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Heavy Metal Accumulation Characteristics and Risk Assessment of Rice Grain in Different Regions of Suzhou
City, China
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Abstract:In order to concern about food safety of rapidly developing regions in China, 449 rice grain samples were collected from 7 counties
of Suzhou City in 2006. The contents of Cu, Pb ,Cd, Cr and Zn in rice grain samples were analyzed. According to relative national standards of
China and human health risk assessment, pollution and safety of rice grain in study area were evaluated. Average heavy metal concentration
in rice grain did not exceed the national critical limit in Suzhou City. Excessive Pb accumulation in rice grains was a problem faced by the
city. The percentage of sites that exceeded the critical limit was 29.49% for Pb in Suzhou, and most of those sites were close to the industries.
Less than four sites exceeded the critical limit for Cu, Cd, and Cr. The results by single element assessment for the pollution indexes indicated
that Pb>Cr>Cu>Zn>Cd. For the administrative regions under Suzhou, rice grain Pb accumulation in Kunshan and Wujiang were classified as
slight pollution. Synthesis assessment indicated that rice grains were at risk of pollution in Suzhou. Excessive Pb accumulation was responsi—
ble for the pollution of rice grains. Rice grains were classified as safety in Taicang and Zhangjiagang, at risk in Kunshan, Wuzhong, Xi—
angcheng and Changshu, and slightly polluted in Wujiang. Risk assessment showed that rice grains in all soils of the region pose some Cr ex—
posure risk to food safety and rice from some area was at Pb exposure risk. Fortunately, it still fell into the safe category.
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AT REGES  BEA TR E SR i EI R R A
Y, FE N BB IR R, R A E A
R AR AR R R UL R A K B E R 15 e )
ERZKRE, KEREETEMREEY, B AR
Cd.Cu.Pb Zn FI Cr FH & /RBTMAIEFE, MR
H T KRS AR 2 AR AR, A AR TR EHR T AT LUK
R ERHERAERNUS AL, £+ L%k, FL
W8 MK RERF LR B R I B SR AR KA
Xt EE 4 R B R A% A R AR AL ™ L AT
A ZE SR 15 R KR A B A AR R4
TR T BORIRABIRGT , LB IR AT KT
X B R AR R M AR MR B2 1 25l R
EK AR AR AR 2 VLR, B8 KA
FESE S BEIEU XX R EREVT DK
=AM E LR FEX Z— W2 BB
GERFY, BRI EE SRS BER, W0 X
T B EARE, PRI A X KRS B
&R & B IR RER 1B S R R G 5
HIARREEHERE Lo

ARSCLARIT = A 9 AP 709548 45N K R b
HXCBIRN S B RAR KSR ES R & &
FRIELS 22 5, ik KI5 B HE R AT 1 b
A G R AR .

1 #B5TTE

1.1 AREXER

P AT HIA T = A AR A AR, AL T4
30°46'~32°02", % 120°11'~121°16', £THEIFH 8 488
km?, oA 52 4 660 km?, 7K TH 24 3 607 km?, S A0
25616 1 No 7N FEEK ST BT K& .
BT RICHT, R X AKX . i Ak b iy
FZBHEERNERX, REERER, W5, 4.
BERK,H BWFERE, =10 CBURH 4 991.9 C,4F
R IR 157 C, R E 20, K E 4 1063 mm, 4
HTE4—9 A BT R R 2 R A
o i 5 A 55 0 e A B O p e Ry (AL N i
NFERAE R E,20 2 90 AU, MBS B B AR
RRE-Z FE—IMERAE s A L X R g — B LA
FE-Z RN £, TN EREL TR AR HIX
Z— 8k, E ST AT AR, TAkiEZhm
SRRsR Y, Al B IR B R K, o HES
Tk EaIEGR S BT AT S e LR,

