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Cadmium and Selected Heavy Metals in Soils of Jianping Area in Wushan

County, the Three Gorges Region: Distribution and Source Recognition

LIU Yi-zhang'?, XIAO Tang-fu', NING Zeng-ping',JIA Yan-long', Ll Hua-jun’, YANG Fei', JIANG Tao'?,
SUN Min'*

(1. State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002,
China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Bureau of Public Health of Wushan County,
Chongqing 404700, China)

Abstract: Abnormally high cadmium (Cd) concentrations were existed in soils of Jianping area in the Three Gorges region, but litile
information is available about the geochemical distribution of Cd and source identification. In the present paper, total contents of Cd
and other selected heavy metal elements, the characteristics of soil, the contents of Cd in typical soil profiles, and chemical forms of Cd
in selected soils were studied. The correlation analysis, the principal component analysis, and the comparison between different soil
types were conducted. The concentration distribution of Cd and selected elements in local soils was investigated and their sources were
identified. The results showed that Cd in local rocks, coal and coal wastes ranged from 0.22-101 mg-kg ™", 0.42-42 mg-kg ™" in the
arable topsoil, and 0. 12-8. 5 mg-kg ™" in natural soils. The soils were also rich in other elements such as V, Cr, Ni and Zn. The weak
acid fraction of Cd accounted for 17% -35% of total contents. This study demonstrated that soils from the Jianping area of Wushan
County had a serious Cd pollution, and both local rocks and soils display a significant geochemical interrelation. Cd particularly
accumulates in the topsoil, and it is mainly derived from the geogenic source. Human such as the historical coal mining may overload
Cd in the soils. The local soils had a high portion of bioavailable Cd, through which Cd may easily transfer to and accumulate in the
local crops growing in the Cd-rich soils and cause potential health risk to local residents.

Key words : cadmium; soil; principal component analysis; natural sources; the Three Gorges region

5 (cadmium, Cd) ZHMAI A FH F . AMKIE 55
WA R T R, RS g N R BUE Y A (B OC T 12, I AR R FR 1 JF e 19 22 H A sk
Y R AR s Yy — P IR Al ik A A B R A KV e A A O R v A
EERNIMEE R PO Z —. UIEE NS T
(RS (] BUIE 5T, Z2 4 e Tk HEcm 7= A i 35 WeRE B EA: 2012-09-03; #EiTBHEA: 2012-10-30
VLB KRR (B BB i s R Kz sy T
&5 K fmag B 2A 48 Jy i R T H ARG R 1 AR AR ﬁ;;—ig?ﬂ;ﬁﬂiﬁisﬂ@’;i;;ﬁfﬁﬁmﬁﬂﬁ

PR BR AL A o e R T A R AR BIL R B BT 5 * JEICR A E-mail ; xiaotangfu@ vip. gyig. ac. en



6 XUFEREAE o e A DX AR LA B DX S 45 T 4 S o A R LE SR IRATT 52 2391

FO O UHIRR VLI SR ARAE — A L A AR R 5
N EM R X PRI R % R S
TE R INCA AR 2225 25 DG FIRIF ST B #4415 EH HITAH G
DR TARIRE B Z . A T SR, PR AT 7 =
Ufe 2 DX T 14 b 5 b B b R Ak 27 8 £ S PPN AT 5T
T I, LT = P DX AR 1 EL B Xt A
TE 5 bty e o B T S X AR L B R
DXHBARA YT SR L 307, BF 57 Ll Jo s o 5 ) o A
BOER R 5w SR AL X o T S V5
WL AL BAT 20 AR S BRI,
BT X S A W] I B 50 45 R 9 S [ R O
20020 4] U 1 38 v A R IR B R b S e BT
BT R R 3 v 6 A5 T 4 U 1 SR YR U A
AT, ASCLAAR I B 3 X O BF 51X, 3 5
RARII T WTFE DA [R) 2 B A F - e rh i B At T
R ATRIE I 45 G SR S e Y i
ST HRIRAFIE S 0T . AH SR A 2 1823 o0 A 2
7 WIS X A S i R DR T AT, DR )
AR AR IR W AR AL A, DU Dy = e J2e IX o 42
JE TG A B S PR AR .

