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MR XA T = p A h M R 40 Xl
MR MITILE SR, PSR 17.4~23.8 C,4F
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BB SEAE LT 50 mL B0, AL E
2 30 mL, AW pH (E8 1.5, & TR G4 L
150 r/min A9 JE7E 37 CF RS 1 h, WIAEEEE pH
HAE &% 4545 LA 4 000 r/min Y 33 FE &5 .0 10
min K FIFRFERE R 5 —AB0E T, R 5k
I AR W 30 mL, JET IR pH (N 7,
£ 37 CCF LA 150 v/min B IR 5 4 h, 08 £ R
pH EARZE | J5 LA 4 000 r/min 2.0 10 min Ff 1%
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FE 3 W IR E B ORI RN S R
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Jo AR FH b A 4T e KU A AR e (A7) ) (GB
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ARG gy b Bz 40 Caco—2 S 11 55 [ 45 5 8%
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(MEM Z: i 55 7% 35 109% 6 4 10035 T 1% 75 B % -
HEREZE ) MR SR LA B F 37 °C.5% CO, W40l
WA IE R . ARG A 2 80% T FH Jik 2R 1
THAAGAC BY HE 1.4.2 45 B85 S AR BE R T
90 CHYKIEH M 10 min, DA A T4 4k i Fl
WA e M A M PR 0.22 wm K JEIE 4 A, K
T 5 14 o AR 40U D MEEML 56 il 35 35 6 DU FR e
11 B Ll A8 TC 7 4 1 2% R, DA DN 52 g AR A
0T A W v Y AR AT 45 A 4 JB 4 Caco-2
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Table 1 Parameter values in THQ calculation

B3 HHEM KE Lk

Eyd 365 [20]
Ey4 70 [20]
Filg-d™ RA301.4 [21]

JU#F 231.5
Ry/mg-kg™-d™ As=0.003 [22]
Ph=0.004 [22]
[22]
[22]

Cr=1.5
Cd=0.001

W wkg A 60.0 [23]
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Fig.1 Soil heavy metal pollution characteristics in the study area

22 BRXEERETTRHMARERRETMN
221 BiXESRESERE ALKEXD 4 FE
4@ Cr As Cd .Pb &t WL5& 2, g 203 FoCiL
B H Cr W°F 3 & 540 51 0.14,0.14,0.16 mg/
kg;As 19 F- 24 & & 2 51 4 0.11,0.08,0.13 mg/kg;
Cd 197 & & 437 & 0.22,0.04,0.00 mg/kg;Pb
(4 °F- 24 %5 2 43 31 R 0.04,0.08,0.09 mg/kg, 5 GB
2762-2017 (B4 AR E £ fhdhis R R
bR ) (LAT i R BR AHE ) AH Ll i £035 Ao
VLRI S 25 2828 MRZEE GRS e B Sk
Cr . As 1 Pb 1 & V- S (B X R AR | T 1 O 7 8
T FIZL RS R A 1Y 25 222K B3 b Cd /Y 3% 540 i)
H PR AE 13.6 5 A1 2.2 1%,

W LIS RICTLR A X 58 Cr & B R
ot O, 0 BH R G X 8 323 B 75 e X
B BA , AF A 3l £ RIOCTL B 3 Cr & IR
TR A 25 R0, SR, 8 2155 F T VL8 S
545 Cr & mICAH M, AT RRJE R O 1 -
BRRG Cr Wz Z R R, 1% Cr

B LA R Cr(D) A, A S Wi, A
MBS Cr 9 & BEEBARPY, Bhsh  /ED A
Femt i AR S B FUR Cr, X ] RE AR ZEEER S
Cr & 00 () 2 B PR Y e i G e i
bR T O (R, % SR DA - A MR A SR Y
b AR T A R R A B SRR P X B SR
ST REAFEAE — 5 (1 AU 13 B9 X 438 5% Cd
I As B9 & R [ RE B ka1 BR A, 5340 ,Cd
ERTRE RSB RANREZWITE, &5
CEZL AT S IR IWAR Y IS
PR Cd & B 0 S ARIUY 35 il i > 2038 > 00T, 5
T3 Cd 1 B A AR U A G M (R?=0.992) , 38 1
ZEEERE R Cd & i, 5 S S B oY 45
AL, (EAF AR, UV 1 As

