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Fig. 1 Synoptic chart of the study area
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Table 1 Basic information of studied plots
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YURLIE— Ko RIS S (R S0 = 5 1 e PR R A
I ASRKPYE 2 P 228 7Kk 1k, IR
HRIKGY, RIGIEMATN, 70T 40 PR T 4t
TG IR ERE O IR N B RS, GRAPAE TS
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g R SR B E K AT VRS, R RE R T
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WX gt 138 pH A%, ERREAF BRI
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WA AT R RS Y, A BRI B T
PR RS 00, L R S 4 R 4 M L 2,
Z R K IR SbrifE (GB15618-1995) 14
Kol SRR P S PN | - o 3 (| O (N S N B L N5
& EY ST LB, Cu. Pb. CAICEM W T
TocE,  FMRE A R M7 5l Siett (10 2 ‘53D
EERIR AR PR A 1 T 550 (3 AT 4 Sih) s 4
JE R I EL R AR AE PR A Hh B b 8 R B 3R LG OK
M - 4R S, PhUcERIUH R, 2
SHLEL 1 SHbE T 39.7%., IXULLE L], M
1) T3] R AE A AR I B
2.2 MWNFEFHEEEBRA

BN ER 2 MRRPGE, WA L%
Rl RIR P 5 B J ) b e JE (R B . ARHEST
N\ 3 (R I ARG IR (A AEFIAT HLAED I
ETEE /K o UL b B Ao Sk Rt AN () R 9 T 4 A N
RBLWE 2 fiios

M 3 R, B TANUEEHEK, 1 EES
JE SRR (PG ILEEETt Cul 41.1 mg/kg. Pb 24
5.1 mg/kg. Zn Jy 89.1 mg/kg. Cd >4 0.09 mg/kg, T
I Cu b 56.5 mg/kg. Pb 24 1.5 mg/kg. Zn
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Table 2 Chemical properties and the heavy metal contents of vegetable soils in field plots

HiEk pH FHLR (glkg) Cu (mg/kg) Pb (mg/kg) Zn (mg/kg) Cd (mg/kg)
1 459 +0.14 34.13+4.14 3224 +1.41 57.51 +3.89 82.27 +2.17 0.132 +0.027
2 4.83+0.09 36.63 + 3.49 38.83+2.05 71.97 +9.56 85.96 + 0.96 0.153 +0.015
3 4.75+0.13 36.2 +3.02 28.13 +2.27 4278 +6.10 70.25 + 1.64 0.081 +0.018
4 5.48 +0.14 2413 £1.70 27.11+0.61 46.60 + 4.74 61.44 +2.34 0.064 + 0.012
DRI AN 4T 2 S 24.86 +5.91 23.81 +6.02 89.57 + 35.69 0.131 +0.102
[ 5% -3 PR 0 R bt (GB15618-1995) 50 250 200 0.3
7000 - o e ] 450
= 000 ¢ AU ~
~ 5000 0 ok ¢ 300 ¢
= 4000 - =)
2 3000 - K
O 2000 | [ g & 150 1 E
1000 |- “ .
0 5 é 4 0 ﬁ L
1 2 3 4 1 2 3 4
s P
10000 - 16 r
7]
~ 8000 ~ 12t
& ©
58, 6000 g g I
c . i
< 4000 ﬁ ] = 4l
f g 3
2000 - f &
7 7
0 ] = 0
1 2 3 4
1 2 3 4
s P
2 WNREEEERMANER
Fig. 2 Annual inputs of heavy metals in field plots
3 WNHRECBMAREELRENRTPEEEEE
Table 3 Heavy metal contents in various input sources of heavy metals in field plots
A Wi (thm?) F 4wk IEEE (mg/kg)
bk 1 bk 2 Hibe 3 Hubk 4 Cu Pb Zn Cd
g4IE 5.48 4.75 2.47 5.22 31.8 - 19.74 -
JRF 0.76 2.02 1.57 1.09 - - - -
{1l 0.86 0 0.19 2.47 21.84 9.49 47.80 -
e 54.8 71.37 38.94 112.92 41.1~56.5 15~5.1 82.3~89.1 0.09 ~0.12
HEME/K 484 471 386 623 0.0079 0.0054 0.03 0.00005

