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Human health risk assessment of Cd in vegetables and the remediation effect of Cd—polluted soil evaluated
using an in—vitro simulation test

CHEN Chen', GUO Xue-yan', WANG Meng?, JIA Xing-yong®, CHEN Shi-bao’

(1.The High School Attached to Beijing Jiaotong University, Beijing 100081, China; 2.Institute of Agricultural Resources and Regional
Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China; 3.Graduate School of Chinese Academy of Agricultural Sci-
ences, Beijing 100081, China)

Abstract: Cd—polluted field soil was collected from a greenhouse in Beijing and a pot experiment was conducted to investigate the uptake
and accumulation of Cd by leek and rape. The bioavailability of Cd in human gastric juice and human health risk of Cd in vegetables grown
on Cd—polluted soil and soil remediated with amendments (zeolite+earthworm manure, attapulgite+earthworm manure ) were determined us-
ing an in—vitro simulation test and by health risk assessment, respectively. The results indicated that the Cd content in the both vegetables
exceeded the National Food Safety Standard and that there was a significant difference in the uptake content of Cd between the vegetables.
The Cd content in rape was 1.04 times higher than that in leek. According to the in—vitro simulation test, the bioavailable Cd content in
leek and rape reached 0.027, 0.039 mg- kg™ fresh weight, indicating that Cd in leek is more available for human than that in rape. The car-

cinogenic risk of Cd to human body was observed for the both vegetables based on the health risk assessment. Moreover, the carcinogenic
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risk to children aged 0~6 years was higher than that to adults aged >18 years. The maximum decrease in the Cd content in leek and rape

grown on soil treated with amendments was 65.2% and 72.3%, respectively, compared with that in the corresponding controls. Further, the

bioavailability and carcinogenic risk of Cd in leek and rape decreased significantly with different soil amendment treatments, and the carci-

nogenic risk value of Cd approached the safety level in the both vegetables grown on soil treated with a mixture of attapulgite and earth-

worm manure.

Keywords: Cd; polluted soil; vegetable; health risk; remediation
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P B SR Cd BYAS HRE AR 28R 89.3%M; i G T IX i 32
H Ph () A5 K 5 A 50.2%, Cd ()88 A R L 3 5 ik
87.6%" . it [ PN % 3% 4 Ja V5 e i I A 4 SR R
T [ 3 M 1= 1 1 4 g 5 Yo JE B IR B
XF P Cd A — s AR, LR R Cd il iE A &
LU PN ISP (95 21 S S O i TS
T HERIEE SR Cd & i BRI DL R B S A o 25 SRk
B, b mt i e R N S A Cd 1 o 12.2
pg e d™ FEAE—E PV AE A R XU . HRT, 3R A
A7 T 4 B 19 e KU A PE A T B T (R b e 4
FhnifE s IR ) (GB 2762—2017)"H AN
[) 4 7= it F 4 i P B (L, 177 o 4 T 483k AN Rl AE i
W Feiz e, BB AEEYI R R L a0 b 25 A58
BANIE, P St AR RO ok 2 5, ki
B 4 10 f B XUt B AR K 25 S [ I
FE T A7 P 4 A B R R A T (et R KU 5 7
TIE R RO B R L

H AT, SR FE N ARG Y - s 5 T T K
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PiAL AR S W TS P, R B L R R
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FEEAFEARO LYY F & FEE LW oA 5 oL
FORMAE ZAN R A1 S BV BRIRES W A1 EPR
ThaF o MG g B = BORIRATAEAE SRR fr
FUAR AB SRR TG E S L3 b 5 Y W ) PR ) 1 5 55
JRBAR T, £5 b AR SE AL 5t v S K 6 =2 14
CjfbR TR A, Tl Bl 2 Ff b )y i X e 2 A
A N 5 AESE ) , 3T ARSI DLFN 0 X
B PEAN D7 120 S Cd B8 280 R i B AU 1A 7
A, TRV IRE XS [ 4 4 2 b A SAB 550 Gl £ L M b 5
e W5 2 TR A5 T ) X Cd 75 G - A 48 52 RO IIEA T T
s DU A7 bt C 18 B B RUBS DAY 5 7 e - 45
RS,

1 MREFE

L1 ik TSR

KA T b5t X R K bR i R A R R 2
(0~20 em) 338, SRAFE 5 AL BR A 116°28.2779.3” E . 39°
96.6'08.5" No K RAEM LM AR T G , BB A1 Bk
YRR 2 mm R G . 2 BOCHR 2253
7 IEIARAE BT E , Bk Cd & i i o 7%
SCHR[23], IR T WK 1. 20, Z i
+HEE T Cdis Y 1,

MR B 32 0 R R B 3% (Allium: tuberosum Rottler
L.) FlV N EE ( Brassica campestris L.) , 6 B W E £OL B

e L /NS

F1 il L EEAREUMER

Table 1 Physicochemical properties of tested soils

- sgEke HOLO) HHLE CEC/ <0.002 mm Zik Cd %% Cd content/mg - kg™
Soil type P : Organic matter/g kg™ cmol < kg™ Clay/% 44 Total FR S DTPA-Cd
51 Brown earth 7.86 42.5+4.3 29.4+4.7 30.4+6.0 0.97+0.18 0.43+0.27
TE - E AP bR IR 2E (n=3)
Note: Data in the table are mean+SE(n=3).
http://www.aed.org.cn —145—
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1.2 EEFIHEENE

