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Accumulation of Heavy Metals in Agricultural Soils and Crops from an Area

with a High Geochemical Background of Cadmium, Southwestern China

LIU Yi-zhang', XIAO Tang-fu'*>", XIONG Yan'"’, NING Zeng-ping' , SHUANG Yan®, LI Hang', MA Liang'”,
CHEN Hai-yan'’

(1. State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550081,
China; 2. School of Environmental Science and Engineering, Guangzhou University, Guangzhou 510006, China; 3. College of Biology
and Environmental Engineering, Guiyang University, Guiyang 550005, China; 4. Chongqing Key Laboratory of Exogenic Mineralization
and Mine Environment, Chongqing Institute of Geology and Mineral Resources, Chongqing 400042, China; 5. University of Chinese
Academy of Sciences, Beijing 100049, China)

Abstract; In order to investigate the accumulation and transfer of heavy metals in agricultural soils and crops in an area with a high
geochemical background of cadmium, soil and crop samples from a black shale outcropped area in Chongqing were collected and
analyzed, and the results were then compared with those from other representative black shale outcropped areas. The results showed
that some soil samples had a very low pH, and the metals Cd, Cr, Ni, and Zn were enriched. Cadmium concentrations in soil samples
exceeded the safety limit, followed by Cr and Ni. Overall, 91.3% of soil samples were heavily to extremely polluted by Cd. The
residual fractions accounted for more than 80% of the total metals, except for Cd and Pb. The weak acid soluble fraction of Cd
accounted for 27. 0% +6.4% of the total Cd, followed by Zn and Ni. The results demonstrate that weathering of black shales can
result in elevated heavy metals in soils, and Cd is the primary contaminant in local soils. The high bioavailability of Cd and the high
acidity of soils induced the enrichment of Cd in local crops. Cadmium has a higher transfer factor than other metals, and the crops were
seriously polluted by Cd, particularly the leaf vegetables, which presented a high concentration of 11. 5 mg-kg ™" based on dry weight
and thus, these vegetables are not suitable for cultivating as food stuff. In addition, the risks from Cr should be of concern as well.
Therefore, it is recommended that countermeasures be carried out to address the pollution situation, for example, by classifying the
pollution levels of agricultural soils and adjusting the planting structures accordingly to reduce the health risks to local inhabitants.

Key words :black shale; agricultural soils; crops; heavy metals; speciation
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29. 8% ; 86% it Cu J& T Joi5 4% 2 rp B2 5 YLk F
75. 4% FEdl Pb HTET5 g 5 43. 8% FE5h Cr SHJCi5 ¢
FEEETG Y, KA N h R EI5 Y 63.2% t1#
Ni RTCis e BERFETS gy, EETS Jept ik 26. 3% .
Al UL XA H A A i T 4 B A T AN R AR 175
YK, Horh Cd 15 s ™ 8, Cr FI NI IRZ. Pb
BARAFTE—E 5, (AR L bR fERRIE. &%
TUE TS G K - 3L AR 5 BR Ak 24 15 (S AR A
e UL BRI R RS KA A e R
#2 TEEREELREL Pearson X RED

