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Fig.1 Evolvement of TNT poisoning research
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JHe 0 25 1 B U 25 KRR AE o 53 A, R — KE 245 X6 AN [ 41
AWM RA R R 2ZR, W TINT X T K BUF & 40
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U 40 6V 79 114 B M B AR B LC,, 200 197 wmol L7,
T3 A BEGE s TNT X7 R 28 B 48 fd 98 NG108 1Y
LC., 7 T 450 wmol-L" (7 h & 3% )", %F A AT %
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Fig.2 Molecular structure diagrams of three types of typical explosives.
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Table 1 LC,, values of typical explosives and their metabolites on mammalian cells pmol-L™
name FLK!T0 K109 V793! H4IIE) TK-6!13 name FLK
TNT 25+5.0 106 197+36 17.6 22+5.0 Tetryl 2.2+0.301
2HA 40%7.0 Pentryl 5.021.001)
4HA 112+10 18.8 28.2 TNC 8.0+2.0'"
4A 316x20 >1270 >328 335 248+51 TNBO 30+5.01""
2,4-DA 350+40 >1500 >600 >1500 >600 MP 40+7.0011)
2A 440+35 >1270 222+76 91.3 168+14 CL-14 250+40012!
TAT 5.2+0.8 0.4 ANTA 30004002
NTO >3500'1%
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Table 2 EC,, values of typical explosives and their metabolites on Vibrio fischeri!"® wmol-L™"
name TNT 2,6-DNT  4A 2,4-DNT 2,4-DA 2A TAT TNB TNBA Tetryl PETN HMX RDX PA
EC,, 15.8 27.9 107.4 247.5 287.1 >380.0 738.5 0.9 1.1 1.6 46.0 >84.4 335.7 >1900

FEHEH R (TNBA, 1.1 pmol - L) #)E T B A B drk
B —2& . AR ZSAY PETN(46.0 wmol-L™") FIAY i 2
B HMX (>84.4 pmol-L™") B A 4 3 M . 1 RDX
(335.7 pmol- L) FEZG 3 A XS 855 o 3 TNT S HAR
W E L TNT A ™ 9 8% A7 W M AT TNT #
TR 8 AT B B A, 40 4A (107.4 wmol-L™") . 2, 4-DNT
(247.5 pmol-L") .2, 4-DA(287.1 wmol-L™") Hl 2A
(>380.0 pwmol-L™") iy P ER AR XT 82 55 , 4 ) & — 2
FEH) TAT, HLEC, {60 738.5 wmol- L', 2 fir & ik 1k
FER /I eE 2 8 T 1 2T I s R (11 O o € L
SN TAT B9 48 M 25 M JL-F 2 feom 19 (UL V79 . TK-6 4
ML EE G ) o H AT DL K 24 B B S 0 IR LR
Z T H AR T DA 42
23 ETEHIIMEHE

AR T E HESI Y A R 2 T T
PEJT I o KE 2418 M B 1 A0 X 12 Wi e e 2 28 7 Rl
B p KO Al e 25 A g R B R
RN E AT S R DL ] S TG HE S k18
PR S0 X G2, IR PR A R T - e — 2 A RE A R
TG Y F O s g R To A MEsh Y By
77,5 e B i, X V5 Yy SRR 10 A 0] S
G R4 R T &8 (Ench. crypticus) 1 EC,
BEPEBUE , Hoh ECL, 678 50% 2R 5] H 38 WY 2 78 %5007 i
R

XA 4 B8R, 8 DL K 24 % 22 1) 1) # 44 7

4 MUK 2 R AR X 28 05| (Ench. crypticus) 1) EC,, B
P s
Table 4

lites on Ench. Crypticus™

EC,, values of typical explosives and their metabo-

toxicity benchmark

EM soil type / mg-kg" endpoint
RDX SSL 51413 Repr
CL-20 SSL 0.3 Repr
TNT SSL 98 Repr
TNB SSL 11 Repr
2,4-DNT SSL 27 Repr
2,6-DNT SSL 57 Repr

Note: EM=Energetic material, Repr=Juvenile production, SSL=Sassafras san-

dy loam soil
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3 RDX<TNT<2,6-DNT<2,4-DNT<TNB<CL-20, }
22 R i S 2 CL-20 X £k | 9 2 M 45 L B EC,
0.1 mg-kg s 7B BRI A B K 24 RAH B D5 A R M2
Xf £ sl i M BCAR, o RDX 2 M A AR, EC,, H
51413 mg-kg™'o Jil & K Robidoux 2 5 T 4
UL RE AR Y e 5] 25 M B0 e I I Mk TNT A e
] e R 4 L A AR A L B AR e A RE M RN
T AF Ok, Berthelot 858 JF 4 4 2 1 24 1% 1 5 4 19 Bl
], 38 2 00 S e ] A P R AT A B Akl Y TR ML R I
U142 fioh TN g e ] 24 Ak 7 4801k 1 IR A 2R i HE 4 Ak
I UCTE A AL A DA OE . B R TR R S g
WK e R Z AR L A ALY & R BOR
PH Kz e W51 B 248 25, A IHG X T 4% 28 5% RE A B0 48 14 B 1
BUHIAF 52 E 1 i B = 35 07 R
24 WI MBI

