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& E: R BCR JEASHT 4 BIEFAHC - HESRFE PRI T-B, VIR RIR X 459 A58 5109 Cd. Hg. Pb.
As. Cr, Ni, Cu. Zn BYA[ZSHAs . b, ks, s ag e ESr, URFRICESEM pH, BAVR(TOC)
NP B F A8 (CEC), il Bk Ib2ESHGIT. HIS T AEdENT L, BRI H 5 & B IE A A AR IE SO A SR, 45
KR OCd LIRSl R R E, HHKT 75%; Heg 1 Cr LIBRESNE, .5ttjt? 90%; Pb, As, Ni, Cu, Zn LA
AR EASFIRES N T, HHKRT 87%; SHEEBITEMES S BN 8.5%; QEABILEHNMFHLRZ AL A B IEHK
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EHEZR, Wnsginds, WRJEE . ATEMA Cd 5 pH. K ZBIFAAE R AR, ﬁ'ﬁﬂsﬁ{%?ﬁ Cu. Zn 5 TOC Z|AlfEfE i3
IEMZEME; @RMAFAERT SR Cd. Cu. Zn. Se ¥IFORIRS EENLH], BUFFIASHE ., AIRFES. TTAMAS Cd. Cu, Zn 5
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Distribution of Soil Heavy Metals and Their Speciation in Typical Farmlands in Jiangsu

Province
WANG Yuanyuan, LIAO Qilin", LI Wenbo, XU Hongting, CUI Xiaodan, LIU Weijing, LI Wenting, ZHOU Qiang

(Technology Innovation Center for Ecological Monitoring & Restoration Project on Land (Arable), Ministry of Natural Resources,
Geological Survey of Jiangsu Province, Nanjing 210018, China)

Abstract: To study and explore heavy metals distributive characteristics and their controlling factors, 459 typical soil samples
were systematically collected from the farmlands in Jiangsu Province, and heavy metal concentrations (Cd, Hg, Pb, As, Cr, Ni, Cu,
Zn) and their speciation contents (exchangeable state, reducible state, oxidative state, residual state) were determined with the
improved 4-state testing methods related to chemical state analysis from European Community BCR. Macro elements and other
relevant soil physio-chemical parameters were also analyzed such as pH, TOC, and CEC, and geochemical parameter statistics
and correlation analyses were used to analyze and compare these detected data. The results showed that: 1) exchangeable and
reducible state were the main speciation of Cd (accounting for more than 75%), residual state was the main speciation
components of Hg and Cr (more than 90%), reducible and residual state were the main speciation of Pb, As, Ni, Cu and Zn (more
than 87% in total), while oxidative state was less than 8.5% for every heavy metal; 2) There were mostly significant positive
correlation between heavy metals speciation contents and the total contents (correlated coefficients » general higher than 0.5, and
7 of Cd higher than 0.9), and the positive correlation between rice Cd with soil exchangeable state Cd was obviously higher than
with soil total Cd; 3) soil pH, TOC, CEC, Si, Al, Na, K were outright important factors to impact heavy metals speciation

distribution, but controlling factors were obviously different for different heavy metals and their speciation, for example, there

OIEETH - TLIRE ARG R R L 0% 4 G RHLELEH T B JSZRHYKI202117) YLIRAE SERLIF 53 1H0 8 3 SRR % 3 4 100 B (T
)(BK20171496)FIVT. 7548 [ A (B i) AR 25 i S 2R 5% W I 30T H (R0 82 [2018196 5) W B
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were significant negative correlations between exchangeable state, reducible state, oxidative state Cd with pH or K, and

significant positive correlation between oxidative state Cu and Zn with TOC; 4) Some similar or identical material sources or

enriched mechanism may existed for Cd, Cu, Zn and Se in the farmland soils, resulting in significant positive correlation between

Se with exchangeable state, reducible state, oxidative state of Cd, Cu and Zn; 5) BCR speciation method was irreplaceable to

detect soil heavy metals and their speciation except Hg because of the low qualified rate of Hg (only 4.6%).

Key words: Heavy metal speciation; Distribution; Farmland soil; Jiangsu Province

A H N ES RIS R PG S B iR A Mg
FRAGBYIME, —EH s | BBk i 22 S e
FIRGEIST e TR 4 75 e KU AR A2 4 i
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BRI, RN R RAYA RS SR, D
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Fig.l Sampling sites of farmlands in Jiangsu Province

http://soils.issas.ac.cn



1328 +

e 56 %

FHERILATT S , W XA & 48 & R R Y
TR I7 b DR 43 5 e R 9 R X, G e %
— )RR Cd I YR A, JRih Cd ¥5 YA 3
HIAEA Se AHXTESE. LN, fEREA 4 Pb.
Zn., As, Hg % JmiBis Jeqc M. BF5T X N 43R 508 —
AEPTAGH], R EEAEECRKRR L AN L K
RO A o AR Y AT A 800 T 4 S V5
By I A AT A oA AR T T2 AT Rt — 2 T R
HoAH -5 4 8 o0 A (R E & R IE S Z M) i 5
g
1.2 BERHE