Table 2 Pearson correlation coefficients for the heavy metals in soils

Cd Zn Cu Pb Cr Ni
Cd 1
Zn 0.621™ 1
Cu 0.592™ 0.366™ 1
Pb 0. 180 0.504** 0.205 1

Cr 0.615™ 0.607 ** 0.017 1
Ni 0. 806 ™ 0.510™ 0.242 0.687 ™ 1

1) # % FIRFE0. 01 K (AU | i 3405

0.489 ™
0. 809 ™

TR R (TUR) Mk 2 PE o 22 52, X
- FREIS ot R 2Z R, BN EETR
f45 Cd, Zn, Cr, Ni, V., Mo I Se &, ARHFFTIX A&
M EAFRHETS Yot R N Cd, P& & s T
i — 2l X R 5 R 0%, 4 E Okchon
MmNk cd &K 0.2 ~5.7
mg-kg ') WAL AE T HL RS R Cd ML IX 13
Cd /& (0. 11 ~1.33 mg-kg ") 2, X7 (R 450
I (7 W7 VLR s R XU 8 Cd % R 0.07 ~
13.03 mg-kg ' (FHIMEH 0. 81 mg-kg ™). HHLLT I
ey Cd BT Se X, G SE [ fin A 4 JE 2 5T X
b+ cd &# 5 0.59 ~28 mg-kg ™' (F¥AE
8.0 mg-kg™"), Fit & Cd £ KA AL 3 cd &
#=# % 0.33 ~ 2.00 mg-kg™' (F 1 1H 0.82
mg-kg '), AWFIE X LR 5L Cd 1Y E AR AR
H. PR IR T 25K, INEE 2 A A 4,

ZRWIHIE | B XA G 22 st s HEAFIE ik
Bt Wi, B eRfe 2 A a2s 5 | Rl
AENRGRIRAE, LRI TR A i HE
FAAF NIRRT, Xt [ R e 5 A9 ERTEY
ACH S ] BRI IX 4 G A A Y
HAJEA.

8

[

L]
T

MBI (fyeo)

he 6

b398 T 2 o T
E1 IREEcBETRMRMRIEH

Fig. 1 Geo-accumulation factors of heavy metals in soils

2.2 HHEE S EWRAFE S FHE
TR P ESEN FEORIE, HIEES
& S TE AR ARV E Y X T 4 S (R W 2 T A —
SEMJRIBRYE , BRI E 2050 I e oA A s
PEHC B, A XA SR X A 10 A3 )2 AR S
TSR BUE T, W& TR E B
ez T8 2, 2558 FRM, 5T IX L Cd gk
S (43.8% «11.8% ), Pb ik, 5 66.3%
+11.9% , Zn. Cu, Cr I Ni 5% &7 b7 He ) 24 78
80% LA I, iX Pl AEUE IR IX 60 3 T 2RI TREA H
SR AR, U0 Liu 262 B9 98 UFSE b R R A9 Cor
NI BRI I 5. Cd 1 P By )R RS 5 1
I3IH 24.2% £9.7% F 27.1% +8.4% , HiAthot
REWMT 8% . (HMEENIE, Cd M5 IR EEST]
iK27.0% +6.4% , Zn(4.6% +3% ) I Ni(2.4% =+
L11%)% 2, Cu fl Pb X F 0.5%, Cr (LK
0.01% ; £ CHEKBER G LT 1%, Hi Cd
(0.62% ) Fcf. Lee %) Xt [F Okchon 2 (4 7T 7
Ak 3T 4 8 I Ao 45 R B, BRIEA Zn
H Cu (I HLFIFEATE 809% LA L, Mgkl 25 Ph MG,
PITE 60% FoAv, FRIEEZA Cd 1Y LB 3L AR T 40% |
LSRN IX 3 H & R B S AR IE L. AT A8
Beds Cd B HBIZ R 20% 2247, BEAR T ABF 58 h Y
SRS ; WA od AWML, Hal 4
b7 Cd (1 He Bl TAIE ST WiVE a0 R R K
b3 h 4R B A T 45 R R, Cd 1
TEHEST I OKIEE | BT FRIRER 25 53
mitt22.5% , Pb ik, 1 10.4% , Zn A1 Ni [ Lb

8
_2 1
cd
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PG, BT AREE " X Wi R AR A AR KR 3R
0.01 mol-L™"f) CaCl, ¥ W HATHEIL, L5 KR A
WA Cd F G 15.9% , i T HALE 4R
JCER. XHFHA KRG, VTR e £
BT M g s e T 4 Cd R Ph AR A8
IR B T 2 L 8] LA B R T v )3 1 285 A9 X — 4R AiF
[EREAEAE, {H Zn, Cu, Cr F1 Ni BTG el T
ARBFFEIX I E RIS e 1. XU P 4R
MTEARRAE, — 7 I T I0 R AR B 14k 24
Fi— M ERIE WA HE W, BRI, AFE
X I 2R (025 22 XA 1 o B 4 AT S IR AP 4 i T
AE LA —EMRIE, Cd ATE A4 B &7 LB 2
H20% ~30% , TR R, BEAYAMER;
HATE 48 (Pb BRAM) REWAF TARES . BR
Cd B K T HAE 48, (0 HA YA 508 i
o7 g, HLRE R B R R, BT iEA L
B WO R A E R, T RE S ECREY T Cd 1Y
BRSO RFFE X A - 48 XU 5 e A R A
HYITE.
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Fig. 2 Geochemical partitioning of heavy metals in soils