4 82.3 mglkg. Cdy 0.12 mg/kg), S ESEM  o/hm’. Pby 17 g/hm? £ 11 g/hm?. Znk 88 g/hm? + 74
N (E2) dTREANREIEIRS (Culy 92% DL I, g/lhm®). FEBK AR K, (H DN Dk 4 i 1 A
Pboh 89% LA F. Zn2h 98% LA k. Cdoh 100%). 1tk & (Cuy 7.9 pg/kg. Pby 5.4 pg/kg. ZnA 30 pg/kg.
Rt ] 5 S0 = 4 JE A N AR (Culy 176 g/hm?+£ 65 Cd2y 0.05 pgrkg), JIT LA EE 4 & 4 N i Ay Bl 4R /)N,



552 +

% 41 %

#AE 3% LA o ml WK R EAE H AR T
GEVGAN E B, R R E LA HUL Y
FG 3 E S R AR LRy, X4 R HTA
(RIS by — 32,

BRI, ASBIFFEIX B S 7 i A B AR rh R
SJEH R (B 3) (Cuy 3864 g/hm? + 2002 g/hm?,
Pbky 245 g/hm®+ 157 g/hm?. Zny 6175 g/hm® + 2690
g/hm?, Cd>k 7.9 g/hm? + 4.4 g/hm?) REilBE i T 547

RPN
7500 B it it
6000 - 0 P

4500 -

Cu (g/(hm*a))

3000 -

1500 r

12000 r
10000 r
8000 -
6000
4000
2000

Zn (g/(hm?-a))

s

FUARM R A R (KRAV) IHEEMEM. 15 2001 44
2w @A (Cuy 350 g/hm?, Zny 1000
g/hm?, CdJy 1.5 g/hm?) L™, w4 A R s,

R ESERASLE, JFEWHEER. HA
A E T R ES R AR A, #BR
NEHRE T AMH e (p<<0.05), 2 5E Kbkt 1
SR N K 40%, 1T 4 SRR R 3
SR PRI 2 £,

1000 r
800 -

600 -

Pb (g/(hm?-a))

400

200

Cd (g/(hm?a))

s

B3 WUHRESRERFMAN. FHHMFFES

Fig. 3 Annual input, output and balances of heavy metals in field plots
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LI e Gy A S O L 3, BRIk
Bl Cu 4 340 g/hm? + 104 g/hm?.Pb 2 40 g/hm® +
2 g/hm?. Zn Jj 2156 g/hm? + 723 g/hm?*. Cd Jj 16.6
g/hm? + 12.1 g/hm?. U 5 R b HuE B Pt v 3 4 )
it SO T R, (HBR T R HIER P it
ERT IS, #E R Cuy Zn, Cd &
BN T ORI B i i (p<<0.05) (& 3), X
T2 BT PRk g St T 4 e it B 52 A BT SRR R i
FERCMAL, IEZH TP o PRITE M B AT
T, BRI T T GE D, SR F N
hESE Cu. Zn, Cde®yEm, JUILE Cd &,
5% 1.21 mg/kg + 0.33 mg/kg, &% KT HALEY &
& (p<0.01), AWML MFEFESE Cd ftiE
HOPRIAR] 24 glhm?, BZIX R, S EOCHIH

