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B X - KR AP EER Cd TR IR AAFE 512
X PP

J S8 MR 2 00k 3, BRI TR LR RN Y, E e AR S T skeAR
Sy i -
LFEHFREREZHFAE RO AF R, 210016;2. THEHFEE —HRANLHE S,
330200;3 VL4 i A EH E A ab 3B E BT, L & 330200; 4.9 H A KRR EGE LR AE LA
B % 210007)

B (R AN 248 Jmos R 2Ed it AR N R, R TIEKERS
H 4 JE R BRI AR 7T, KRN . (RN £ 2 4 A0 (g B v [ s 1 s it B A
HEESN. [HRFE] REREKFEF LT NAR R TR 129 4, il b2z 83k
As. Cd. Hg. Pb. Cr. pH fl13E Cd JEA IR 505, SR A N A8 e ARG AR TR PP Ak
FIXEFERE . [RAER] (D #FFRIX 135 Cd P& &N 0.49mg/kg, &3 m TILVGR
JR IR S, A 80 LI Cd S Em T TR AE, HSFEARN) 62%. KIEFSEA 57 1
Cd & &EHbr, HAREAN 44%. (2) BFFIX 3% Cd 75 G P &5 R 5 & EY) Cd )2 41T
s R NP . T8 pH B EER A R, BEE LI pH Fhe, L Cd SR
T 2.26 %, {H/KFEFFSE Cd S EMK T 45 5. (3) 13 Cd /KBS B HASH
BRIER = MIRAAESRKFEFFSE Cd S ERA REZmw, iRt HIESst, Cd AWfA
RERESE,  (4) NARfE XU DEA 4 S St o X ) L2 A i B IXURS: KRN, AR 350 XU
FEeE MG 7 EEN Cde (4518 ] W7t X 13 Cd S/KAEFF 5L Cd & & 25 (R0 v 2,
WKERIAT MY VAN, AFAE— 2 R AR A B A — W JR B s g Je RS PP A 45 SR o it 78 X

TAAERIKAG Cd F N 51 L I A A FE AU

R TR RS SR, BFERK; D EhERL AR A Aol A & TR
FETIHLIX

BIFT R DA PR T X H 48 Cd PPN AR — @ B AR A, @A i B
SO ATE U, AT X 8 Cd A OB R R, A AAREE N A BER 220
A R AR i R LSS

Geochemical characteristics and health risk assessment of heavy

metal Cd in soil-rice system inWestern Jiangxi Province
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Abstract: This paper is the result of land quality geochemical survey engineering.

[Objective] Metal elements mainly enter the human body through the food chain, thus affecting health. Research
on the geochemical characterization of heavy metal elements in the soil-rice system is significant for the scientific
management of arable land, the guarantee of food security and the implementation of the strategy of a healthy
China.[Methods] A total of 129 sets of rice seeds and root soil samples were systematically collected, analyzed by
chemical analysis to obtain geochemical data such as As, Cd, Hg, Pb, Cr, pH, and soil Cd morphology, thus using
the human health risk model to assess the health risk in the study area. [Results] (1) The average soil Cd content in
HEIE: FEMF AT H DD20230103, DD20230495, DD20190519, DD20160321 [ 5% [ #A R4 4: 15 H 42002058 AL FE44
VAR 4 5 1 A I5UH 20240084 B B
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the study area was 0.49 mg/kg, which was significantly higher than the background value of Jiangxi surface
soil.There were 80 soil samples Cd content higher than the risk screening value, accounting for 62%.There were
57 rice seeds with excessive Cd content, the rate of exceeding the standard was 44%.(2) The results of the
pollution evaluation of soil Cd and safety evaluation of rice seeds Cd in the study area were poorly correlated.Soil
pH was the major influencing factor, with soil alkalinity increasing, soil Cd content increased by 2.3 times, but rice
seeds Cd content decreased by 4.5 times.(3) The three fugitive forms of water-soluble, exchangeable and residual
Cd in the soil had a significant effect on the Cd content of rice seeds, and the bio-efficacy of Cd was enhanced in a
strongly acidic soil environment.(4) Children in the study area have greater health risks than adults, with
non-carcinogenic and carcinogenic risk factors dominated by the heavy metal Cd.[Conclusions] The correlation
between soil Cd and rice seeds Cd content in the study area is relatively poor, and there are some limitations of
misjudgment and omission according to the current norms; the health risk evaluation results revealed that there is a
human health risk caused by rice Cd intake in the study area.

Key words: Soil-rice system; Heavy metal; Health risks; Land quality geochemical survey; Agricultural geological
survey engineering; Western Jiangxi region

Highlights: Existing standards for the evaluation of heavy metal Cd in the study area has some misjudgment and
omission, through correlation analysis, morphological analysis and other research methods, to identify the key
influencing factors of soil Cd biological effectiveness,and the human health risks are scientifically assessed and
identified from the perspective of human intake.
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THEEEMNARTR L —, FEERIARI AR, FRE A H T3 5 R G 0] 35
Hat. E4JE Cd —HaRERWHMN EZEGRY 2 —, FhlERErR X, B
1458 Cd V5 YL I, R ) B il e A R A A A B BT b o R i1t FRE 29 2.786
X 105ha 4% [ 52 2/ ) Cd y5 5%, FFEEA7 I Cd bR ™ fh2 7.3 10% (Liu et al., 2015;
Wang et al., 2019). 5HAhJIFELE CEML, ELJE Cd A5 gy M IR,
TR AL E RS (Caoetal., 2010;Tang et al., 2019). /KFEZFR E K FEREEY), PP EEH:
FEEE AL, TEIRE R R i A2 R R E A AR, KX EEE
Cd [1)'& S RE T 55, ) 55 1 g K H Cd & & A (FRIR B 25,2011, 2R3 55,201 7;Deng et al.,
2019) . JEIT BN e K2 BB E &R Cd I EZRE(Yu et al,, 2017; XIVKEE, 2021).
Y NARIFN B Cd S gt BFEE. KR, B Bt SRR Rd, HE
PR JEIE (Chaney, et al., 2004; Zhang, et al., 2014; Zhang, etal., 2017). [k, {EH2E /KRG
TAFER, RERKREN 22 At R L S R BAR SOV E L, sk, T8k RS Cd FE S
JE IS e Bk NARAERE RS 52 21 T B 4222 )12 0 O EM 48, 2016; Mao et al., 2019;
975, 2021; X [FIGE; 2022, #8145, 2022).

