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Characteristics and Evaluation of Heavy Metal Pollution in Vegetables in

Guangzhou

CHEN Zhi-liang', HUANG Ling'?, ZHOU Cun-yu’*, ZHONG Song-xiong', WANG Xin', DAI Yu', JIANG
Xiao-Iu'

(1. South China Institute of Environmental Science, Ministry of Environmental Protection, Guangzhou 510655, China; 2. School of
Horticulture and Garden, Yangtze University, Jingzhou 434025, China)

Abstract: Vegetable is an indispensible component of human daily diet, and contamination of vegetables by heavy metals directly
threatens human health. In this study, 116 vegetable samples were collected from 12 administrative districts of Guangzhou City for
analysis of six heavy metals, Cu, Zn, Pb, Cd, Ni, Cr. A combination of single factor evaluation and Nemero Index analysis was
employed to determine specific heavy metals exceeding allowable standards and analyze the characteristics of pollution. Risk of
exposure was utilized to assess human health risks originating from eating locally planted vegetables contaminated by heavy metals. The
results showed that contents of Cu, Zn in the 8 sorts of vegetables were below the standards of maximum allowable content and the
contents of heavy mental Cr of up to 91.67% vegetable samples were higher than their standard. Lettuce sativa var. angustana Irish,
Luffa acutangula L. , Lycopersicon esculentum Mill. and Daucus carota L. were the 4 species of Pb exceeding vegetables, with the
exceed ratio reaching up to 35. 71% and Daucus carota L. exceeded the target value most seriously. Only the content of Cd in
Lycopersicon esculentum Mill. was over-standard ,with the rate of 31.25% . And the highest rate of over-standard of the content of Ni in
3 species of vegetables, which included Lactuca sativa L. , Ipomoea aquatica Forsk and Brassica parachinensis, reached 8.33% . For
the contamination level of the eight kinds of vegetable, Lactuca sativa L. , Ipomoea aquatica Forsk, Brassica parachinensis, Raphanus
sativus L. and Daucus carota L. were put into the class of alarming, while Lettuce sativa var. angustana Irish, Luffa acutangula L. and
Lycopersicon esculentum Mill. were classified as secure. Heavy metals’ comprehensive pollution degree of 4 species of vegetables
presented a trend of leafy vegetables > rootstalk vegetables > stem vegetables > solanaceous fruits. Health risk assessment showed that
Guangzhou citizens eat more frequently Ipomoea aquatica Forsk and Lactuca sativa 1. and Brassica parachinensts were prone to higher
accumulation of heavy metals, and the dietary intake of heavy metal Cr might cause harm to human health and intake of Cd would bring
potential health risk to the human body. Risk of exposure to heavy metal through oral ingestion of vegetables was proved to be higher for
children than adults.

Key words : vegetable; heavy metal; pollution characteristic; health evaluation; Guangzhou
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Table 1 ~ Guangzhou City’ vegetable sampling sites and sample amount for preliminary statistics
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Fig. 1 Sample point distribution
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Table 2 Heavy metals’testing standards in vegetables
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Table 3  Food sanitation standard limit of heavy metal elements in vegetables/mg-kg ™!
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Table 4  Grading standard of evaluating the quality of vegetables
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Table 6  Concentrations and distribution characteristics of heavy metals in vegetables/mg-kg ™"

Cd Ni Cr
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2D (154) 0.314 ~1.857 0.921 2.148 ~6.468 3.843 0.0755 ~0. 182 0. 119 0.009 ~0.058 0.028 0.069 ~0.533 0.163 0.331 ~1.028 0. 609
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0.323 ~1.008 0.527 1.065 ~2.556 1.657 0.003 ~0.121 0.031 0.005 ~0.078 0.029 0.012 ~0.078 0.031 0.031 ~1.231 0.140

