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L7 RS i T IR AR Cd S5FEK Cd XM R E{#R X

RS, BURA, (EERE, JufE, x0HG, SR, FsR. SE, TR, KRMAA
CERVRIRABIE - PR AU S 15 TAREOR OURT b b YEHR MR EEBF AL, 150 210018)

RE: (FIREK] SRR AR Cd 54 @RS, T MLREK Cd Ml = BRI 4 b R 2, 51
REEBHA I Cd 15 5. UBFR L] RGERAETL 50T Cd 75 4Bk i 2 JLAH S X 9 /K R AP R - 38R ) 1330 &, 3l
EFEK Cd. AR Cd (AbF5HEELE). Cdy Pby Hg. As. Cr. Cu. Zn. Sh. pH. TOC. CEC &% t&&®, Xt
BRI 3876 2 Cd 55K Cd SIS BRI S B HEAT Boit AN T ARSCIE T e R UM%, e s
K Cd MRS S BEERBE R, PPN S b v G {5 SRS B 046 58 i 7 X 13386 24 Cd 5 0.0018~1.44mg.kg ™
¥ 0.265mg.kg?, 11 Cd & &4 0.13~30.0mg.kg™. ¥ 2.11 mg.kg?, F&K Cd &4 0.0053~2.58mg.kgt. 55
0.478 mg.kgt. LHEA AL Cd REEHIFK Cd iR EZERH T, B Cd sk Cy 8@ awsE S AR+, (4] D Xk
Cd 5 -8 %k Cd 2 [MA7 7 B3 I IEAR DG E, A REAR S 5 G011 B3 2R K Cd AR5 2 Cd 1A R 4% r=0.54,
413 pH=6.5~7.5 i} . K Cd [F] 1375 2 Cd [AHE REL( A K ME . r=0.86. F& T A%k Cd 4+, 14 Cd. TOC.
CEC. pH Zth 2K Cd WIFREER T, K Cd [F+HE Cd £ 2B i i3 IEM o<, M43 pH. TOC. CEC
% R BRI SO, SEmREK Cd MR FHEF AR U L3865 % Cd > Cd > pH > TOC=CEC;: 2) AHLL TS 4ut
M, B TS Y IX ¥ Cd B0 (g R 2 CR (4K T 85 52 . &l Cd MFRFEK AU N R FE S Cd ¥ 1 1.09 5.
IR Cd IR B, 5 AR R K Cd B HAg R KUK DR % 48 A Cd (KRR B v, FROR BB Cd
VY IX TEAE i RS 3) 3R Cd 43 Cd. pH. TOC. CEC. Se Z[NF 2 IHFF{E B EM MR 21
FPUER, ZREMIBRERM Cd I 4) TLIR#th Cd 15 e BB, R i Y R S g VR BN . B RE N SETE
MR, REEIE NSRBI MOA RIS B Cd S 2 Cd & i, AFMIN-ERAHUR. 8m 13 pH 2%, 5
Al LABE W 48 Cd S EEIER . A AIERRK, WAL TR,

XHER): VSR, LRI A C: K Cd: AHORMES BT fERRERR: YLIR

BIFTR: FEK Cd FZZ LHEH A Cd 45561, 18 2 7oA b Al s R AEHUE T Al dER 2 I S Bk Cd ¥ Je i) fi B
BB, TN RE FEAE 8 Cd 75 YR (R A1k 3 -

Correlation between available Cd in the typical contaminated farmland soil
and Cd in rice seeds and its health risk in Jiangsu Province