R EHATH LIRS R B AR dE (GB15618-2018) & I Wbl i 1- 33 2 /AL s 1F 2e 4
PR EEARYE, (bR o M X AR — E R BR . O =& WK, 7E Cd M
JR R S X 3 Cd E R, (HH AR KA /KRG br (Wenetal., 2020; #5354, 2021),
eI Cd S ERIKMHIX, WAEEKTE Cd BRI R A ESE, 2022). Kk, HEJE
Cd MAEMA B AEREE, LIEKBIX—EIRRG /KR Cd A2 T e RS =,
JEAS. pHy AW S . Eh B2 R RMLEEN, Cd 7E L3 &I (& 84414
AL TA A4 (Zong et al., 2016; 4%, 2017; XITEZESE, 2020). & H A8 F E 5 brvk it
ITHEH > A B, A A LIt R I R IR 2, tRIGVA R B R & 2 A PE R . N {g R




PR TP AG A2 — bR ) i e XU G 2% T B, 1998 4E 1 SEEIMEE (USEPA) IER A (4
BRBEVENAEFG ), B2 T LR BEAE NP FaAS, B IREGS Qe 15 N g A HLLE G
Ko MRS EWIMEEN, & RPN A 555 it AR g fe fa 35 IR 2R 1) i, BT,
TR 2 A VP B 4 T B @ BRI (Zheng et al., 2007; SREKEE 4, 2017; Mao
etal., 2019; F 554, 2020).

AR5 LA PG 1 X 3R K R R SN 700 5, A Hh TR 2 =) 105 5 1 b i b
BRI B IR AU KRR SEAR R L E SR e =40, MHABAKX LIEKERgGH E S
JE R T HER A RHAE S S R 25, PR B 4R 70 2 Rt AR IR £ XSS

2 MEHETTIL
2.1 B

WAL AT VE A PO, A2 T3 2 R8BSR, W0 N 114 83.49 /5, iR E 31.13
Ji, EIREL52.36 Ji. WEFCIXHMSR B DL RO L, il A AR SR A, Tl ik
METREREE . hHBAR R R AR, FEMRA S ATRRAL . AR SR B R X
A%, WU, PSR AR 17 °C, FHEFKE 1600 mm o, JEAR ] 240 ~ 270 K.
WX NS TR e AR, 7y J@ikbial & L AErig s . XNHE A B Fr 4, Hi
G R, ARG BINBERER AR, BiR. SEAR. F=RZH, HRAE
AR AR A T Z I M R . XA SIESIRIZL, TEbd A R BRI AR, NS
SR AT 81 FE B TP L PP SR O et L e 4, Ha R0 000 Fr BRAR Fh i
POIRGE ) B AL FHRIBLR R = B KA b A AR S TR 5 B R AE K A - WAL
XN EFERA ALy T, HOwKRE L. 20, 2R mRR R, Kigtike, 1%
I SRR VA o ORISR R B0 /K B St FRoRMR L EACMR L L At bR
BHh, @SS, HAoKEMRE IR 42.53 i, FOREM ESEEY 20.23 JE T 22.5
Jit e BENETREFEE, DO N
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Fig.1 Distribution of sampling locations within the study area

2.2 FERREE IEHTTE
e b L 5T 2R AT M BORFRAE (30 R BR AL A PR TS ) (DZ/T0295-2016)

FE KA SR AR KRS S MM R i AR R o SR TRE GPS SEAL, FE M RAERS BETT W (2
(59X, B 1~ 2m? A—ASKRE T RAK RS, B 0ERE S il 3~5 N TREACIR A R4

3009 AKARHATSE. KK RERAARREY NG T Mg, SRAKAT ISk RERF S, ARG 255
TAKIEYE, BEISGTE 60° C UL NFEEEE. Radtirhin, XErRRFTAEY, FTHLH
FIPEA B8 R AR (AR R (<0.25mm) , JRE 151 5 LA — 24 224047

W KK RS R GERPGER G , BUKRERIARIE R 3%, BUREEZ N 0~ 20cm, 3~5
THREERA . IEFER IR R . A AA KR, R BRI T AR R A
Fedh, BEE4EiE 2mm (10 H) LA . )5 H8EAER R 3009 i#E L= T
M.
2.3 FERAIT R

B BT U B 7 ] W R B P VR MBS I Oy o 398 pH {ER T BS Fied%
TS (SE) M. Cdv Cr KH GG E ik (ICP-MS) ik, Hg. As:KH



JR eIk (ARS) M. 3 Cd JTEA R /B3 H0E, SR SALBRE T

BERRENIA T . FEDRRANTAT . ShIRRNE-EhRVE . I E A E-REIRIAW, REBUKIES. BT
LA WIRMEEEGE . FHEREGE . BHEANES. mANEEE. KBS, KR
HEBTHIEE (ICP-MS) JllE Cd & MNMESEE. KB LISERE, SMpEiHg,