15.63 mg/kg, fIK T i S {H , 1 AR 25 285 K b As 19
TRAFERRKES, HihMER As F 55 0.89
me/ke, 48 PR 58 (0.5 mg/kg) , AT BB J2& K o 0 2
T W B e A AP ML Z R, 3
LIS RITILE 3 Ph & i ¥R FR B E , JoVL
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Table 2 The concentrations of heavy metals in vegetables
RAE L FAREAR Cr/mg-kg™ As/mg-kg™ Cd/mg-kg™ Ph/mg-kg™
i GES 0.14 +0.02 0.05 +0.01 0.16 +0.05 0.02 +0.01
EEX 0.16 £ 0.02 0.23 +0.21 0.68 +0.41 0.05 +0.01
3k 0.14 = 0.00 0.09 +0.01 0.01 = 0.00 0.04 +0.00
AREE 0.13 +£0.01 0.07 £0.02 0.04 + 0.00 -
EoRi 1 0.14 £ 0.01 0.11 £ 0.06 0.22 +£0.23 0.04 +£0.01
¥ e 0.13 +0.00 0.04 +0.01 0.01 +0.01 0.11+0.05
FEE 0.13 +£0.01 0.07 £ 0.02 0.11 +£0.01 0.03 +0.04
2k 0.16 £ 0.01 0.04 £ 0.01 - -
ARE R 0.14 +0.03 0.15+0.18 0.01 = 0.00 0.09 = 0.08
¥ A 0.14 +0.02 0.08 + 0.06 0.04 +0.01 0.08 + 0.06
pop:s e 0.15+0.02 0.09 +0.02 - -
FEX 0.14 £ 0.02 0.05 +0.00 - -
RERE 0.20 = 0.01 0.37 £ 0.37 - 0.05 +0.01
7k 0.18 £0.01 0.05 +0.02 - 0.13 +£0.04
aa R £ 0.14 + 001 0.11+0.05 - -
i 0.16 = 0.02 0.13+0.11 - 0.09 +0.03

T =" RN AR TR R B A AE, TR,

222 BRPEESREOEW AL S TER
S 4 JE S BEIGHE 4 F 4 1 it (As T Cd)AH
XA B S (P 22 46 s A0l B ) DU i 5
W AR AR T b Nk 3 TR IR T 2L A
a, PUZ4E b AT Cd 16 5 B Bei A 9 ml 451k
I3 5R 31.47% ,41.32%F11 9.84% , i #¢ i [ B
Pro] g5 P RG5O R 0.61%,1.20%F11 0% .,
Intawongse 5P HF 58 R W], Cd 76 B Br Be iy A= 9
Al g /N B B AR S B BN B B Cd
(4 A 0 T 2 PR AR KRR B I B 8 S A 2 P
Cd F VR . Hu S50 R B F s i & 5 5% Cd

1 H BB 0 AP T S T AE 14%~T1%5 L, B o Bt
Cd AW AT 45 VEAE T.1%~25% 35 B, AR B BE
F i o BE Y A= Py nl 2 pE L B D ke e , BF AT R
B, HEAVERI ) Cd bR T B B 7 40 i BE 2 4, K
SAEAETE W, I Cd 1R 5 M\ 2 23w B i
O AN SRR M T RE T 2 AR S oKk A PR
I ] A A 2= s 2 AT 5 30 Cd 78 B B EX
FKELREIC, R Cd 78 8 By B A= ] 45 v 22
w TR B BE, STV AR R As 7E B B By AR T
1N 25.23%, Fa B B AR nT gk B B R
(6.69%) . LA L B 5% 45 S 130 I 3 26 5% 5 v (1) 5 4 8

