyl reductase
- BOACRO AL RS, B980T [ DNA 454
4 B £ ! ) o
TNT o . . Mortality effect, life-cycle and fecundity [73-75]
Eisenia fetida Soil exposure
were decreased, DNA damage
L T MRS A
Pb.Cu : S [78]
Cattle, sheep Grazing Body weight was decreased
o W R e A D [SYC Ao
Pb.Cu. 4 ) e PS5 D \fﬁ%‘&ﬂ&{ H‘Jl%kﬂﬁ%?‘ 5L % B ﬂbiﬁﬂgﬁﬁﬂ%k1k
. L . . Body weight and juveniles was decreased, antioxidant [80]
Cd Ni.Zn Eisenia fetida Soil exposure

system alterations and lipid peroxidation were affected




196 s #F

PLINN O P17 5

2.3 BEFYNGRIg 5 Y a0

F 5 ) B 9 R HL Vs G W 1 o D ik, A=
WynT BES2 52 22351 3 M s YL W i e b e B G AR
WU AR Y ) vk R A T AR W Y i 323
Bl 2o X A 0 () A= it WP e R R M 4 A
SR 7), X EEFE bRt 25 B TG 3111 2535
s e AR RS . RUEYIE I AR RS
PR R MR Z B S, it — R
EBRRGEMTIRE, HIL, BFE E R b & ik
FEM S e A A & JE X R E i i v o R
HEMENX,
2.3.1 HRELA YA Y s

Tl e ) Zrdg b B BEAL A 1 1 R A
ek B I OGS A 0 XU H TR B
et A 5w EEZM 5 m, R 5
T 7 A DG DX R 1) 5 e AL B i st 2 o =
AT SR SO TR B RS
=, Meyers S fGE T 3 & & TNT \RDX
I HMX AR 0175 Qe A% TR A i A
it T A K20 O N LA P AN BE A, Yang SRR
KIT TNT RDX I HMX 1% 5% 0 B3l 7 5
B A B PR R 2R R S 1 % e BRI T 458
RV BETE S5 1) Z R, BLA, IZWF 538 & B
TNT Xf +HEA Y i 31 B 85 T RDX A1 HMX,
2.3.2 HEEEX AW

R VAR T 4 S X R W B R H
Y3 Pb Cu A Sb S5 4 & 15 Y XU E P 1) 5%

e - 5 RS R 22 0G0 , A I IF 9 R I Sl A=
Yyt RV A5 40 S 28 VAN T ZE S 2R P
FEHSBNAE N, Lee 55 PEAL T 5 FE
RN G b H 48 (Pb . Cd  Zn A1 Cu)Xf + 4
A A ) v (ATP AEL) LA S I S0l | R P 1 1 il
N BRI TG T A AR 245 R R IR, w4
Ja& 5 e 1) - S A W AR RN 3 PR 9 3 1 34
RAZF|MH| . Hashimoto 5™ Htil 1 H ARy R4
Y& b 5 42 )@ P X i &l 1 52 ), 45 21
W ARG PE 5 TR HUR Po By 2 ARG,
Rantalainen 26"V & I0AE 25 22 — N EFH YN Gz b %2
Pb 5 44 ™ 5 () X A M i AR W e A1, SR IX
B 3mSR EE G P I T RUAE A Selo-
nen Al Setala™ % BULE R T 20 4E 19 45 23
Pb 15 YRR T IR B D R O o, O T A
YIREIR 4548, ZIE T 45 R IE R W] Po MU 1Y
Wi G A= e Vi 235 40 , 18 W] D3 3 i AR + 398 pH [R] 42
s LR AEAE SCHIL A v AN B

3 EFNGIFMEFETS R W AR R R
( Study of human health effects of typical contami-
nants in military training ranges)
3.1 FREAL S W B9 N FEAL A 5T

FREAL A WIAE LR 7 R 2 R B KR
ARG AP AE IR A i B K 285 e ) 22 i 1od
M 0 R B TR e fih 45 % 5 A A 0 N A i i
FEF . & REAL G PXT NS e 105 T S0 it %

®7 ERNEHSEYNBEDSTE
Table 7 Microbial toxicity of contaminants in military training ranges

7] LYIA S 30k
Contaminants Effects Reference
B BRI SO e
TNT.RDX .HMX o lﬁélz#% ’JEJ@E ﬁﬁf%’fﬁ(m%ﬂﬂﬁéﬂ@ﬁ(ﬂi‘f -I‘%H [83]
Microbial biomass, populations and dehydrogenase activity were decreased
B ORI, T4 B 2
TNT.RDX.HMX o A @(i% gl ?Z? REVE S5 H RIS P52 ny‘ﬁ 4 2]
Microbial respiration, community structure and enzyme activity were influenced
ATP {E ARG M B AR
Pb.Cd.Zn.Cu EL A 2 84]
ATP values and enzyme activity were lower
Al A
- i&' Eﬁﬂ 851
Enzyme activity were reduced
ok =W >
Pb . 1ﬁi%i%£ﬁ/ 119]
Microbial biomass was reduced
Pb EER /R GRYF a2 LT i 6]