X T o A A A X DAk B 3R A
SUOL, RS B bR S A 2 2 AR AR S bR GPS A A
PRI R AR AH G B A -S98R L 3d o 1 AR T —
ASHB, HIEBUSEED R . T Zadba sl
Pl FHHe EARTE 0.06., 0.12. 0.18 hm® Z247), — it
R H X FE B KT 50 1, HoR4E - HERE ) 459
Ao S . B AERAE 0~ 20 cm REHTZ L,
KHH 5 RURFEE, 5 AU AL T TR A L
fapees B 4 iSO B (RS FH3E 1 m DL, SR
FE S AR bR SRR B0 8, B BUS L 200 g,
— A IEREAR L 1000 g, EAEL FIRER A AR,
TR BT B AR o B A B R AR AR £
B B R 4, BURAERBREOR L WAL
WS, BRER ARSI T 222 REDREE 600 g
DL EFH T A4k IR (B & TR . S T 5 T 0
H ARG ASIATR ELRFFE | B AEFR /A FH 3R AT
HEFTREFFRERAE o FEFPRRE BOK AR ISR 224y, BT )
FIMEEETT RFE, — ROFFRECEE M AR 30 Bk
DL EGEREIR A, #fRGen TR0k 200 g L L, &
AFEAR Y 5 NBGUIUR SR A R AR R o B0 i I 2R
sk, HGE kg REER ] sl HIEEE S
i KRR I AR R I KA
BEATREARICEL, IS R Iy, RN — T
GERMER o HIERESh W0 . R AR ARG |
KL, TEUE . REAE, HE SRR I S E T
1.3 #Hma ik
131 cELEMT EERER AR T, 5
0.85 mm fLAZJE Jeiii, ¥59454 100 g, Wik Cd. Cu.
Pb. Zn. Cr. Ni. As. Hg. Se. Si. Al. Na, K.
pH. TOCCEA MLK) . CEC(PHE T35 ¥ i) 5 16 Tig
Fr, MEAER S W DZ/T 0295—2016 15 & Hi Bk
PR PR ) P o) pH A B A b
T80T, RELS g 11, ZAEFREBF(FK

Jra b 1 2.5) R A I A A 15 48
B A S S B RE A 20 %2 0.075 mm KIAELUT
A SRR+ AR+ K S R R L
IR AT, Ho Cd R B & 55 B AR T
% (FR % ICP-MS), Cu, Pb. Zn, Cr., Ni K] ICP-AES
i, Hg. As. Se RHEF2CIEIEL(AES), Si.
Al, Na, K %R X HFERHOEEIEE(XRF), TOC
I R R R AT 25 vk, CEC M2 R L R#k 58
ek, REFARER T IEER Cd. Pb. As, Cr, Hg & i,
K EAKIE R, Cd SR FH H B A 55 2 TR ik ik (7
% ICP-MS)fllik, Pb. Cr K] ICP-AES i, Hg.
As KT IR (AESY IR, & k2% 1T
AP FR#E DZ/T 0295—2016%3,
132 HEEESMMT S0 GB/T 25282—2010
CEFRUTRY) 13 MR oT RIE SRR ) PR
B I A BCRIE A A0H 5 351 ) 43 5l 418 Cd
Hg. Pb, As. Cr. Ni, Cu. Zn % 8 NE 4B A 22
FA(FL) . ATIRJRAR(F2), Al (F3). BRI (F4)
FriE ., FREEIUESE (2 @EENZE 0.075 mm Rifs L
T HEARETF 250 mL BLOART, SETEE . PR
KW B RS, BUSIEE R LW TS E A
JEIEAS 3T o H 4 JE AT A AR AR E S TR, W]
M RS R AR MEER R P2 e T AR B, W AR Ab AR
FALE - TRERMEMR PR, it AR FH AR R i 1 —
SRR AR A TRPE I, ARKARBUS R Rl 4
U, FARRERPE I E T A SRR, B
FENSE SEFR IS N 1 o BUR IR 2 25 & 5 ) ik ()
FHIGR AR, Cd WE R BN A 4 B A g
7% (ICP-MS), Cu, Pb, Zn, Cr. Ni Jll;Z R ICP-AES
%, Hg. As Wk HEF2O00152: (AES).
1.4 HEZITHW

K H Excel, SPSS #k{xf +¥EHE 4R ew . 44>
ARy B F R E S BT R & R T4
atr. IEHEACHEbR

4 BB A A 3 PR (%)= TR & 8 TR
F1+F2+F3+F4 & & fl/fE 4 J& 4 5 x 100 (1)

IR b RN 255 T BRI 100%, R4
B H AR K - HE T 42 8 BCR AT
BIRRENE, BUE PICR=70% ~ 130% A (A
70%. 130%).

H 4 JRIE ST B M R (%)= & R I S 4 1 [l
R A SRR A B SR A £ (459) x 100 2)

BREHEN 100%, s, RFBES
BTGB P15 .
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MK ZE(r): iBH Excel A LIRS EESS
w5 AR HATER & &S AR Z [ A
KR r, ZHGEHFEAR () KT 30, |r[>0.5 4%
AH M 2 GRAHSETE), [11=0.3 ~ 0.5 fCFAH M4
FOEAHENE), [71<0.3 A SEPEAS I3 (oA S PE),
IEREFIRIEMXE, FBERR ARG, [rBRAR AN
PEBAF (K 1.0).

