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Fig. 1 Soil and location map of Zhangjiaggang City

FENHERE B BRI, DEAFZRA
AL T AN AR AT L) s 17 i LA AREN 5. 1 TAR
MR T RIS, AR P A [ R B M A R A a2k
FUBLPEMI R . FR40. FRE AT AT
1.2 HEmXRE&E

IKFERE AR A s A s i 222 fe A T e |
T A A DX TR A A 3 A TS R R
AMIHIE T REES 115 A REEFYHLE 10 A
fi, KAE A IIEATRE AR o SRFER, — At
ANKAE S 600 m? A, SRAE 4~5 AKREFFRL, A
BIo)Jrdeds . KRAER ] GPS 0B RAE A
iR, FETEACEAT SR I REE S B

TIERERCRAE: A THITKBES BT ES 1%
FEEEHTRIOKR, EKREFESREMFR, 27+
HERE SRR o IR R K FERE SRS N, R
EHHEZ (0~ 15 ecm) HIEFES . HERAE 510 SO R
FESCRR[6] B PEAN A
1.3 #HmIEFS

IKFERE S AT FERLEE S 58 B SRR, 2R )5
M2 rokePve, ERREARNT, BETRIEE
RS KT RBR KSR, R HAE
BURRERNLERE, 1 0.25 mm (60H) fLAEHH, E R4S
A . EEES RN, I 1.0 g BEE
EWFET 150 ml =AM, A 15 ml PLg4t
HNOs, i /NS, WA, AR5 I H AR 440

H, FREWELEEWNA 2 ml &1L, AHEH
1% HNO; (f&FAEL) PEA 25 ml K&, EAREZE.

TIERES T AR,

TAEAKAE ) Cd A AR R O e
(AA220, ERETLHEZAF), Cu. Pb HKIEETH
WOETEVENE o A RER S AT 45 R ) n] SEPERIHERA 1,
Po Oy TR b O e A B (1 E e SR SR 2
AR AEA) 0T 5 1 i [ 22 23 B o 7K R I IR A HE) 0
A (GSV-3, GBW07604) (Cu: 9.3 mg/kg + 1.0
mg/kg, Pb: 1500 ug/kg +300 ug/kg, Cd: 320 ug/kg =+
70 pg/kg), THATIERLERNE 45 LR, W (E AR
FRUE(E R 10% #2302 N . GSV-3 BISEMIE A -
Cu: 8.36 mg/kg = 0.01 mg/kg, Pb: 1525 pg/kg + 25
ng/kg, Cd: 249 ng/kg+9 ug/kg.

1.4 BURGIT R B9

KA SPSS (13.0) #AFEEAT J5 25307, L 145
FAVRIT ) AP A K G T 4 A s s,
Duncan £ 5 P35 AS [F) 28 284 Al J& R KRG 40 ) 75
22 50k BRI, T SR X KR 4
JEE M. 0 ArcGIS (9.0) At HIE KR
KR T 45 e 7 s 1 2 1) 23 A ]

2 #R51He

2.1 KEEEREBENRIT AT RIFREEMN
Hi Pl 2 AT, TR SCHEHLIX K AS FE 58 Cu Al Cd 1)
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Fig. 2 Frequency distributions of three heavy metals in rice grains

S E RN 4.5 mg/kg Fl 23 nglkg, BB (E
FA G BARRME) (GB2762-2005) HFRE (Cu: 10
mg/kg, Cd: 200 pg/kg), HiHITKSAEHLIX (17K HE H fif
HAAEE SR Cuy Cd MRS . KA+ Pb °F
YIE &R 143 pg/kg, X IRFRAEMIRE(E, SE&

B 3 KIBIFRIHPEELEITTLE Cu. Pb 1 Cd HMEEHNHE (Cu: mg/kg, Pb. Cd: ngkg)

A1 1/4 W7KREAE S Pb AR (115 AN 27 N,
A 3 ANKFEFE R P ST 400 pg/kge H7KTE
MR G JE P A R, TTRES A AR
M, NAZ5 RIS

MWE 2 B0 arFE L, Cu w7 IESS A
A, RUWESEILE Cu BAW BN RERE,
I Pb. Cd WIEAEIESS A, HIZ AW, WU R
TR ERER W, SR AN ICE RN
S FTLL, RAEH R /KFEH Cd FrsddfE K
G Cd 15 s U, I R AR fel AL R
IR EVETESp A ST =N LIV SYN NP SE
2.2 AETIEXER PAEEEEEENTL