1.2 BERESHT

2006 - 10 A , %5 T /KRB E 4 TR V5 etk i
TR, ot R BT LSRR T 0
b B 53 A B I Z R S A A B3 S S R R P8y
% 200 hm® Ze G AR — N0, AT B R R A AR
449 4~ SRFEET—MEAER N A 600 m? TE 1 AR
4~5 REOKRERRL, BEET NS, RN 2
kg, ¥PRIAERSEE B RK P BETF LB FK e, B
BT, BFROEERES, TRk
S B JE KR ARSI, i 0.25 mm FLA2
i , EIRAR T E A H

HE R AHR AR ERRIEAE(GB/T5009),
KRG Cd FiA S0 R TR el 2 (AA220, & E L
BN ),Cu P Cr F1 Zn F KGR F R IBOEIE
WRE . MHRRHTE RN TR MR, AESE
SATIE SRR D, BRSPS R S AR
Y (GSV-3,GBWO7604 ) 5% b [RI25 734 , BEASAE b
AEXFIRZE/NT 10%,
1.3 BE&ERRIFNFE

PR R R R ER B SRR A FR S br v, RS
KA E &R I KR PEM R A B 73 AR BOE TN
W% 255 15 s BOL > A BRI R 1), XFR
KPESBENEWREME, R EAERTEN
RAKRB B R ERE . 2L USEPA(2000) #9525
& (RD {H:Cu TLH EMH ,Zn . Cr.Pb F1 Cd 437 K
300,3.0.3.5 Fl 1.0 pg-kg'-d ) HIKER B ELE
TR E A - - AR RN A R AR
SRR ARR 50%, WRIERESEYEYIH RN,
NI B R SRR EEY 206 kg, A4
TR FOK, I A BRI B AR 0.564 kg, T AT DA
HE B IORP A TR BRI

® | EERBFRIEHSRIRE

Table 1 Classification of pollution index of heavy metals

=Y Ly
1 P<1 B P <07 TeER
2 1<P<2  RBHE 07<Pa<l LR, M
3 2<P<3 HPIER 1P BRERHR FHZER
4 P>3 BHi5§  2<Px<3  HEER ZIEEHYR
5 P >3 TR, 2R E T

1.4 HIEAES5H
048 4 MR ] Excel 1 SPSS13.0 347, #| M
Duncan ;5 LA R TR KA ES B S RNES
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538 T 2200 A LB - SRR T Anlb AR K
HHESBEFBHZN. ) ArcGIS(9.0)FFhifFEK
FEAPRLE 5 8 & B S WU A 22 18] 23 A

2 GHRESWH

2.1 KIBIFRDEEER RN EMEESE
A% 2 A, N T K REFPRL R Cu (B & B

379 mg-kg?, KB EZEMH TAERERKIME (510
mg-kg™) (B4 1 LSRR, Cd F1 Cr 9 EB& &5
W 20.62 wg kg F10.38 mg-kg!, HRBHEZE
i DAEARERRIE , — & = A 43 3R 210.70 g
kg™ 1 10.02 mg-kg™, 53 IS EI B i T0AE Rl brofe
1 11 AEA 10 £%, 43514 3 AN 2 ARE G FR (Cd>
200 pg-kg',Cr>10 mg-kg ™), T FAKAE 1% F R0
PR RE/RES Pb & B4EPTE 0.05~0.25 mg-kg™ 22
], ik 0.82 mg-kg ™, & E & i TAE R HIARAER
4 5% A 133 MRS Pb BFR(>0.2 mg-kg™) , 4
VREH 29.49% , i AREAS TR . Zn BP9 &
&K 17.58 mg-kg™ , ARG PR (KT 50 mg-kg™ ),
AT EESRFEZREK, BRAZKER Cu Ml Zn
&z A8, Pb.Cd F1 Cr 33 100% , 3580 Pb.Cd FiCr
AREFIERH R,

R2 ANHREANFNESEEHISHE
Table 2 The character of heavy metal contents

of rice in Suzhou City

TE CPME BXE RME EEZE BREN BIAEA iR

Cu 379 1023 0.87 1.18 31% 1 0.4%
Pb  0.18 0.82 ns 043 211% 133 29.49%
Cd 2062 21070 ns 25.49 124% 3 0.7%
Cr 038 10.02 ns 0.56 249% 2 0.4%
Zn 17.55 37.1 6.93 3.75 21% 0 0%
1 RPILRAARR Cd 2 pg-kg? LISh, HRTTEN mg-kg;ns
AR TR,

