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Heavy Metal Pollution Assessment of Vegetables in Pudong Zone of Shanghai
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Abstract: Vegetable security is important to our life, and it is absolutely necessary to set up city outskirt biogeocenose sys-

tem. With industry and agriculture development, atmosphere, water and soil are getting more polluted. So vegetable is polluted

in some degree. We measured and analyzed contents of heavy metals in vegetables in 4 gardening fields and 2 sewage sludge

regions in Pudong zone of Shanghai city and then evaluated single pollution index by national vegetable environmental quality

standards. The results of all single pollution index values in 4 gardening fields were less than 1, which indicated no pollution

and the vegetables in gardening fields meeting environmental requirement. The enrichment of heavy metals in vegetables dif-

fered with their different physiological characteristics, growth time and sensitive degrees to contamination. The results showed

that green—leaves absorbed more Cr, Cd, Hg and As than other vegetables. Heavy metal contents for same kind vegetable that

planted in different areas also differed greatly, which mainly related to heavy metal contents of soil and irrigation water of

planting area. Generally, the higher heavy metal contents in soil and irrigation water, the more accumulation of heavy metal

contents in vegetables. Heavy metal contents in gardening field vegetable were significantly different from that in sewage irri-

gated area vegetable.  Single pollution indexes of Cu, Zn, Pb and As were less than 1 in nine vegetable samples collected

from sewage irrigation regions, while, indexes of Cd and Cr in both of them were more than 1, suggesting 100% were polluted,

and among these, one was seriously polluted resulted from the application of Huangpu river sewage sludge. So it was neces-

sary to carry out irrigation water standard strictly and forbid blindness irrigation to prevent soil and vegetable pollution.
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B MU DRI , DO 340 I 4F P2 R 17 °C,
AEREIK R 1410 mm,70%~80% 5 /K S T7E H 7

1 BERESEERENE

2004 4F 7 AFE AR 4 AR 25 253 1 K
SREET 26 NIRRT . MR
Y 8 A TR FE 253 8 A, L8 ke 253
8 AN, IMFFHLIE 2245 2 4, I RAE T iKITAH ST S5
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Table 2 Contents of heavy metal in different kinds of vegetables

s Cu Zn Pb Cr Cd Hg As
" /mg ¢ kg'1 /uge kg'1
FEN 0.816 5.125 22.034 68.15 7.258 0.276 31.617
JRE 0.315 3.112 16.539 304.888 19.447 0.437 33.112
SRISER 0.485 3.091 17.63 378.476 36.341 1.16 40.179
iR 0.544 2.817 10.276 325.262 27.58 0.51 37.104

Cd,Cd-As,Cr-As TEAHSC, FHOC R B3 7118 5 0.824,
0.687,0.424; 1 Pb—Cr,Pb—As,Zn-Cd,Zn- Hg,Zn-As
TG, A RE 5K 5]-0.435,-0.409,-0.364, -
0.431,-0.611( W35 3), LG KB AH KM A i 3%
KE, B R T ESE S RS —ENERTS
e RIZR YA F 5T
2.3 EEHRTERGEANLERLER

BER I 2 g SR e R 5 HE X R R
SCEA B AL, a0, Al EERE, W2

S 2R 1Y) B 4 I 1 AR TS e BRAE S 1 LAY i
TSR IX e R B AR Cr Cd i Hr.