2 HEREHSW

21 TEESETEEENHISMA
X R AL 459 A4 HH HHEREA Y Cd. Hg. Pb,

As, Cr, Ni, Cu. Zn FEERIUR e LR
PR HERAL A SR TS T (R 1o B Zn Ab, 3
RELBICREGBLT ZBEMKAT 0.5, FW Lk
FEA AR A H 3 5 4 B v A AN ), LI+
B Cd A MIXHR A S, HAR S RE0REA 1.54. %%
H AR ICER O R IE SRR 5 L O R ISR AR
FEARBOE BAEARBME )L Cd A, Uk
47.93%, Nifier, ik 90.41%, FW] R4 N 55
& AR TR A AR R IS WA R
225, RS JE R HEPOR R 4 @ ou R R IR | 1T
B & FEALHIASS AR s

#1 TEHREEETERLEEREXBRMBIKEESELIT(=459)
Table 1 ~ Statistics of contents of heavy metals and related element geochemical distributive parameters

25 cd Hg Pb As Cr Ni Cu Zn Se pH TOC  CEC
fe/MiE 0.084 0017 152 3.94 41.9 11.4 11.1 38 0.031 474 1.9 64
KM 1440 252 455 66.5 1626 347 500 377 3.66 8.44 1189 408
BRME 0.80 0.18 40.6 9.09 83.3 32.5 35.5 90 0.53 6.43 20.1 190

A5 5 R 1.54 1.09 0.66 0.51 0.93 0.57 0.90 0.41 0.72 0.16 0.37 0.30
JUAT 4R 0.43 0.13 37.0 8.40 77.5 30.3 31.0 85 0.44 6.35 18.8 182
ESSMEEARAE 019 0.12 33.1 6.98 723 29.9 25.3 79 0.34 6.43 20.7 185

IESHE G H(%) 47.93  80.61  79.96 6623 8410 9041 66.88 80.61 66.01 100.00 87.15  81.26
YL A E!Y 0.15 0082  26.8 9.40 76 32.9 26 73 0.21 7.33 10.9 158

E: CEC #fy mmol/kg, TOC HfLN g/kg, HATCR G AALN mg/kg; TLIRIEIE A [ 1 2 F AR Dl sk A 2 2 5

BSHOT 9

Cd. Hg. Pb. Zn. Cu. Se Wy¥yat(GEHIIERM
JUTEAAE, AR IR R E & 2 Cr, Ni,
As ¥yiE 5T H 5O & A Y o Cd H8 m HVLIR
TP ERZ, S SR IREACH A S5
e HBH CdI5RIX; 5 Cd BPURIEHA Se, B L
A KA H AR R Cd I5 4y [Rl, ] fg
FEAEAARIY Se AR, XM APYHLEH T Cd. Se
OTTE S AN (T €21 B i e e s ¥ S e

T R4+ IERER pH o 4.74 ~ 8.44, TOC 9 1.9 ~
118.9 g/kg, CEC Ay 64 ~ 408 mmol/kg, Wiff2: ik
B BB, T R . AL
PLask, X)), PHES A SF b PR prAH 22 1R K
FrARER Y I AR 2 25 S, 5 R OR AL
TR AR R A

TEFTRERH T EFEAD, Cd 5 Pb. Se, Hg
5 Zn, As 5 Pb. CEC, Cr 5 Ni f£1E 2 1EA e
(F2), HKRE r fKUCH 0.615,0.833,0.602,0.753
0.554., 0.897, UilAXHLHIREA T LR ITE X 2 (1]
AEAEAH T SR R 0 4 Bk U8 s B s AR ALH], Cr 5
Ni [f] & 42 ] BT A SR 1 STV F CAn P AL 4 )it 2

H5,Cd 5 Se [AEHERHZAEH] Cd. Se Bk X2,
Cd.As 5 Pb 5 4 J& 2 [0] (1) % V) 1EAH OGN 1% A1 224 1
A IBEAF LA BRI (AR E B CRIE Bh 55 A 56 X
S TR Z A IEA S, T RBIA S5 i 21 H 18 T 4
JEIEAS B 537 o
22 TESESERSSESRITHN

M 3 RHIEFEAR SR ITRSIEERA 0
WHEGEH Ml 80 Hg. Cr BY5RIEA 5 H A3 1)k 5
95.90%., 90.81%, F5/RFRIEZ He. Cr HA4XLH,
MBS MNA A HEE SR e E T e 5, U
A - 498 T 4 J 73 s A 0 AT R i 2 S e ) 2 A
HAeRRE, F4&E M BCR EASH S FER T 1
B Hg. Cr/EWARMENIZIE R KES . RilA b
/INTF50% B HA Cd. Pb, 405100 19.08% . 43.73%,
57~ BCR AT k58 Cd. Pb AEWIA K
PEROR IO S A, Cd BT SEEE S Heidk, RA
3.12%, 1 H AT AR A L TR RS B il ik #)
37.56%. 40.24%, UiHHHPIAHAS | Ald R AR B AT
LIS ATIRJEZS R FAE L1 Cd A=A 85k vy i
SHEBHAENMR . Pb MAIASHE . RS S

http://soils.issas.ac.cn



1330 + e %56 4%

R2 IBEHMESREARIERTIRERMBEXRE

Table 2 Correlation coefficients of heavy metal contents and related properties of soil samples