Nutrient leaching and change in microbial community
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KT EFHYN G T FRATIRAIEIE . K
TNT WIZESE S T AE N 5225 ) Hh B0 A e A2 A
VS PEZ I U A= i, LB AR 5 R R AT A
K BRF AL, TNT 36 2 S BUFIRSE | N R R
FIORE T B3t Y/ A5 (B [ ™) A T 2 0T 9% 22 A
RDX HHE & SR P ML R G TE T , a0 &
PR ™ | Al RDX 251 ot AR DL A
—EREEIED ) T HMX X A S Mt B ) 52 0 5L
P A B (HEE A A A DG SE 38 R B MEAIK T TNT Al
RDX, =y e FE 1) HMX 7 WF a5 422 ik B2 k)5 mT 68 X AT
JIE X b 22 R G ED
3.2 AR AR RN 5

YN G M 4w 1 KB R R g AR
) i R 2 1 5, AN IR Y P & T R F B
B AT Y REREDS SR THAL R SRRt
A A2 1R AF AP BRI 100 pg - L™ AR
WRIE P kAT AvE LB M2 R G il AR S
S T R AR NG S B R A I
W, SR T A A PR B A T SRR R B R, Ni
(3 PR A U [R) i A2 1, T 1L & P g
0 it S R MAC , 7T N V85 1 £ 5 0 DU 2 T v 5= BR AR K
A1) 5 = A B, A Ni(CO), 25 E A K AT
VAR, Mn 2 ARG T M EITTER, M4 F
Y33 i R () Min 23R A i 4l 22 Jiki
KM R0 E Mn P EBEMEM ISR SR
SRR ) 18 M R o R S R AT il
Zn FELE TP | B R Ak A0 I HE A B
HZ 8N Zn J5 W EEHERE R O MKt |
WERE A ISk Sh A —Fh AR LT T
2 AN R 5 I A R 2L S il
PEIR T Cu BARE— PR LR o R (A A &
S| LT AL R

4 EFiZiH 4SS R 8 XU T ( Risk as-
sessment of typical contaminants in military train-
ing ranges)
4.1 FREALE YRS Al

T SCHNAR Y ZE S ZR 3730 75 G0 10 A 25 A
JRUIS i 2 7 ek 8 487 e s o 0 LA A, B XL, Al
—E W BEAL B WA AR 20 A2 25 R GUH UA
W, T4 F I 2R3 vh 5 REAL & W 00 XU DA AR
YEA T S50 XU A S5O RUBS: DA B 2B 25 KU T
(EHQ)4% , Jung “EPA 1 i R 3 — 37 b & REW Y
fERRE AR , 25 2R /s HO e B R/ 1.9%107" ~

1.4x107" Z [a], i i 7 5 JE 208 XS 7E 2.3%x107° ~
49x107° Z[A], JihE KUBS R AE S G JRURS: 347 ] LA 22 s
AT, Choi %5 HIAS ] B9 A 9 52 AR AR T 42559
Zi37 M b TNT RDX Fl HMX 7 3z 7K J5 6 22 iy A1l
B 5 AT e KRS , ZEAB K B JE, X TR A= T B HE
¥y, RDX 1Y EHQ {8 K 6.47 , 1 i 4= /5 4 /) EHQ
{E347<0.001, 7E /K R @ Jm , EHQ fHAR (L AN B 2,
X4 EHQ fHR W] B HK A2 1 2% EHQ 18,
HEA RDX MR T 7R A KBS, Ryu % 4
BT —32 05 Y S i AU, b T35 TNT 1)
Ak 20g XU - >1, 107 RDX A9 E 2508 KU R i 50, 2%
TRZRTZHIX. TNT H1 RDX A4 5 o XU A 3 0 11
4.2 HEJE MR