Cd. Cr. Pb 3% H R 445 58 7 i 3532 (ICP-MS) R, Hg As 3% R 758 6t i (AFS)

AR o AR TR A S« KRBT SRR & 2 A R A 6] SR A2 i AR P & R B 23 BT 1)
HERTE RS B B, AT AR 77 A PR RS BT HER AR & (RS BRI PE A
FE S A HT 5 1 FNE AR 3K ) (DD2005-03) 1€ 4l J5 & H BR AL 27 PEH #1785 ) (DZ/T0295-2016 )

FA) Jo B oK o

2.4 fBRERRIPN 7 VE

AHIE T LA B PR OR AP 2 4 H R Fe XU PR A 23 (USEPA, 1989, 1996, 2002) JyA:fil,
SEA TR DOKREAIR R LA A SN A, A UhERESE CEHYEARE, WX
Bl 358K AR S8 R G0 B S B AR R XS . R FEIX N e R B R ENFK,
A B ) 5 BB I8 45 32 B2 FE KR IR N TR I A 78 IX. () S0 IRV K A B0 AU o 24 3 I
KGR E 48 o & HiE & CDI (mg/kgday) @it AR (1) H5: Hrd C 2K
L E SRR (mg/kg) » IR /KRR SEH HEAE (TR , EF Z2BE (R
4D, ED ZARRERITE] (4F) , BW 2 FFTEMAMEE (kg) , AT A FIEABE (KD .
FEAR T, AT=ED X 365 KX, A N V375 ED N 72 4F, “FIRH BW i\ J2 61.75kg,
JLE A 32.75kg. IR s ABEREEAN 0.328mg/ K, JLFE N 0.198mg/ K (Mao et al., 2019; /5 354%,
2021)

_ Ci X IR X EF X ED

&)
¢l BW x AT
CDI;
= i (2)
HQl RfDl
n
HI = ) HQ, (3
2

HQ Fon F-hh 5 48 o R AR S0 X, HI Fongi IR S0 KK . @i AR (2) i1 (3)
5. Hirh RfDo N4 E 4B IS %7 E:Cd v 0.001mg/kg d. Cr >}y 0.003 mg/kg d. Hg N
0.0003mg/kg d. Pb >}y 0.004mg/kg d (US EPA, 2011). iR HI>1, AN RESnt Nid plfi
SRR, TEAEAIBPEROR I XS . R HI<<d, AT s A2 i N2 e XU 52 /)N B AT 2B AN
it

Risk; = ADI x SF, )
n

TRisk = Z Risk; (5)
i=1

o S SHEERNE T (SF) (kg d/img)HH 5% . BA™ 5 42 1 30 XU AT LU 24 50 (4)
HHE, GZEE8UsRREHAR (5 THEEIERZERIT As A 1.5, Cr 405, Pb >y 0.0085,
Cd ¥ 15 (USEPA, 2011). 4 TRISK 5% RISK /NT- 110 I, Fii KUK o] 2B A it, 4
TRISK /T 1x10°~1x10", 2 B £0i KU b T AT 3652 7K°F, 1724 TRISK > 110" AKX,
W1k BT RZ /KT, 24 SR it P XU



2.5 FiEiE

AR R A ArcGIS 10.8 (ESRI A ], 3[E) Hl CoreDRAW 2021(Corel AT,
HnE-K)AN Origin 2021 #x {4 (OriginLab /A ], 3 [E) 2x 1l 58 i, £ 45 R K H Microsoft Office
Excel 2013 #f4:(Microsoft, 2% [E)F1 SPSS 22 #f-(1IBM A#], 2 EH)i##4T St 7047 .

3 &R 5
3.1 HBAKBHEESENSERE

WFFE X LI m B, 145 pH 1918 N 5.88, T 7%k 5.80, AL TEH /T 4.73~7.75,
A5t ZBUN 12%. 5 As o, T3 Cd. Cr. Hg. Pb WU E &R TR & ES T
VLR 2 BRI 550 (0-20cm), HA 3 Cd P& &~ 0.49mg/kg, EILFERZE L
B BRI E SR 2.39 15 (38 D)o MRIE (IR S - 35 e S 3 brite GR
7)) (GB15618-2018) H KH i [ RIS i 2 A1 A0 XS 7 sl BT AT 2 [X 338 v B < J HEAT VAT
ZEREIR, WA X TS Y X S AR . Cre Hg. Pb. As V54 RERHAR, 1N 3 HHFf
i Hg & m T MBS T (E . (H 13 Cd fA7E— e M5 XS, A 80 fF 11 Cd mE G ES
TR, & EFEAZCET 62%.

W7 XK S R S B EHAE R K 1. KREFFSEh Cd &S BiRm, TS
BN 0.24 mg/kg, SEJLEANT 0.01~0.91mg/kg. Cr. Hg. Pb Al As “F-¥)& &K% N 0.23
mg/kg. 0.004 mg/kg. 0.09 mg/kg A1 0.07 mg/kg, LEMFEEIEICR, BRI EZFK
FRE, R R T 50 %. ATFFAMKE (B2 E SRR S HEAYIRE)

(GB2762-2022) *{/KFEHF L E &)@ & AT VR . 129 /K AEFFSE Cd. Pb F1 As bR
Koy w57 M4 4 0FER 2 4R, JKFERTFSEH Cd HEAR I =, HARR N 44 %, BEHIHEFLIX B
Cd T &K Bl /K RS 2 4 i) il e o)™ 5. CVF WEFE R /KRR Cd B HR I & & At
R g 5 oAt i X B & BL/K RS 8 Cd B 5 (Wen et al., 2020; #7845, 2021; %174 4%, 2022)
IKFEAE 9T X B E BRI AR, AFAE— € BRKFE Cd & AR 5| 6 1 i XU ]