Cd Hg As Pb Cr Cu Zn Ni pH TOC CEC
cd 1.000™
Hg 0.228 1.000"
As 0.350" 0.022 1.000™
Pb 0.615" 0.406" 0.753" 1.000"
Cr -0.068 -0.012 0.033 —-0.003 1.000™
Cu 0.029 0.296 0.198 0.262 0.097 1.000™
Zn 0.063 0.602" 0.221 0.456" 0.129 0.447" 1.000™
Ni -0.132 -0.027 0.186 0.021 0.897" 0.171 0.243 1.000™
pH -0.394"  -0.158 0.199 -0.114 0.019 0.028 0.224 0.200 1.000™
TOC 0.160 0.244 0.129 0.219 0.071 0.258 0.229 0.066 —0.260 1.000™
CEC -0.013 ~0.041 0.554"" 0.174 0.086 0.192 0.149 0.310 0.179 0.364 1.000™
Se 0.833" 0.259 0.093 0.353" 0.012 0.025 0.044 -0.073  —-0.490" 0.310 0.035

W ox L w0 BIFRR AR EMER P<0.05 Fl P<0.01 37K GUM)

F3 IRESEIHTSSEMHRELEIT S 0=459)

Table 3  Statistics of speciation contents of soil heavy metals

B S8 cd Hg Pb As Cr Ni Cu Zn
F1 o I/ME 0.023 0.000 4 0.048 0.041 0.029 0.32 0.31 0.8
(nglg)  WKME 7.08 0.003 2 12.8 131 2.98 39.5 85.6 43.4
¥IfH 0.418 0.001 0 0.523 0.236 0.105 1.37 1.66 4.79
bR 0.70 0.000 4 0.73 0.19 0.15 2.04 4.73 4.19
5 5 FBL 1.68 0.35 1.39 0.81 1.45 1.49 2.85 0.87
g wmME 11.58 0.04 0.14 0.48 0.05 1.46 1.02 0.79
(%) K ME 62.46 7.59 4.71 18.79 1.11 16.52 19.61 32.08
¥IfE 37.56 0.83 1.15 2.60 0.14 4.08 3.57 4.92
F2 aH f/MiA 0.027 0.000 8 2.26 0.079 0.61 0.68 2.44 3.87
(nglg)  WKME 7.32 0.007 8 380 18.4 103 31.4 222 199
¥ 0.366 0.001 7 24.25 1.443 2.18 3.63 10.63 18.52
bR 0.03 0.007 7 0.30 0.04 21.04 1.41 4.02 1.14
5 5 RBL 1.27 1.76 1.97 0.56 3.67 0.52 1.75 0.81
ik He/ME 12.62 0.05 14.11 0.82 1.09 3.86 10.51 7.45
(%) SN 62.58 10.42 81.25 38.47 11.69 30.21 57.51 57.22
¥ 40.24 1.27 54.81 17.14 2.60 10.60 24.19 18.33
F3 o f/MA 0.003 0.000 3 0.005 0.001 7 1.41 0.82 0.23 0.12
(nglg) WOKRME 0.30 0.079 0 5.58 0.37 451 20.3 57 11.2
¥ 0.023 0.004 4 0.15 0.065 5.74 2.7 23 1.4
bR 0.57 0.000 6 222 1.2 4.94 2.93 14.98 16.16
5 5 FBL 1.55 0.35 0.91 0.83 2.26 0.81 1.41 0.87
g wmME 0.66 0.08 0.02 0.02 22 3.03 1.24 0.15
(%) I KME 12.90 12.92 1.19 22 26.96 15.25 31.06 11.49
¥ 3.12 2.00 0.32 0.76 6.45 8.39 4.85 1.48
F4 e Ie/IME 0.006 0.011 10.8 2.74 39.5 9.2 13.7 33.5
(nglg) WOKRME 0.37 2.26 69.3 64.2 1135 280 71.9 126
¥ 0.075 0.236 16.73 7.35 69.09 243 23.26 67.76
bR 0.04 0.236 6 4.54 4.56 53.74 14.23 5.33 14.58
5 5 FBL 0.48 1.00 0.62 0.27 0.78 0.59 0.23 0.22
ik He/MA 1.10 75.95 14.82 49.93 65.05 52.05 16.47 29.33
(%) SN 60.75 99.32 84.26 98.34 95.38 87.31 86.63 86.70
¥ 19.08 95.90 43.73 79.49 90.81 76.93 67.39 75.27

H: FL, AIsc#eds; F2, AliRJAS; F3, mléfbads; F4, BRIED; TS
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SRIRAE 1.15%., 0.32%, 1l A e H Rk
54.81%, HEULAED AT i SR AR FRAE AR 1 1438 Pb (1924E
YA R ERCR T AT