0.216 ~0.631 0.464 2.103 ~7. 142 4.756 0.063 ~0.166 0.108 0.016 ~0.098 0.038 0.079 ~0.462 0.160 0.324 ~0.868 0.597
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14 4~) 0.140 ~0.303 0.203 1.446 ~3.593 2.061 0.0313 ~0.096 0.058 0.013 ~0.037 0.022 0.051 ~0.249 0.133 0.360 ~0.692 0. 468

B N (14 4) 0.239 ~0.596 0.366 1.104 ~3.961 2.195 0.037 ~0.221 0.097 0.010 ~0.048 0.020 0.037 ~0. 141 0.085 0.072 ~0.196 0. 137
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Fig. 2 Heavy metals’content in different kinds of vegetables
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Table 7 Comparison of contents of heavy metals in vegetables from different studies (fresh weight)/mg-kg ™!
i 1) BRIEFE S Cr Pb cd Ni Cu Zn SCk
Mz XYL
1998 0.10 ~0.27 0.04 ~0.10 0.01 ~0.03 0.13 ~0.22 0.27 ~0.55 2.14 ~4.82 8
S M ( )« )« ) )« )« ) [8]
1999-10 ~ 292 4~; 95 4 0. 040 0.048 0. 007 - - 6]
2000-03 BRI HIER  (0.002 ~0.150) (0.002 ~0. 148) (0.001 ~0.034)
B R T Y [3]
2000 ~2002 gy e (0.530 ~0.720) (0.210 ~3.730) (0. 060 ~0.910) — — —
2005 i (0.18 ~1.26)  (0.04 ~1.50) (0.01 ~0.05) (0.06~2.06) (0.17~1.26)  (0.06 ~2.06) (1]
2007 T R — (0.054 ~0.162) (0 ~0.043) — 0.200 ~0. 831 — (7]
2008 B3] 0. 49 — 0.03 — 0.49 2.1 [4]
2009-10 ~
e J— ~ ~ J— J— J—
2009-11 B FME D (0.061 ~0.210) (0.019 ~0.071) [5]
2010-08 B T 0. 076 0.041 0. 027 — — — [2]
2011 B3] 0.05 0.04 0.01 (9]
2015.05 116 1~ i 3% 0.410 0.079 0.029 0.110 0.513 2.777 K
V&) (0.031 ~1.937) (0.003 ~0.221) (0.005 ~0.106) (0.012 ~0.813) (0. 140 ~1.857) (0.956 ~6. 468) e
1) “ =" FoRTEEE ; $55 iR R
K8 HXELESEBIRERY
Table 8 Heavy metal’exceed standard situation in vegetables
BEEETR
" Pb Cd Ni Cr Cu Zn
R4 TR — — — = — = — = = o = =
bR RAE BiRE RE O ERRE B EirE ROE BERE BKE #@RER PN ]
/% FrAEEL /% FRfEL /% FRAEEL /% FRAEEL /% FRAEL /% A
2 — — — — 6. 67 0.78 73.33 1. 06 — — — —
A3 — — — — 6. 67 1.71 40. 00 2.87 — — — —
il — — — — 8.33 0.54 91. 67 0.74 — — — —
B 21.43 0.32 — — — — 14.29 0.42 — — — —
2K 6.25 0.51 — — — — 25.00 0.55 — — —
i 6.25 0.21 31.25 0.57 — — 6.25 1.46 — — — —
HE b — — — — — — 21.43 0.07 — — — —
BN 3571 1.21 — — — — — — — — — —
1) “—"RFEFEHDESE & RABIR
60
il Pofifi Ni e
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Fig. 3 Exceeding standard rate of heavy metals in vegetables
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Table 9 Pollution index of heavy metals in vegetables
——

H — — mul il — G
23 0.397 0. 140 0.543 1.218 0. 092 0. 005 0. 906 EH
MiEEd 0. 260 0.305 0. 380 1. 114 0. 060 0.003 0. 826 ey 2