CUI Xiaodan , LIAO Qilin, REN Jinghua, FAN Jian, LIU Weijing, XU Hongting, ZHOU Qiang, HUANG
Shunsheng, WANG Ziyi, ZHU Baiwan
(Innovation Center for Ecological Monitoring & Restoration Project on Land (Arable), Ministry of Natural Resources, Geological Survey of
Jiangsu Province, Nanjing 210018, China)
Abstract: [Objective] In order to prove the health risk from the Cd pollution in typical cultivated soils in
Jiangsu province, and understand the main geochemical factors to control rice seeds uptake of Cd in soil,
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and provide scientific evidences to cure Cd pollution. [Method] 1330 sets of rice-soil samples were
systematically collected in the studied areas, and Cd, Pb, Hg, As, Cr, Cu, Zn, Se, Sh, TOC(Total Organic
Carbon), pH, and CEC (Cation Exchange Capacity) in soil and Cd in rice seeds were determined by
advanced testing methods such as ICP-MS, etc, the available Cd in soil was determined by calcium
chloride extraction, and mastering the actual distribution data related to rice seeds Cd contents and
elemental concentrations in soil. By the means of calculating their geochemical parameters and comparing
its difference, developing correlation analysis and R-type cluster analysis, etc., and exploring main
geochemical controlling factors to impact rice seeds uptake of Cd in soil, evaluating healthy risk in the
local Cd polluted farmland. [Results] The available Cd concentrations are 0.0018~1.44mg.kg™?, their mean
value is 0.265mg.kg?, and the Cd concentrations are 0.13~30.0mg.kg™ with an average amount of 2.11
mg.kg? in soil, and the rice seeds Cd contents are 0.0053~2.58mg.kg™* with the mean amount of 0.478
mg.kg? in the studied areas. The available Cd in soil is the most important factor to control the rice seeds
uptake of Cd, and the local Cd pollutants have spread to the food chain and human hairs in the farmland.
[ Conclusion] 1) there are significant positive correlations between rice seeds Cd contents and the available
Cd in soil, and its correlated coefficient (named r)is 0.54 without deleting anyone in the 1330 sets samples ,
if pH values being from 6.5 to 7.5 in soil, the positive correlated relationship between rice seeds Cd
contents and the available Cd in soil is best with correlated coefficient maximum value of r=0.86. In
addition to the available Cd, the following geochemical factors as to Cd, TOC, CEC, and pH of soil are also
important to control rice seeds uptake of Cd, and there exist some significant or more significant positive
correlation between rice seeds Cd contents and Cd concentrations too, and similar significant or more
significant negative correlation between rice seeds Cd contents and pH, TOC and CEC in soil. In general,
the factors order to impact rice seeds Cd absorption is the available Cd > Cd > pH > TOC~CEC in soil; 2)
as to pollution-free Cd farmland, the Cd carcinogenic health risk index (simplified CR value) increased by
more than 85 times, the average amount of Cd concentration in the human hair samples increased by 1.09
times because of eating rice seeds with Cd over standard, and the Cd concentration of the soil solution was
significantly increased higher in the farmland distributive area contaminated by Cd. Meanwhile, the rice
seeds Cd contents and its relative health risk evaluation are more dependent on the soil effective Cd in
those areas contaminated by Cd, it means that there are higher health risks or ecological security risks in
those local farmland Cd pollution areas; 3) there are too significant correlation or obvious antagonism in
soil between the available Cd and other geochemical factors such as Cd, pH, TOC, CEC and Se, and so on,
which comprehensively regulate the Cd absorption of rice seeds , but the available Cd in soil is the most
main one; 4) the Cd pollution is generally slight, and its healthy risk level is mainly mild from the
cultivated land in Jiangsu province, if we can take appropriate restoration and treatment measures (for
example deep tillage, etc.) in order to reduce the Cd, especially effective Cd content in soil, reasonably
increase soil organic matter, improve soil pH, etc., block the migration of soil Cd to food chain and human
bodies, the Cd polluted risk will completely be controlled, and produce qualified rice seeds to meet the
social needs at last.
Key words: Contaminated farmland; Available Cd in soil ; Cd in rice seeds ; Correlation ; Health risk ;
Jiangsu Province
Highlights: Cd of rice seeds is mainly controlled by the available Cd in soil from the typical contaminated
farmland, and its healthy or eco-security risk can be accurately diagnosed by multiple correlation analyses
and antagonism between Cd and other relative elements, a set of scientific proof or method can be provided
to cure or control Cd pollution in the cultivated soil then.
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b5 PRI R AL 0 5T S AN AR R () 00 Rk B R, GO0 IR S T e S A A R XU
M EINS NG (B85, 2013; T3S, 2014; /S5, 2019; #FH%E, 2019; HENNSR
&, 20200, HTHE (Cd) V54sfaE R, 148 Cd FHXT 2 5 /KR RIL S (Bk 5%, 20205 Li
etal, 2014; Huetal, 2016 ), 7% H 3% Cd i54Lpii6 S A e RS EA B 2 L e PR IR 46 22 22 R St
TG (T, 2017, 2L K, 2017, #HaW%E, 2017; F/8 7T, 2019). H2 IRk (6
Cd 73 Flil #% B2 e A FH 148 Cd V5 4LBiva RIS, W7t 158 Cd AW RChE )2 Al e 38 -Ag oK
Cd B B oes (M, 2019; Yuetal, 2016; Raoetal, 2018; Luoetal, 2020; Zhao etal,
2020). LIEA R Cd JhvEA Cd AW itk 1) 3= Bk s (RE 5REE, 2017; XIGE R4, 2020; Huetal,
2016), Fif ANAEIX 5 TH (I 78 AR 23RN, ¥ 12 21 385 20 Cd [Rl7KRg Cd I % & (Rao et al, 2018)
T HEIREE 1 (40 pH Z5)%F Cd ZEMiEPERIEEI (Yu et al, 2016). & L3454k Cd 45 KHE Cd &
SRS CGET25F, 2017; e 4E, 2017; BRESE, 2019). L34 2 Cd M vk (REG#SE, 2017;
TSR, 2020) & SaRiHIAHSCHE U IR L EE-REK (Al Cd iR & 4. T LI & Cd 70 A &
HAZBRAER W L3 Cd 15 i A A FE RS . B Cd 5 4Bhia S 5e it 7 5 % al B, (B
I 3 Cd 5FEK Cd 559300 22 5 S FLIR BN R 36 77 T ik ¥ G IR i AR AR AU, % T T4
AR H5 LX) L35G 2% Cd AR KBS R SR A 2, JE TS o s sk 4k % R A A 2L Cd 245 R &
ST AEIRZ, IXEEIR 5 A A TR R AR 2% o] 3 35 b 2 R M) NATTRE 138 Cd V5 QL HIREHERT VG « b iR 225
M) NATTA 148 Cd 75 YerE A 22 B I8 4% . AT 1B I I 10 SRR B B RER , EVLIR 4
A b XA A R A S R A (0 A b, SR T BT Juith b S SR X (AN [ ()95 Gedft b oy
X 15 Cd. LA Cd. K Cd KA TGRS &, o AKFE Cd & 25k 1k =40,
K-t BREARIER] 1330 B ASCHT X AR e — w2204, B SRR SR X L5
3 Cd 5REK Cd Bzt R H 2 ma R 2 JRdth Cd 75 YL e /e XU, JHEERE R 3% Cd V5 4eBiih
T AR A A R AR 4 S SR LT I PR B R