As. Ni. Cu. Zn JCHR WIS L AT 67.39% ~
79.49% , Ut B 4 i AE A WA BRI A2
o B THRIESAN, X 4 D EE RN RS
TEHA = s, 20k E] 17.14% . 10.6%.
24.19%. 18.33%, f&/RBREREASL, FIAJAAATHE
XX 4 AT 4 JE DR A A E N B T S S
WrfE, A UERE, 1% R RS RIE LAY A
B

ik 8 NEEEITELSIE S R
E) R T & A2 E, 013 Cd i n] 32
AR . TR . ARIESHEKKCN 0418,
0.366, 0.023. 0.075 pg/g, MMHARIHHEN 0.8 ug/e,
FWH BCR B A AT 8EE 0 o 2 A IR, F it
BEEIRG T a5 R E N S ES BT R
4 BEESANES RS KT 0.5, SHAeR
SRS, ULPH AR A SR AR AR H I AR 5 0)
At HIE S 4 A BRI

4 T HIERESIREAA S DML 4
R SHESESITER, Wik EH: Hg 1Y
4 A5 PCRME, RIF)ES 133.68%, T4
ML (E 130%, 5 HHE IR 100%, HE—

AAUFSE BCR TS0 4 235 AIE S Hg; Cd, Pb,
As. Cr. Ni. Cu. Zn S5 [ICR BARHAR LA 100%,
EHAAE 4 SEELAERTFAATEESES
YIS, i BCR BT 4 TR 2
IRl REAFFE IR 22, X1z H BCR JEA T 4 Bikah
O IR AR R ) A ) B 3 ok 15 25 oy 1% [7) S 56
TR A 7 TR AR B AFAE— 2 I FEVFIR 22 56, Il 2 +
HEE 4R He i, YHAGHERT 3 5K H R, e
VRRRS tHiR 2502 25%, BI—MRFERY He St —Ik
MEE R 0.2 mg/kg, S KIMEEN 0.25 mgkg, H
I3 W B AR X 25 2 22.2% , 33 RS I 25 SR A I3
ARG IR A0 (HEIE TR 4 IR 5T
B, LAY 4 ROTIRIRZE B IRk T REZE % 25% 11
HEVFR 22, SEOREE 4 ISR B B s 4 i
B2, 1 IRAG G0 AT B R 25 G T T 2R Al it
4 5 M A 2 A 22, b BT IR A
i 4 75 RN [R) 4 d () 1R 2508 PR vfE SO IR L L
Gh, A SRR HIEES B SR, b
FURMXT 2 IG5 453, ke FARifE £ e i -
B 4 R T ACHRAS i, (HUR AR UE R U 42
e T IR AT SRS AR 7 ANRETE e, X
ZRGT P AT, S — e R LR A 4
JRIEAL & B R S e 2 iR, &b+
W A R T R B S R SRS K T4 H 4

*4 REATRELE BCR OMETSHS EMEHELEERMSHIT(1=459)
Table 4 Statistics of differences between sum of speciation concentrations determined by BCR and its total contents of
heavy metals in the farmland soil

ZH Cd Hg Pb As Cr Ni Cu Zn

Eoa e I/ME 0.084 0.017 15.2 3.94 41.9 11.4 11.1 38

(ng/e) TN 14.40 2.52 455 66.5 1626 347 500 377

¥E 0.80 0.18 40.6 9.09 83.3 325 35.5 90

B4y /M 0.107 0.014 16.0 4.13 45.4 11.8 17.6 44

e HRAA 14.58 2.32 468 83.8 1692 371 437 348

(ng/e) By 0.88 0.24 417 9.10 77.1 32.0 37.82 92
E &S /ME 82.41 59.18 71.83 52.78 60.80 82.81 82.27 79.43
) SN 144.71 145.43 179.40 141.24 136.85 142.88 249.54 206.39
¥E 117.43 133.68 103.61 99.03 93.13 98.57 112.16 105.34

T IR AL BOAI=AT S22+l i SRS+ AT AL S+ A, A MIT IS4 SRNOZ TR BG4 A i 4t [ICR(%)=H

4 JRICE I M/ H AR x 100, IR 2SR 5EE 100%,

23 TtESSEESHASEEENXR

+3EFEA Cd, Hg, Pb, As, Cr, Ni, Cu, ZnHj
BCR BT & i 54 H 2 mAHCHS 45 R T3#
5. NFE 5 PafIAEH: Cd MBS AR 1A
70.4%, {HHAAEHA, AT JEA . A SRS
3 Cd 8D A S A A, W]

RS RS Z AR - KT 0.9, e
3K 0.99; TR S5 4t LLCHAM 3 MBS Z 8] AR
REARr &H/NT 0.5, FRIPRI S Cd 1yl 5ch
&L RS TRALSRI AR, DL 3 MBS
Iy Z [RIPIFFAE BB BN kA S it 2 ],
AR JRIHA 3 AME AL Z BB AR 25 TEAR S
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%5 RATEELELSESSHEES XM (n=459)

Table 5 Correlations between soil total and BCR speciation concentrations of heavy metals in typical farmlands