R 1 TBEHESE LR S EMRGITR mo/kg (N=129)

Table 1 Descriptive basic statistics of metal concentrations in paddy soil mg/kg (N=129)

Cd Cr Hg Pb As pH
FIME 0.49 75.69 0.188 40.06 8.79 5.88
E0E 0.46 73.20 0.170 38.40 8.79 5.80
R/MHE 0.16 21.40 0.028 26.00 0.90 473
o I ONEL 1.26 187.70 0.990 97.20 22.00 7.75
Bt i 22 0.21 22.44 0.108 8.54 452 0.73
CV% 42.87 29.65 57.18 2131 51.41 12.37
AR E LR S4° 0.205 63 0.065 34 9.5
TR 14 AN 4 80 0 3 0 0
Cd Cr Hg Pb Tl As
FIME 0.24 0.23 0.004 0.09 0.07
SRR 0.18 0.21 0.003 0.08 0.06
K B/ME 0.01 0.08 0.000 0.04 0.01
FF S IE N} 0.91 0.83 0.018 0.72 0.21
Bt 22 0.21 0.14 0.002 0.09 0.05
CV% 87.67 59.09 65.74 96.69 68.67
o £y 2 A 0.2 1.0 0.02 0.2 0.2

T a RIS, HE IR A S, MR R, 2020 45



b i A E Fhr P is RIRE (GB 2762-2022) .
3.2 L KBIFLELE Cd TERRIMPRR

BRI, BT X 145 Cd 175 JrP i 45 5 RAEY) Cd e 20 45 A AE —
EMZERE, HXTRMERZE. W3R 2 05, ARRUFEA 41 1135 Cd & 8K TImiE/E, 88 14
T3 Cd FEam T E, RTERE. 3t 57 fKREFFsL Cd & Eilts, Ho 14 4R
)38 Cd & AT RETREE, 43 xR 3 Cd & & T K TR RS T2 HiE.
— AN I Cd & BAK T RS 7 B A I T v 1 38, (HF AT X 3% Cd fIK TR e
JKFEHRFSE Cd (PP 2 I8 B 34.15%, [AW) Y13 Cd & & e TimdE, RTERER, f
53.41 %K FEAFEE Cd & B2 fF & (R 2 B bR & s R R /) (GB2762-2022)
e T PRAE . EFRETREEWAIX . JARIEIX . st R 14 Cd &R 5/KH Cd & &
WAL R (AR1E%,2008; X1 4 F 45, 2022; BAUHTES,2012). 15 IR AR YE PR,
FEE—ERRFARFIIL G, TR IS SR TR B 2 E P AR NARERR, fE48 3 KRg %
LFiE TR BA—E R R M.

R 2 BEEXMKRBFFSE Cd #iRE 4

Table 2 Statistics of cadmium content exceeding standard in soil and rice seeds

+3ECdsr 2% TR SERUKREAFSECABRR YA MR E%
& T E 41 14 34.15
TR, KTERIE 88 43 46.59

T 78 XK REAT S Cd AR I A 8, AR EEXE Cd Tk — PR NI ie . T8
i bE Cd FE. pH ES/KREFEL Cd SrEX P RE (F2) nfLAHEEH, KL Cd
e R S AR AT 3 pH A B B 3 b 32D BRI AT IX AN IR - 3% pH [X [,
L4 Cd AUKFAFFSE Cd & R SRR EIL (B 3) . B 13 pH N, 13 Cd SRl
IKFEFFSL Cd S B A M, +1E Cd &2k pH 3 hnimsm, KR Cd F &
bt R IR IR ST A BT R 2414 pH EKF 5.50 I, 3% Cd “F¥% =4 0.383 mglkg,
IKFERFSE Cd “FHI & 828 0.298mg/kg, +3E pH {E AT 5.50 ~ 6.50 2 [f]if, 3 Cd P&
EHNA 0.509 mg/kg, ZKAEFFSE Cd & BRI, 8 0.267 mg/kg. 3% pH E /T
6.50 ~ 7.50 Z [f]i, 3 Cd P& REIINE 0.600 mg/kg, /KAEFSZ Cd P& & HBLE
F &%, 4 0.056 mg/kg. pH (AT 7.5 1, P& B EE 0.868mg/kg, K FEFFSLA
1N 0.066 mg/kg. BEAE 3 pH AR, 13 Cd 1P & Efn T 2.26 £, {H/K
FEFFS Cd BB EIEK T 4.5 5. /KRBFFSBIR R 11 58.7 %FHKE 0, H/KREBIREAE
fEAALL, +3E Cd @& Fimnk (g th ) PR IEANE %, 76135 pH {E KT 7.50 R HBL—2 1 1
7t
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Fig2 Relationship between soil pH and cadmium accumulation in rice seeds
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Fig3 Distribution of Cd content in soil and rice seeds in the study area

3.3 13 Cd BAEA A HRHE

148 Cd LRSS HAYA REFE VIR, G R AR, SIES
[ REAH BLFEAL, ARSIk E T Cd Mg sk FEY A 2 (shHEH4E, 2005; Deng et
al., 2019; XIIEZREE; 20200, RADELLIREGE, XA LB S F Cd LKIES (FL. B1
LA (F2). BIRIEAE (F). BHRESS (F4. BEEMMEEE (F5). mf
ML a2 (F6) FIBRIEZR (F7) LMARES Cd & EITINE . 45 RRW: FRESEH
FIX 4 Cd | EEAAERR, B 35.54%. HAbEZS £ UMK O B T BR 45 & 7