2.3 RAEYE S Jm E R

A H TR 4B AR, HA R AR S 7 e
S5 YIRS, AR SCREE T W XA A LA 1
YIRRT & &R 53, TR Ve BT & RS A7 43
MRS MRS RSN R TRAY. FITES
B|ERILTRIEYTE, BRI 0. 085 MYk R4k
MAFE S T EEE, UUES & TS e br
FRAESEATXT HL e M. B 3 W1, Cd. Zn A1 Pb 1
A > 282 > WK > R TE S B
Yy, HEAEY T Cd B S &L 115 mg-kg ™',
B N EE; Cu, Cr FI Ni W7E 225 01 50 fh 1
KRB E AL, A SRR Y b & 2
SARVIN. 38 a4 A A i R R 5 SOk [30] (Cd
Pb 1 Cr) #A7HLXT, 25K, RIEW T Cd 1
Frd NPT, 2R SR Cd IR R A 84% (FrifE
fH5 0.2 mg-kg ™), EIRFEECH 1.3 ~23 5 (FH

5.7 %) . B MRS Cd FE (0. 12 mg-kg ")
W& B AR ME (BRUEME 0.1 mg-kg™") 5 HABIEY cd
(R AR %N 61. 8% (FRIEME 0.05 mg-kg™'), #hr
BN 1 ~T72 5 P4 8.5 1%, KRR E A
RO IR ZERE. BR 1 5 5 RESL P & (0. 15
mg-kg ") BEE TARAE 0. 1 mg-kg ™' A1, HALRIEY
Pb B AR 1B Cr MIEBAR RN 49% (FrifEfE N
0.5 mg-kg™"), MRAEWRIRIL 44% , HABVEY) &
FRRIIA 52% , B 1 A0 SEAT SR i AR 35 20 %
Ab, HABAE R ECN 1 ~7.02 £ (CF3 2.1
%), BAVEEEMLT Cd. FRPFEL B RBIR,
I F 24K, (BEAERN R, BT EREKR
BHAEE A%, ASSCP R A 0,085 BB MY 25
B, ATREARAL T EOREEM TP E AR TR A ot
FAEW R LA AR 289 1 B A iy A=
KR, BHHSTEECEELEICR, W Lee
S0 o s [ TR0 0 O BF 9T R R, Cd Tl T
EETHRENEA/EY T, Khan %2 7E B HTH
SR PSR, Cd F Cr TEM KBRS b i o 2
Hefm s AT UL, ANFEREYREAFESTER 1Y & e
NHAW RS, YA R E SR B
AR R T EEE.

WHETER Cd MHETS, RAEY) Zn SFEFRITERED
WMSC 25 AN )RR B LA AR 2 SR Gk 3 BT 22
ARFFEHIARAE D RE S Zn 5 Cd & 5 B E A
(0.661, P <0.01), HiMAEMEY(0.714, P <
0.01) 5m-2E4EH (0.756, P <0.01) o iy AH G
15, MR SEAh T2 VEY) IO ARG PE. BT Cd
Zn AIRE MRS OE FR, X Li 4% Cd B
N KA 5 TC R R A B 52 45 R AR e 4h,
HEBRE, Pb, Ni 5 Cd Il Zn ZEWAELEIEAE
KAR(P<0.01), HAMWAEEYH Cd 5 Pb(0.578,
P <0.05) . Cr(0.626, P<0.05) 1 Ni(0.99, P <
0. 01) FH M &7 5 150 B X 26 B 3 7 1T BB & A XHAR
I 2 1T W B 507 A ISR AR S e VR, FLmT R
PR, BRI E 4R B, (HrT e Lk
EHAAEAE, B vk I A m (E 2).
AR, WF 98 DX 43 i i 3% 52 Y40 47 78 A 8 1Y)
Cd WARENL, Cr FBIR R IR Z; ZEAM 55
Cd Fl Cr Wy AR, ARG TFE A ; 208
FORMXS B 4, JE T Al B AEY), (e ™ BT
Y b HFRREATY SR AFAE — 2 KRS 5 BROASE SR S 1
FAEY BSREBAR N A5, EAEAT — @ KU
FEVS Y AR AR A M T R B T B I . B AR
YR T R I B W I AR, R i 2R R,
HH#HBAREE, W Yang 25 % 8 B (98 2
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IS N XSS NEE SN EE L PN )
100 g #1200 g, Cd 115 G4 X5 >4 M A\ B 7 A=
WRESE . I, A B FSE X A AE Y b At 45