22 AEBRMABEEESH

IKFERPRL Cu LASKZUE T N By, E & B ik
4.49 mg-kg(3R 3), K A K CHER, FHEES
Ak 3.46 F1 3.84 mg-kg™, R RIL HHIRAN R 1L
WEBBUE, 8 3.1~34 mg-keg! Z A, — @R
MTERILTH . KRR Pb IRILE BHEE (R 3), 5
0.26 mg-kg', HRZEMHmAEIL, 8% 0.20 mg*
kg™, R KRG HEAMKEEN TR, SEAL
0.2 mg-kg's Pb EBHRFE G WIARXS 23 8L, B 20T 43
AFEG R, Pb & B —7E 0.3 mg-kg” AT (& 1),

SRILTH 12 MEEGEAR, H#ARR Pb & B—R7E 04
mg kg™ DL Lo KRR Cd BRIKZB T & B IRm ik
37.5 pg-kg! ZHh Hp B Z IR R, HE BT 25
peg-kg! LT (B D), i B ILAIE RS 1138
oo RILTHAIKRERL Cr 5 Bk 0.66 mg kg™, 2
Fm THMET, HAET S RIY7E 0.5 mg-kg ' K
T, Cr FER L AR I T A4 — AR . KFEHPRL Zn
WRBAHRW I B m T HAMET, S8Rk 19.16
mg-kg™, HN R, T EHN 17.86 mg-kg™, TR LLIFN
KO AR, FEAE 16 mg-kg',
R3 HMNHAKBHFRNESETLHRE
Table 3 Heavy metal content of rice grain in Suzhou City

HTT Cu Pb Cd Cr Zn

Rip 3.15a 0.17a(8) 16.50a 0.37a 17.86bc
RIL 320a(1) 0.26b(12) 15.04a 0.66b(1) 16.26ab
FHBE 327a  020ab(8) 20.40a(1) 040a 17.22ab
(EATI] 3.32a  0.20ab(22) 21.50a(1) 0.45a(1) 15.54a

Kt 346ab  0.14ab(13) 23.20a 0.40a 15.70a
FR 3.84b  0.18a(43) 24.50a(1)  0.29a 19.16¢
SRR 449c  0.14a(26) 37.50b — —

& RPIE S OB AR R ITEBAIRR Cd Y pg-kg™
PUSh , HAR IR N mg-kg™ s /A Al —FIA R FRRFAFE 2 B E
005K FLZREBE.

2.3 KEEFHNESERHREEN

MBS LA EORE (R 4), MK REREE R
IR G YAE B P Por Po A1 Py /T 1, R KA
KRZF| Cu,Cd.Cr Ml Zn BY75 5% ; BINFARILE) P 3
KF LHPEI Py, 1.06, RYTH 1.28, Hfth B i
Pb A IS QA8 E0/NT 1, RBIR LTI RV K
FEHA Pb iy WU, HAEL AR SZ 2 Ph 97554, MR
RIS RAREOPIIERE, BURIGYIRET Py 3
ET 1, HRIUR S EE/NT 1, RULE R EKAEE
@JRZEH] Pb {54 RS BIR

GETIRAER P MR (GR 4), KREOFIKIHE
WA TB Y ERLT 07, B 4459 Bl 2,
AHIRATH A B T LR G I P8 BE 07~1 200, )&
EEES RILTRISGG TS YR 1.03, BR3¢
HER o NGB TTREREDRE (B 2), FMmLaisg
SEQRAT A IGARRT 0B, SR TS YR 5 MEFPIITFTE . &
R TR AR LIRS T, Al S R A A X
i, H i TS G AR SR SR A B B
2.4 AMRBRE TN

DIAR XS AOKR AR ITTR P& &R
Wi, HEMRENEIENITETE 4R IER S, 7T
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Figure 1 Spatial distribution of heavy metals of rice grain in Suzhou City