2 B REETE
21 BRI KR

AW T OV IR KRG = 1 AR X (B D), s 1A K B L. VL5 A 3R
ARERIEEILIX, R =M AT X E EA A FE A <ok 27, e EE A4 T EA 5
ME— PRIV TR X, AR ARk, SCETE, ASCEA. 2aE L@ kT 100000 km?,
NEEERaESE (X)) 2. SENOEINIRIE, Z2EE, #EGRE . KINEAR. EHE.
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IPPRIESZ T IR BN IR NIRRT IR . KPR S 7 RS T, 80% UL R
TN RE S, HVURBRBEERE 4, JORA LA WA A, atE EEA R,
WlRFE L. TR L. Wbt . KRERIL R FEIREEY, 2547 —FEMAS. L5
74 [ e e R DO A S R A BRI X, T 2007 SFt RGEEE 1 4% L5 Cd 70 A S R
Werl SR, 2 e XS Re 1A SR /KR H i) B R AL S PP AR, SR T AN ™
Moty 3 Cd. A AL Cd SAEK Cd 704 S At Bt . AW 78 T I 21K 1330 £ 3 K R fh 2 504
KRBT LB W BEL. ML ZIN. W, 15255 8 My, W Vil E M3 Cd SR
BRI IEE X T S X R EE G G X . AP BN 1 R A R R A 2 R AT T S Cd
AR CBERAE, 2009; BUSMAE, 2013; RS MAE, 2015;  Liao et al, 2015), {HERGHL
S LI R Cd 5HFK Cd AH IR 4 7] U 2 5 7

e X# & Sampling points
[ Kk E Paddy field
F1ith Upland field
K3 Trrigated land 0 20 40 80 120
3% 0 38 Rivers and Lakes L=

B 1 LBt R ot 55T L X A B

Fig.1 Studied areas site and sketch map of the farmland distribution in Jiangsu Province

2.2 EERES R

AR R AR YR Se T XA R R A A R, R A R AR MK, B B
Cd 5 4¢3 FKRE RN ML) 22 5755, BEAT AN RN B AR S04 R PR 8H — M5 RX (It
FRHED) A KA 5—100 4, ARl SR B R UK AR HhERIL 5057 A e . 1
ROBFEARR —ANEE, HE H THRENELIE (0~20cm), MG SEHRFE 1000 g HIAHAR 5
ANRAE SRR 200 g RIRALAR, AHAR R B /MR AR T 5 m, SREE R A A FHHURAR 5 K
ANTTSE, FERARRR AL B G — BUSEPR R ol . L, 4. RWERY), HHEX
PSR, ARSI, VR BORHIIRAT . SRR A R0 R 1A



FEAFRE S REE : TEKRBUIRETT (—ONEEE 10 H TA)D, RFEAE S R TR E . FET
TIWEEBMKRER AR, A TEEERIMGE, —/MEM B TRARA R, RIEBR. &
KEEANFET 500 g0 LB REMIFHRORL, [F—FF 5 B AU R — A KRE A . S et ir it st
RXPREER ] KRR KW, R, RS S ST REIC S, o KA DO it AE
VEW K EE BAT A, BRI PG BIE S0 AL B . SRFER 38 S B AT R
TERH AR BT RESE. HEE AL s AR A TR . Bk, JEVE. RS, SRR
SIS AT FEFFRFF IO R R R TR RO — IR .

FEMALIE SR HIERE S BRI TS, 48— 0.85 mm LR e Jehi, 1% 08355145 3724 100
g%z, il Cd. H% Cd. Se. Pb. Hg. As. Cr. Cu. Zn. Sb. pH. TOC (EAHLEE, &F).
CEC (B TA#Hi, &) Sikbr. Hrb, pH MR E M EiRvin T304, FRELS g +3%E,
2L EF KA R ALENE s Cd S HRFARINRM LR A ST 2 0.075 mm Rife
IR, Badmiabsfs EALIER. Hd Cd 4R A BBGR & 55 5 TR (BRI ICP-MS), Cu.
Pb. Zn. Cr 2543 H1RH X ST 66 (XRF), Se. As. Sb. Hg £k FH JE 758 6t ik

(AES), TOC & K FH S A% BRET 2 &k, CEC MR A LR BAT ik, L3453 Cd SR H CaCl. $2
Bk REKRFERIINR Cd 55, FPKRMAREEHAEE, BOLEH AL, H ICP-MS e .

NEFERES MR 7E SRR TS Y X IR T 3 X, BN Sk R R . o
EpRAEN L8, K #E B o 2 Bk 0% A 7R BB R I B ER e, NN 1 IRER R S 2|
Ak RAEN LAFES, AHE T TR0 A H DR RSN NRFERIFEARS DT 35,
BRENRFEIE LI AT TS, el AB TACK R FEEVE T Ry, KR, 596
JE B THEMRT, 75 550°C Ml Nk, SRSEXTARAEIN 3 = THASIR . 2-3 A IR R,  HL AR Y
AT, MR, BUSHERE LA CP-MS) I Cd S EE&B LR T E.

H A7 [ py 3 385 2% Cd F e H AN PR T CaCly $RHGE, AR J7 25 3845 2 Cd 15E X
SR SEME (Fih2s, 2013; FERAE, 2015). AT 1330 AN H343RE L) CaCly $HUZE:
PAFIIA R Cd Bl , TR .

2.3 QBB 5N 5L

12 Fif 1330 & 43 -FEKAE i IR B B AR 347 Gt 0 A, B T Gt o R S ERFIEE S
ETHE LA HUBER{b 2R AE S50

+14E Cd HXE (Cd availableness): T & HIEA X Cd 55 Cd ELE], AR Cd &
BHHES CdWHE. AE2E (%) iHEZ. CdAEME, FoRTIE Cd S M.