O T B A X 25 1 R P B W A P R I A A
W RIRAE . B 3 B8 T 8 B R KR 25 DL R HE
HE 5 = B CUDMH) X K BURY B0k 26 11 3 4 4K
P2t R B3 AT, R UL K 24 6 R R T R
HMX<NTO<PETN<TNT<2,4-DNT<2, 4, 6- = fiff & 4
15 (PA)<UDMH<m§ L H I (NG)<RD X, 4n4% LK Bl
H 2SR  H kb 5 — 0 25hriE(Glob-
ally Harmonized System of Classification and Label-
ing of Chemicals, GHS) ", RDX (100 mg-kg™") NG
(105 mg-kg™) .UDMH(122 mg-kg™") .PA(200 mg-kg™")
M1 2,4-DNT(268 mg-kg™) J& T =2k & MW i (LD,
9 50~300 mg-kg™) o FiHh, EERIAHRLAKEZY KR

6490
toxicity enhancement

T 6000

- 5000

§’ 1660

38

1000 795
268
0 = 200 122 105 100

NS memm s |
HMX NTO PETN TNT 24-DNT PA UDMH NG RDX
B3 L e A Rh X L 3l (R ) 2 7 e e
Fig.3 LD,, values of typical explosives and their metabolites

on mammal (rat)!?*
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BEPE B B0 A AR B KA 25 5, WA 2K ) RDX 2 B03E
) LDy, A 100 mg-kg™', IR J& T = 25 8 M9 i 5 1
HMX ) LD,, i 6490 mg-kg ™', # Pk ARk 8] 43 K45 &
TEEY . AR IS NG LD, oM 105 mg-kg™',
J& T =R MY 0 5 i [R] i R IR 25 1Y PETN (19 LD,
XK 1660 mg-kg™', J& T FL 2 & 49 5 (LDy, - 300~
2000 mg-kg™) . A UL, 7E A WA UK 2 R ) B ) I
R Z 2, R LA PR s S50 55 D 2ok I
T L R 5, M DA R A e
25 B ABERITHRFAE

Ke 25 15 PE B 4 7™ 5 2 MOl A B3 R fE R . TNT
S ER I PR B0 8 1 E Ak 4 T L B R 2 B R
TNT 3 & BT 20 40 20 4R A0 [ Y f B2 A
1959 4 & 3L T TNT s Pk e 47 . 4 ad K3
A7 2 W D % B0, TNT AT L 30 3 1k 11 9 e B 2R
B | AR AR AR 0 AR E Y R )
BN A ORI OR L TNT 8 RO R R 4%, ki i &
25% , & A FE A AL R # Z E SAh A — kit
FR AT TR] H B R TNT i e e 451, G v 3 [
B PE T FE 3K 25.9% 70, 3 M4E T 1973~2012 4F
B AN 5] Hb DX B TNT AR 72 Mk A B3 B 3 A7 9 2 ) £
S5 EERE IR SRR K RS R 3

F3 [ENTNT PR A 45 R g1
Table 3  Statistics on the domestic epidemiological survey re-
31]

sult of TNT poisoning !

cataract / %

year area lens damnify / %

I I |
1973 China - 33.0
1986 Baotou - 40.8
1988 57.3 - - -
1993 46.2 - - -
1998 Qinghai 40.3 - - -
2003 35.1 - - -
2008 37.2 - - -
1998 Zhejiang 83.9 38.7 25.8 19.4
2000 35.0 122 122 1.6

Xiangxi

2004 19.4 6.5 1.6
2002 Shangluo 39.2 11.8 4.5 1.6
2003 Fujian 39.2 14.9
2004 Guangxi 37.3 - - -
2005 Lianyuan 24.9 12.9 4.4 -
2007 Chongqing  45.7 320 113 2.3
2008 Chenzhou 24.8 5.2 46 -
2010 Nanjing 42.9 8.9 5.9 1.7
2012 Linyi 13.0 - - -
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Fig.4 Structure diagrams of the active centers of four single

electron enzymes
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Fig. 5 The mechanism of the reaction of TNT metabolites

and hemoglobin forming adduct
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Scheme 1 The mechanism of the reaction of TNT metabolites
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and the thiol group
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Progress of Toxicity Effects and Mechanisms of Typical Explosives

WEI Tong'*, ZHOU Yang', YANG Zhi-lin'*, YANG Hong'"’

(1. Institute of Chemical Materials, CAEP , Mianyang 621999, China; 2. Graduate school, CAEP, Mianyang 621999, China; 3. School of Material Science
and Engineering » Tsinghua University, Beijing 100084, China)

Abstract: Typical military explosives, such as trinitrotoluene(TNT), hexogen, octogen, pentaerythritol tetranitrate, can cause a
variety of toxic effects on mammalian tissues and organs such as liver, kidney, blood and nerves. This paper reviewed the toxic
effects and mechanisms of typical explosives, and briefly summarized their cellular, microbial and animal toxic effects, as well
as the epidemiological statistics of occupational populations. Taking TNT as an example, the review also introduced the toxic
mechanisms of typical explosive, emphasizing the oxidative stress and the reaction of TNT metabolites with protein and DNA. Fi-
nally, it was pointed out that the current toxicity study of explosives mainly focuses on the testing of toxicity, while the under-
standing on toxic mechanisms of explosives is lacking. We presented future research priorities. For example, the quantitative
structure-activity relationship between explosive molecules and biological toxicity by the machine learning technology, the in-
vestigation of toxic mechanism for nitroaromatic explosives, including hemoglobinemia, toxic cataract, carcinogenic and terato-

genic, should be paid more attention.
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