(16.92%) >TRIR Eh 45 A A5 (14.91%) > 5 128 #7 (13.53%) > B A A M) 45 5745 (13.26%)
>R P AR (5.43) >/KIED (0.4%). 1% IR 03 Seit 1 st (pH<5.5).
e (5.5<pH<6.5). HE (6.5<pH<7.5). Bt (pH>7.5) T3 Cd LERES L.
SR BIRTERRFAME T, KBS Cd 1 G m, (HAE FIKIERS Cd o5 AR, 370
T 1%. B2 Cd /e PE LI s, N 17.38%, BfE LIEmPEN R, BT
HeZs Cd (1 5 LLIBHT A . BRIR R 45 57 Cd AR BN E AR, W LRI 2% A4l 2 pH
fE UK, 413 pH E T R 5 EHORBGH R IMSE NI, A, pH BT &A1
BRER A R, T X L IERIR Eh 45 &4 Cd BE LIEmMEG o,  LL@Z s, H24 pH>
75 0, BRERERAE A LIS, HEN 18.47%. JEIERRSE &7 Cd SRR 4544 Cd
BAEAFEAR—E. YL EE Cd PSS bt s, AN SRR
b . FREZS Cd S R Mg n, 24 pH>7.5 BT S bl BL— e IR (4.
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water soluble
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exchangeable

B AR A A A
6.5<pH=7.5 , ’ ‘ ‘ ‘ carbonate bound

R B

0 T &N
humic acid bound

5.5<pH<6.5 ‘ ‘ ‘ I ] ‘ Yl WAL A
Fe/Mn oxyhydroxides bound

D AN B

organic bound

pH<5.5 ' 1 ‘ ‘ l ‘ D B s A

residue
s NN | . &

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
B 4 LA ARRFE Cd HIAARRHE

Fig4 Distribution of various forms of cadmium in soil
H NN, KIEE Cdy B TACHE Cd MR ELAE 525 Cd — BN 2 & % B
W EITERS, JETEIRES &4 Cd. BEREEE &7 Cd MR AHLA A4 Cd — BB ILAELL
BAEVI PR USCRIFE , TARIERS Cd R IR REW AR E AR T MG, B IR
AR, BB RS Cd ANt NI R, BAPWROR T (Blig == 5%, 2009; Wen et al., 2020;
XITE 24, 20200 MR AHRME T (32 3D, BRFEIXUKAEFSE Cd & & 5/KIEA Cd (FL. &
TR Cd (F2) 2AREEH AR AR, KRR E 7179 0.440 A1 0.304, 55K Cd(F7)
BB FE T RKR, MRAZEOV-0.356, H5HAMLES Cd HRMEAEZE . /KIEHE Cd 54
% pH H 2 BE MK R, HXRECH-0.468. LT, L3P Cd FIKES. B8t
BB = MR LR KR 52 Cd SR BA BEHW . A 3% pH 8N, BT
T3 Cd B TACHRSHKERSH G H AR, FREAS & Eegn, i Wi E s iR 1tk 33 5, Cd

AW R 5
£ 3 KFEHFL Cd FBE L pH fH. 138 Cd BEMMERME

Table 3 Correlation of rice seeds cadmium content with soil pH and cadmium forms in soil

F1 F2 F3 F4 F5 F6 F7 T4 Cd pH

KIEHFS2Cd  0.4407 0.304™ 0.092 0.079 -0.077 0.252" -0.356™ -0.134 -0.468"

*7E 0.05 2] (RURB), MRMERE; ** 0.01 45 B, Mg
3.4 Nafg R XS PRy



i e UM 1 H AR A, 8 A R Al A B 19 5 45 3 i i R 4 3 1)
AIREME, AR T HABPEAN vk, N B RSN TIE T 5 A\ SEsh B IR A S R 5.
438 G R B AR T DU I B AN IR S R 5 7 U N AR, (HR AR R (R T 2 g
NI, B LRI BN LI RAEY- Ak BT 4 R EZE DK N EE]Y,
PEAS S B )5 52 3845 3 B R KRBT SIE AN o AR ATT 7 X K BT S e FEAR 28 - Bd Ak ¢
SR, VNI X Bk IR AT S R G h B A R U R MR RS, EEEE TR
HIEBN BT RIERE L, 3 — B 701X A0 KU B S0 XU -

T 701X A B0k AU VT 485 5 7 ) L 28 14 R 1 2 o T BN, A [ B 4 S e 3R AR B0 XU
(HQ) “FHMEK XN Cd>Pb>Hg>As>Cr, ¥ Cd [fAE80E M50 1, JLER T
N, JLEEAER N B3R E 0 XS T 5070 7908 1.453 F1 1.276. JLE A S AESUE KUK (HD
SEYE S 9 2.577 F1 1.458., M AEEURE KBS RSP AL R &, Cd foTik 5 2] 87.53%,
VIR 9 X A7 AR & P KRBT S5 | AL 1 M8 PR (1 XU, Cd A& AR 921X 3 3500 IRV 11
kEFEKRT. HTHATRA As. Cd. Cr A1 Pb 30w X AE, REARRRiTH5HIX 4 FooR
(B XU B HAN, B TE S>> 107 I, TR/ — e EDE K T 10°~10"
i, RWIAEAE—E B R, (BAE T2 (VSR Py 48U AR T 5<10° 1, #H50E
K. f# 3 &N, BFFTIX A BuE K e (TRISK) KT ILE, RS JLE KM
SR 1.97107 il 2.24X1072, YA 4 & 70 2 (1 N\ BOE0E KU T 80T 18 i K #)/hy Cd
(1.91x102) >As (7.43x10*) >Cr (5.61x10*) >Pb (3.60x10°). L & 15 X 4551
SERMEEHREI/NA Cd (2.18x10%) >As (8.46x10*) >Cr (6.38x10%) >Pb (4.09<10°).
7 X AEAE— 2 (R B0 XK, Horp Cd 2 f 2 B 1 KU R 7