FHR AR (r): IBH Excel THE HIEA 2 Cd 5K Cd SR B W/ MNE R Z B RS r, AT
REARTT SRS, FHES SSRTHNFEARE (N S40KT 50,

FHORME B SRR A SR Je T 1 2 H br XSt BRGS0 2 TR S o R & A E SR
SINTAIGHE, ¢ 4O > 0.5 FH AR GRAHMD, r £%1HE=0.3~ 0.5 & (4% 0.3, % 0.5)
FHRMERC RS (F9AHRHED, r 80HE < 0.3 FHAMKMHEARE (MM r NIEEFRIRIEAX,
r NREERR TS, 1 4 R AR AT S R

WU REXAEE (CR): firE LIRS Cd 5 A B EBEEXNK NS, M CdEHERE
H 35 2 e S5 2 5 00 o 4 8 50 A R R 7 AR, BT BT VE S A DGR E TE L USEPA A A (1) fi
KBS PP AR (USEPA, 1989). JB%H, CR /T 100~10* N RER #2352, HHEH 1044 LR
INAT TR R B0 A -

3 BER58
3.1 BEE N Cd 58K Cd S5 EIFE



WF5E X LA 2 Cd & &EAT 0.0018~1.44mg.kg™ 2 [f], HIEJy 0.265 mg.kg?l; S i+ 3%
Cd #& (&%, RK[F) H0.13~30.0mg.kg?, ¥MEN 2.11 mgkg?; +I% Cd &%= > 1.5 mg.kg? 1IHE
AU B 53.46%, EESRE Cd y5 4 BH; Cd & & < 0.3 mg.kg™ IR AL A EEoA 8.2%, K H Joi5 Yei
Hi; 3 Cd HRUENT 0.12~47.76% (8], ¥J{H 15.04%; HFEK Cd & &~ 0.0053~2.58mg.kgt.
Y& 0478 mg.kg?t, FEK Cd &&= > 0.2 mg.kg? [PIHEFREE &0 HEoR 55%, FERE Cdis s, -
3 pH. TOC. CEC. Se. Zn Z4uil &5 15| FK 1, Se HH&EIAF] 0.78 mg.kg?, V¥ pH=5.93, [& pH.
TOC. CEC 4b, HAWFMAR ZEEEESAT 1.0, RPFLIEH Y Cd. FK Cd HAARAIE],
B IXSREACKR 3 8 AN A 3 Cd HiER1L 221 5 RE R 417 50%IREASK F B Cd 15 L X 5%,

1 i5RX 1330 ELE-FEKMER Cd R EF N SR LI
Table 1 Distribution parameters of Cd and relative elements in the 1330 samples of soil and rice

= Gt /g’\E -1 -
2% (N=1330) +TIEOLE S E mg.kg?) Soil

% cd Cd HRUEI%
Parameters cd Zn se Available Cd Cd availableness
I/ME Min 0.13 496 0.15 0.0018 0.12
% KAE Max 30.0 1314 16.1 1.44 47.76
SFEIE Mean 2.11 106 0.78 0.265 15.04
Variation Coefficient 1.16 1.04 1.09 1.00 0.69
Z3 (N=1330) +1 Soil K Rice
Parameters pH TOC/% CEC/mmol.kg* Cd/ mg.kg™* BCF
fx/ME Min 4.46 1.02 49.8 0.0053 0.005
KM Max 8.44 5.94 391 2.58 2.171
*F4{E Mean 5.83 2.35 166 0.478 0.284
25 A A 0.15 0.25 0.29 1.08 0.96

Variation Coefficient

22 ERREAK, TIEREN Cd & 25 0 E DUIKYE 13 pH 7 KRR RIS 458, nTUUEH
35 pH B RERTE, B0 B EIREK Cd AV E S A2 % BCF AHXT ks, w33 pH=4.46~5.5. H BCF
%I1=0.39, 1% pH=7.5~8.44. H: BCF #J{£=0.028; [y BCF K pH T k& 23 s, FEk Cd
Y, HEEM Cd . T3 Cd B HEBIEARL, RIS w6 S SRR .

&2 EF pH DLW TIRSTEK Cd FoHSH
Table 2 Statistical parameters of Cd in soil and rice seeds by pH classification

FEm 2L +3% Soil fEK Rice
Sample HaCdmg kgt Cd R I%
. -1 AX )X 170 -1
Size PH Cd/img kg Available Cd Cd availableness Cd/mg kg BCF
590 44655 0.13~7.5 0.02~1.44 7.2~47.76 0.0053~2.58 0.018~2.171
(1.65) (0.41) (24.48) (0.60) (0.39)
520 5565 0.15~14.7 0.0046~1.28 1.7~28.13 0.0073~2.43 0.009~1.642
' ' (1.81) (0.19) (10.03) (0.46) (0.26)
99 65~75 0.19~20.0 0.0029~1.05 0.55~13.9 0.011~1.75 0.014~0.576
' ' (3.61) (0.116) (2.95) (0.32) (0.103.)
121 75844 0.21~30.0 0.0018~0.17 0.12~2.86 0.0086~0.73  0.005~0.12
(4.38) (0.021) (0.57) (0.092) (0.028)
1330 4.46~8.44 0.13~30.0 0.0018~1.44 0.12~47.76 0.0053~2.58 0.005~2.171
(2.11) (0.265) (15.04) (0.478) (0.284)

T 5 NEE R M2 EU SR .

