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Abstract: In order to assess the health risk of consumption of local planted vegetables in high-level Cd contaminated
region, inductively coupled plasma mass spectrometry (ICP-MS) was employed to determine the elements of Cd, Mg, K,
Ca, Cu and Zn in the commonly consumed vegetables collected from this region. The effects of the cooking methods, the
process of gastrointestinal digestion, and the concentrations of elements on the bioaccessibility of Cd were investigated
using in vitro RIVM model. In addition, the health risk of Cd exposure via vegetable consumption for the local residents
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were evaluated using the target hazard quotients (THQs). The results showed that the average contents of Cd in vegetables

were ranged from 0.02 to 0.30 mg/kg. Cooking methods did influence the concentration of Cd in the samples, indicating

that boiling significantly reduced the concentration of Cd in vegetables (P<0.05), while frying had no significant effect

(P>0.05). In contrast, boiling significantly increased the bioaccessibility of Cd (P<0.05), and frying had no significance

(P>0.05). The results of correlation analysis showed that Cd bioaccessibility had significantly negative correlation with K

and Cu (P<0.05), indicating that mineral elements in vegetables could influence on the bioaccessibility of Cd in vegetables.

The results of health risk assessment showed that only the THQ of sub-population of highly consumed with lettuce higher

than 1 when the Cd bioaccessibility was considered in the process of health risk assessment, suggesting that the health risk

of local residents was low with consumption of local planted vegetables. However, the chronic hazards of Cd exposure

should be highly concerned on other dietary sources in this high-level Cd region. Therefore, local residents should choose

the vegetables lower than the maximum limit values with appropriate cooking to reduce health risk.

Key words: cadmium; vegetables; bioaccessibility; dietary exposure; risk assessment
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Table 1
materials and their determination results (ng/kg, x+s, n=7)

Cadmium concentrations of food certified references

BRI 5t R (ng/kg) MEfE (ng/kg) AHRAREIRZE (%)
B 132 (GBW10014)  35.0+6.0 31.443.7 6.7
WH(GBWI10015)  150.0+25.0 159.3+19.1 2.1
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KGRI IR e Biltne =, 290 45.73%, Hak Sy s
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BOKBAR, KIS S JRRT S SEAH b Cd WREE T i 3
A4k
2.3 I3 Cd B R
e 3 PR, RGPS AL D Cd ALY
T M VRS N 4.44%~40.86%, FerhPg 224614 Cd 2k
Wya] M de s, ik 40.86%, HK CHFT32(32.64%), 3%
Oy EE M Cd W] BeERAIR, 435120 12.92% Fi
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Table 2 Average concentrations of major elements and cadmium in commonly consumed vegetables collected from a high-level
environmental Cd region (x+s)

BRI FEAGE Mg(g/kg) K(g/kg) Ca(g/kg) Cu(mg/kg) Zn(mg/kg) Cd (mg/kg)
Irk 5 0.18+0.08 1.96+0.74 0.74+0.24 0.39+0.20 3.39£0.50 0.03+0.02
EE 7 0.110.07 2.31+0.62 0.500.25 0.16£0.03 3.90+2.51 0.03+0.02
3 6 0.22:£0.09 2.86+1.26 0.44+0.44 0.34+0.09 5.37+£3.30 0.300.61
H3E 4 0.13+0.03 2.39+1.14 0.25+0.06 0.30+0.08 3.83+2.13 0.15£0.21
BN 3 0.19+0.08 2.78+0.05 0.49+0.05 0.56+0.21 6.93+3.91 0.09+0.11

[V 6 0.18+0.04 2.86+0.48 0.28+0.12 0.4140.14 5.15+1.22 0.04+0.03
A% 3 0.26+0.15 3.01£0.28 0.76£0.35 0.70£0.16 5.19£2.43 0.030.04
P 5 0.15+0.05 4.54+0.78 0.04+0.01 1.64+0.41 4.33+1.46 0.08+0.08
#h 3 0.06+0.01 1.32+0.70 0.20+0.06 0.10+0.02 1.27+0.05 0.02+0.01

0.3 7
) EE AL
2 0.2 1 B K
= |~ RA 4
o kb
R
N
j[g 0.1 1
o
@)
0.0 13 ] ] B i o ERE EEE 5]
R ORR AR ER o AR RE SN WMl
Bl 1 ORI 2O RS Cd ke BE AR5
Fig.1 Effects of different cooking methods on the cadmium concentrations in vegetable samples

T *38 5ARZ MBI LE, KB Cd W EEKFAT RS 5, P<0.05; "Ron AP AR LL, /KSR Cd kK

o BEMEER, P<0.05.
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# 3 FHETUEERT Cd BEY AT S (xs)
Table 3 Cd bioaccessibility of vegetables before and after
different cooking methods (x+s)