R 4 A BUR RIS I 50 {8 R XU R 4
Table4 Non-carcinogenic risk and carcinogenic health risk index
FESE R 2L o K82
70 ] S ME FienE| A
HQ-As 0.002-0.0404 0.010 RISK-As 1.20x10-3.03%1072 7.43x10™
HQ-Cd 0.048-4.82 1.276 RISK-Cd  7.17x10*-7.23x107 1.91x10°
) HQ-Cr 0.001-0.003 0.001 RISK-Cr 2.10x10%-2.19%10° 5.61x10™
A HQ-Hg 0.020-0.315 0.065 -
HQ-Pb 0.033-0.958 0.106 RISK-Pb 1.13x10%-3.26<10°° 3.60x10°
HI 0.157-5.025 1.458 TRISK 1.12x10°-7.32x10 1.97x10°
HQ-As 0.002-0.046 0.011 RISK-As  1.36x10%-3.45x10° 8.4610
HQ-Cd 0.054-5.490 1.453 RISK-Cd  8.16x10-8.24x107 2.18x102
. HQ-Cr 0.0001-0.003 0.001 RISK-Cr  2.39x10%-2.49x10 6.38x10™
LE HQ-Hg 0.022-0.359 0.075
HQ-Pb 0.0378-1.090 0.120 RISK-Pb 1.29x10°-3.7x10° 4.09%10°
HI 0.776-6.689 2.577 TRISK 1.27x10°-8.34x10 2.24x10%
4 751

(D) WX Cd FHEEN 049mglkg, BEETILAARETIET . F 80
PEIE Cd S TR THEAE, S EFEAR 62%, 57 /K REHFSE Cd AR, BB RN 44%.

(2) BHFLIX 148 Cd 75 JeiP A 45 SR 57K AE R Cd B2 PP &5 P 2 o kIR
HITEIE, AR ERRAIRABLS, ToIEHERE B R R & e & A = AR e AR e,
EFE ARG M TAE R B — E PR M. 3 pH 2 EEAEMN R, b5 1 IEm
PENgGE, L3 Cd SEGINT 2.3 6%, KREFSE Cd SRR T 4.5 £,

(3) AR TIEHZIES Cd MERFIERDIN: FRIES (35.54%) >JHHEIREAES



(16.92%) >TRIR Eh 45 A A5 (14.91%) > 5 128 #7 (13.53%) > B A A M) 45 65745 (13.26%)
SERAPUREAS (5.43) >/KIER (0.4%). MMM RER, EHFKES Cd. &
TARHAS Cd MERERS Cd = MIBAF A K FEFFSE Cd & & H 35 120 o 7R ER PE 1 5838
Bidr, Cd AW stk g5

(4> N R RS AN 25 SR B ) LEE RS K T N, I E S0 DRSS FH 507 RS [R5~ 3=
B Cdo Cd AU bR G 2 10 ELC A2 A AR 5 B A B s g B AR, gk — 2 st
FIXNELEE Cd KIHEMIT R TIE, FERE 4.

References

Cheng Hangxin, Yang Xiaobo, Li Kuo, Liu Fei, Yang Ke, Nie Haifeng,Peng Min, Zhao
Chuandong, Liu Yinghan. 2012. Geochemicalearly warning for soil acidification and its adverse
biological effectof Cd in rice and maize seeds in the catchment area of Liaohe,Liaoning Province[J].
Journal of Jilin University (Earth ScienceEdition), 42 (6) : 1889-1895 (in Chinese with English
abstract).

Cao Hongbin, Chen Jianjiang, Zhang Jun, ZhangHui, Qiao Li, Men Yi. 2010. Heavy metals in
rice and garden vegetables and their potential health risks to inhabitants in the vicinity of an industrial
zone in Jiangsu, China[J]. Journal of Environment Sciences, 22(11): 1792-1799.

Chen Lingxiao,Song Yinxian,Yuan Xuyin,Yang Zhongfang, Chen Yang, Chen Jun, Ji Junfeng.
2011. Distribution of Cd and impact factors on the migration in Soil-rice system in typical area of
Yangtze river delta region[J]. Journal of Earth Sciences and Environment, 33(3): 288-295(in Chinese
with English abstract).

Deng Siwei, Yu Jiang, Wang Yating, Xieshigian, Ran Zongxin, Wei Wei. 2019. Distribution,
transfer, and time-dependent variation of Cd in soil-rice system: A case study in the Chengdu plain,
Southwest China[J]. Soil and Tillage Research, 195: 104367.

Han Chummei, Wang Linshan, Gong Zonggiang, Xu Huaxia. 2005. Chemical forms of soil heavy
metals and their environmental significance[J]. Chinese Journal of Ecology, 24(12): 1499-1502(in
Chinese with English abstract).

Hou Qingye, Yang Zhongfang, Yu Tao, Xia Xueqi, Cheng Hangxin, Zhou Guohua. 2020. Soil
geochemical dataset ofChina[M], Beijing: Geological Publishing House, 2630-2633.

Liu Feng, Liu Xiangnan, Ding Chao, WuLing. 2015. The dynamic simulation of rice growth
parameters under cadmium stress with the assimilation of multi-period spectral indices and crop
model[J]. Field Crops Research, 183: 225-234.