TTE BTG HEF(%) BCR JE4& ey F1 F2 F3 F4
Cd 70.4 Eouiin 1.000
Fl 0.981" 1.000
F2 0.990" 0.953™ 1.000
F3 0.969" 0.970" 0.955" 1.000
F4 0.405" 0.380" 0.411" 0.393 1.000
Hg 4.6 L 1.000
Fl 0.031 1.000
F2 0.191 0.410" 1.000
F3 0.761" 0.119 0.228 1.000
F4 0.992" 0.031 0.192 0.732" 1.000
Pb 97.8 4h 1.000
Fl 0.924" 1.000
F2 0.989" 0.920™ 1.000
F3 0.897" 0.902" 0.891" 1.000
F4 0.855" 0.735™ 0.8317 0.772" 1.000
As 99.3 4h 1.000
Fl 0.524" 1.000
F2 0.651" 0.275 1.000
F3 0.563" 0.401" 0.253 1.000
F4 0.966" 0.489" 0.496" 0.608"" 1.000
Cr 99.1 i 1.000
Fl 0.873" 1.000
F2 0.933” 0.904" 1.000
F3 0.946" 0.902™ 0.976" 1.000
F4 0.989" 0.859™ 0.923" 0.939™ 1.000
Ni 99.8 i 1.000
Fl 0.882" 1.000
F2 0.785" 0.630™ 1.000
F3 0.900" 0.738" 0.819” 1.000
F4 0.972" 0.868™ 0.654" 0.824" 1.000
Cu 89.1 e 1.000
Fl 0.911" 1.000
F2 0.981" 0.903™ 1.000
F3 0.929™ 0.870™ 0.936" 1.000
F4 0.853" 0.658" 0.8217 0.819"” 1.000
Zn 96.5 e 1.000
Fl 0.748" 1.000
F2 0.916" 0.772" 1.000
F3 0.497" 0.345" 0.390" 1.000
F4 0.766" 0.389" 0.593" 0.517" 1.000

e o* . e BIRR AR MRS P<0.05 FT P<0.01 BEKFE, T,

PE—2ExbeR 5 A, Hg WIESMRE Cd  Hp&IBE He ReiZE . #4828 Hg HEZ A
BT, AUFEFRiE A AT4A AR He 45 2 [A], AFFERFAICNE, T H He BRIE S aas R 2T
DL K Bk i 25 [ T AR A0S He Z IR AE i 2 R A G, 4.6%. Pb, Cr. Ni, Cu 4§ 4 MBI F 42 (6]
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TR, VMR H IR E SRS AR 1333

DL 4 MRS Z R TE 3 IE ARG, A G R
Bor¥RTF 0.5, kT 0.9, HHIEESMEHE
BRFEHEE 90%. Zn BITE B0 &8 Rk
96.5%, H 4 MEARH R4 Z A RE r 27
KFEIEE 0.5, AERAFIEMEH:, LInTif s mH
St 2 B A G AT, AHOC R BN =0.916; LIRT4
P25 4 i DA S HAt T 285 22 [] B9 AH G M A T e AN 2%
Yl As BIEESHIGHERMEIE 99.3%, DIFRES
[ A i AR DG PE IR B V), MG R =0.966;5 ik
3 ARl A i Z AR 3 E ARG, OGRS r A
F0.524 ~0.651; BR TREAIN, HA 3 BZ R
KA Y]

M2, Cd S ME— i SR 2 ) H 4 i DL S CHAY 3
BZ R EIEMH M ES)E, He HAE
RIS RS FE SR RRES SRS
) BA W A, Cu, Pb, Cr. Ni WZERIE
SEmFHedZm kSR GEZEYEAR
BEIEAGH:, M As. Zn BB EEANAT Cd 5
Hg Z 8],

24 EMtESEREEESHWHEXESE

+3E pH. TOC. CEC. Si. Al, K “iekiba
PR 25 [7) 1 4 J T A5 40 A Z ) A A DG M — R 4 32 ¢
R BT AR T o LA E 42| Cd. Hg.
Pb. As. Cr. Ni, Cu., Zn i 4 MES4 S pH.
TOC %5 [T R G it 25 R 6, Wrp ] &
M. Cd 4 LRI RS . niR)RAs . al A E
4 Se Z I HA B EIEMHCHE, MXRE r WKT
0.8, [ LA Pb [a] CEC HA W& IEACH:, #HK
FEr R 0.625; AL FRIES Pb [A] 14 Na 2
) A7 2 A DG, MG RS » 4301 —0.501
—0.542, As 4H[A T3 CEC. Al Z[AIfE7E BB IEA]
Kk, MHRZREL r 43518 0.554, 0.565, [F]+4% Na
ZIAIFEAE BB M, r=—0.524; AIACHLAS As [
pH Z A EAE S8 IEAHSEE, »oh 0.544, [F) Si Z[A]7F
TE R F A, =-0.593; FRIEZA As [7] CEC. Al
Z AR BB A, MOERE r 49 0.586.
0.557, [F] 148 Na Z [AlfA7F i 2 ARG, AHOCREL
rh —0.576.