# 4 FHMHABESRITRIEL LIt WP R i X BoKRRATALRR Cd SMSFEA
Table 4 Pollution index of heavy metals of rice in Suzhou City FIRERRERBRE, LHE G E2ENE RS, |

B P B Ra R Pa Ps YN PbZn NIBUEMERBENE, Cd NRERKAR

iﬁ O L0 0N he 0 0% XA LA S BT BRI
0700080400310 Bl Cr BB, T Pb (L7E BB i R R

RIL 0.32 1.28 0.08 0.66 0.335 1.03

1A Y B

S 0.32 0.84 0.12 0.37 0.36 0.76 %MKRLBM}JF K'ﬁ" ©
0.33 0.85 0.18 0.40 0.34 0.83 s L \

A 3 WHig 5

Ky 045 0.71 0.12 — — 0.64
HEH 0.38 0.91 0.09 0.29 0.38 0.74 3.1 KSR ESERERS R X B L%
TH 0% 0% o0l o8 oW oW Gt B, RERYELR &ML LA E
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Figure 2 Evaluation map of rice grain in Suzhou City

b DX IE 52 B M R AR AR AR B L o o R 1
BRI O 2002 SRR A T R K 22 et fhAG:
AR ROK B AR f R E AU JE P, AR R 28.4%,
HUSE Cd, AR 10.3%M, 35M 7 Pb (HAR RS
E R eI AL R, Cd 3R R B A%
T BRI R

UEARSR , 7K B9 B di 2 2 [ A MILIE B B 52 2]
E. M HKAERPRL Cd Pb #1 Cu (& BT 6
T8 4 DX 0 5 AR R I ¥ AR 09, Cu Rl Zn B2, Pb N
Cd Byl SR H ki Tk K EA KIS E SR
BRERAHELN, 5 P 8 AR BB 5 RT3
1R AT, SR REFFRL Cu Pb Cd .Cr RYFURYY
TR AL, Zn MR s 35k 6 Br (R & i
o Al MET NIRRT AR LM, B ST X BRAK R AT
KL Cr & Topdbsh, B 4 FOLR G BHE T &
HETIARR Cu,Cd 3% TR 7T, T Pb Al Cr BETHF
FEX, T Zn HE"; EIRTH Cd A Pb (& BE T

AT P EESRE Cd\Zn F1 Pb Bm FHPEX, Cr
A Cu f&TFHMTT ™5 PEFARBX K FEE 4 JEER Pb Al
Cd 4, Cu Zn F1 Cr {35 BEETHPE KM B E X
Pb )& B HGE TWIALE XTI BIOK ™ X, T Cd
RS B TR,
32 KFEMFHESERRNTMER

BERELSMREIEA LS, L EPHA
Bt IS P AR P ER M R A S M SER L PR
AR L ESE SR AT B SE
Yreh AR R B B TR SR B S o TR ZHE T B7K
A5 Cu A1 Pb AR5 15 Cu 1 Pb BB [0 EHUR 2
FIEMK, MK Cd 515 Cd B Z FAAKER
BE KHEESRHAS IHEAMMESESEZN
A BA B B AR S,

KA E S RO RRS LEE SR A R4,
5 R KAl a3 A B AR . ISR T A2
RIS AN B R A R o B Asemd £ A
B, KB Cd I Pb YAl P SR RIK G B4
A ERARD MLAMRESBEREYTE
SR TERNZ—, TR ABEREY Cu
M Cd RBER, miHaRmll FRIEY Pb iR

(LN W LT 27 A el e g k= 23

Al S A AT 7 220 AT G 3 s (3R 6), BRK Ra AT
KL Cu fEAF R BERT F AFHEEZER (P<0.01),
A £ EREFAY L HA REEFZA (P<
0.05) , RS TRIFNA AV 53 A X K FEFF AL Pb,Cd \Cr
1 Zn AEA B2