Liu Bing, Wang Yi, Zhu Yanjie, Zhao Yunxia, Wang Shuo. 2021. Risk Assessment about the
Dietary Intake of Heavy Metals in Aquatic Products[J]. Journal of Chinese Institute of Food Science
and Technology, 21(7): 268-275(in Chinese with English abstract).

Liu Tong, Liu Chuanpeng, Deng Jun, Kang Pengyu, Wang Kaikai, Zhao Yuyan. 2022. Ecological
health risk assessment of soil heavy metals in eastern Yinan County, Shandong Province[J]. Geology in
China, 49(5): 1497-1508(in Chinese with English abstract).

Liu Caize, Wang Yonghua, Zhao Jin, Zeng Qingin, Lei Fenghua. 2022. Assessment of cadmium
accumulation in rice and risk on human health in thenortheast Sichuan Province[J]. Geology in China,
49(3): 695-705(in Chinese with English abstract).

Liu Daorong, Zhou Yi. 2020. Speciation characteristics and bioavailability of cadmium in paddy
soils,western Zhejiang Province[J].Geophysical and Geochemical Exploration, 44(5): 1239-1244(in
Chinese with English abstract).



Mao Changping, Song Yinxian, Chen Lingxiao, Ji Junfeng, Li Jizhou, Yuan Xuyin, Yang
Zhongfang, Godwin A. Ayoko, Ray L. Frost, Frederick Theiss. 2019. Human health risks of heavy
metals in paddy rice based on transfer characteristics of heavy metals from soil to rice[J]. Catena, 175:
339-348.

Qie Haiman,Wen Bangyong,Wang Jigiang,ZhouQianggiang, Liu Bingquan. 2017. Safety
evaluation of heavy metal contents in selenium-rich soil in the Zishan area,Ganzhou, Jiangxi
Province[J].East China Geology,38(3):234-240(in Chinese with English abstract).

Tang Lin, Deng Sihan, Tan Di, Long Jiumei, Lei Ming. 2019. Heavy metal distribution,
translocation, and human health risk assessment in the soil-rice system around Dongting Lake area,
China[J]. Environmental Science and Pollution Research, 26(17): 17655-17665.

US EPA. 1989. Risk Assessment Guidance for Superfund Volume I:Human Health Evaluation
Manual[M]. Washington, DC: U.S.Environmental Protection Agency.

US EPA. 1996. Soil screening guidance: Technical backgrounddocument [M]. Washington D. C.:
U.S. Environmental ProtectionAgency.

US EPA. 2002. Supplemental Guidance for Developing Soil ScreeninglLevels for Superfund
Sites|[M]. Washington D. C.: U.S.Environmental Protection Agency.

US EPA. 2011. Exposure Factors Handbook[M]. Washington D. C.: U.S.Environmental
Protection Agency.

Wang Changyu, Zhang Surong, Liu Jihong, Xing Yi, Li Mingze, Liu Qingxue. 2021. Pollution
level and risk assessment of heavy metals in a metalsmelting area of Xiong'an New District[J].
Geology in China, 48(6): 1697-1709(in Chinese with English abstract).

Wang Peng, Chen Hongping, Kopittke Peter.M, Zhao Fangjie. 2019. Cadmium contamination in
agricultural soils of China and the impact on food safety[J]. Environmental Pollution, 249: 1038-1048.

Wen Yubo, Li Wei, Yang Zhongfang, Zhuo Xiaoxiong, Guan Dongxing, Song Yinxian, Guo
Chao, Ji Junfeng. 2020. Evaluation of various approaches to predict cadmium bioavailability to
ricegrown in soils with high geochemical background in the karst region, Southwestern
China[J].Environmental Pollution, 258: 113645.

Yang Qiong, Yang Zhongfang, Liu Xu, Yu Tao, Wang Lei, Wu Tiansheng, Zhang Qizuan, Ji
Junfeng. 2022. Transfer characteristics and ecological risk assessment of heavy metals in soil-rice
system in typical acid magmatic rock area with low geochemical background of Guangxi[J]. East
China Geology, 43(1): 49-60(in Chinese with English abstract).

Yang Qiong, Yang Zhongfang, Zhang Qizuan, Liu Xu, Zhuo Xiaoxiong, Wu Tiansheng, Wang
Lei, Wei Xueji, Ji Junfeng. 2021. Ecological risk assessment of Cd and other heavy metals in
soil-ricesystem in the Kkarst areas with high geochemical background of Guangxi, China[J]. Science
China Earth Sciences, 64(7): 1126-1139(in Chinese with English abstract).

Yu Guoguang, Zheng Weiran, Wang Wen, Dai Fen, Zhang Zhiheng , Yuan Yuwei, Wang Qiang.
2017.Health risk assessment of Chinese consumers to Cadmium via dietary intake[J]. Journal of Trace
Elements in Medicine and Biology, 44: 137-145.

Yu Hua,Qin Yusheng, Chen Kun, Zeng Xiangzhong, Zhuang Yan, Li Lijun, Tu Shihua. 2017.
Distribution characteristics of cadmium forms and Itscorrelation with biological effect in paddy soil[J].
Southwest China Journal of Agricultural Sciences, 30(2): 452-457(in Chinese with English abstract).

Yu Tao, Yang Zhongfang, Zhong Jian, Cheng Xinbing. 2008. Factorsaffecting the geochemical
behavior of heavy metal elements Pb and Cd in soil[J]. Earth Science Frontiers, 15(5): 067-073(in
Chinese with English abstract).