ZE | 25 b7 b T 4 1 XU A 5 SR FH 45 b4 4L
PEATVPAR A=W ml R AR i e T X R[]
AR S R T TR A R K
B PEA B HE b b BT SR AR B (1, ) 2B A5 UK 5 %L
(RI) A9 5 45 17 (BCF) Y5 YL AL (CD)4:, Islam
A1) P XS P 46 BU(RAC) T RT R+ 38 o 3% B 14
4R T IR PPA , 45 5 R |, WG SR AL B RT A7
B REAR T 4 JE 75 Y AU . Urrutia-Goyes %5 F1] H
BCF 1 1,,, VA H1 1H 4225 11 2537 b e T A 4 3
YN G REEY : o p A EA H S € S i
FERFW  x I P BAT AR BUE XU, (B EUE
PR AS B, 1% T Ni A Zn, 2o XU 0 3 20 K
RN I . Bai A1 Zhao! F) Fi 5 Y4 2 8((CF) .CD ,
HEZS IS R B (E) A R4S T E 5 AN ZEFH 4
Iy Mo A 110 T 4 J 1 Y UG, 3 2 ik e 1A T B 2 PR
Pb K HAL[R]V5 e Cu Hg A1 Sb AT HE™ A= W 7E Y
AEZS XU, (B 1A P ELA W A B XURG:

5 R 5REE(Conclusion and prospect)

AR SO G GR35 Re A & YA 4 R 19T
YURRIE Az ASRON A AA BRSO, i e IS DA 45
4T T2k, WIS RBRE FRE, Sheft
BYTE PR B, T B R K R K S g
JUHE AR GR G R TS gy, JUHE Pb Y5 g
I R P TERREE 4R b kA AR AT % | 3 2
170 X 32 A AR T, 4345 pH A HIEA L&
A K, A S R0N TR F 5 RE
G W25 3 A ) ) AR R ZE P G212, A ) A AR
JIN 7 B ORWR S RS B MR, W S )
R AAEFERENE A K LT RS XA Yy 52
e P BRAE TR MR Ay T, 4SS 2 b K
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Pb S IPHlAE Y A 1K, T B P 4 T T R
TAEY B T A5 R el s DA B 24N R B, TNT Al
RDX HIHF 5T 482 , B3 M W AE O BUE P o, T 5%
F HMX B i i > . EERNEASS
AN LZA RGN RE BB RH , NTE A — RS
P . I EM 7 TR, B e X ZE 1 4k
Hiu Y5 G 11 DR T Ak #4030 3 A TR R 4K S T BT
J& , Hor sl A TG Y X R 2 AR AR W ) BRI AL
NEAE R DA A8 A

LR BRTIEY , R R AN 2R 35 b5 Y i)
A ZS BN TAE R LA JLAN I T J S TR J . (1) &
REAL A 0 A1 105 G ] 8 2o 2 1™ B A0 PR 3 XU
bR TiASHEAY A B SN, & ] Re ik — 5
M AR, 1 2 A, S ek & s
PEWFSE HAETIE T or B =, PRI, AROR 75 Bk #E5 i
(LR RS RYPPAS B RE AL W FURT AL RE A A 221
FREEME: , DA T B Y B L S0 L AT BB | A R B8 AU
Q)BT R & M EEEILH R 2
RIESURBR T E L F MG, KK N5 F KR 5
TEFYN i3 W5 Y () 3 R RIS [R) A= P vy s
BUL, XT3 et & 4 5 88 o B2 v i A W e Ak ik
T2, R FF 5 KT B A RS I T Be o #  BE AL &9
FEAE RN IRARIRES | HESIAR DG I BE AL 5%
M ARZ W TNT RDX Fil HMX 25 & GE4L &9 (1
BRI AL ISR . 3)Sb 1E b TR iy i AL ), 2 ZE R
Wk REENESBIG Y, HitES As
M EIHR IR AT Po MiZ AT Sb,
I, AR AT L OCTE Sb FEE BMALE T4
Hi R EREEAT A AT M DT B o A b DA A I
Y b T 4 T 1 A S R XU, , I R S A
P H 28508 8016 52 R4S PR I, (4) 0 T I5 ey
A=A TR R s ) SE B FAR SN 256 . 3hd)
S SR 2% 77, i A2 B ER T 205, Tk
PEAG TG YA A s i e Rk, IRLE, & AR
A6 R A A O AR AR AR W s IR
J71%: (RBALP) , BR Y A& ) mT #1) M i 9% 2 7 v
(UBM)  JE A= 22 2 ICH 12 (PBET) RSP AL AR
RIRIVM) (RSN E 7 157 (IVG ) Rl i B A= 4 ] A
FHPERFZEIC R )7 55 (SBRC) S, B2, X B8y i 4) T
TEFYI L5 Hb - 498 1) 35 IV PR A Bl = R G 1) S B L
Pt , R TFARRE A R JEH 5 ) (R Ah i LA
WFFE ZE YN iz b i5 Ye W 0 A 0 A 800, AT 58
2 TR SR 37 H) XURGAE FE

BIEEEEN . Z2L1986—), B, 1+, 8144z, T 255
FEOAREEE R ESHIRE,
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