3.2 HEE M Cd 513% Cd. pH &R

PLAERFEA (1330 1) Agtit ot CRIRZ&M B, +T3#F % Cd 51.4% Cd. pH. CEC HJ#H
KEE r KRN 0.32, -0.49, -0.33 (58 3). APRE pH Julsif, AR Cd 5 Cd AHEE IEMHK



P, HCd 5 pH. CEC ¥WHEREZE MMM, #1E pH B1iuls (KN <55, 55~6.5.
6.5~7.5. >7.5), M+TIEH Cd 5 Cd. Se EIAELE R E IFAH M, MERE r Hmis) 091,

£3 TEAMCAE CdHHXEH () Fitt
Table 3 Correlation coefficients of available Cd Vs. Cd and other parameters in soil

HXRAE (D

GRE pH THAM  HMCdS5Cdl AMCdS  AMCdS AR Cd 5 A% Cd
cd 5 Cd i hHEpH  BAHE BTOME  5se
590 4.46~5.5 0.91 0.36 -0.13 -0.17 -0.13 0.53
520 55~6.5 0.84 0.51 -0.28 -0.27 -0.22 0.70
99 6.5~75 0.89 0.38 -0.26 0.04 0.25 0.74
121 7.5~8.44 0.88 0.06 0.13 -0.13 -0.19 0.73
1330 4.46~8.44 0.32 0.61 -0.49 -0.29 -0.33 0.09

o> BB E 13 Cdv pH. TOC. CEC & {byums, 12| -4A % Cd 5 Cd MAHX RE r s
Ak 0.94, TR Cd 5 pH. TOC. CEC MIAHKE Z %L r 43 7128-0.62. -0.54, -0.64, Wil 2 fiow,
RPTIEAHMCA 5 Cd BA REZEIEMNE, 185854 Cd [F pH. TOC. CEC X [HJ$A471E & 3 fi A%
PR, R IR A S 2 TSR

1) Y13 pH < 5.7, Cd ARUE=20%H, +TI3EH R Cd 5 Cd FIAH KRR EL riA%] 0.94, fR/RitE
TIEEM T E R Cd 5 Cd (I IEFH I B2

= 2 #kcd-cd ~077 B Cd-pH
2184 a) r=094 N=435 20,1 b) . r=-0.67 N=619
E 16 4 E :.
E 1.4 A E 0.5
% F 12 %
0.4
& 2 & g
z £os z Ea
8 0.6 1 5 0.2
204 2
= 201
= 0.2 g
- -
zZ 0 ‘ ‘ ‘ . . ‘ Z 0+ aae ol
0.0 1.0 2.0 3.0 4.0 50 6.0 4.0 5.0 6.0 7.0 $.0 9.0
Cd& & Cd concentration /(mg kg?) pHH pH value
0.8 0.8 -
= A #HCA-TOC = o H#Cd-CEC
Zo7- c) . r=-054 N=647 o7, d) oo r=-0.59 N =708
% 0.6 % 0.6
=] =]
= g 0S5 =g 0S5
4& Y ;‘ o4
=1 s
R o
= =
Y02 S o2
z z
S0l S 01
Z 0l . % Z o0
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A LB & Total Oragnic Carbon/% CEC# & Cation Exchange Capacity/(mmol kg?)

B 2 +3EEW Cd 5 Cd(a), pH(b). TOC(c), CEC (d)HEx15 474k
Fig.2 Correlation between available Cd and Cd a), pH b), TOC c) and CEC d) in soil

2) H+4E Cd<l.5Smgkg!hf, TIEHR CAd 5 pH KA 2% r=-0.62, FK A% Cd Al pH
Z AIAEAE i35 FAH G
3) 444 Cd=0.2~2.0mg.kg?. Se<<0.8 mg.kgl. CEC<250mmol.kg? ¥, +IEH % Cd 5 TOC
UAH DG R L r=-0.54, FRUILIEAH R Cd f TOC 2 [AIFFTE 3 FAH G
4) 4143 Cd=0.2~2.5mg.kg?. Se<0.8 mgkgl. TOC<<4%l, +3EH %L Cd 5 CEC IR R4l
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r=-0.64, F&xTIHA % Cd M CEC X [HAEAE &2 AR et

SMARE R, TIEA R Cd 5 133 Cd 2 [A] 2 IEAH &S LRI i, HI8E 2% Cd 55 +3% pH. TOC.
CEC EHAHKMEALKIIE, HiX—PI# A &R, H4&M48% Cd. pH. TOC. CEC,
Se 2[R EEH . R 1 Cd. pH. TOC. CEC. Se 25 7hb T4 Ny, +194 % Cd [7 -+
Cd. pH. TOC. CEC %X [a) I A% r (AT A2 KT 0.5, HI5E 2% r 4 Xk,
D) PR 72 25 AL AFR ™A« 35 A2 25 AR IRRE A o BB . BT AL IX R 2 Cd 5 38 Cd IEAHR. 5135
pH FAISE, XA SHTA MG LR L G RpESE, 2017; LIRSS, 20200 W4,

3.3 #K Cd 5B Cd FHEXMS
M Cd S EIA RTINS, St ik Cd 5 1A% Cd M X R 8 (FRPI TR D),
KL REK Cd 5 AR Cd FIEARRIEE Bk Tk Cd 544 Cd, #5K Cd 544 % Cd
(ARG R L r KB N 0.55. HILFE13% Cd<<0.9mg.kg™ MITETE T CHRERSEE Cd V55« LT I8
eAh, FEk Cd 514 Cd A AE £ BEURE B (r=0.3~0.5), K Cd 543 pH, CEC £ &
B AR (r=-0.3~-0.5).
® 4 BT IR Cd HEMFEK Cd 5HIRAY Cd FMEXRHK (D Hit