1A T AR g FKREAT R E A B T &
TR, ESNIEM, ANELEERA L, KRR IuE
Cu SREFKEE (p<0.01), 4EE LXK Cu &
AT AN X o WA A AR F X — A
TEALEAEE 1K, DA Z m Cu &= I/KFEE AT,
70% FER Cu &EA 3.7 ~ 5.9 mg/kg, 78% IK/KFERE
A Cu S 4.0 mgkg, HPEmKFERE S Cu
ik 8.0 mgkg (K 3); MTERBAN LIX, B—A
FE R KRG Cu frm i msh, HLRYWIET 6.0 mg/kg.

R 1 TRLEABPKETFNEESRTRERE

Table I Heavy metal contents in rice grains in different soils
. =+ 2. Cu 3. Pb
e (m (s
% o/ /kg
A kg )
)
5. 4 6. 48 7. 16
™ +
13:
a
o 10¢
T JKHE Cd .
+ 10~30
® 30~ 200 jﬂf . 37
@ 200 ~ 460 01132
@c0~821 O32~384 0_510km  (@84~174 b

o

20.05 /K PFER W,

Fig. 3 Distributions of Cu, Pb, Cd contents in rice grains

LKMEESLEICHRE Cu ML, KFEFILE Pb 1
FEAEANE R PR B B EEE R (p<<0.05),
HEIE L IXOKAE Pb i (161 ngkg) MHERT AL
X (104 pg/kg) (F Do [FFE, 7m0 E, IR

I asiyo

+X, IE 3/4 FERAIZKRE Pb S EAE 47 ~ 293 pglkg
YO P, R S TR AR R SR L 22 A,
R SRR 80% (B 3); EREANLIX,

A 5 MNFEAMKRE Po Sl B R & AR
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#E, AR LR 20%.

KFEESEE Cd EAH L3RR F e e B3
ZE5 (p<0.05), {H)E, 5 Cu. Pb AN, KFE Cd &
MR LX (20 ngke) THEMT AN X (28
pgkg) (R 1), SEELAM A 57K Cu 1 Pb A
[ B 3. bR LIX, KR Cd &R EEmIT,
90% [KIRES/INT 32 pgkg (B 3): MZEREEA L+
X, srfids—SKRE Cd Mm i A, 20% FEA
K Cd EEmT 32 pgkg.

2.3 Il ARKEEERENTS

M2 2 Al 4, K HKFEE 4 B Cuy POAICAI % it
435k 4.4 mg/kg, 132 ug/kgMl 18 pgkg, MIIKE,
T A K FEAE b 3 M E SRR S RN
M T K HCRFE K RERE i, FLAE A o] Rl KA
CdE B H KT R (p<0.05). =F[E5Am L,
) AN A S 53 AT A AN 2D KRR T 4 R v
i HKFERFRL 3 PP EE 4 I J0 3 I e P B AT A
HAET) b EMY (B 3). mhCuili &, KA S
KFBCul)f &8k 6.3 mg/kg, TMAET] Ak H &
6.3 mg/kgM/KREMERA 6 A, Bk E 8.0
mg/kg (B 3); Hm/KREPbE AR tHIRAE T
ANV, 63% (KK FEPABRRFE S AR T il &
Hl(F 3).

N T VRN T AR TR 2RI AL KR o 4 2 e 1)
S, R AT TR, R 2 BT 5 K
WK E S S P& CRFRMLAELLE
A TR UK, BASIHRD KR —E LB AEA
[ Al J R K R o ) s LU s R, 7K FECufy
A TR A [ v T AR S T AP R K FH R 55
B T AR A A (p<0.05); XIPbIfI S, R4
KA A FKFEPO & S dw v, HLUORM TS, FRIEK
A R R K REP 5 i A% i K RECd & i IR A Ak T
ANV A il gy o IXSERFAE S LI TR 1 B AR
A4 W AR,

