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Risk assessment of cadmium exposure of Shenzhen residents through vegetables
YANG Lin-qing, PAN Liu-bo, WANG Zhou, LUO Xian-ru, ZHANG Hui-min,
ZHANG Jin-zhou, HUANG Wei
(Shenzhen Center for Disease Control and Prevention, Guangdong Shenzhen 518055, China)

Abstract: Objective To assess the risk of cadmium exposure through vegetables in Shenzhen, and to analyze the main

causes and possible control measures. Methods

coupled plasma mass spectrometry (ICP-MS).

The content of cadmium in vegetables was detected by inductively

Based on the data of vegetable consumption in Shenzhen in 2008 and the

data of cadmium pollution in vegetables in Shenzhen from 2015 to 2016, the @ risk software was applied to simulate and

analyze the exposure for Shenzhen residents through vegetables.

The main causes of cadmium exposure were analyzed by

regression analysis, and the possible control measures were explored by stress analysis. Results 95% of Shenzhen

citizens were exposed to cadmium by vegetables less than 0. 296 6 wg/kg BW. Assuming 14% of the total dietary cadmium

intake were from vegetables, 18.20% of the Shenzhen residents were exposed to cadmium through vegetables beyond the

provisional tolerable monthly intake (PTMI) value suggested by WHO. The cadmium pollution level and the consumption

of leafy vegetables were the most important factors affecting the exposure of cadmium through vegetables. By controlling

cadmium contamination in leafy vegetables within 80% of the existing pollution level, the total exposure of cadmium

through vegetables would decrease by 35.58% in mean value and 40.19% in P95, and the proportion of people with

cadmium intake above PTMI would reduce to 10. 50% . Conclusion The exposure level of Shenzhen residents to cadmium

through vegetables was a relatively high risk. By controlling cadmium pollution in leafy vegetables, the risk of cadmium

exposure through vegetables could be reduced.

Key words: Vegetable; cadmium; Monte Carlo; food safety; risk assessment; heavy metal; food contaminations

Y %5 H #9 :2018-06-24

E¢TR:-BEXREAMZESIE (81172710) ; R II T R 8 it %1 3
B (JCYJ20160428143634086 ) ; iR HIl T B 37 i 17 9 15 1)1l I
B 0 #

EHEBN HE K BIEEN HAFahRRiRF
E-mail ; lingingyang@ 126. com

WEEE RBA B ZHEN HEAFTOATRERLRIAR
E-mail :857415617@ 126. com

M T AR b 3R A5 1R AN 2R B B 5 ), 4R TR
K MR A A R R R 2 B A
B AN TR R R Y & AR AR, B o A AT R R
SR R PN N R Bu g -
Pk 15 ~ 30 4F 2010 AFE AR AR H 21/ T A2
ZURE 5 IR B A & K 2 5143 (Joint FAO/WHO
Expert Committee on Food Additives,JECFA) %5 73 IX
e 5 v OO RO R B R OA T 2



TRINTIT JiE: B 3 2o 5 5 X 4 9 2 i KU AT A —— W ki , 45

—437—

( provisional tolerable weekly intake, PTWI ), L)
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Table 1 ~ Cadmium pollution level in vegetables sold in Shenzhen in 2015 and 2016 year