Table 4 Statistics to correlation coefficients of Cd in rice vs. available Cd or other geochemical index according to Cd
contents classification in soil

v ticd | N 1 \ ‘ ‘ -
RLE mokgt | KCdHHHE | kcd 5t | Kcd 5 od | Kked 5 | ked 5+ | kcd 5pE
4k Cd cd ARE 4% pH AP T
372 0.13—0.9 0.55 0.49 0.47 20.38 20.28 20,31
430 0.9~2.0 0.35 0.23 0.30 -0.34 -0.20 -0.35
528 2.0~30.0 0.42 -0.02 0.39 -0.49 -0.28 0.31
1330 | 0.13~30.0 0.54 0.25 0.26 -0.28 -0.24 -0.24

R 5P T pH 2 XK Cd 5 H A 2L Cd. 3% Cd 28K 2 [ I AH 2% R 80 r Geit
iR, FEM: HANGE pH uBEN (BRAZ 55, UK Cd 5 3G % Cd Z (a7 B3 1E
RN (r=0.54); 445/ pH EA L TEBE FEEAT 70 2848 tH I, FoK Cd 513 Cd. fgK Cd 5134
R Cd Z A RZ AR 2 IEAH R, o pH AT 6.5~7.5 Z 8] () IEAH PR BRI . AHOR R B r 88K
T 0.8. fEkK Cd 5% Cd A IEAH S R E5R T-FK Cd 5 3% Cd.

&5 &T pH 7 FEMFEXK Cd SHRBEY Cd FHEXAEH (N GitER

Table 5 Statistics to correlation coefficients of Cd in rice vs. available Cd or other geochemical index in soil according to pH
classification

MR ZE (0

P AL pH Ked 543 kcdb5tE KCd5 cd ked5  Kcdh5Eh  ked 5HE
fi% cd cd R EHEpH  HEAHLK TR
590 4.46~55 0.59 0.48 -0.05 0.18 -0.21 -0.15
520 55~6.5 0.63 0.51 0.39 -0.18 -0.22 -0.17
99 6.5~75 0.86 0.84 0.21 -0.15 0.02 0.19
121 7.5~8.44 0.74 0.68 -0.10 -0.02 0.15 0.01
1330 4.46~8.44 0.54 0.25 0.26 -0.28 -0.24 -0.24

Xt 3% TOC BEAT 7328401t KRR Cd 513G 3 Cd SEAHC R 8 r BT RERZE . % TOC
>2%M, K Cd 5H3AH R Cd Z [AAFE R IEAHE (r20.55), A TOC 70 X GeitHIfHHL
fEAK Cd 5342 Cd B IEARSCIE#SI R 58 T/K Cd 513 Cd. A CEC 77 4tit g R, th
—EHURRTEK Cd 5 AR Cd (IIEAMESE TAEK Cd 513 Cd. #rf IRk Cd 5 HIEA K



Cd Z KR E>05 BT RHETIAE (R 6), XTHEAPIE: FK Cd 5 LA Cd FIA et
R TAREK Cd 513 Cd, #HIFK Cd Rl 2 7R 7 EHEHF A Cd. 13 Cd 2 4h, B
T3 pH. TOC. CEC %. Lk ANF T HILs &8s difE FXTFK Cd IR A —FE, 4RkZ%
BB, K Cd 53 AL Cd WIEASRMERELF . AR RE r ZRTREK Cd [F 3% Cd 1I1E,
{H 38 pH<<5.5 & — MR, BT - 38E 21 Cd-FEK Cd (WIEA P55 T 13 Cd-FEK Cd (] 3D,
AU E MR R r=0.43, JFEMK AR r=053, HXIMAHIEE R Cd 5 Cd MK R r=0.9.

#+6 FRCd 5LEFAYCI EREERXM (r>05) HWEREMH
Table 6 Significant positive correlated conditions between Cd in rice and available Cd or other index in soil

FRZAH ()

kod Gt oy KCdl bHCd LHAIA Cd 15 i e oA
A cd ARUE +IECd
0.54 0.25 0.26 0.32 T4 No
0.55 0.49 0.47 0.72 &+ Cd<<0.9mg.kg?
0.63 0.51 0.39 0.84 pH=5.5~6.5
0.86 0.84 0.21 0.89 pH=6.5~7.5
0.74 0.68 -0.10 0.88 pH>7.5
0.56 0.26 0.31 0.31 TOC=2~3%
0.55 0.41 0.20 0.57 TOC>3%
0.52 0.54 -0.01 0.75 CEC<<130mmol.kg*
0.65 0.48 0.21 0.74 CEC>200mmol.kg*
e fEkCd-+HECd 37 RO IBE R
a) . r=053 N=565 | b) . r=043N =565

RS
Cd concentration of rice/(mg kg-')
5 & b

—
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- ##4%% & & Cd concentration of soil/(mg kg ™) HIEENESS
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3 pH<5.5 MEEMETHIEPFEKER Cd 514 Cd (). B Cd ()X
Fig.3 Correlation between Cd in rice and Cd a), available Cd b) in the acid soil (pH<5.5)