*2 AEEBWI RUEARKEEEETESE

Table 2 Heavy metal contents of rice around different types of factories

Al 27 Cu (mg/kg) Pb (ngkg) Cd (ug/kg)
12 (34) 50+13a 168 + 150 ab 32+32a
BER (D 44+1.1ab 228+ 109 a 28+ 7ab
P (4) 3.6+1.2b 138 + 90 ab 11+3b
FEREYE (1D 40+0.8ab 98+ 108 b 20+ 8 ab

YIGHHI (5) 5.0£0.6ab 140 £91 ab 29+ 14 ab
KH (46) 44+0.8ab 132+ 102 ab 18+ 12 ab

2.4 kEESEREMEZRTE
2,41 JKFE SR KRG I 4 JE AR R S 2
RIEFR T KRR E &8 R R E ARG A 2
U4 PRk, fEHE R, AT R R AR KT
N ZE e KRG T G B R . AN REA T M
PERRER R HL, 3K 5 DX [ 7K R i b 2 A o i
iR CRAR 15D FIRLBbRiRg (eCRE 15 5) WA,
PR T HORERG, hE AR, HARTEA KRR
PER = BTN, AR PASEERS G o6 E 4 e AR
BB BAERER, KRR PRI 54 1 AR B AT X R,
APAE W 22 S (0 T REE JEASKI . R Ao 22 57,
T A R, KRG R ) 2 AT RN X B
S, AR BB I 6F S A (1 8 6 LU B AL, AT LA AT LA
L KR b PN [0S 7K R B 4 R B 2R 2 S 1A o
2.4.2 LIEEESLEAEM LTS KRG ESER
ENEA| CAT I SRR, A0 1 b 4
JEIG# Cuy Pby CAF &S AT AN+, it B
F) oA I b R MR . KRR CufIPbR I T
LI A5 TR 0 AT R, (ERE,  CdIf s (Rl AT AR AR
MR (R 1, B3, v, KRG E SR M bRz
T AR, ] Rz AL R .

KEFFRORYN, TS EES B R
AHE PR, JKEES RS RS LiESRE
FPE T2 (R D 2P HOC R AT B (R 3), KFE
Cub 75 HIEARNAAAE IEAM SRS, ik 5 1 3EipH
AEAEIEARDCOR R, 15 HIEA LN A O 7KAE
PO 5 T IEAPbIEAR DG KFECARR 5 14 CdiE A
KA, B HEpH A

Sh T B G ) S L O KRS
JEW IR, AR SCAEIR S | E S R E (BCF), RIZK
FFhES BN RS HIEh ESE S RN E o E
2 (1), BEICRNEERLS HEESEARM
MR 2 AR T B A0 (R 3).

MgE R F Y, T iEpH XK R Cu's 42 R AT
Wl sgmg, i HIEACuS 2 RO, KIEE4JECu
TS T pHZ M EMX KR (R 3 BRESRE
Culy +-4pH & 5.3 LA 5 5P, BCF-Culll m] R
CullIRIEA K, KRR CuE ZERIE T AR T
Cu, TH¥ECuf &M, dEHCuf S Es, 33
FOR SR BRAE, W 2B S, AT KRG Cu
TR E RN EREACUE B KK R, %
pHIK AN . X —HZE g EBUKFEE S ECul 1
B 4w Culty 2 A AT AR R, B AR TE L AR 1.
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Table 3 Relationship between heavy metal contents, BCF and soil characters, total contents of heavy metals in soil

AL EEa [ZIETEES Frifkiz A IEVEES Y p

Ig (K F& Cu) (115) Con 3.19 1.226 r=0417%*
pH 0.181 0.131 0.155
L3 Cu 0.029 0.012 0.217
SOM -0.044 0.02 -0.246

Ig (KT Pb) (115) Con -1.235 0.095 r=0.229%
-4 Pb 0.006 0.003 0.229

Ig (KT Cd)(115) Con -1.313 0.178 r=0305%*
pH -0.065 0.025 -0.245
13 cd 0.309 0.113 0.254

Ig (BCF-Cu) (115) Con -0.392 0.048 r=0.677%*
3 Cu -0.01 0.001 -0.583
SOM -0.006 0.002 0.278

Ig (BCF-Pb) (115) - - - - -

Ig (BCF-Cd) (115) Con 0.601 0273 r=0.760%*
pH -0.158 0.028 -0.435
13 cd -0.981 0.106 -0.589
SOM -0.009 0.004 -0.16

s Con: HH(I; SOM: TIEAHLE: *: p<0.05; **: p<<0.0l.