SRk EARRRE RS Krth g B 4 ¥iH BRME & A3 A/ (mg/kg)
TS (mg/kg) B (%) (%)  /(mg/kg) /(mg/kg) S v B FHMH P50 P95
W 252 0. 05 24 15(62.50)  3(12.50) 0.0143  0.0790  Expon(0.013 956) 0.0140  0.0097 0.041 8
B % 0.1 39 22(56.41)  1(2.56)  0.0127  0.1049  Expon(0.012 224) 0.0122  0.0085 0.0366
25 % 0.1 55 39(70.91)  0(0.00)  0.0114  0.0750  Expon(0.011 128) 0.0111  0.0077 0.0333
i 2 0. 05 27 20(74.07)  0(0.00)  0.0088  0.0350  Expon(0.008 5012)  0.0085 0.0059 0.0255
EHK 0.1 39 27(69.23)  0(0.00)  0.0140  0.0920  Expon(0.013 684) 0.0137  0.0095 0.041 0
fif 0.1 42 19(45.24)  0(0.00)  0.0056  0.0602  Expon(0.004 913 1)  0.0049  0.0034 0.0147
-3 0.2 109 98(89.91)  0(0.00)  0.0308  0.1300  Expon(0.030 707) 0.0307  0.0213 0.0920
ES 3 kS 0. 05 24 17(70.83)  2(8.33)  0.0111  0.0680  Expon(0.010 785) 0.0108  0.0075 0.0323
TR 0. 05 26 7(26.92)  0(0.00)  0.0045  0.0460 Expon(0.0036246)  0.0036 0.0025 0.0109
it — 385 264(68.57)  6(1.56)  0.0126  0.1300 — — — —
TE:—FRR IR LAT &SR GE T3 4 BAA S B AUE
2 2008 FIRYIT T RBE SRR O (n =853)
Table 2 Vegetable consumption data in Shenzhen in 2008
s e 1 ¥E S SN} T 9 ik 537/ (g/kg BW)
IESES WARNK W% § — :
/(g/kg BW) /(g/kg BW) 5347 bR AL - ¥ {H P50 P95
B % 400 46. 89 0. 436 2 5.5556 Expon (0. 436 21) 0. 436 2 0.302 4 1.306 8
fif 5 301 35.29 0.320 3 3.250 0 Expon (0. 320 25) 0.3203 0.222 0 0.959 4
IR S 510 59.79 0.578 9 6. 666 7 Expon (0. 578 85) 0.578 9 0.401 2 1.734 1
TR 545 63. 89 0.8375 8.800 0 Expon (0. 837 53) 0.8375 0.580 5 2.509 0
figf 252k 234 27.43 0.187 7 4.058 0 Expon (0. 187 67) 0.187 7 0.130 1 0.562 2
32 804 94.26 2.5812 16. 666 7 Expon (2. 581 2) 2.5812 1.789 2 7.732 6
RS 293 34.35 0.144 8 3.948 2 Expon (0. 144 77) 0.144 8 0.100 3 0.433 7
222 R K 282 33.06 0.322 7 4.545 5 Expon (0. 322 73) 0.322 7 0.223 7 0.966 8
K 414 48.53 0. 506 4 6.166 7 Expon (0. 506 43) 0. 506 4 0.3510 1.517 1
3 RN JE RE 2 AN 7] b 248 585 300 4 1) 2% 88 PP A (2 5)
Table 3 Evaluation of cadmium exposure in Shenzhen residents through different vegetables
e ES FH{H/ (pe/kg BW) P50/ (pg/kg BW) (95% il {5 X [ ) P95/ (pg/kg BW) (95% Tl 51X [f] )
3% 0.067 2 0. 129 2 0.020 9(0.010 8,0.024 0) 0.287 9(0.223 1,0.413 0)
252 0.000 4 +0. 001 8 0. 000 0(0.000 0,0.000 0) 0.002 3(0.001 4,0.004 5)
fisf 72 0.000 3 +0. 001 2 0.000 0(0.000 0,0.000 0) 0.001 4(0.000 7,0.002 9)
R 0.002 3 +0.007 6 0.000 0(0.000 0,0.000 0) 0.013 1(0.009 0,0.021 9)
B 0.001 4 +0. 005 4 0.000 0(0.000 0,0.000 0) 0.008 3(0.005 3,0.014 7)
UHE =S 0.002 2 +0. 006 2 0.000 0(0.000 0,0.000 0) 0.011 7(0.008 4,0.018 4)
TR 0.000 5 +0. 002 3 0.000 0(0.000 0,0.000 0) 0.002 8(0.001 5,0.005 5)
% 0.000 4 +0. 001 8 0. 000 0(0.000 0,0.000 0) 0.002 5(0.001 5,0.004 5)
LR % 0.000 8 +0. 003 3 0.000 0(0.000 0,0.000 0) 0. 004 7(0.002 9,0.008 5)
it 0.075 6 +0.129 7 0.031 3(0.029 0,0.0350) 0.296 6(0.2320,0.422 0)
o - . S SRR UG I, S 26 0 9 SRK R A o
0 ISR B, LI 2, 1@ risk B e 8
50 ORI BT B s 78 DR UE 3R 280 2 R ANE 2 2 A
:\5 RN ~ N > =
8 40 AT T, AR RAIE 95% B9 N\ R 1 5% S 6 4
B - N -
B0 1Y % 58 KPR T 0. 117 0 pg/kg BW, 7R 3K 4
20 2 SRR S BL T, 5 SR 25 2 b e i vk
- : BEdRHIZE 0.013 9 mg/kg 1 B 4 .
NR=7 M EE =N . S fE
YR 0. 15 58 95 50 35 EES AINSE R oS JiUIE S 3 S L g X
BRI (ke BW) E ST 9 R S 2 A 3 B 3 2 0
- T e W5 FL T A4 o0 KON 4 R 5
L VR 3 et 5 5 e 68 T 4 1 M 2 [ B AN B AT, WL 58 T 23 57 00 L 5 e Y
. e sy e S
Figure 1  Probability density plot of cadmium exposed M, 45 R BIR , Bifi A I 5 SIS A ok B R I SR IS 2R
to vegetables in Shenzhen A SR, B R B KRR T, B

