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Table 1 Type of greenhouse vegetables, fertilization rates and vegetable yields in the study area

T Fek it 12
Rate of fertilizer

-2 -1
RS (kg bm ™" a™")

Type of vegetable

S8y o
Mean yield

A

Name of vegetable

HHLIE fhe (kg hm~2a"")
Organic Inorganic
fertilizer fertilizer
NSRS SR R T SE I B B 45 Pakchoi,
-3¢ Leafy vegetables 3135 870 48 000 Chinese Cabbage, Spinach, Crown daisy, Celery, Sow thistle,
Chrysanthemum nankingense etc.
M Z£ Root/tuber vegetables 3 020 990 54 000 B9 8 N KFE Lettuce, Radish, Garlic
i Solanaceous vegetable 4 530 1 485 90 000 B U LA #5)IC Chilli, Tomato, Cucumber

1.3 HFRAERSH

B AR A TR G & TS TEE NS BR A
Yo HLWAR 2555 2 50, BIF IS 23 55158 2 mm (0.3 mm Al
0. 149 mm i , fi 149 pH A HL 5T 55 B A 2 Ak P 5T A
B R B A M o B SR AR R BT e I ZE TR K b
Vi R U/ 5 I e B/ R U B v/ QN /17 R
PREE, A 60°C HEAR rp L, JBCH A i AR L, R4
B RN A T B L, BE TR Y B SR A R R A
HHRR REETRSITHESRESESIHTZ
Fi. 4 pH A PHS-3C AR B 1124700 % ;4 AL
KRB A A AL - ARk R e
ORISR - R - SUR R T AL, i 5 55
FARBT 3 (1ICP-MS) I & , + 38 ok 4 & R ] £ /KM
o, T2 T (AFS) Il o 3 5 5% 7% &R
ICP-MS M 7 , B 3¢ K % it ok A IR — i A R TH
16, AFS S0 5E o BT A S50 i X8 28 s TR A E K IR
T, U/ A ML XS 5 R i 1Y) W BT 5 S5 56 FH K 25 Oy 25
TREAK R RE A AT = L RE A AR
J5T 5 R i [8) 28 23 B o
1.4 BFEBNEZHERRE TN

HioR 4 ) w5 & 5 ( Bioconcentration factor) ,
iR g ormEeR S ES RIEhHES RS
O LA R Al el T8 SR 0 T R BT AR
B b e A Gy S TR RO AR OGP . B e P
4 J B4 B XU T M SR I B ad Y i E b e
o HFRfEE R ( Target hazard quotient, THQ) J& 38
PR BE O 47 28 T 2000 4F #2371 — Fh D7 e AR fdt B
JAUR: B 75 %, JH LAPEA A8 A B 4 J 25 35 e )
A AR BOR U R TS e Wl
H) R AE TR AR L, LA G Y75 G 0 AR B8 AR

552 500 B 0 L AR AR A PR AR E . BT AR SO
TR SR AR AR Y R AU T R L A R R i
TR o PRI, SRz (B /N T 1, ) 358 ) 2 o8 N R
X HE A JE A O R BB AR KR AT DL A7, IR
Z EBARRTEZZWH BN AmER ", H
B 6 5 B R A 2N F
EDI C,, xIR, , x EF x ED
”w:°§5: BW x AT x RfD

K EDI R & R 4GS 0 AR (mg kg
d™) R (mg kg 'd ") N E AR K EH RTEA
B MR RD {H 5 %) 0.001 1 0.000 3 mg
kg 'dTM s, (mg kg B SR BE R X BIE &4y
) RN [ 8% 3% b B 4 R T 2 B EF (365 d
a” ' 5] A ) N B R R ED N B R R S5 ]
(70 a, =500 ) IR, R 3 1 BN A5 H g% 3% T 35 4
A (0.355 kg d 7' XPHOES ) s BW TR
JR - 1) 1R (60.3 kg, X RCES 3 A) AT
o ¥ B R B IE] (d, 365 x % R SR, = A g
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G511 Bt ( Geostatistical Analyst) 5% il ; + 3 & 4 8@
Tt BTV A RS [ 28 R SR 4 JE 0 H AR S
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Fig. 2 Soil properties and frequency distribution of Cd and Hg contents in the soil
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AETTARAR , A A 238 (5 T AN 3 4B il ) P ok 1 35
R TR TS Qe R bR D, AR AT
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Table 2 Contents (mg kg™'FW) and bioconcentration factors (BCF) of Cd and Hg in different types of vegetables

32 (n=40)

Rz (n=16) TR (n=6)

Root/tuber vegetables Solanaceous vegetable

P Leafy vegetables
Type FRME = b v 22 Fienic| I = brfi 22 FleRiz) I = b ofi 22 FeAid]
Mean + SD Range Mean + SD Range Mean + SD Range
Bi 5 Vegetable Cd 0.082 +0.117 0.008 ~0. 546 0.030 £0. 031 0.005 ~0. 125 0.012 +£0. 005 0. 009 ~0.021

b B E %K CdBCF Y 0.580 0. 796 0.050 ~3.415

PR FR#fE?) Limit standard 0.2

i F K Vegetable Hg 0.003 +0.002 0.000 ~0.013 0.