x4 KEEEREEFRY (BCP) MRS

Table 4 the bio-concentration factor (BCF) of heavy metals in rice grains

TiH /ME ITON:l B brtfEZE
BCF-Cu (115) 5.68 37.40 1525 5.26
BCF-Pb (115) 0.01 1.70 0.45 0.37
BCF-Cd (115) 1.16 113.48 13.91 14.41

LKRCuE R ARBANR, 4R CdS T iEpH
WAAAE W MR R, HARCAR RS 1%
BCAEGAMK, RN L IEpHAFAETAR KRR .
LA, 3 pH I . M S mi A /K R <5 JC 3R Cd i) e 4R
E- g RS NR SOOI, 2 o
R CA7E T3 A7 B (A R LA 24 52 + 3 pH
ST RS, ekl W, BRI E SR Cu, CAHAT
HF R B 23, AH A 4 B 5 R RpHAE 380 T KA
2 R Cd KR8 < Cu AN [l ) 25 0] 7 A o

S KREPO B it 5 LI PO L A A G, HE
EARK HIEEPOIF MR R AR, KFPbE =
e If AR S BRI EEA R, B TR EKAE
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K4 8 5 b ST =P I AR WA RLPE (R R —
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PEAR AREY, TR G DX b 308 1 7 55 S A 2
AN B A 158 v PO AT AU ME KK h PO R B3 7= AL 1

AR5, M ZKFEPbY 4P 7] ) S 25 AH O 2 2K
VT AT R i N T SR AT REPL &5 [ I 4
e 2T EBAHTON T K FECuMCA & A E 4R
HR) S IEATAE Y] R, A A 1T 4T 2 Cu.
CA& = 5 /KAECu. CAMIH3EAHLTZ W ARG R
BRSO AR

3 #it

FHT, SRZUEHLX K FEFF R Cuy Cd &S (E
K bh DERRUE) (GB2762-2005) i, AT HBFx,
RLAE Ry DX B Ry, JUHAE SR Tk Alb )
P R BT S KRG B4 JE 0% Pb
1) B T AT J s b X A7 A A AR IS

KFEE S Cd 73 734 5 Cus Pb A . 135
5 Cu. Cd F &M KAE Cus Cd & S 4G 5
SR 3 pH AL KRR Cd B S RINE
AL H W L. [ T Db 3h S 80 1 4
R R KR TR SRR,
AN 1) AR KR B 4 s i s AN ], 46T
A A K R 48 Cu Al Cd 5 ] v, i
IKFETE 48 Pb EVR &I A I & B W B . 1X
SR RS E IR VY. RIEEE A TAEE
RORTE X

S K
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Spatial Variation of Heavy Metals in Rice Grains in a Typical Area of Yangtze River Delta Region

YANG Yu-feng'?, HUANG Biao®, QI Yan-bing’, ZHAO Yong-cun’, SUN Wei-xia’, HUANG Yao'
(1 College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China;

2 State Key Laboratory of Soil and Sustainable Agriculture (Institute of Soil Science, Chinese Academy of Sciences), Nanjing 210008, China)

Abstract: Zhangjiagang county in Yangtze River Delta region was chosen as the typical area to study the spatial variation of heavy metals of
copper (Cu), lead (Pb) and cadmium (Cd) in rice grains. Results indicated that Pb content in rice grains of some samples was significantly higher than
the National Food Health Standard (NFHS) (GB2762-2005). Most of those samples appeared in the areas near the industries. Cu and Cd in rice grains
had no threat to human’s health at present, but attentions should be taken to the accumulation of Cu and Cd in the areas near the industries. Spatially,
Cu and Pb contents in rice grains were higher in Anthrosols than in Cambosols but converse to Cd (p<<0.05). Heavy metal contents in rice grains also
depended on the types of industries. Cu and Cd were higher in the areas close to the chemical industries, while Pb was higher in the areas close to the
metallurgy industries. The accumulations of Cu and Cd in rice grains were significantly affected by their contents in soil, and accumulation of Cd
influenced by soil pH as well. These results can provide important basic information and reference for assessing security of agricultural product
quality and performing effective agricultural management in the region.

Key words: Rice grains, Heavy metals, Spatial variation, Industrial activities
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