—_— CAWE e EE CaEmT Kt (%)

G (mgke) T gzen e i
| 0.070 15.07+15.24  24.73£15.78""  19.95+14.49
g 0.082 4.44+078  5.36£1.59"  568+3.74
& 0.031 30.50£8.64  42.79+16.63"  11.72+£3.92

[ 0.032 40.86+17.84 55.33+18.19™  26.73£11.25
Ir3E 0.037 32.64+426.04 45.61+15.18"  24.43+14.80
[EE 0.065 15.1947.70  21.31+12.95%  13.03+7.38
E 0.053 15.04£7.52  25.72+11.81"  2431+16.75
L d 0.240 25.72£13.43  36.26+18.57% 31.67+16.18
by 0.115 12.92£7.13  2429+6.10"  10.02+4.84

T R 5 ARG SR Y RE S AT H, K RS2 PP CAR AR T AT s e
P25, P<0.05; "Fom S IR AT He, AR B3 P CAf A 1T B AT
P25, P<0.05,
Yyn] AR TG R S 22 5 (P>0.05) o X F B+
Cd A=Y FerEmi &, KBTS Cd iyAm]
TR B3N, 5 Pelfréne S5 AR FT 45 RARIT, X AT
BEVA PR oK & A A A B 2H 21 Hl T 4m i BE Ak . SR
JBE T/ SR RN A M 43 25 i AR Ak, BRI AR A 20 AT 72
THAL SRR 32 2] — B IR Cd B8 58 e R o,
BRI, Fu 28RO FT 45 s /K 8 B9 2y =0 nT e 35
BEARER S Cd AR PT B, 33X AT BEJE R A AH G
FEFTR A B SRR MRS, sl /K BT R i AR,
AT REL- RECE LY Cd Bk ZE KT, SBUKE T
FRAER SR IR T B L% =, T SE T ARSI NE
AT R A FZ NS 19200

Zhuang Z5P0 XA 352 | THER AR 6 FhiBR 3% Cd
AT Bt R T T W5, HAVE BIFE 35%~66% 2
[a], i Pelfréne 250" i@ &L AR SME LAL K] UBM 115
AR EES. BHE NE 7 MBS Cd A
A RPEVE R 63%~72%. 5 iR IR 55 45 SR AR
b, ABFFEIE T RIVM ARG H AR ARG 2] (1388 2% b
Cd WZEY T B AR, AT RESE th e FH R SN
AT IR LA RO SRFEAS T Cd e B2 7K P-4 22 53 i
WY . Aziz 8538 SRS E LB RIS 2 (15 R
Cd Al K tE g 7.21%~63.62%, 5 A< RTS8 1
Cd A=Yyl R PEFE FEIEChE2a P, IbAh, ARBFoT A
AREFRFZEF Cd YT AR — B 22 5,
H PRSI 52> 2828, 5 Hu 5809 [i9fFsR
ZEIR—2L
2.4 FEPEENYITEN Cd AR IEHIEN

A S HT 4 SR BN, PR v 4 s X R SR
T Y T ER W BE KO 5 ST R Cd K-
Cd AP S PERUAEIROC R ANER 4 R i ekt dn
FHYICER S Cd KRR Z A BRA A
Gt o BRI ot E L Cd WIEKFES
Cd WAEY T BRI R N K & BRI 6
3 Cd MY T AR R 3 TSGR (P<0.01),

K4 HORPEERYOURY Cd LAY Rt
ZIE A
Table 4 Correlations of the major mineral elements with Cd
and Cd bioaccessibility in vegetable samples

Cd R-BAS B-BAS F-BAS
Mg —0.084 -0.051 -0.014 0.385"
K —0.132 -0.384" —0.345 0.004
Ca -0.08 0.032 —0.009 0.27
Cu 0.162 -0.415" -0.451" -0.161
Zn 0.182 -0.1 —0.084 0.105
cd 1 —-0.478" -0.535™ -0.333
R-BAS 1 0.825™ 0.496™
B-BAS 1 0.582"
F-BAS 1

e *FR A EVE A TS L, P<0.05; ** - AHSEPE T A U
FER L, P<0.01; R-BAS: A2 ZREEACAAEYITT Ketk; B-BAS: /K&
FEIRIICAHEYITT Ktk F-BAS: AEIPER SR CAA: T Kok