Cr &[] CEC. Al Z[HJfA7E 2 EAH G, 1
KZE r 439 0552, 0.676, [] Si. Na Z[alfELE
WA, FHOCREL r 20908 —0.690. —0.700;
AAJEA Cr [A] pH Z[BIFF7E R EIEMCH, r A
0.554, [F] Si Z[MAFAE R EMAHCHE, 2 —0.569;
FRiBA Cr [ CEC. Al ZIAIfEAE 3 IEAHOCH:, AHOG

280 r 2090k 0.630, 0.752, [A] Si. Na Z[AJFE7E i
FRAEM:, r 9 0561, —0.779, Al 4EALTS
Ni [A] 138 Na Z [0 BA7 B AAHCH:, 8 —0.562;
BRI Ni [7] Al Z [A] HA 2 IEAHOCHE, » 28 0.521,

Cu 4 [7] Se Z [M] HA W IEAHCHE, ro8 0.540;
AAEA Cu 5 TOC ZIMAELE B IEAHSCH:, » R
0.555; RIS Cu 5 Al Z[AIfELE E EA M, »
4 0.559, Fll Na Z [HJBA 2 A, 28 -0.589,
Zn 4igfA] Si. Na fA7ERFAACH:, r 2518
—0.624, —0.520; AJAZHRAS . AR Zn [F] Se Z[H]
FETERE LM, » 4351 0.515, 0.529; FRES
Zn [F] Al K Z[A] BAG W3 A, » 439100 0.703
0.570, [A] Si. Na Z[AJfA7E 35 ARG, HAHCR
Bor Ak —0.699, —0.632.

bR L2 4h, KK EEREASR L pH. TOC,
CEC. Si. Al K. Se Z[H¥TC i FAH KM, Cd. Cu.
Zn FLZ AL 1 Se Z A1 HA B EASEE, &
B K T Cd, Cu., Zn 28 [A] Se Z[AIfETE 3%
TEAH DGR 45

3 ihie

AR R, 1IEHE S R i I 4 NS
oy Z A B AR R , AFE SRR LS 5
Jo oAt 22 ) B AH DA 5 U0 AR B LA A 25 5 o A LG T
, AAHEEE Cd BRakia s, K3 S 5HS
SRR L TE AR DG L B VT 5 B b 4 S ¥ e Y
A SR o M 5.0 3 e b A e g A EL 7 K S 3 G LU B S
K&, GiA JeRiAa XaRb e 6 ik
M E S EIEA . aht . EYaA R ZOL s R %=
SEI A, DI - 48 1 4 i TR A8 o A Bdie 1 5 2is
A AR

MAEEE R Cd, 4t Cd [FIRGK Cd A etk
Gitas T 2)nl g, B3 od A RS
FEK Cd ARG F 138 Cd i 5 REK Cd IAH G
£, BCRIEASMH ] 284 Cd 5FK Cd AR
B r=0.79(% 2B), i —HAEAR 3 Cd 25
K Cd AR B =0.62 (K] 2A); TR, S ALESHRE
AR BUS R H A RCE Cd 5K Cd WAHER
0 r=0.70(/& 2D), T [Al—HtEEAR Y £ Cd &R 5
K Cd WIRISE R B =0.45(F 2C). BiAREK Cd A+
P REAC R H AR W P IR S 4 A A e MR B 1
T Cd 2R ERE, Rl gD ESENES
0T Cd E i RRICRILAEYA R, t H RGBS T
YEAf b A 7~ FL AR A2 A AU o

i
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*o6 TRESREMTSHERELIERAERXRIE@N=459)

Table 6 Correlations between soil heavy metal BCR speciation components and geochemical indicators

JtE BCR £ pH TOC CEC Si Al Na K Se
Cd SH —0.394" 0.160 -0.013 0.177 —0.143 -0.026 -0.349" 0.833"
Fl -0.441" 0.133 —0.083 0.244 —0.241 0.041 -0.397" 0.869"
F2 -0.367" 0.178 0.023 0.142 -0.092 -0.057 -0.318" 0.805"
F3 -0.430° 0.180 -0.016 0.198 -0.173 —0.019 -0.378" 0.859"
F4 0.095 0.019 0.048 -0.206 0.120 0.163 0.173 0.242
Hg o -0.158 0.244 —0.041 -0.001 —0.057 0.126 —0.007 0.259
F1 0.241 -0.077 -0.03 -0.297 0.161 0.136 0.243 —0.128
F2 -0.019 0.064 0.018 —0.164 0.176 0.048 0.05 0.152
F3 0.143 0.100 —0.045 -0.172 0.064 0.155 0.209 -0.006
F4 —0.165 0.243 —0.041 0.006 —0.062 0.123 -0.022 0.273
Pb £ —0.346° —0.029 0.062 0.232 —0.038 -0.095 —0.400" 0.173
F1 —0.457" 0.072 -0.210 0.363" -0.376" 0.340" -0.287 0.118
F2 -0.200 0.190 0.071 -0.091 -0.08 -0.132 —0.158 0.173
F3 0.005 0.027 0.625" -0.005 0.377" -0.501" -0.271 0.365"
F4 ~0.046 0.223 0.484" -0.028 0.405" —0.542" —0.264 0.480"
As Eei 0.199 0.129 0.554™ —0.447" 0.565" -0.524™ 0.126 0.093
Fl 0.544" 0.105 0.410" -0.593" 0.424" —0.245 0.359" ~0.087
F2 -0.199 0.182 0.059 -0.07 0.152 0.002 0.008 0.284
F3 0.207 0.002 0.391 —0.245 0.204 -0.379" —0.042 0.156
F4 0.264 0.041 0.586" —0.450" 0.557" -0.576" 0.125 0.042
Cr " 0.478" 0.319" 0.552" —0.690" 0.676" -0.700"" 0.357" 0.273
Fl 0.697" ~0.009 0.112 -0.656" 0.139 -0.135 0.352" 0.011
F2 0.554" 0.012 0.022 -0.569" 0.203 -0.086 0.488" -0.066
F3 0.092 0.006 0.148 -0.239 0.092 -0.200 0.074 0.062
F4 0.362° 0.295 0.630" -0.561" 0.752" -0.779" 0.260 0.335"
Ni Sh 0.218 -0.056 0.436" -0.334" 0.477 —0.500" 0.181 -0.028
F1 -0.492" 0.092 ~0.004 0.192 -0.194 0.000 -0.234 —0.049
F2 0.030 0.035 0.363" -0.085 0.235 -0.424" —0.140 0.038
F3 0.281 0.103 0.490" -0.427" 0.440" -0.562" 0.196 0.066
F4 0.268 -0.109 0.439" -0.339" 0.521" —0.492° 0.246 —0.049
Cu SH 0.100 0.350" 0.256 -0.386" 0.471" —0.487" 0.111 0.540™
F1 -0.037 0.422" ~0.065 -0.231 —0.158 0.006 -0.087 0.500"
F2 -0.052 0.380" -0.100 -0.217 -0.071 -0.019 0.038 0.402"
F3 0.046 0.555™ —0.104 -0.395" -0.167 0.008 0.074 0.446"
F4 0.001 0.158 0.461" -0.170 0.559" -0.589" 0.066 0.413
Zn SH 0.351° 0.345" 0.307" -0.624" 0.479" -0.520" 0.412" 0.413"
Fl -0.056 0.456" ~0.042 -0.074 -0.078 ~0.120 -0.196 0.515"
F2 0.108 0.454" 0.161 -0.278 0.136 -0.361" -0.053 0.529"
F3 -0.173 0.5917 —0.085 —0.104 —0.149 -0.050 —0.068 0.337
F4 0.510" 0.110 0.509" —0.699" 0.703" —0.632" 0.570" 0.269

