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Distribution- Characterlstlcs and ‘l:;)ll{ltl'bn Assessment of Heavy Metals in Smls of a
Testlng Range P L / } >
WANC Shi-yu' 11 Chun_ ZHAO Hong-wei’ CHEN Xl ZHANC Hui-jun1 ZHU Yong- bin_gf' ZHAO Sa'n ping3 , JI Chao' | LIU Xiao- dongl_,*

(r Anhu1 Provmce Key Laboratory of Polar Environment aﬂd Global L/Change, School of Earth and Space SciencestUniversity of Science and Technology of China, Hefei
230026’ ChLﬂa 2. 63968 Unlt of PEA, Baicheng 137001 Chinas 3 Slale  Key. Labo oratory of NBC Protection for Civilian, Beijing 102205, China)

Abstract ;. Heavy metal pollution in testing ranges is one of the most w 1dely com'emmg environmental problems. The ammunition static detonation test area, the bomb falling
area, and the 1iving area of & testing range in Jilin were selected as the study objects. The contents of heavy metals (As, Cd, Cr, Cu, Ni, Pb, and Zn) in 112 topsoil samples
and two soil profiles were analyzed, and their distribution characteristics and sources were analyzed in detail. After that, the pollution degree and potential ecological risk of
heavy metals were investigated using multiple pollution index assessment methods. The results showed that the average contents of As, Cd, Cu, Ni, and Zn in the soil of the
ammunition static detonation test area were higher than the soil background values in Jilin province, and the contents of Cu, Zn, As, and Cd showed strong spatial
heterogeneity. The average concentrations of As, Cd, and Ni in the soil of the bomb falling area exceeded their background values. The average contents of As and Cd in the
soil of the living area were higher than the background values, and the variation coefficients of Pb, Cd, Zn, and Cr were relatively high, indicating that they may have been
affected by human activities. In different test areas, the contents of As, Cr, Cu, Ni, and Zn in the soil samples were significantly different (P <0.05). The ammunition static
detonation test area was more strongly affected by the test activities than the bomb falling area, and the heavy metal contents in the surface layer of the soil profile were
significantly higher. There was no obvious vertical migration of heavy metals in the soil profiles. The results of multivariate statistics and source identification analysis using
absolute principal component score-multiple linear regression ( APCS-MLR) showed that Zn, Pb, and Cd were mainly affected by pollution sources related to test activities; Cr
and Ni were mainly affected by natural sources of soil forming materials; and the sources of As and Cu were more complicated. The geo-accumulation index showed that Cd in
the three areas and Ni in the bomb falling area helonged to pollution level 1 (uncontaminated to moderately contaminated ). The Nemerow comprehensive pollution index
showed that the pollution levels among the different functional areas were; living area > ammunition static detonation test area > bomb falling area, and the three functional
areas were slightly polluted. The potential ecological risk index showed that the study area was at moderate ecological risk level, and Cd was considered to be the main soil
pollution factor.

Key words : testing range ; heavy metals; pollution characteristics; source analysis; pollution assessment
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Fig. 1 Location and distribution of sampling sites in the study area
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4.70 F1 1. 58 %, X Al HE5 A {ﬁd}ﬁﬁﬂfﬂ@%‘%

'ﬁﬁﬁwiﬁm?*%%%%m *ﬁth(%&w ZN
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Tk, K Ph Al Cu/H 6 76 3T SR

ﬁzﬁlﬂ%iﬁ&ﬁﬁﬁfﬁﬁm Pb Fl Cu 75 4! Ak y
— BRI 4 Eé)ﬁ/‘%%%xkﬁﬁmm%
o 3 A SR D5 TR L X k4 4 @agL
17 T e, R AR B9 - b As| Cd. Ni, Ph Al
Zn ﬁﬁﬁ@%i@ﬁk%ﬁﬁ%?Eﬁk-ﬁ&)ﬁﬂﬁ@ﬂ@%
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®2 TEpHMTOCRE
Table 2 Soil pH and TOC content