M Cu I E EFNSEVHRTESE Cd 2T Kot K3
J& B SR Cd AW vl K MEAF AR 35 A OC 8 R
(P<0.05) . ZIHET Cd Bk E /K5 ZJEET Cd 1Y
AWl Btk KFEE Cd B RT R A TAE B A
KK FR (P<0.05; P<0.01); = HT Cd AW vl K&
P KRESE Cd BT B AR iR Cd ByE)
AT B PR PR 22 [ S 3 IE AR S 6 52 (P<0.01) 6

AMFFEA e PR AR Cd I E RS- 55
Yo E Z AR B AR R . SR, Cd 4B
il R SR I Cu, K Z BRI Y A e e
Z, MTHEJE R Tk s 4 )@ 2RI 5 Cd A9
HAb2AVER, i 520 pH s se gtk S8 g A
SEMBESE T Cd MR, ARG 45 SR,
@SN CaCl, nl 2 2 FRAROKR FE Se b Cd 2Bl
RV, TGS N 2 R RR B S RIS S b Cd R
T S RN S201 33 AR SC I IS B O 45 SR8 —33 . 7
VRS RN Cd WK 5 25 IMRTER S Cd AE4mT
FeMEFUKEJGERSR Cd AW nT M HEAFEAE i 2 1
FHI K TR, RBEE G SERE P Y Cd He B /K1Y
i, £ 3 B B HH 4R A RE T REA, M SRS
H Y Cd e S50k Cd WE I FUAE R RE, B A= 4
] R PEREAR . SR, AHSCHFIT4S SR FEIH Cd HeJE /K-
5 Cd Ay ] Bt Z [BIAEAE i 3 IE A GO R (P<
0.05)53 U AT e KA ARIFFE P BUBR SRR S Cd R E
IK4R (85% HIREAS<0.1mg/kg) , (AR IZH)E
MIFASEOE R, HAA —aE Rt .
2.5 BERMLITM

R T AR T T R A T AR ) I T 2R AT TR
BPn, XTI BE A X E R SRR SR A Cd Y
EDI 1 THQ ZATIVAL, Unsk 5 fis . SiRFTH, £
ek B R JRUSS: DA AR R, BT 2% ARl e 71 2%
BRI A H A Cd 17K 2N 0.55 pg/kg-bw,
TTBR S = T P AR H AR A Cd I FI7KF-h 1.47
pg/kg-bw, 2010 45, BEA EHLAH LY IR AL
BAEINFR G L RKZE RS QECFAFIET Cd
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Table 5 EDI (ug/kg-bw) and THQ of Cd for local residents in high-level environmental Cd region via vegetable consumption
N TN Mean EDI P95EDI Mean THQ P95 THQ
EDI BEDI EDI BEDI THQ BTHQ THQ BTHQ
K2 0.48 0.07 127 0.19 0.48 0.07 127 0.19
e3¢ K& 0.29 0.07 0.77 0.19 0.29 0.07 0.77 0.19
g 0.43 0.09 1.15 0.23 0.43 0.09 1.15 0.23
KL 0.56 0.03 1.50 0.07 0.56 0.03 1.50 0.07
PN K& 0.36 0.02 0.96 0.05 0.36 0.02 0.96 0.05
Hgp 0.69 0.04 1.83 0.10 0.69 0.04 1.83 0.10
K2 0.21 0.06 0.57 0.17 0.21 0.06 0.57 0.17
# K& 0.13 0.06 0.36 0.15 0.13 0.06 0.36 0.15
g 0.22 0.03 0.59 0.07 0.22 0.03 0.59 0.07
P25 0.22 0.09 0.58 0.24 0.22 0.09 0.58 0.24
v K& 0.18 0.10 0.48 0.26 0.18 0.10 0.48 0.26
kb 0.28 0.08 0.75 0.20 0.28 0.08 0.75 0.20
KRG 0.25 0.08 0.67 0.22 0.25 0.08 0.67 0.22
P IKE 0.13 0.06 0.35 0.16 0.13 0.06 0.35 0.16
R 0.28 0.01 0.74 0.18 0.28 0.01 0.74 0.18
RETZW 0.45 0.07 1.19 0.18 0.45 0.07 1.19 0.18
UNEES KA 0.35 0.08 0.95 0.20 0.49 0.10 131 0.28
A 0.65 0.08 1.72 0.22 0.65 0.08 1.72 0.22
RGN 0.36 0.05 0.96 0.14 0.36 0.05 0.96 0.14
E=d K 0.32 0.08 0.85 0.22 0.32 0.08 0.85 0.22
HAb 0.27 0.07 0.72 0.17 0.27 0.07 0.72 0.17
ESZYL 1.64 0.42 437 1.12 1.64 0.42 437 1.12
A K 0.85 0.31 225 0.82 0.85 0.31 225 0.82
HAb 1.43 0.45 3.82 1.21 1.43 0.45 3.82 1.21
KRG 0.78 0.10 2.09 0.27 0.78 0.10 2.09 0.27
e K& 0.67 0.16 1.78 0.43 0.67 0.16 1.78 0.43
A 0.81 0.08 2.16 0.22 0.81 0.08 2.16 0.22
FSZy 0.55 0.12 1.47 0.31 0.55 0.12 1.47 0.31
pus K& 0.36 0.11 0.97 0.30 0.36 0.11 0.97 0.30
g 0.56 0.10 1.50 0.28 0.56 0.10 1.50 0.28