FEATIRRE , TEAT XA [ L DR R AT 75 Gt 70 20 10 L il
L, BEE AR AR A AR, DL — BRI
THEAEE R AURS:

#3 RENELBAESE(TE) SHEEH /mg-ke !

Table 3 Concentrations of heavy metals in crops (dry weight) and transfer factors/mg-kg~

1

Es RAEY cd Zn Cu Pb Cr Ni
3 (n=3) 23.8 ~53.2 85.07 ~116 3.72 ~6.07 0.79 ~1.88 2.22~5.09 8.00 ~19.3
HiE (n=15) 1.25~14.3 19.5~90.4 1.12 ~6. 44 0.18 ~0.95 0.90 ~14.3 0.38 ~14.5
s HBH (n=2) 1.43~2.95 39.61 ~41.8 9.58 ~11.2 0.55~1.3 6.54 ~10.8 1.59 ~2.78
MEX (n=4) 8.25-~32.0 35.63 ~91.4 6.22 ~30.9 0.49 ~1.88 6.95~11.5 1.69 ~5.96
S 11.5 52.8 5.77 0. 69 5.54 5.82
i A 0.20 ~12.17 0.10 ~0. 84 0.03 ~0. 64 0.01 ~0. 08 0.002 ~0.07 0.004 ~0. 16
BN (n=4) 1.60 ~42.5 54.7 ~161 3.63 ~5. 14 0.30 ~1.04 nd. ~21.6 2.76 ~46.5
+5 (n=4) 0.17 ~1.38 24.7 ~58.6 5.48 ~10.9 0.05 ~1.06 nd. ~19.3 1.48 ~9.35
[iiES 1% (n=8) 0.06 ~1.36 4.43 ~131 4.36 ~14.0 0.05 ~0. 69 nd. ~8.38 0.89 ~3.30
SEEHE 3.75 40.5 6.31 0.35 6.05 5.80
s R 0.02~1.45 0.02 ~0.89 0.05 ~0.26 0.002 ~0.03  0.002 ~0.08 0.01 ~0.19
B (n=7) 0.46 ~5.82 12.6 ~40. 7 9.22~12.9 0.05 ~0. 41 nd. ~6.11 1.11~11.6
W3 (n=11) 0.11 ~5.40 15.3 ~68.9 3.75 ~7.94 0.21 ~4.34 7.69 ~117 0.84 ~20.9
RSP F2 B2k (n=95) 0.20 ~1.84 36.5 ~47.5 10.91 ~14.3 nd. ~0.46 0.52 ~7.38 3.04 ~17.2
FHE 1. 44 36.8 9. 06 0.52 16.6 6. 66
is 7 0.002 ~1.53 0.05 ~0.94 0.03 ~0.62 0.001 ~0.13  0.002 ~0.26 0.01 ~0.31
B (n=2) 3.7~13.8 39.1~40.3 23.3~25.9 0.44 ~1.78 7.27 ~17.7 2.76 ~78.3
XS S 8.75 39.7 24.6 1.11 12.5 40.5
s RAU 1.70 ~1.92 0.35 0.42 ~0.50 0.06 ~0.01 0.05 ~0.09 0.05 ~1.20
EXK (n=4) 0.01 ~0.05  23.32-~32.81 1.04 ~1.87 nd. ~0.13 2.57 ~21.14 0.07 ~1.17
EALYES SEHME 0.03 26.5 1.38 0.05 8.15 0.64
in RA 0.002 ~0.01 0.20 ~0.28 0.04 ~0.032 0.003 0.02 ~0.05 0.001 ~0.01