AL, BB FEARAE S H ARk Cdy 13 &% Cd. Cd. Pb. Hg. As. Cr. Cu. Zn. Sh.
pH. TOC. CEC % 13 NMA Tt TAsE R BURE M, R E R fEfih 1% Cd 5B T
(3% Ccd>0.3mg/kg), F&kK Cd 511 % Cd. As. Pb. Sb. Hg. Cd 7 N[E—ERE (& 4), H
Tk Cd 5384 2 Cd SRS ki Tk Cd AH3% Cd; 7E#fH+3% Cd Bis s T (1%
Cd<<0.3mg/kg), FEk Cd 513 % Cd. Cd. TOC 4 AlE—jE#E (K 5), HAEK Cd 53H %%
Cd (PR R [ THRK Cd Fl13 Cd. R BRI M5 R, fEfh I Cd i L mtE oL T, oF
WK Cd WIS 1% B8 i 25 38845 3 Cd, 1T ERHBAATAE Cd 15 5L~ , R -3 cd Mg
R Cd PPN FEK Cd WS R n] B HLAS BRAR R
B R BT KATIR T R A RS G AT R B, smifgk Cd IR R 1R T
TIEAR Cd. 13 Cdy pH &4k, HEAHRH TSR R 1 TOC. CEC S5 n] LUK FERIIR 1) 5%
BER, JTERZIERETER (Bt Se. Zn. Hg. Pb 45 R AREZMMEE. HE R M
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Fig.4 Dendrogram of heavy metal elements and physicochemical parameters in polluted agricultural soils.
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Fig.5 Dendrogram of heavy metal elements and physicochemical parameters in unpolluted agricultural soils

3.4 K-+t Cd 5Heni R X IR

12 FHl USEPA HEZE IR g RE RS PEAG ISR . 52 HR T py AUt [X (1 5 4 i { B JXURS PR 2 (284
T, 2013; FIREE, 2014; HEHAREE, 2020; USEPA, 1989), X FikHHeHs X f) -+ 1#-f5k Cd
15 G BT AR I AR S AR XU A T 25 Al o 43 T Cd V544X (13 Cd>0.3mg/kg) H#fth Cd &
Y X (11 Cd<<0.3mg/kg), Ziit T E4EJE Cd BuE MR K GIEE (CR) Ak, R NE 7,
MiZFEAEH, B Cd i 4 X K CR HAZNE A 8.61X<10~12.7<10%, WAL (FHKAEH/IMED) N
1.48, i CR ¥MANCH 1.02>10°, J&TTCHEm XIS n 2 6H; #FH Cd V5 44X 1) CR {H B &I
B AWK T 104, CREZASIEN 1.75X10%~10.7x10%, WAttt (I KMt/ ME) N 6.11, CR H1Hik
31| 8.83%104. J& T 7E B R B0 AU 5 6] o A b JG i JLIX T &, #F . Cd ¥5 44X ) CR ¥J{E M 1.02>10°
1K) 8.83x%104, MWlE AT 85 1%, CR AL LI 1.48 FTF5) 6.11, THaiith Cd ¥ Yehhs X i) Sue it
A BH 5 A e 50 B 3% Cd 5 G Rl BB 45 1 b Y SR — i 110 B0 R XU o

F7 HEXRMX TIECIBUER R IR ST R
Table 7 The carcinogenic health risk index of soil Cd in some related areas

CR(EU#E 5 %0)

RS LT o
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it Cd Li5 4 X 8.61x10%~1.27X10° 1.02x10%
it Cd y5 e X 1.75X10%~1.07<103 8.83x10%

NKRITGE G R R 1 Cd 555 & & il i Wit s A\ A4 RN HEZ 8 (BIISASE, 2020;
Trojanowski et al, 2010). % 8 5l T _FidREK Cd #@kx CK Cd > 0.2mg/kg) HuX FilfEK Cd 1IEH CK
Cd<<0.2mg/kg) Hu[X N R FE i Cd B m Rk i s R . RESH5S0HIRER B EE AR ON T 40),
HIERReE H i g I Cd Mibr SR N2 Sk Rk Cd & S 2 i TR B, AR Bk
& Cd ¥JE N 0.134 mg/kg, IEH X ANFESkKk Cd ¥J& R 0.064 mg/kg, —#FH2 2.09 %, 1 Ni. Cr.
Cu. Zn. Mo 55703 AN AR KEIAR I R &, BT AFEK Cd 1R X 5 br X 2 18] BB L R A
Ni. Cr. Cu. Zn. Mo 254 & T —8., PiHIHH Cd 54X H3E-F Kb B R AL & Cd 243
R BN, X5 LR Cd ¥5 G4 X 1 B0 (8 XU B A = (1 45 1

%< 8 MHXMX ALHEm Cd FHsER (ng/g)

Table 8 The testing results of heavy metals content in human hair samples in the related area (ng/g)

X LR ERESX Cd Ni Cr Cu Zn Mo
¥ cd E# TR 0.005~0.624 0.13~0.88 0.19~0.87  2.3~39 43~201  0.01~0.17
(N=37) AR 0.064 0.35 0.45 108 136 0.08
K Cd #8kzE R 0.012~0.668 0.15~0.76  0.11~0.97  1.7~45 55~197  0.02~0.16
(N=24) HARME 0.134 0.38 0.51 8.8 148 0.09

N RRS 55HNRALGE.