4:: BEDL: AW 0] Ko A% IF (Y EDIE; BTHQ: 244 ] R AL IE A THQIE .

i B R R RS S E, B Cd i A B AR
(PTMD) &y 25 mg/kg-bwl, il it #eBE, i 3% = iH 2%
NBE Cd B HEEARLC =T JECFA 27 it
SH . MBS, RIS S A Cd 194E
WynT KerE, W) B0 — BT Bl AR L g S T A H
A Cd B 7KER 0.12 ng/kg-bw, 155 78 B ABEEE
HEEA Cd AP 0.31 pg/kg-bw, BT JECFA
Ve AR SEL, o 05 R A AR XSS 19 7T i
PERAR . AR, QN3 5 PR, MRYGEE H 14 24ibk e
A Cd FBI7KOFAR8—H 28 ARERT-1) THQ h
0.55, i M 2 ABEROSEY THQ N 1.47., 7E%1E Cd
W AR Wy R] R PR, — B B NHE R SF- 3 THQ Sy
0.12, BN 2 ABEEYF) THQ M 0.31, Bl AZEM AT
FelEJa, S iE 2 AFERY -3 THQ /N T 1, $R7REESR
1 Cd S TE A IS X AR (9 16 55 AR, AT
=, Yarmai BN SR A Cd 5 R AR IR
A o

i BT IR A TS g et 2 i DA SO M AR

POAARER, THE S 14 2 Hb i 3 & FH SR SR 345 1 EDI iy
EEE s BN NE s [ Sy NI S [ o ) o
PH2ZAE>3 N o XA T PR EE 4 M X — i
AHEW =, BRA 324, Jm i HoAthigh 24 A Cd 17K
YO TERAE S AR, 3T i 2e ABE, BR T2
PH 22 AEANST 341, 3 o HA SR S i 2255 Cd 7K
SR T PTMIL, EVETT BR300 EDI JGHH i
i, AEREE Cd BT Btk 5 | ARG B 2 BR PR AR AR,
AT R PR S A Cd 1Y F R W A RRAIG, BRI
b DX ) v 7 2 N S T S A SRR Cd R R UK
SR TR R AR T AE AN, TH P HAhEE SR 1 BEDI ¥4IK
F PTMI. [AIFEHE, BREY B PE2546 . ST M2 3240,
AR THQ KT 1. #RNi, % & cd 2k
Yyn] KeVERS, wmiH S AR SR A S A M H At S
AR Cd i SRR AU 3%, BBl BTHQ #£1/hT 1.
(R A5 73 3 0 2, il L B SRR A Cd U &
Cd 55 14— P51, B WA W 98 $ 7 3 2k KOK 2 2%
Cd P ABLS 1 Al I T A S AU 1103 DRl It P58
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ML I B DA £ S5 Cd TSR A S B 47
B, e S R O
3 g

AT LA LAY BRI 2 4 DX A AT DXk, X2
Hu AP AR Y O Bl LR 2 vh TOFP 42 )R O 3R (Mg, K.
Ca, Cu. Zn) J Cd HEATELI, R HASE RIVM B )
THALRALI E e Cd 1A m] Ko, PRk 7
it A Cd X AARTE RIS, . 25 2R 3R,
FK T LARSAREE b 1 Cd W BE /KSR, %) Cd ik
Yyal Rt A W 52 o FHAR G T A2 8K, di = b
B K F1 Cu W F WG Cd B9 al St . #5
AFE A AT KA, SR FITRAR B SR EA XS 2 o —
JEENFRE IS A AR XU B2 AR, {H n] BE 53500 1 2 AT
AOPRERR XS, o e 2 T e e BIR N ATTEE, R
AN HARBR S A0 1 2 ARERY BTHQ KT 1, #2
B GRS AR XS ] BRI, SR, 450
IR PR o B s DR HAb RS Bk PR Y Cd 2 E2 7K
VAR AT Dl A5 AT 3 e PRI R g R Y
R XUSS
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