Heoo gt oK T 87 K.
2.4 WNHEHEEEFE

oh T g T S P IR AT A T T A
VEAY, B T 2% EE M B AL, 7% e A
(R N4 & AR, AR RIS . HiSRAT AN 145
WA BTAERBRS], AR FORAT AR A
B SR P S, SRR A A B X N (A ST
R, XEERAERE R HCPEPIRGUE— T TKRAEHR
SIEIN S NS 1< S b S R a1 P NG T 9
oy R, T T A DL AR 0 Tk Ak 4y
AR, 5 ARSI 5T A B AL 8 S 4 A
P R4 RNAZ BN IR, Bk, SRl T IS R
(Cu 4 316 g/(hm*a). Pb 4 408 g/(hm*a). Zn
1215 g/(hm*a). Cd A 2.1 g/(hm?>a)). ittt s
ANEEFEMLL (K 2), KRUIELEHERGES
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J& B — AR AN, X THHE R RS RS
TR R A R 2 TURGE, IS RIATEIX 145
RS E, AL T AndderssonE ML K AL e A
N5 A LB 5 A O - 8 T 4 R A% A AT A T R 11
#iE (Cu 4 4.3g/(hm?a). Pb 4 0.05g/(hm*a). Zn
Jy 7.5 g/(hm?a). Cd &y 0.06 g/(hm?a)), W] F it
PR bk i 1 9 T A 0 e S VRIS T B
FHEG, BT LRI

T M BE— 4 by — P i (R d AT, DA
K H R DTRE I 4 A N T B R R (1) — 2=
PRV N CRLFE R B A N BRI ) 6k
2o H B CRUR VR R AR SRR D
SAFEEE NS TR (B 3). A UL b 4
J& Cu. Zn. Pb AR K THih&, KIAER, F
il Cu #124 3577 g/hm? + 2150 g/hm?, Pb 4 511
g/hm? £ 235 g/hm?. Zn 4 4922 g/hm?+ 3504 g/hm?,
JUE KA DURE A N T2 T B8 ER T 1 DX JR) 22 S A AT AN o
PE, (HLEMEE B R RS Cus Pb. Zn [F°F1l
BRI A B E A, Pl KAV &= 1AL 5
AERBE RGN, SO B AR EZ DAL=
AefZE . FERHbER Cd ~PEFIRRIH & 4R, P &=
6.4 g/(hm?a) 3.1 g/(hm*a). i AHHER Cd %t
HEATHAR, fhEL0MARERN 3.9~49 £, H

FRADIEN) Cd iy N\ e ROk (4 i, Jir LA
T RN 2 P 1T e 2 6) LG 3R (R P ARIR B (0 A 17
RN, 9U5E Cd JCERAEG KA R RIUA AR
T AR D0 TAE LA . RGP ITER
B S 2 A T i D IR AE AR - G A e R
TR X 380 31 e B v] BE IR L5 S

P RS Cus Zn, Pb P EZESR, H
T IR R B HUE R R, R 21K
ARUTHEE, FRRMIEL Cu. Zn. Pb 4B G AT K
Mk (p<<0.05).
2.5 HERPESESEREERNE

N T SRR R A RGN E 4B T YR
Bl AT T B A AR R SR AR S R (R
)0 BRI IR 4 fe )t AN, R Z A
SRR G E S S S = MIT s k>
MLk > ML RO g DL A 3 4 s & T oY
AR DB RS RNRHEAT H S, DR R 2R
KESETELRRAN, 5. BATE W
MR AR BR SR o T 28, AR, R EE, XE
BiSE 2 hRUE (GB18406.1-2001), M3 44 .
. WA Zn. Pb. Cd SRS,
AR 2R N R GRS B SR e # il T2 a%
(R .

F4 FHEFRPFELE Cu. Zn. Pb. CdEE (mglkg)
Table 4 Cu, Zn, Pb and Cd contents of fresh vegetables