Zhang Yafei, Liu Pei, Wang Cannan, Wu Yongning. 2016. Human health risk assessment of
cadmium via dietary intake by children in Jiangsu Province, China[J]. Environmental Geochemistry
and Health, 39(1): 1-13.

Zheng Xiongwei, Wang Junfeng, Zheng Guoquan, Hu Qing, Tan Yuan, Tang Shiqun, Hu Ruichun.
2016. Characteristics of the concentrations of heavy metals of agricultural and aquatic products in a
certain area of Honghu City and its security analysis[J]. East China Geology, 37(4): 300-305(in
Chinese with English abstract).

Zheng Na, Wang Qichao, Zhang Xiuwu, Zheng Dongmei,Zhang Zhongsheng, Zhang Shaoging.
2007. Population health risk due to dietary intake of heavy metals in theindustrial area of Huludao city,
China[J]. Science of the Total Environment, 387: 96-104.

Zhong Xiaolan, Zhou Shenglu, Huang Mingli, Zhao Qiguo. 2009. Chemical form distribution
characteristic of soil heavy metalsand its influencing factors[J]. Ecology and Environmental
Sciences,18(4): 1266-1273(in Chinese with English abstract).

Zhou Mo, Tang Zhimin, Zhang ming , Liang Xiaohong , Zhan Long. 2021. Characteristics and health risk
assessment of heavy metals in soil-ricesystem in the Ganzhou area, Jiangxi Province.GeologicaBulletin
of China,40(12):2149-2158(in Chinese with English abstract).

Zong Yutong, Xiao Qing, Lu Shenggao. 2016. Chemical fraction, leachability, and
bioaccessibility of heavy metals in contaminated soils, Northeast China[J]. Environmental Science and
Pollution Research International, 23: 24107-24114.

B LS SRR

FRBURT, Bk, ZEEG, XK, MR, SR, s2E, BME AL, XSRS 2012, I IR AL S
VEVIAT SECAAE BN I L BR AL 5 TUER (], 35 ROK 22 4R (ML BR B2 1), 42 (6): 1889-1895.

RIS, AR IR 2, = B A7 8 55 BRI, BR IR 2R i, 2011, KVT = Mo s A i [X -3 — KR R 4
CAfI A R HT B HI L R R [J]. HhBREL 2 5355 4R, 33(3): 288-295.

M, AR, DRGSR, VrARE. 2005, L3 B & BRSO LA R L[], AR E,
24(12): 1499-1502.

BEHM, WIS &V, 2%, b, FEE 20200 FE B S5 M), A8 50U
Fiu#t:, 2630-2633.

KT X4 X% R 2, E UYL, X E 2. 2022.110 248 U7 R B 4R 30 1 438 7 4 i A A R KU VA
[3]. " EHF, 49(5): 1497-1508.

XIPK, Fia, KA, B, FOL 2021, BEEEAIK G E 48 1RSI []. H E
%, 21(7): 268-275.

XA P, FkME, AR WEEIE T RAE. 2022, I ZR AL X 7K RS CA AR 2 15 A 25 i B XURS: PEA (3]
v [ HJ57 , 49(3): 695-705.

XITEZE, J& . 2020. Wik H LIECAEE S5H MM 0], IR S5 0AR, 44(5): 1239-1244.

AR, SCHES T, FE4ksR, FESRGE, XIUKAL 2017 VL PR AR L X E i IR S B r R e
PR3] AE AT, 38(3): 234-240.

F BT IR IR KGR L TR TR, 2544 ) X P2, 2021, e 22 371X 54 @ v ok (X T3 5 4 S v R 2 e
B PEATI]. A b5, 48(6):1697-1709.

MR, MRy, X0, 40, T &, R RA ke, ZRIR0E. 2022, |G SRR K Rl A B RY  IX
3K FE E 4 JE AN RARHIE S AR A AR [I]. AR AR T, 43(1): 49-60.

Wit WD, ki, xIE, SN, RRE, T BEME, FIR0E. 2021, T ET A LR
A X LK R A CIE EL R AES KK VFN[]. o E R Bk Rl 22, 51(8): 1317 -



1331.

We, ZRfE, BRIE, WA, SRk, ZUE, IR, 2017, JKAE L CATRAS 4 A R S AR
MAFFL[I]. PR AL 2R, 30(2): 452-457.

RVE, BRI, B, FEE. 2008, IR E G JE G ERPD. CAHERILZEAT IR RO A]. Hh
2EHI4, 15(5): 67-73.

JE B R A TR R AT T . 2021, YL PHERN M [X 13 — KRS R G 4R A B AR R ek XU
PEI]. HBEIE R, 40(12): 2149-2158.

BREg, JEA R, BEEHNN, & ILE. 2009, T E &R KRS S A RHE KL E R[], SIS
247, 18(4): 1266-1273.

A, TAR e, A E B BA 7 VLI, R, B . 2016, LI S b X R K PR 4 B A B AE
Rz o [J]. R, 37(4): 300-305.

FIREE, FBE, EEH S, Wi, EEEL 201758 T R 28T 0 0 4w XA &
P PEAT : ARV = A 22 5% X 4] [J]. R} 273k 2, 32(8):875-884.

e N BRILRN [ A 2SR5 3. 2018, GB15618-2018 1338315 Jifi & A% FH Hb - 38 75 e XU 5 42 s v
(BAT)[S]. dbnt: HE SR H A, 2-3.

e N EIEANE [ X B AR AR E 2 o [ 5 24 o e BV BLEUR) . 2022, GB2726-2022 £
it 22 4 [ FARME R T s eI BR E[S). dbat: R EARAE B AL, 2-9.