AR Gy i M A% A B AR S AL RV R BRRIE 25 Z SN ]SS S MR J5AS, Pb
M e A /A R MO B 22500 Hg. Cu. Zn., As. Ni BB T ZRB N FRAE S
Cr WIEEA D FRRICNEES, SHEERMN s, (A —20Er RS GR 2 Ih %2 H Yy
YA R EROZICR R 25 T Cd BB M T HIE AR RS . B 7GR amsh, KIEAZL
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FES,

n=49, A FRFK Cd-—1HE Cd 24,
n=141, C B NFK Cd—14 Cd &, D B WFiK Cd—CaCl, 248 14 4 Cd)

B

LA CAS i/ (mg/kg)
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Fig.2 Correlation between rice Cd with soil total Cd, exchangeable Cd (BCR F1 ) and available Cd (extracted by CaCl,)

B PO SIRIAR YRH B8 A G 45 R vl i, S -
e 4 Jm T8 A5 43 A 14 1R 25 AT R A A 7 45 BT Ml (An
pH A TR 22 F 45005 R T 450 ROt AL RS 5
B MU SRR SR IR TR
ML 5 o ASWFSE AR 3% Pb. As. Cr. Ni. Cu,
Zn RIS 3 CEC, Al Z [a) 34746 35 IEAH G
PEHRRE r ZKTF 0.5), HHIRAESR CEC, Al
FYIEARSCHE B0 T4 A 2t , BB R 22 R 52
Wi 4 B TR A /A, [ i I -4 CEC 1 Al Z [1]
BANTERRR , ZH Y8 T3RAE - 5850 7] ) 22 551
febn, fEG/D 3 CEC BdEnt, M Al RREWTEE
H—ER .

A ALK (TOC) X 5 4 J@ T 2% 43 A 1 52 ) A
AR CEC, {UABAIAILAS Cu. Zn 513 TOC
ZIAAETE 1 B A G (FHOC R B >0.5), 1 HIH
—AEEEERY TOC Z A7 R EHEE, Xn]
A5 H 3 TOC KEAZEREH, Aiertaeft
KA ZEFA—EXR, L pH XM EERBILE

A ROTR M 5, WA 284 Cd, Pb, Ni [A]
1358 pH Z [ A F R 35 (AR SCHE (R OC R - B/ T
—0.4), HA A4S As, Cr 513 pH 2 [a] W AE7E i
FAEA A, PRI 3 4R E S LR
A%, FETERP RN . TR0 E 4 R T A A A AR AE
SR, VT S KRR L L R Cd e
[7i) JHL T A2 480 28 1 o A RH O 1 R AT B 140 B % L (]
3), KBEPKAELE Cd AR A S HeAs ed &
HAIEARCHETE B3, AHCREL =0.99, 1M+
Cd 2RI A Cd &R iIASE R B =0.72, Ut
B - 8 25 S AN R i 4 R el 5 OB S0
KRB, ERT LI H O RE VIR . RIS
25, AR BT LIRS T | TR | A OCHE
feFE bR 25 S LA IR B

kg 3R AR IR AL S Se Z[H]
WA A e, IRl e ieds Cd 5 Se MAHSE
ZA r=0.869, FIAZHLAS Cu. Zn 5 Se WIFHCREL r
AERT 0.5, MiH Cd. Cu. Zn LR Se KM%
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Fig.3 Correlations between total Cd and Cd (F1) in paddy soil (A) and fluvo-aquic soil (B)
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