LI 0 A e 5 S48 0 0 46 32 G 1
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Figure 2 Main factors affecting the risk of exposure to

cadmium through vegetables in Shenzhen
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Figure 3

Spider diagram of the influence of main

factors on total cadmium exposure

WA AR A 25 SR R K S 284 75 Y K
FITEIA K1Y 90% 80% LA, AT LLKH TR I T J B
i 1 B SR R TR EON 0. 075 6 pg/kg BW % &
0.058 0. 0.048 7 pg/kg BW, 4+ % B % T
23.28% Fl 35.58% ; P95 T 4% for KU 4 B BE AR T
26.06% F11 40. 19% ;%% % & /K 7 #8 1 PTMI (1 A
B B O 18.20% , 4 B FE E 14.10% F
10.50% , UL 3% 4 o 38 2o 45 i it 3 28 v e Wk B 4 TS
e n] DhAE — 2 B b AR VR I T R i S
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Table 4  Stress analysis of cadmium pollution level in leafy vegetables

R
sk - =
e JE S5 L/ % T ok fl Ps Pos ## PTMI H 1
i /(pg/kg BW) /(pg/kg BW) /(pg/kg BW) /(pg/kg BW) /(pg/kg BW) /%
0 ~100 0.075 6 3.306 2 0.0313 0.001 1 0.296 6 18. 20
0 ~90 0.058 0 1.449 3 0.028 3 0.001 1 0.219 3 14.10
0 ~80 0.048 7 0.979 0 0.025 2 0.001 1 0.177 4 10. 50
ARBEFERIHT 2015—2016 4 TRINTH 8 dh 22 42 A
3 iFie W M 00 P SR v R 9 e K Bl 5 BE AR HE Y BR

PR 55E  AY 38 oo A A B0 o O A o A AR
IS RUN_// L U NE S AP DN = i 7oyt s
PR FZ W A 57 B N A2 B0 . AN W) [ S A
DC LA BRI 75 YL AR B 1 AN ] L R PR ~) Y 22 57, ol
it B 4 0 B R KT A AR AR TR B R R
B, B AN [R] DX A 19 MRt £ R IR 22 B RO, Y g
DXL R 28 55 38 M IX e RN ) oK 7 il L A 26 R
SN LG A9 5 v, oA Bl R 8 B R R K Ml DX T 4%
7N ek AN AR o e o SR R B
IR JE TR s R A G R AR I 5 B
WARM 65% , R i >, 295 B &A1
149 0 AR TR I T 34 A5 U8 7 J B £ b 6 R
e R AL T s K-, B ISR IR TRk i IR
K BRR(LTEEWMERANIE)  HRIEE M
FEMEATE

TS S HH 3 75 G /RS A 24, 2 P R OR T 4+
HER S TS YK O S L R 3 0
R 2 MR BRI 1 Oy PR SR SR Y [ SR,
SRS it S5 R R A ARG H R R i, AR R i PR
FARME . S5 BT B i RO BEAT BT A A Bl
A8 24 i [ 5 b v BR A 19 K P T R I 5K 4R iR
TR AT B I o R i ST 75, P 532K i R X
i AR 14 R T i K, — T T R P 3 2 0 SR R R A
HH R LB HR LR e, o3 — 7 THT 2 S8 288 i i T 2
REGH PR AR . BEAE RE RS, AH R A9 £ ER BT
FRAR 26 0F T, 3 28 0 53 X 4 10 T SR DL s T R
P O HL RS 4 2 o B AR e N R
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