B Ak I FRIE(E HHERII X (n =23) FEHIX (n =20) AETRIRIEIX (n =69)
ol 10, 5.42 ~8.06 7.96 ~10. 00 7.54 ~8.64
SEYME + R 22 7.17 £0.72 8.42 +0. 57 8.04 +0.21
TOC T % 0.68 ~4.89 0.75 ~6.85 0.95~12.75
SEXIE + bR 22/ % 2.90 +1.18 2.49 £1.35 3.52+1.80
*3 AEADRERLIESEESEHEESRITHFE
Table 3 Descriptive statistical analysis of heavy metal contents in soil samples from different functional areas
X35 EX (I As cd Cr Cu Ni Pb Zn
BRI I L/ mg-kg ™! 3.3~18.4 0.05~0.36 23 ~4l1 8.8 ~71.1 18~29  20~30 42~223
(n=23) FEHIME + brfER 22/ mg - kg ™! 10.4 4.6 0.20 +0. 08 32+5 17.6 £12.5 24 23 24 %3 9245
5 RE % 44.79 38.87 15. 44 70.76 11.98 12.17 48.57
P T/ mg-kg ™! 4.2~15.7 0.05~0.32 20 ~40 7.8~18.9 26 ~63 11~28 17~65
(n=20) EHIE + b2/ meg-kg ™! 9.4+2.8 0. 17 £0. 06 316 11.8£2.9 40 £12 16 £5 34 £12
55 R A % 30. 05 33.99 20. 83 24.59 29.18 28.76 34.82
tt%ﬁ%ﬁ%lz L/ mg kg ™! 2.3~13.4 0.05~1.23 11 ~74 7.5~38.3 8 ~41 9-~243  19-~378
(n=69) qzi@ﬁi)ﬁ‘{ﬁﬁuﬁ/mg-kg'l 8.1+2 0.22+0.21 24+9.9  14.4x4.9 16 +6 26+32 6747
A5 RE % 25.10 98. 62 41.23 33.79 35.49 125.21 69. 82
HMAE 1 SHE ) /mg kg ! 8.0 0. 099 46.7 17.1 21.4 28.8 80. 4
R A L ) mg kg ! 9.54 —b — 88.4 — 936. 4 40.2
P IR - S X B+ 403 /g kg ! 7.20 0.07 35.00 16.70 15.20 18.30 35.00

1) “—" R ToAH KA



3 1 ERFRIAE . FX g L R A R AR R LS A 1661

AR LI EHE SR SR E—EES (B
2). R H Duncan’s test Jy ik X 22 55 19 1o 25 K i2F
17 TR g, 5 R R AR ZHEEX As | Cr, Cu, Ni Al
In FRMEREAGIE EBEME(P <0.05),
ifi Cd F1 Pb & EEAFIREXEA BEHZS. B
AR UL, R X - As B B o T AR TG IR
BEX (P <0.05) , il g X 75 3 X -5 Cr 7%
BHRESTAENMEBEX (P <0.05), #ER KX +
Berh Cu SRR E R TIEMX (P <0.05) 1M 547
PRBEIXANAETE B 25 5 E X b Ni &2 B
i T E R DR T R BEIX (P <0.05) , i
I IX L3 Zn 5 5 5 T O DR A 1 AR

[X (P <0.05).
150 0.6
] AR K

il = fé?‘é!ii 0.5
- B SR b .

T.;T" 90 -
=0
:‘: 60 i g
1 a b §
a
= b
30 1 pab e & a
8 abp T
0
As Cr  Cu Ni Pb Zn Cd )
I /ING 7 7 2 5 .35 (R <0, 05) 1 'd

H2 ARYERtAEcRAESE [ |
Fig. /2 [Distribittion of heavy metal conllemé in the oils

[ y . . ; S |

i i .j‘ﬁ'om different functional areas

2.2 TR SR A

R I X FITE X 39k 7 R E 4R L pH
FITOC A& PR B AR AL N ] 3 . X T 5 24 i
X 3R, pH 76382 0 ~5 em B 15,5 em R
DU A AL, TOC 1E 0 ~20 em FE SHK
i, )2 148 TOC & & T 22 IR T o 2y i AR i)
TERIARSEHEATIRGE , B be Je 18 3R 12 32 B A HLIR X
PR PR B A 5 AL E AR R R R
FERFERE W, A FEERZ LI pH FE" .
PR X A B R B AR fE R pH AR Ak
BAAR),, FEREAERZE 0 ~2 ecm B HIEF | &
RETR B S B R TR, Z 5 T Rae . A W98 2% B
P43 (pH > 8. 0) XF Cu A1 Pb SE[HE FHITH &7
A BRI As T LA S BB TR S AEAE, MR
FAK pH 05, B 09 pH AR TFHW s 5—J7
A ML SR As TR TE. R, As &
S TE R A DX T T (] J2 A Y, X A AT
fie5 pH M1 TOC G AL M AR fb A3 0. Y& i IX 1358
H T 4w S AR AR AR, BETR B B LR AR R
FEE NS

pH Bk Frhit/mgke!