BT 1R SR E 4R Cu W i 0.02~
1.17 mg-kg™, “FHK 0.46 mg-kg™'; Zn B H 0 H
0.01~6.17 mg kg™, *F-#4°8 3.56 mg-kg™; Pb 1Y % 57
Fil 6.39~38.81 pg-kg™,F- ¥4 18.14 ng-kg™; Cr B &
YL 4.75~242.85 pg-kg?, FHH 67.99 ng-kg;
Cd Hy & YL 0.57~48.87 ng-kg™, FH 12.80
pee kg He 195 55 0.06~9.14pg kg™, F3H
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Table 1 Contents ofheavy metal in vegetables of every town
e SR Cu . Zn Pb Cr Cd . Hg As
/mg * kg /ug-kg
WA 1 K 0.38 4.02 27.75 96.41 0.57 0.51 21.13
WA 2 EX 0.26 5.12 11.09 475 10.51 0.06 25.34
WA 3 i 0.71 5.09 27.56 11.16 1.14 0.07 24.15
WA 4 R 0.52 4.11 14.84 35.91 5.61 0.51 27.26
WA S NSEE 0.26 4.99 10.10 24.45 10.67 0.51 35.14
WA 6 T 0.75 3.58 12.23 26.88 6.41 0.42 25.26
WA 7 T 1.06 4.03 9.18 20.81 15.54 0.16 28.34
WA 8 G1NS) 1.17 6.17 13.03 15.51 2.80 0.07 29.14
JIVHE 1 K 0.29 3.86 19.03 9.47 3.71 0.07 31.25
JIVPHE 2 i 5 0.68 5.25 14.26 40.65 2.48 0.34 34.15
JIVPHE 3 H¥ 0.21 5.24 23.26 25.97 27.77 0.39 25.16
JIVDHE 4 B 0.61 4.20 27.43 5.10 31.11 0.16 26.35
JIVPHE S 2K 0.61 5.41 7.78 9.19 1.01 0.07 24.52
JIVPHE 6 E¥ 0.26 3.86 25.88 52.46 22.81 0.51 28.35
JIVPHE 7 EINE 0.60 3.96 38.81 148.29 16.49 0.42 31.56
JIVDHE 8 R 0.36 1.68 23.04 31.77 17.43 0.60 36.52
JeEi 1 N 0.37 1.51 11.94 74.70 4.02 0.07 34.51
JeEEi 2 T 0.56 0.01 28.11 35.81 48.87 1.23 65.14
JuEE 3 K 0.26 2.46 33.92 75.90 0.72 0.25 24.42
JeEi 4 i 0.77 1.96 16.42 218.01 30.05 0.69 34.58
JuEEH 5 EX 0.19 1.32 17.08 242.85 28.59 9.14 34.25
JezEi 6 H¥ 0.11 0.02 21.40 113.19 20.35 0.51 25.61
JeEi 7 AR 0.70 4.61 11.70 26.92 4.32 0.07 32.45
JLEEi 8 T 0.12 3.58 10.08 179.68 10.10 0.42 52.13
I 1 N 0.02 2.64 6.39 220.23 6.64 0.07 33.17
T 2 R 0.21 3.82 9.31 21.56 3.13 0.07 35.46
FRITH 1 T 1.95 5.70 25.67 847.20 78.06 0.50 31.45
FRITA 2 B 0.77 3.96 9.67 851.28 63.43 0.10 42.16
FRITA 3 H3 0.34 4.80 3.32 1269.14 79.32 0.30 48.24
FRIT A 4 22K 0.04 1.89 8.73 1194.53 67.83 1.58 43.75
FRITA S i 0.03 2.46 6.80 2079.84 83.97 1.05 38.91
FKITHL 6 22K 0.41 0.31 9.26 727.15 59.15 0.51 51.26
FRITA T R 0.76 0.02 9.87 684.63 79.95 1.31 76.46
FRITAF 8 T 0.49 0.02 1.10 661.14 78.82 3.63 81.26
FRITA 9 B 0.53 0.02 3.05 1185.88 55.42 0.07 46.16
[ SR 3 T b 10 20 200 50 50 10 500

o 5 [ LTI TR R 5.1996—2000.174~186.
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Table 3 Correlation coefficients among contents of heavy metal in

vegetables
Zn Pb Cr Cd Hg As
Cu 0326 0.135 -0.053 0.135 -0.161 -0.033
Zn 0.142 -0.291 -0.431* -0.364* -0.611%*
Pb -0.435%* -0.286 -0.054 -0.409*
Cr 0.824** 0.110 0.424%*
Cd 0.236 0.687%*
Hg 0.267

TE o MCRETE 0.01 HEAOKF- B35 MIOCRETE 0.05 BER

KV ERFE,

0.67 pg kg™, As [t

1.10~25.67 pg kg™, F1 4 8.16 pg-kg™; Cr i

LR 21.13~65.14 pg-kg™, F
Y10 31.74 ng-kg™,

15 X 5 SR 4R Cu 9 B 0.03~1.95
mg-kg?, YN 0.59 mg-kg™; Zn SR 0.02~
5.70 mg kg™, “F¥K 2.13 mg-kg';Pb 15 & L [

PO = R r

L

il 47.20~2 079.84 wg-kg™, F-19H 664.31 pg-kg; Cd
B B R 55.42~83.97 png-kg!, “FIHN 7177 pug-
ke; Heg B VG 0~3.63 we kg, M 1 pg-ke,
As B9 & SV 31.45~81.26 wg kg™, FH K 51.07
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ng kg ESRH 4 JE Cu,Zn,Pb,Hg, As & ANHE R
HERRAE, 1M Cr, Cd V554" # , #H53 100%.
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Pi=Ci/Si
K. Ci FeoR 15 e W S 5 Si s 15 P Wi b
e, UL 1 IR AT E KGR DA bR,