3.5 B RA BB

Cd 7E LI KFE- NEZ MM AT ZE T2 ERE, W YR @R T 7+ E ) —
K G LI Cd E4RIE. AWiE e, MRS, SEEPH Cd 54y, R ANRATE TR
FALAERE R . KE M T Z B CAEsL, +3 Cd 2K Cd 13 B FRIE (B M, 2015;
WFLBIAE, 2020, RAEIHLE, 2020; Huetal, 2016), +3EfH L Cd 1E A 1% Cd ikt 5T 68 /11
PR, XK Cd s+ B . 256G BIR TR T AR AU 3 A SR, TIE AL Cd )
feK Cd [Fs2mn 3 ZARIE 3 N TH: —/& TIEA R Cd 5K Cd I IEAH VRS Firfr T4 BR AL~
Rl FHh R d i 1Y, AREA (1330 ) Z 54013 31 L3EA 2 Cd 588K Cd A G R % r # K
T 05; ZREHHTIERIL Cd 5 d)E. R BERRSIT 4 R /n HAEK Cd Tl & T 1A 3L
Cd; =Rk Cd WU HER 7 B 2 EM. AEETFZ KA BEEPUER R E T REK Cd
[F] 13 Cd. A& Cd. pH EF T [AMEAERZEA M (r BXHERT 0.5) #RA KM, MEFRK
Cd -4 3% Cd 2 [AIAFAE B A R ME I R AR BN TEFA Y (CEARZF T L&),

+3% pH. TOC. CEC %X #EK Cd A — & M5 fEMRe %M, #K Cd 5148 pH, TOC.
CEC z % 2Ih (B RFMMIH, LIt pH 585K Cd AR E AR . H3EG 3L Cd
5 pH. TOC. CEC Z[aBAF7EM B 2852 m, 7E+3% TOC [F CEC Z[a]. TOC [A] pH Z[a]. pH
[F] CEC Z [A]HH i) BE H L2 2 IEAH GBI,  FEAHOC R % r f i mlik 0.58, Xt (Al HEESE T/ N iE it
P 1% TOC kg #tHh Cd IS 4L Bxf 3 (JROCESE, 2014; 5K%5%, 2020; Letal, 2018). HA
—EAATYE, NI TOC mf AR 7Bk 3% 1% pH. CEC IR EEH 7, ICReHM ARG KL i 115
Cd. XREK Cd Wi ) Z5a sema ) R HEF Ny L3844 Cd > Cd > pH > TOC~CEC.

AR H I Cd 5 4 (B E R £ FEREK Cd @R, WXt NBHER 4T —2n
o A EEHEL Cd TEi5 Y IX, 159X I8 Cd Buw ( FE XG5 CR 12/ T 85 52 . LR AT K
Cd ¥JEIIN T 1.09 %, HiFHE S5 4 X8 3w (B/K+AAK) Cd BEdnE g Ok
BRELS, 2018). KA )Rt Cd AN & AR I EEH Cd V54, hn b Cd V5 gk HimERPE. Cd 4=
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YRS S, S BRI Cd T 5 R R A s HH L Cd b, S iE i et fa ke
M NFIERE (Anskk Cd & &l 5 ). X EBHOFTIN BT iE Bt Cd V5 th 18 i B v 2K

BFELIFAEN BB Cd V59 T Oy — MBI ER L 22 AT, T ERIEAUEREK Cd s 24
HuER oy o Bk Cd S W n, HAEK Cd lbr 12 A 13 Cd &, HIEa Cd &M, -
B pH T ERVESEA REE R, AR Cd Bl ge[FH B M Cd Bis KK E K. HEA Cd
S ey LA SE SR MR K S NAR RS, BRI Cd V5 ettt AT 23806 B, O 1R 250
Cd V5B AR R, BERIBUH BRI BR T8 . %%, BRI L% Cd & &ICH £
TIEA R Cd E &, BIE RS R A B R, JRE I E A LS, ]+
5 Cd KT Hik, ZPibtEmRe . SEREMR L5 pH, OIS & ik PR R
R R FERAEK ) Cd Wl R 0 T3 Cd DB EIaEE (K. T /K 1
DXk, I BT Cd V5 G i b 9 A2, B iR Cd S5 e AN E N Ak

4 ik

(1) WFFEIX 345 %% Cd & &4 0.0018~1.44mg.kgt. & 0.265mg.kg L (Z AL HRELEE), 1%
Cd & &5 0.13~30.0mg.kgt. ¥J& 2.11 mg.kg?, +3E Cd 5 RE N 0.12~47.76%. JMH 15.04%, #7
>k Cd &y 0.0053~2.58mg.kgt. J1E 0.478 mg.kg?.

(2) FK Cd 5 -E3E % Cd M IEMAH M Bk 28, &3S FEA (N=1330) Frig 2
Fak Cd [Fl 1384 4 Cd fAHSE R4 r=0.54, 413 pH 4T 6.5~7.5 . F&K Cd [Al 1384 %% Cd 1
IEMI M. HAOE R % r=0.86. [E+3EA % Cd 4, +3E Cd. TOC. CEC. pH 5t 2 mifgk
Cd MHEZEF R, FK Cd [F11 Cd £ 5 B2 i3 A, [F 3% pH. TOC. CEC £ & &%
BRSO, XREK Cd LR & J1HET . L3 % Cd > Cd > pH > TOC=CEC.

(3) JRHith Cd 153 L4 =k — e AR B R XU, RIMATTYIX Cd Hym {5 XSS 154k
CREMK T 85152, A Cd EARFEKIINKFEM Cd BEIIN T 1.09 5, LHEAR GEK+HES
KD Cd W AR . R BSR4 FR PN TS b I REoR Cd S AR 25 KUK ZE B8 w2 T
i 38 2% Cd.

(4) T34 % Cd [ 14% Cd. pH. TOC. CEC. Se ZFHiER{L 22K 12 [AIFFAE 15 0 5 AH e 1kl
SRFEPER, 2 a R REK Cd W, Y758k Cd 5 YL iR Ee i, A BRI JR VB V5 G XU 25 25
WLVREE N T . B RENE BB Cd V54 LG F RS R, RECEE M1 B I H 4 it O 2
RENBHE) AR BHMEZ 13 Cd B2 Cd &5, AN EANR. 5135 pH 25, e4an IR
Wr 3 Cd R & WEEER, JFAE AR, eSS TR
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