0 5 101520 25
0 0 T T

pH I 4
1
10} P 10 10
1
1
£ 201 4 20 20
= 1
= \
o300 4 30 30
1
]
40 L i 40 40
50 50 50
#rhib/mg-kg™! rhit/mg-kg™! #iit/mg-ke™!
0 01 020304 10 20 30 40 50 0 10 20 30 40
U . Ll L T {] ] ] U T L
{..01/.
!
10 10
A
\
Al
20| » 20
= /
=Y /
l
a0 30
40 | 40
50 50
& lit/mg kg & libmg-kg & litmg kg
20 24 28 32 36 5101520253035 0 40 80 120 160
0 =T T T T T T 0 T
Ni Ph+ Znt
| /
10 F 0F 10 4
]
I| 1
1 ]
£ 20} 0F ¢ 20| 4
3 ] |
= ' ‘
TN 0 4 300 4
H |
40 q0f 4 ET Y
50 50 50

—— AR - 4 - BT

3 BHBRAERMEREX pH, TOCMELES=RRETL
Fig. 3 Vertical distributions of pH, TOC, and heavy mental

contents in the soil profiles versus depth

WH M, LGSR B KRR wpidi 77, 32l
WA B2 AR E 1 R A R KB A
T RZLE P RESE R TR LR L TR
Laporte-Saumure 25" X 42 70 2 25 #0377 (1 + 1€ 35 1f
IR, NEJZH] 40 cm HIEZH, FEJE Cu,
Pb . Sb Fl Zn % & B VR BEHG M8/ {HTE 40 ~ 70
em THIEZ KR E P, Cu, Sb Al Zn & 75 B B34,
X AT RE A T EE 4 Jm A2 FRUK ks s e & AR T B
BoaEEEENE T EER T MR Bk EE,
FAL X R 2 E SR T B am, e a2
73R S W R . it 1) 3 - )
AR LE R R2 - HEZF] Ph, Sh, Cu
NG P 70 05 e, (E S I TR i, L i 2
Jl ek /D 5 XA L, R R X R 2 IR S A
BRI, IF ELREVRE [ i R ARG SR X



1662 H

i

oo 44 %

WU B i A Vi X e R I
R .

3 g
3.1 HIEHELERTEHAT

VIEBS 6 TPy s g e we S K Ay il [E]
KA M HEEET B, W 1R 5 4 Ja ok IR S 3= B4 il
HRMARGER. T IEE SR &5 E M2 (A
FFHOCHE N 4 P, 2559838, pH Al TOC Z [H] 47

T B A (P <0.01) , pH Fl As 2 [] i 3 1
A (P <0.05). Rtz 4, pH Fil TOC 5 H A 5 4>
J& ST A B R R)Z L E SR
THZER S AR CRAKR. SN ELS)E S
T 2 [AAH SEME AT 45 R & B, Cd-Pb-Zn 1 Cu-Pb-Zn
PR 2 ] 24 S 25 B AH G (P < 0. 01) , BB S JLAp
48 AT A E A A R s L SR U5 Cr A Ni Z (1]
FAAERR B IEASE (P <0.01) , R BIX PIFP 4 )
1A A V5 AT BB AH ).

1.00

As As

Cd | -0.035 Cd o

Cr 0.18 -0.20 Cr * '
Cu | -0.16 0.095 0.20 Cu

oo | I.

0.80

~ 0.40

- 0.20

Ni| 018 016 049 -0012 Ni - Lo
Pb | -00s6 058 0083 036  -0.13 Pb ' - ~0.20
5 ’ -0.40
Zn| -013 061 0018 049  -021 065 Zn
< -0.60
pH| 021  -0069 018 -0097 011 -0011 -013  pH (=)
" -0.80
TOC [-0.0095 0034 016 0034 -010 0057 0025 -025 TOC
=1.00
Pb Zn pH  TOC

As Cd Cr Cu Ni
, .

| et <olon, " s P <0.05; Tt /N A s

E4 TEEBEAMERMESESERNAXESN

Fig. 4 Correlation between physicochemical properties and heavy metal contents in the soil samples