Yy x4 JR B R GE 52 2 4 pH BB ML
RO, pHEME, TIRIRESESRE S B8R AFY
B . SEANUR S BN REERE S
HaRIUR MW Ea e, L P E S

=5 FMTKBHFNESEEERESNEEZENE
Table 5 Potential heavy metal exposure risk of rice grain in Suzhou City
Pb Cd Cr Zn
= RER  BERBEXNR BRE  BEREXNR BB BERENR  BRER/ TRTER B XS
pg-kgted? % pg-kgted? % pg-kgt-d? % pg-kgt-d? %

L 1.60 91 0.16 31 348 232 167.88 112

RIL 3.76 215 0.14 28 6.20 414 155.29 104

ik 4.79 274 0.19 38 3.76 251 161.87 108

Bl 2.07 118 0.20 40 4.23 282 146.08 97

KA 1.32 75 0.22 44 3.76 251 147.58 98

B 1.69 97 0.23 46 2.73 182 180.10 120
e 1.32 75 0.35 71 — — — —

Ky 2.36 135 0.21 43 4.03 269 160 106
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Table 6 Analysis of variance for the effects of soil, industries and

their interaction effects on heavy metal in rice in Suzhou City

_ AAE K/ +# 4l RE
TR W aum kW ohmm AN A% (e
Cu 3.64aA 3.56aA 4.26bB 478:B 0.000 0.085 0.021
Pb 0.18aA 0.19aA 0.17aA 0.19aA 0.341 0.883 0.911

Cd  20.78aA 20.88aA 18.39aA 21.49aA 0409 0.622 0.601
Cr  042aA  036aA  027aA  0.32aA 0479 0.977 0.707
Zn  17.74aA  17.25aA 17.48aA 18.79aA 0.257 0.951 0.536

R Cd BN pg-kg SN, HRTTHE LN mg-kgs [F—

FIARRFRFRRAR SRR FPR L B 22 5 80, o

EFERFRRE 005 KF EEFEFE, KEFHRARE 001 KP L=

REE,

JE RS Btk B A A R o ST IR BT R T = A 9
HIX H 20 t4 80 4FAR LUK, 4% pH B B>, A
MU R FAE, ATTAR FEYMNESEWRE,
AR HI AR 2 427 A2 U

KFEFPRL R 4B T R B A E B A2 e,
AFFEAEIF TRA RAERT LB, KRG S b B 4 A e
AETE XA M, Pl S b L B — |, i i
B LA BENL, FEO PRI (L 1 ) AR B
KRS (ROBE 15 5)BiAh, i B R — &, Hik, TR
Z WK ARG R KRR 4 SR A B2 R AR
3.3 KIBITHESERBIEN

BT R AR B R S A TE YR BT 45 R B R
TN K FERFRLEA Pb TS YR . RAEYF Pb
BB A TR ) T 28 LAl ] 2 R X TR s ) 22 ) A
TN A WIS RE S A 30% 54 RS, TEAF
FONTH 3T R BB, BRA S Al R i 1
Ah,FEAR LR ESE Pb KEFMAR RS BT
R, BAR Pb 7E HIEPAEMNS S BERR (AT
BHE VMR LA K, PR, AR S 3
AR B Z AN EP, F ik, Ve 28U Pb 1R
AT RESk 3 HAtig R, H—TTRER R H Pb (5
TRIE YL MY . Tiller A ZE/DH 20%8975 5 S HE
Ji% Pb AT HEZ 50 km DAAM, i 35 7 3238 T 18 6]
B FE B — A T 10 km, BRI, BFSE X 4% B 7EIA
ERAHRIERZ N =, M hi o il s,
5347 AR, — Al SATS G W A HE T R] RE 2 B
TR XAEY Pb bR S — N EEEER, BATHKFERF
BRSBTS, KBS S TR a4
NI

B YR RS P 45 R R 7 N T B B A7 Cr

R R B RR L , 3 5 BT S Yede RO M BT gt
PHAEAE Pb IS RS SR BRI B 25, — Al
BB PR D DAL R 1 R A A b TLAE PR BARME Cr BRA
BRI Pb YRR G B R
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