K RS HegBCF Y 0. 006 +0. 005 0. 000 ~0.023

KE%@]‘/{LZ) Limit standard 0.01

0.211 £0. 199 0.026 ~0.834 0.095 £0. 052 0.039 ~0. 165

0.1 0.05
001 2 £0.001 6 0.000 3 ~0.007 1 0.000 5 +0.000 2 0.000 3 ~0.000 8
0.002 +0.003 0. 000 ~0.013 0.001 £0.001 0. 000 ~0.002
0. 01 0.01

1) BCF:Bioconcentration factor;2) £ i % 4= E K br v, & 5 b5 YL ¥ BR & National food safety standard, Maximum level of contaminants in food
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Fig. 4 Probability distribution of target hazard quotient for Cd and Hg in vegetables
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Fig. 5 Comparison between types of vegetables in target hazard quotient of Cd and Hg
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Fig. 6  Contribution of different exposure parameters to target hazard quotient of Cd and Hg in vegetables
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Table 3 Environmental quality criteria for Cd and Hg in greenhouse vegetable soils based on health risk (mg kg™')

R JLR g i Tili R

Type of criteria Element Leafy vegetable Root/tuber vegetable Solanaceous vegetable
T B SE A bR cd 0.34 0.47 0.53
Based on vegetable safety standard Hg 1.71 4.83 10.22
BT B AR cd 0.31 0. 84 1.86
Based on vegetable target hazard quotient Hg 8. 86 26.57 53. 14
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HEALTH RISK OF ACCUMULATION OF CADMIUM AND MERCURY
IN GREENHOUSE VEGETABLE PRODUCTION SYSTEMS TYPICAL OF SOUTH CHINA

Hu Wenyou' Huang Biao'" Ma Hongwei’ Chen Yong' Dong Lurui’
(1 Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)
(2 Cultivated Land Quality Protection Station of Nanjing, Nanjing 210036, China)
(3 Texas A&M University, Department of Soil & Crop Sciences, College Station, TX 77843, USA)

(4 School of Environmental Science and Engineering, Nanjing University of Information Science & Technology, Nanjing 210044 , China)

Abstract In recent years, greenhouse vegetable production has been growing rapidly, making up a sizeable propor-
tion of the vegetable production in China. Excessive uptake of heavy metals by vegetables may pose potential risks to hu-
man health. Therefore, vegetable safety has aroused increasing concerns in the country. To ensure food safety, it is essen-
tial to know how heavy metals ( Cd and Hg) accumulate in the greenhouse vegetable production system and pose health
risks. The study on this subject may provide some scientific basis for heavy metals health risk assessment of Cd and Hg in
the greenhouse vegetable system and decision-making in environmental management. Currently, the standard used for en-
vironment of environmental quality of greenhouse vegetable fields fails to take into account vegetable-type-specific bioavail-
ability and human health risk of heavy metals. Hence, it is of critical importance to the management and production of safe
greenhouse vegetables to have the standard for environmental quality evaluation of greenhouse vegetable fields established
as soon as possible, based on crop-specific bioavailability and human health risks of heavy metals.

For that end, a greenhouse vegetable production system typical of the Nanjing area was selected as a case for study on
characteristics of Cd and Hg accumulation in the greenhouse soil-vegetable system, and exposure risks of Cd and Hg in
vegetables relative to type, and environmental quality criteria were proposed for Cd and Hg in greenhouse vegetable fields
based on the standard for vegetable and food hygiene and health risks of vegetable ingestion. Results show: (1) Cd and
Hg accumulation was apparent in the topsoil of the greenhouse vegetable field, with the average content of Hg exceeding
the Environment Quality Evaluation Standard for greenhouse vegetables production fields; (2) leafy vegetables were the
highest in Cd and Hg enrichment capacity, and followed by root/tuber vegetables and then solanaceous vegetables; and
some leafy vegetables were found to contain Cd and Hg higher than the upper limit of the standard for food hygiene; Ac-
cording to sensitivity analysis, the main contribution of different exposure parameters to target hazard quotient for Cd and
Hg was concentration of Cd and Hg in vegetables (C, ) and daily intake of Cd and Hg through ingestion of greenhouse
vegetables (IR, ). (3) approximately 21.2% of the greenhouse vegetables produced in the studied region were likely to
pose potential Cd exposure risk through vegetable ingestion and only 1% in the case of Hg, Cd and Hg exposure risks var-
ied with the type of vegetable, displaying an order of leafy vegetables > root/tuber vegetables > solanaceous vegetables;
and (4) As environmental quality criteria of soil Cd and Hg vary sharply with the type of vegetables, it is essential to for-
mulate vegetable-type-specific criteria separately for environmental quality evaluation of heavy metals in greenhouse vegeta-
ble fields in amending the standard for environmental quality evaluation of agricultural fields in future.

The findings of this study suggest that as vegetables vary sharply in Cd and Hg enrichment capacity with the type, in
soils relatively high in Cd and Hg, it is advisable to grow suitable vegetables, like root/tuber or solanaceous vegetables
that are relatively lower in heavy metal absorption capacity, so as to lower the risk of Cd and Hg entering the food chain.
The environmental quality criteria for Cd and Hg in greenhouse vegetable soils based on the Cd and Hg bioconcentration
factors of vegetables and vegetable safety standard would be stricter than that based on vegetable target hazard quotient of
Cd and Hg, and more approximate to the current environmental quality evaluation standard for farmland of greenhouse veg-
etables production in China. The findings of this study will facilitate better understanding of the accumulation characteris-
tics and health risks of heavy metals in greenhouse vegetable production systems. Further study should focus on phyto-
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availability of Cd and Hg to greenhouse vegetables, and establishment of environmental quality evaluation standard for
greenhouse vegetable production fields relative to soil type and vegetable type for better management of the greenhouse veg-
etables production in different regions of China.

Key words Greenhouse vegetable fields; Cd; Hg; Bioconcentration factor; Health risk assessment; Environmental

quality criteria
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