1 HR5HEE

1.1 s X d
AR LB XA T AR LB ET 24 15 km AR HY

KAILA R, X 1Y Sy R e AU A LU 33 b, Vg 4k
440 ~800 m. J& T HHT 2= RUPE NI S (AR R
I 18.0°C) , B FE i (AF M1 052 mm). %
b DXy g s 1 TR (R SR TR SR P B ™ EE Y B IX 2
— IR R I i M R A A M R AR
M IR T RE 75 & 2 M B BR % £ 5 ]
M — N EE R

ST XA K L LL SR A4 18 7 1)1 2R R 4ty LA
KV SRR B AT (0 45 G B . XN W 244 1 By
EH. KNHZENERRE S RYA 1R, 02
A SRR Ty I KA —B XN EE A A F
BB R/ RWNYRIE | RS | Jerr . 0L
TR ME, LT RS A 5 U R s U2, B
FEIXINA ZA 200 B A 2 R SR A i 5T 0 el R
TR A A A, DEEE X B R o e,
W I RE KA. 55X R 2 A E R X AR gk
My R DX, 328 - 3R Sy A K R T Tl HE
s Y5
1.2 FRECRES T

W XA B A 1 Fis. AT RE T ARk
in 38 M ALHE B UIRUE | JE R R (DA AR LU At
SR IATE) | A RS T RS Y
TG RAR  HoR AR &2 T IR 49 1, (045
B0 R JEHE HE(0 ~20 em) 33 7, AR T (I

(b)

ﬁﬁ’_fx\

(2)

>z

05 10km ™

[T

iR KRR

0

= BREL ° AKtL Al

1 HRREREL/MLTE

Fig. 1 Location of study area and sampling sites



2392 2N 5%

B 34 %

FEARAR A5 BRI . R ARSI B R KL+
Hey1e fF. BLAM, IR T 3 MR R I, 3
bbb Yl

FERMTE IR T B AR KT, 2800 3k 0 i o 0 =2
<200 H#H A, HIERES TP E SR SR
HNO, + HF = ik 55 e 25 P I A, I R B
Bk AL % BF 58 B #F 47 ICP-MS ( ELAN DRC ~ e,
PerkinElmer) Jllis, -3 Ca, Al Fe, Mn 25% =0
Z & R ] ICP-OES ( Vista MPX, Varian, USA) Jll
K. FER ISR A | 25 AR RIBRRE I L
Hil05 2, A G SRR 22 7E 95% B A5 KV L fE i1
10% AP, BEAR 8 53 EU T 10 N HEE RS, SR
TE Zemberyova 45 $H 5 R BERN GG BCR 3%
SRR (KBS NI 30 mL 2285 /K B F IR
2 h, BREACR 5 S/ Hr AR R ) HNO, + HF =ik
FEEE L) 6 3 Cd IR ST T
A3MT. pH AEINRAN 1:2.5 (4 7K) I8, H A HLR
(OM) P 2 X HH B % TR B - R T

2 ZR5itie

2.1 AOHERTPREE SRR & RIFE
AR 1 Al S5 s AR ER 5 rh Cd -F

B a s ML, Cd 2RI ST X DUBLE T A AR A () R
JE e 4RI B 1 S A b R (2 | R
FIL Y B ) S P AN R A 25 Cd 1Y
T2 TR, MR A ASRE AL Rl — 2 5 4
Cd S RWR R, Hd a8, a5/
B e DU R & RO . TEAR M A
M Cd SR EA 101 mg-kg ™! (H7E SR RAABERE
5 ST S R, Cd B AR AR, Cd
BEME R TR A, e 5 A A
RS EA . B Cd LS, SR AT R
SEE SR, X ALV, Cr, Niy Zn, Cu 4§
TR FIFEAELEA R RE B 1) 4R, 20 SR A ik
FRUE US| B A, BB R 28 2 v L A7 7E W) B i
HEEEENSE; fEARMIF R A B FE 5
W & RIS 7w R b R &
SIREEMSIEAPE 0 E LW 5 A
% NI, XK A AR Cd S ESEITRNEE,
— R e SRETAT S TERERREETEA
SRl 5y T Al g 5 1% X S A DG Y AR
WALAE A . SR, 5 5T s Ko [ AR e
(B0 A Ph AR SRR E B9 XA A R A
o Ph IR R EERN L.

®1 BEAMEPEETERE /mg-kg™

Table 1 Concentrations of selected elements in rocks and coal/mg-kg ~!
R i H Cd \ Cr Ni Cu Zn Pb
I — FE | 0.27~7.1  19~5960 28 ~1944 11 ~454 1.0 ~271 29 ~310 3.0 ~32
( “1;;135 444 2 1071 409 108 65 12 17
n=
Sp* 2.4 1965 625 137 75 75 9.1
. 110 ] 0.22~3.6 6~1717 7 ~863 8 ~80 1.0 ~211 58 ~173 9.9 ~17
(n@f’;‘l)ﬁ 4418 1.7 410 207 34 55 12 14
SD 1.6 740 369 32 89 43 2.9
- B 19 ~42 283 ~1817 295 ~2870 89 ~391 45 ~110 101 ~473 3.0~35
f f) SP-H{E 29 746 1001 191 73 269 16
n=
SD 11 721 1248 142 27 153 15
F FiEA | 0.54~3.5 131 ~360 63 ~ 108 33 ~78 75 ~ 188 62 ~172 20 ~26
i%_);ﬁ) * PR {H 1.6 211 82 49 113 108 23
SD 1.7 129 23 25 65 57 3.1
. FEA | 0.52 ~101 23 ~748 14 ~835 12 ~227 5 ~247 86 ~230 6.7 ~31
(n=7) " T E 25 397 256 92 123 147 16
SD 37 237 288 69 99 61 8.8
A 110 0.29~3.0 23 ~420 16 ~435 7.0~114 8.0 ~200 33 ~232 3.0 ~25
(#{6) SR 1.4 234 157 51 105 143 16
SD 1 155 149 38 92 68 9.3
5 g 110] FHE 0.3 130 90 68 45 95 20
MR A FHE 0.035 20 11 20 4 20 9