Pi<l HATGYE, Pi>1 KI5y BRSNS K5

x4 FCEREZHESSERRMBERESCRSERZMRBER(PH)

Table 4  Significance of difference test on heavy metals between vegetables in gardening fields and sewage sludge regions

TSP FRIR pH Cu Zn

Pb Cr Hg As

Sig(2-tailed) 0.000 00 0.003 54 0.000 09 0.000 91 0.016 23 ‘0.000 00 0.000 75

T 47 P<0.05, )25 7 8 3%

x5 BRESEFHINER

Table 5 Evaluations on heavy metal pollution in vegetables

AL St SR P
Cu Zn Pb Cr Cd Hg As

Wz 1 HK 0.04 0.20 0.14 0.19 0.01 0.051 0.042 MR
Wizt 2 ESH 3 0.03 0.26 0.06 0.00 0.21 0.006 0.051 MR
Wz 3 W 0.07 0.25 0.14 0.02 0.02 0.007 0.048 =3
Wz 4 ZE R 0.05 0.21 0.07 0.07 0.11 0.051 0.055 =3
gt 5 NSRS 0.03 0.25 0.05 0.05 0.21 0.051 0.070 =3
Wz 6 T 0.08 0.18 0.06 0.05 0.13 0.042 0.051 =3
Wz 7 T 0.11 0.20 0.05 0.04 0.31 0.016 0.057 =3
W74 8 g 0.12 0.31 0.07 0.03 0.06 0.007 0.058 =3
NI Byl 0.03 0.19 0.10 0.02 0.07 0.007 0.063 PR
N4 2 i 5 0.07 0.26 0.07 0.08 0.05 0.034 0.068 PR
N 3 HK 0.02 0.26 0.12 0.05 0.56 0.039 0.050 =3
N4 4 B 0.06 0.21 0.14 0.01 0.62 0.016 0.053 PR
NP4 5 #JK 0.06 0.27 0.04 0.02 0.02 0.007 0.049 PR
N 6 EEP S 0.03 0.19 0.13 0.10 0.46 0.051 0.057 =3
N7 (G 0.06 0.20 0.19 0.30 0.33 0.042 0.063 PR
N8 e 0.04 0.08 0.12 0.06 0.35 0.060 0.073 PR
Jegs 1 AN 0.04 0.08 0.06 0.15 0.08 0.007 0.069 PR
Jegs 2 (s 0.06 0.00 0.14 0.07 0.98 0.123 0.130 PR
Jbges 3 BYIN 0.03 0.12 0.17 0.15 0.01 0.025 0.049 PR
Je%H 4 B3 0.08 0.10 0.08 0.44 0.60 0.069 0.069 PR
Jegesa s EBX 0.02 0.07 0.09 0.49 0.57 0914 0.069 PR
Jegesio K 0.01 0.00 0.11 0.23 0.41 0.051 0.051 PR
Jegesa 7 B 0.07 0.23 0.06 0.05 0.09 0.007 0.065 =3
Jb%4 8 T 0.01 0.18 0.05 0.36 0.20 0.042 0.104 MR
I 1 INTE S 0.00 0.13 0.03 0.44 0.13 0.007 0.066 =3
IMIHE 2 N 0.02 0.19 0.05 0.04 0.06 0.007 0.071 =3
FRITAE 1 g3 0.19 0.29 0.13 1.69 1.56 0.050 0.063 LSRG
TRITA 2 B 0.08 0.20 0.05 1.70 1.27 0.010 0.084 LSRG
TKRITAE 3 A3k 0.03 0.24 0.02 2.54 1.59 0.030 0.096 LSRG
TKIT A 4 A\ 0.00 0.09 0.04 2.39 1.36 0.158 0.088 LSRG
KT S e 0.00 0.12 0.03 4.16 1.68 0.105 0.078 Y5
TKITHL 6 22 )i 0.04 0.02 0.05 1.45 1.18 0.051 0.103 LSRG
TRITAE 7 g 0.08 0.00 0.05 1.37 1.60 0.131 0.153 LSRG
TKRITAE 8 T 0.05 0.00 0.01 1.32 1.58 0.363 0.163 LSRG
FKITA 9 B 0.05 0.00 0.02 237 1.11 0.000 0.092 V5 G
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