K 43430 AT LA RO 4 SR e R BT
PR, KMO 556 20N 0. 641, H. Bartlett’s #5545
WA P <0.01, PEIAAR R AT RLEAT 36 o R B BT
DX 38 2 o A AT 4 SR LR 4, 28 o KO S e
Je  ARPEFFIEAE A5 2 P2 T 3 MBI R T 1 1
BAr X 3 A RSB TT 22 BTEREN 74. 222%,
[EINYS e NP A DS

F S PCL A7 25 5Tk K 33. 682%,7Zn | Pb
Cd Fl Cu HA3 % & 0 1E 2 fr {8, 2 51 R 0. 860,
0. 856, 0.820 F10. 429 ,iX 5 43 Hr 45 5 — 2,
FHAIX 4 P4 Jm HAT — 2 AR, fa s XA
A TSR B X Y A R o AR S R BRI S A
A BAHIAZ BN T A is LR 2. A s R,
Zn, Pb Cd Fl Cu iR 50 3 b & UL A9 5 4x J& 15 gL
Pytel P SRSk A O B A NN, Zn AT Cu
JERSEA A EE R, 325 RS A R, Cd
BTSSR SRR R e S
HERTF G0 AR A L R R b E AR

SRR AT B b N S B IR A E SR
VEY. FAN FEAE IR AR IX & BRI ) SR
HPh, Zn FI Cd % 5t , 3% AT e S0 4L A T
AR R A B AR R R R R HE IR S,
B, B — 0 T o 00 0 Bl AR DG A4 5 YL R

F RS PC2 177 22 5Tk % R 23.280%, Cr, Ni
N Cu EA B 1 1IE 86 {8, 4304 0.874 0. 766
F10.352, Horp Cu 7E PC1 A1 PC2 I — 23
iy, UtB Cu WREAFAEZ EH oK. K 4 /R Cr-Cu
Cr-Ni Z [A] A7 B 3E ARG, UhBH B AT nT 68 AH R >k
I8 AW B3 G, Ni EZ SRS A
SR A R SE S R T 2 A e P T R A A
P, Chai 285 St 585 7 X AT A9 71 3082 S 8 i 1
b E 4RI LB, Cr . Ni Fll Cu FESRIET +
BERETRY A SR G5 G AT SO SR Ko 14
FESH NI, Cr Fl Co W F 330 T 0, A HAR
TR ASRRAE R, 28— 32 40 ] B hy + 3R



3 1 ERFRIAE . FX g L R A R AR R LS A 1663

FERSr PC3 HYJT 22 TTHRAN 17. 260% , As BAT
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Table 4  Component matrix of principal component analysis on heavy metal concentrations in soil of the study area
T HIHR PR 20 e J5 R T 3
PCl PC2 PC3 PCl PC2 PC3
Zn 0. 879 0. 202 0. 000 0. 860 -0.011 -0.273
Ph 0.823 0. 174 0.181 0. 856 -0.031 -0.083
Cd 0.761 -0.038 0.416 0. 820 -0.231 0. 168
Cu 0.512 0. 467 -0.508 0. 429 0.352 -0. 656
Cr -0.234 0. 839 -0.097 -0.048 0. 874 -0.053
Ni -0.372 0.703 0. 108 -0. 146 0. 766 0. 189
As -0.246 0.297 0. 767 0.074 0.318 0.794
FEAEAR 2.545 1.577 1.074 2.358 1.630 1. 208
J5 ZETTHR/ % 36. 362 22.525 15.336 33.682 ~ 23.280 ¥ 260
ZRBTHR R % 36. 362 58. 886 74.222 33. 682 | 56. 962 ﬁr"ﬁz
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Fig. 6 Results of geo-accumulation index for heavy metals

in the soils of different functional areas
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Table 5  Potential ecological risk assessment results of heavy metals in the soils of different functional areas

Ei

[0 : RI A 25 KU S5 %
As Cd Cr Cu Ni Pb 7n
FHERIA R X 10. 02 64. 98 1.01 4.16 3.58 4.39 0.82 88. 96 rp g
TEHLIX 11.73 50. 76 1.32 3.44 9.26 2.73 0.42 79. 66 o g
A R X 12. 96 60. 21 1.36 5.15 5.57 4.10 1.15 90. 49 rh
-4 11.57 58.65 1.23 4.25 6.14 3.74 0. 80 86. 37 o g
KU TR % 13. 40 67.90 1.42 4.92 7.11 4.33 0.92
4w %, Y5 X L b H 4 i SR AR R R B sk
- T, ST 4 R i AN,
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