BN 0. 360 0. 380 0.533 1. 194 0. 046 0. 002 0. 895 ek )
o 0. 760 0. 200 0.270 0. 642 0.043 0. 002 0.583 YA
22)K 0. 630 0. 340 0. 387 0. 894 0. 060 0.003 0. 688 e
F 0.310 0. 580 0. 103 0. 280 0.053 0.003 0.439 G4
ISP AN 0. 580 0.220 0. 443 0.936 0. 020 0.001 0.711 R
g 0.970 0. 200 0.283 0.274 0. 037 0. 002 0.717 R

VM EE R s, N i s e A il B
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FHZS03 SOHNM 2 S5 1 Ja R T 48 R
FR i BRE XU 1T BEE B 5, HL Cr 22 ARX I 2885 5 A
PRI Cr TCRAE N E E N EEIRE, AR
e Crig e R B K IAEE. [, R HALE 48
) EDI Fie K AEE/NT RID (B, (HARE IR IE SR 58 42 %%
(), IR R Rattan 252 BFE R 0T B T 80 5 8841,

MR R, K, WRAFRIEEEEEE, T
P EDI AN RESE 2R NP R R T A &
JR PRI, 455 18 5 TR, B 3 HE 4 Jm x L
A BB ARG A B XU B TR N X g R
EE1) | Zheng 5 BT AR ARLL.

0.302
0.300
0.298
0.296
0.294
0.292
0.288
0.286
0.284
0.282
0.280

0.08
0.06
0.04
0.02

0

-0.02
-0.04

—u— EDI(JLiit)
—o—RID
—a— EDIHE M)

ST T T T T TTTTT

EDIffi/mg-(kg-d)™

/

/g

-

i
L

T T T 1T 17
[ ]

Plb (_"d \; i (l‘r (‘Iu Zn
Pl eh RID fEA IS S5 BR{E, EDI A,
PIEARER 3, MO Rl — A A b
5 IERBANSHABANESZEE(ED])
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Table 10 Hazard index( HQ) of heavy metals in 8 kinds of vegetables

6 FhEE 48 1 XU 250/ HQ

BRRA TR Cu Zn Ph cd Ni Cr
HQuw  HQux  HQuw  HQupu  HQOuw  HQuu  HQuw  HQuu  HQuw  HQuu  HQug HQ
3 0. 136 0.017 0. 088 0.292 0.178 0. 001 0. 556 0. 344 0. 052 0.032 1. 693 1. 048
2SI 0.210 0. 026 0.117 0. 389 0.271 0. 002 0. 255 0. 158 0.074 0. 046 1. 851 1. 146
22 )\ 0. 136 0.017 0. 084 0.279 0. 144 0. 001 0. 155 0. 096 0.053 0.033 1.359 0. 841
T 0. 120 0.015 0. 050 0.168 0.071 0. 000 0. 264 0. 164 0.014 0. 009 0. 426 0.263
BN 0. 106 0.013 0. 145 0.482 0. 246 0. 001 0. 347 0.215 0.073 0. 045 1.815 1.123
e 0. 097 0.012 0. 063 0.209 0.173 0.001 0. 182 0.113 0.037 0.023 0.976 0. 604
HE 0. 046 0. 006 0. 063 0.209 0.132 0.001 0. 201 0.124 0.061 0.038 1. 423 0. 881
B 0. 083 0.010 0. 067 0.222 0.221 0.001 0. 182 0.113 0.039 0.024 0.416 0.258
MR FIMER K Cr > Cd > Pb > Zn > Cu > Ni, H. 050
JLﬁﬁﬁk)\ Cr ﬁ%’?ﬁ‘]ﬂﬁﬁ%ﬁgﬁ?: 1 ,Wﬁ/ﬂé’ﬁlﬂs 045 —m— HIJLiE
S —%— HIk
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ZREEBAR G, B4R Cr 288 5 fih o A A 035 |-
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HOQ i, FT VLT s X JL#E 8E 50 & & R R B AW
f BREJRURS: 7 T A S 7. 8 R S B 4 @ I fE
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6) , B[] Ff i 32 1 4 8 4 L 28 10 5 B 45 B0
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Fig. 6 Hazard index of heavy metals in 8 kinds of vegetables
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