1) n BEAELG 2) BARTE

; 3) MR, TR
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Table 2 Analysis results of selected elements and physicochemical parameters

R T H A/ % Ca/% Fe/% Mn/% pH OM/ %
EEHHE L (n=33) Pl 4.0~9.9 0.02 ~4.28 1.5~5.1 0.02 ~0.20 3.9~7.7 0.95~6.2
S =
SEY{E 7.0 0. 89 2.7 0.07 6.1 2.3
HREHE(n=16) Ju 3.9~9.7 0.01 ~4.8 1.3~5.3 0.01 ~0.15 4.5~7.5 0.33~4.9
S 6.4 0.82 2.8 0.06 6.1 1.5
o ] - e (i 14 A 6.6 1.5 2.9 0.06 — —

+HErp Cd FEEEITR T BN OPTEE R W&
3. EEREAFSE X, i AR S P Cd SR
TR E LTS A, PRl DB A, Cd 5 AR
AR R [ - HEEREE U (GB 15618-1995) —2RbrifE
(0.30 mg-kg™") , WA GG T REBF 5 B A =
e X+ E 4B Cd &8 Y 5 E (0134
mg-kg ™), I BB SR ERfL 2R T B BUE
M5, Cd FHSFHERIARZHE L3 > AR+
Bk, HAR R ZHHE 15 b 5 S 0 bR v
2 XAT BE R T Y S PR RN s A IR
ZEN N RS (5G9, EHREE S Cd HEN
0.12 ~8.5 mg-kg ™', Hr R B I B0 IR A B
WA 0 KT B AR 18, Cd & R R ik 3.2
Ing-kg_'. VI Bt SRR R X B 5 Cd He
BRAE2ATE 5, A B AR AR L ERE it nT RESZ 31 T
ANEWES T, ERZHE LI A Er

Cd HEMER, ik 42 mg-kg ™', MIXF TR E +
HERRBE B (GB 15618-1995) — AR ME{H (0. 30
mg-kg ") B E EMEER A 140 £ 10 Cd, V., Cr,
Ni, Cu, Zn, Pb & P ¥ EAR X T 3K E + 515
R E RSB R 73, 4.9, 4.9, 3.5,
2.2.3.1, 1.4; AR P —(H 50 k.21,
2.4.3.2.2.2.1.5.2.1,1.0. fILa] UL, BF5EIX
I B EBS. B Cd Ah, Hifh 4
JRIC AR TR —E 1 & RRE  EOR G Cd 5 4R
B3 Hr Cu 1 Ph 1Y & 8 A5 FE AR R AL, PR AR
5% FEMHE X G050, 456 A AR B
AR X £ cd HES B TR & B
TRERAE 5098 X A7 26 B0 AR 1 1) R Ak 2 4k R
PE, WA A Cd 359 5 B A T 5 A R 3R
REPR () A B E S, W Cu AP (Y 4
NV

®3 HREXIBHPEXTELELIE mg kg™

Table 3 Summary statistics for several elements concentration of soils in the study area/mg-kg ™!

FE WiH cd v Cr Ni Cu Zn Pb
iR 0.42~42  100~1549 73 ~884 28 ~252 23 ~96 82 ~ 644 23 ~53

KEBETE(n=33) T 7.1 400 300 95 50 230 36
SD 9.4 308 230 54 19 124 8.6
Btk 0.12~8.5 80 ~ 545 69 ~1022 23 ~179 18 ~74 61 ~374 20 ~36

FAR L4 (n=16) A 2.0 197 194 59 34 157 27
SD 2.4 124 236 40 15 91 5.4
7. A A [ 14]

- B SEHE 0. 097 82 61 27 23 74 26
Bl 0.3 — 200 50 200 250 300

2.3 RN AR
i HE - BT YA 1 50 R 7
- S T 1 2 T A A AT T 407 , 9 o

BRALAE T SRR Nb JTCRAE A S TR kel
FIXFEE oA, S WA T 2K B 20 A FE RS k. 0
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Fig. 2 Distribution of Cd and Nb concentrations in soil profiles
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