BRAFN Bt 8 Cu Zn Pb Cd
-3 L 1 0.95 11.04 0.347 0.015
D 1 6.20 10.49 0.279 0.069
ek 2 0.58 £ 0.12 12.52+3.25 0.015 + 0.006 0.007 + 0.003
i 2 0.74 +0.20 5.94+1.01 0.029 + 0.009 0.003 + 0.001
i 2 2.25+0.47 31.90 +3.39 0.167 + 0.481 0.109 = 0.043
EP3 6 0.42 +0.09 417 +£0.82 0.086 + 0.069 0.023 +0.023
K 7 0.58+0.23 7.23+2.80 0.075 + 0.062 0.033 £0.028
REES iz 1 0.26 3.48 0.032 0.001
B 6 1.01+0.38 5.31+1.90 0.137 £0.051 0.015 £ 0.010
BN 2 0.27 £ 0.07 274095 0.047 £ 0.014 0.015 + 0.009
TR EJIN 1 0.28 1.82 0.025 0.004
VI 1 0.51 2.04 0.023 0.005
HH 1 0.90 2.03 0.039 0.007
EiNz) 2 1.10£0.36 11.65 +2.31 0.049 +0.013 0.011 + 0.006
EFN 3 0.59 £ 0.10 2.28£0.11 0.035  0.001 0.001 + 0.00
i 6 0.59 +0.01 1.35+0.01 0.006 + 0.004 0.012 + 0.005
[ 5 i 2 22 AhaifE (GB18406.1-2001) 10 20 0.2 0.05
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T M ETY G FOROL R SRS G AL, TR
XoF B8R A R AR HEATVPAN o AT K 0 AT 25 e )
N K e BN ERD (reference dose, pug/(kg-d))
O, S BAEHZHE AN Pby Cd 1K
FEVFEEAN G R¢D 55351 4y 3.5 F11 7 pg/(kg-d) . USEPA
TE1Zn. Pb. CdIfIR(DfE 5510 300, 3.5 1 pg/(kg-d).

MR TR P (g e g5k, N IBEAEY 9% (8%
N 110 kg, MR N EERI S 5R 2 0.301 kg, FUAEA
RHELL 60 kg Vo [FIES AT 1 BN BRI FE B
SRR SR & e RS E A E SR
AN, Bl 12RD fH A FrAETHEAE H i H B n &
SREBAERITIMERS, #AKXR = [(Di x
Ci)/(0.5R(D)]x100% +iI-%%, . i A& HIEWFRIZE,
Dl H & HE (kg/d), C NEYdhysdemk i
(mg/kg), R A& FHAED M-S B0RTS RPN & 1) v
[

WX ERSE Pby Zn. Cd AR TIEAE WK 5.
F SN R S B SRl ik N A e 8 e e |
8, WA AR VG Je M E MBS, Zn, Pby Cd
NETTRE ) HILF] 72.6%. 69.2% 1 62%. fFILEE
ANEFES T, fn BN E, BES S
BAA HEEN B RDME, i AR B
CL, HATFFEX 358 54 JE v R B IR 77 o) 2
TR LA A R I et XU, S S 2K b 22
A G B ) BRI TR SR B SO L B AR -

R5 WNHRES AMEEE BRI E

Thale 5 Absorptivity of heavy metals by human body from vegetables

i Zn Pb cd
Rk 7.0%~53.2%  2.1%~49.6%  1.5% ~54.5%
EHIESN 2.2%~194%  0.9% ~ 19.6% 0.5% ~ 7.5%
3 i
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Balances of Heavy Metals and Healthy Risks in Vegetable Farming System

of An Industry-Based Peri-Urban Area in Yangtze River Delta Region
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Abstract: There is growing concern about heavy metal pollution in peri-urban areas with the rapid development of urbanization in China. In
this paper, the balances of some heavy metals including Cu, Pb, Zn and Cd at small-scale vegetable farming system were studied during the years
between July 2003 and July 2005 in an industry-based peri-urban area, Wuxi of the Yangtze River Delta region of China in order to judge the trend of
heavy metal accumulation in the agricultural eco-system and assess the healthy risk of heavy metals in soils and vegetables. Results showed that
organic fertilizers contributed mainly to heavy metal input in the studied system, which accounted for more than 88.5% of the total input of heavy
metals. The inputs of heavy metal in the studied area were higher if compared to yearly heavy metal inputs in European agricultural area, while the
corresponding outputs of heavy metals were obviously low, only accounting for less than 10% of the total inputs. Consequently, Cu, Pb and Zn
balances were positive in all plots. Heavy metal contents in the studied plots were all lower than the limits according to Chinese agricultural soil
safety standard level 2, but higher than the background value of Anthrosols in Tai-hu Lake region. Assessment of healthy risk indicated a high risk of
heavy metal pollution existed in the leaf vegetables in the studied area.
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