&3 BEP As.CdHIEM AN

Table 3 Bioaccessibility of arsenic and cadmium in vegetables

4 ¥ /mg-kg

Cd &4 7T % /% As £ 4 7T 45 1%

SKAEE 3K L AR
Cd As " V7] " V7]
i & M2 a 0.69 + 0.04 0.05 +0.00 3147 +£3.34 0.61 +0.09 - -
2D 1.17 £ 0.03 0.04 £ 0.01 41.32 £1.76 1.20£0.71 - -
EES 0.22 +0.03 0.03 +0.00 9.84 +0.57 - - -
piopas B - 0.89 +0.07 - - 25.23 +3.04 6.69 = 1.10
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223 EFREMAEYTAENER P ELSEA
PR U AN LB BTG T ai e f 4 | 1 A\
PR LB A 2 DA & i 40 Kumar 5512
Xif D SO B T 294 4y % SR S EAT T fe R XU
VAR, 25 FE 3R U 20 b B o £ A 22 b g S i
YR A5 W9 0 4 B 15 YL B 38, AEAE I 0 1 feke
AU o Nancy %50 i H A5 e 2 80(THQ) Al e
FEHC (HI) AR T A DX R i S5 A A £ B XL
W, A& BRAVE ¢ DX 8% 2 B T8 A TS A 17 i B XU {HLJ2:
e3R8 AR S R A As B0 KU X L EE
AR, ITARE R WA AR 1 LA AT 45 PE X
S EE 4 J 1 i B AU EAT PR RE T O HERR . 4
Li PULF &4 8 S m AEY T AT T 28
AN TR Ml 5 H R A P AR KRS, S5 SRR W TR
HIT# As Cd.Pb Al Cr 0% HAG A & (EDI)
43514 0.43,0.36,0.57 F1 2.29, 1 LA ¥y Al 25 p
THEAS 1 EDL W BRI, 43514 0.05,0.03,0.45
H1 1,99, FEF 1, A SC 43 Sl 0 i 58 v o 4 J 1 i
AR T W B B 16 25 9 T S PR 64T T 408, E0m
G 20 b DV T 8% 3% v B 4 1 A R XU

5% DX 4% 2 S 7 4 s 174 B XU (i ) 1Y
THQ F1 TTHQ A WL 3% 4, Bk F il 8 H
JCITER 3 4 M 4 )R (19 THQ V{8 th K 2]/ HE
KK A Cd>As>Pb>Cr Cd>As>Ph>Cr As>Ph>
Cr>Cd , 3 Ui A X 38 16 2038 R vt , Cd 2 88 30 4%
AR AR ) Je BT E, WX Fooil, As &Y
b B SR A KU ) B B E IR il
¥ Cd 1y THQ “FHME AR T 1, HhZ2REERN
THQ /&35 3.40, VEHAIL R R 2522285 5% Cd
AETE 358 50 T R (e o XU, A i S8 48 A M
DR B R IR, AT AN BIIESE o, SR 3R Cd
HOEE = T e, AW S 2K Cd &
i T 2SR S 0 IR BRI BB SR AR B P 22 AR
S84 A, AR A P 24 A AR Sy T B A T X
PRl REE 4 T Cd, TTHQ YME i K /NES N .
WIFSLLESTCIL, Horp @R TTHQ R 1.34, K
F 1, VLB AT RRAFAE — 5 1A B AU | 32 XU 2 22
K HTF Cdo (B 1 I, 80 S g e 2085
KB SRR DT VT AR 25 2B SR 1Y TTHQ 43 31
0.91,0.71,0.69, EZ 5THk T HE B Cd 3% As, B IR
TTHQ #’/NF 1 B AKK B R 7 Cd As 15§43
Wb kA E 4 R FEER S5 R A2

*4 ETHEXESELZEN THQ M TTHQ &
Table 4 THQ and TTHQ values of vegetables based on total heavy metals

. THQ
RAE S FRRER TTHQ
Cr As Cd Pb

il & £ 0.0005 0.08 0.80 0.03 0.91

EEE 0.0005 0.38 3.40 0.07 3.85

2% 0.0005 0.16 0.06 0.05 0.27

REE 0.0002 0.12 0.22 - 0.34

ESK:N 0.0004 0.19 1.12 0.05 1.34

3% UES 0.0004 0.07 0.05 0.14 0.26

EEE 0.0004 0.12 0.55 0.04 0.71

RE R 0.0005 0.24 0.04 0.11 0.39

2% 0.0005 0.07 - - 0.07

¥ ME 0.0005 0.13 0.21 0.10 0.36

P op:s S 0.0005 0.15 - - 0.15

FEX 0.0005 0.09 - - 0.09

RE R 0.0007 0.62 - 0.07 0.69

2% 0.0006 0.09 - 0.21 0.30

e R E 0.0005 0.18 - - 0.18

¥ 1h 0.0006 0.28 - 0.14 0.28
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Rt B BN TR AR RE T i 4R
1 S e g 1249 LA Y A BRE JXURS: 4T3 SR R Tl 20 I
A, B TR B A A R 3 T O X
HEELRAE LUMAARAS B R A 4 T 4598