1) n FRHEARCE; nd. FORIRTHIIR

2.4 HELEELEHH-RIEY R BRI B

R IR V5 Qe 2R | RN R £
HRZMEW, f53HIEAYREESBEEN
MR AN E S, HSBREY S LR SR
(R YA Z B RZWATE, LIS
ST P Z5 I, DI 75 35 T MR S e s A 1 1) 4
YEYE &8 S E LT ARl aE. %8 R28(TF =
RAEYE &8 TE G/ HIEELSE ) v
LB IEEY s 2 me 1, DARIFRIX
MIEOL R H, NFEIJCE TF E AN Cd
(0.99) >7Zn(0.29) >Cu(0.16) >Ni(0.08) > Cr=~
Pb(0.02) , XHAGIEE S 55 RIS BES A 281k
— 5, S HABK IR 7T A B 458 70 B AR — 3L
AFEAAEY T, mF2REE SR TF A& &, W T & 4
FEJE, Hb cd i TF 8 0.20 ~ 12,17 (CF 4 (E
2.05)#w, Cr il Ph 4k, 4 0.02; Wang %'
WFE KA 2K 5 3 od 19558 28 Pb /05
50 f%, ELM-2KERZEN Cd E £ T HAh .
Khan 45" & B Cd #5518 2505 T HALE 48 oo
R, EERVL =ML IX A G 45 R e B, 855Xt
Cd W E R THAE &8, Syl 28

SXF Cd BAREmMEERT). HERESELES
YEYI &R S Z B R G R, AR5 X I
YEYIRN S 22 M TR], A9 R VE S e
WA SC AT R, Cd A Ni A7 76t 35 1E A0 56 56
Z, MXREB R 0.381 (P <0.01) F10.284(P
<0.05), HAICZE I+ IC I AN M. ASHE 5T HEH
FHETS YT R Cd, % A& AR AR AR 7325
JEht A e E 4 R B AR (K 3), S5 R R AR
YEY 5 X0 38 Cd FHOCHEN R, R? 7T 0. 691 ;
RAFPFRAEWIRZ (R? =0.2861), H B Cd
5438 Cd AR R (R =0.7953) , AT Cd
S A CHERIN(R® =0.2597) ; MZEr2E
RN LR R ZE. Cd i AEYRAE, @itk
(KRR iz = S 28U g A7, W0 Cd AR
EEY T B TR A > 2 S ARV A A
XPAE SR St sE R W, it b Cd & T
USRI AR H W T A B AR, RS IA R
2 TL A EBAEAF LU, Salt 2510 X BN 53
IBFFERIT, Cd 7E M A rh Y & 42 AT RE 2 i 22 pL
il WA, AR RS R A
Cd S5 4 @ U Z AL T AR 0 sh A PR A4S, i,
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REIA T 2475 B B IR IC R (A0 Cd) TERE YR N 1 %
iz M w8 R R S HLH.
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HEAEM, Hrh pH 2 W& AEY I Cd 558 4
BB F 2 —" T FEARIFTE X, RAEIRE S
M Cd, Zn, Cr FINi &ar 5 14 pH (HEA — &M
AR, HAHCRECA R, X5 Cd Ml Zn 7E P <
0.05 /K ¥ 5 pH (HE B A, MHE R 5005
b -0.311 i1 -0.252, HAREYZSHE, 76
ST pH (R FRINE —E B LS THEE R K
VAU Cd) B BT DT ol A5 42 W A .
AN, BFEIXAVEY Cd 19 TF 5 pH i 2 A1 7E7E
—E M AFASCNE, FHCRECH -0.252(P <0.05),
X —ZE RS BRVT = AN X A g Y 2, Hk
A% pH SHLLHE 480K (W Cd, He Al As) 19
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Fig. 3 Relationship between the total Cd in crops and in soils
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