T8 M B BEAE W mT 4 A e BRE JRURS: VA &5
RWFE S, NRPATLER  REERET HE RN
RS, L E B B A Y v] 45 Y THQ B
WE I T 5T M0 THQ, 788 B A XA KA 3%
PR P RGN ELE, SRS
WIS RA L, T A ] 25 M X 8% S h As Al
Cd HEAT A fedt e XU P4k 35 A A7 70 AU 136 ] 3 T
4 1 R AR A 7T R 2 il S 14 ik
BRI, , TR AN 8 B A48l 7 vk SR PE Al i 3 14 fit
AR JRUIS: TIT RE B A 48, BE R} 2 45 0 4l
2.3 EFHEYRIEA M A G2 R R R A7 E 40 ke
H R E

FEF A 0T 25 MR 52 AR AR 10 174 i R DU A A
F RPN T N E AN Z, R EY Al 45
BEL IS — X B Wi 40 A = A £ B 2 1L
NATY SR AT W 5T B O AF 9 B0, 3 T A= vl 45
PERCIE VP 2 A il BRE XU B9 85 28 A S0 AR I
FE AL (SGC-7901 ) 77 AE FEPERBON ), 4 B I3 1 1Y
A Ak AT A B b TEAT AN TS e 6k AR s B ) i
SR A, A S e 4 AN i R ) — I
BGRR[0 TR B DA A e XURS: | A SC
SYBTT AW AT 45 A AR SR IO (AT T AR B ) =
A 23X AR i T8 20 i A EE RO, A5 SR 2
FIF7R 3 BEE SR (4 D BESEFE N ) W W 5 FE 40 M 4 h
8 h X 4l % 1 M AN K, X T B A R A A0
B AR B AR AT R BTG e, DL A2 AN IR
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Health Risk Assessment of Heavy Metals in Vegetables from Typical Planting Areas
in Southwest of China

Tian Wen', Wang Jie', Yue Zhigiang’, Ma Jiaoyang', Li Mengying', Wang Jianmin’, Xu Wumei*, Xiang Ping"
(‘School of Ecology and Environment, Southwest Forestry University, Kunming 650224
A gricultural Environmental Protection and Rural Energy Workstation of Yuxi, Yuxi 653199, Yunnan
Yunnan Rural Science and Technology Service Centre, Kunming 650021
“School of Energy and Environment Science, Yunnan Normal University, Kunming 650500)

Abstract In this study, the accumulation characteristics and health risks of heavy metals Cd, As, Pb and Cr in soil-
vegetable system of Hongta District (HT), Tonghai County (TH) and Yuanjiang County (YJ) in Yuxi city were ana-
lyzed. In addition, some vegetables with high concentrations of heavy metal were screened and their cytotoxicity was in-
vestigated by in wvitro gastrointestinal simulation method (SBRC) and intestinal cell Caco—2 model. The results showed
that TH and HT soils were contaminated by As, Cd and/or Pb. The content of Cd in TH and HT brassica vegetables
exceeded the limit value of GB 2762-2017 by 13.6 folds and 2.2 folds. The bioaccessibility of TH Brassica oleracea L.
var. botrytis L. and Brassica pekinensis (Lour.) Rupr. in gastric stage was 36.40% and 9.84%, and decreased to 0.91%
and 0% in intestinal stage, respectively. The bioaccessibility of YJ Houttuynia cordata Thunb. in gastric stage and in-
testinal stage were 25.23% and 6.69%, respectively. The health risk assessment based on the total content of heavy met-
als showed TH brassica vegetable may had potential health risks, while bioaccessibility date showed that there was no
health risk for the three vegetables. To validate the above—mentioned results, Caco-2 cells were exposed to all bioacces-
sible extracts of vegetables, and cell viability was not significantly decreased at 4 h and 8 h in all groups. Collectively,
based on the total of heavy metals in vegetables may overestimate their health risk, while the new assessment method
based on bioaccessibility data and cytotoxicity maybe a more accurate approach for health risk assessment.

Keywords vegetables; heavy metals; health risk; Caco-2 cells