A 52 ) b kL4300 R A 300 H i kA
TR LA K3k 60 7 f e 0 2 46 . e g A Ry
B ER Tk IR £R 26+ [ (K, Ca)»ALSi 056 - 15H,0], Y]
MR KON B BE AR RE TR Fh BN L 0 [MesSisOxn (OH),
(OH2)4+4H,0]o 5 ke 451 S48 4351 55 0 A 0 [T A
HETT 6 =1 3 HFA TR A5 1 2 FhiE 52 541, pH (B 5350
7.8 18.0,
1.3 3L

PRI 2 mm 75 1 149 1.50 kg 2 45, 4 b g e At
B3 AL IR - CKON HR T (g 2 VA s Ay -+ e 5] 26 i 4
825130 g) AN T2 (REZL S I A + M R IE R ) 30 ¢)
6N bHE A 6 KR . BNIINAFRMBE G,
BN HL N K 400 mL 5 780 FE5T BT E AL B
2B R IR = 4 A TAE S S/ MM SRR R , K
K B SRR BRI A IR R AE (25+2)°C L (20+
2)%C, dEFT 2016454 A 25 HHE 1, /MlIsET 2016
FoH 12HAW. JERA/NIEIIF 201646 1 16
H 047 % (L HE SR 4~5 em S OGRS 3L /1N
R R 2R AR, AEK 30 dJ5, 72016427 A
16 HIER o SEIRZs ), soiktth | 1 em AbAYZENT, 4%
CEr 5 R BRI 52 7122 ) (GB/T 5009.15—2014) £ 47
SR Cd B S0 s BRI SRR 5 2.0 ¢, )
HHLATHE, A 10 mL AR - = SRR AV W5 , A
ZEAMIMAAGE T 7, Cd 7 2 2R FH AT 880 5 W o o
FJE T (AA-7000) 22 , DL E Z AR iEY) i GBW 10015
(GSB-6 i 3¢ ) 147 5 B2 A& W, [l i 6 95.7%~
103.2%.
1.4 MEFE
1.4.1 Cd 04904 250k il

Bk 5 T Cd A AT RO R AR S N
BT IR R < AR BRI S SN 2 4 [
FE 12100 i AGHT fif 1 HE S 5 /Nl S il (oK 43)
4.0 g, B8R J5 7 S g RO TR BC AR (£ 2) ,
ANV AR N 7% 400 mL B R, 7E RN IR T E A 1
L-min @<, LAG) 3 R A IS, 37 °CF LA 100 r-min™
P01 h g FHBUREEF I 20 mL 52 VW, 15 0.45 pm 1)
JEMEAS BB BOK , EAT Cd S RIE . 3T ed 4
WA RAENE kW F . T Cd AT e R
I R4 R WA SER TR R ABFFE DL Cd 1 4=
Prar 5 PEACRILAE WA 0k

B R Bk 1 Cd 7E B b i AR ] g b
tEr
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Table 2 Simulated chemical composition of human gastric juice

R 24K R RRAY T Wl 2
Reagents Concentration Simulated gastric juice
NaCl 0.15 mmol - L' Jf1 12 mol - L™ HC1#f pH {7
FHEIR Citric acid 20¢g P15, 11 407K E 45 % 500
e mL,4 CIRAF S
IR Malic acid 20¢g
FLA& Lactic acid 1.68 mL
fiti iR Acetic acid 2.0 mL
2 1/} Pepsase 50¢
BA=(CViv)/(CsMs)x100% (1)

AP BA g Cd B AW AT 254 5 Co S R SMELDL S 6 1Y
B CA I AT 2 & i, mg - L7 Vi S 4 S g o
FCE I B AR AR, Ly Cs o i 3¢ 2 - SR b v Cd B 5%
T, mg kg5 Ms D SO0 g IR B e A EAT i Y S5

i, ke

B Cd A G, B H - 2538 o 5 SR s R A 1Y
Cd & IHE

Wﬂ\:Cll’lx W‘(‘g (2)

KW, CdBA R, pg-d"; COoAB KT Cd &
Hopge g s W N HBE AR, LE(0~6 5 ) K
0.233 kg, WA (>18 %) 7 0.355 kg"®l,

Bk CA AWl 4545, BVEE H 8 AR NI Cd AT
WAL 1) S T

W\=W.xBA (3)
b Wk H ) Cd i &, pg-d s
1.4.2 CdBUE KB 71

Fi 4t USEPA (35 E AR )Ry ) 48 H i Ab 2 o B0
TEMRE B TR A FsUEE 2B TR
(As.Cd.Cr) Filfb 7 9E B0 M 42 J8 JC & (AL Cu. Fe,
Hg Mn Co Ni.Pb.Zn) PR ZE, AWF5E b i H 45 I
Cd HA B i Som v Rk, SR 3o XU PRAR 77 ik
Kt EILE M L w5 - NA R G Cd i~ A

AR 00 XSS -
4R (Cd) W AE 808 RS AN 7724
CR=EDIXBAXSFO (4)

H : CR R XS, R P o XU 14 o] REHE ;
EDI k4 H T Wi Cd I AAE, 58 i L =X (1)
~(3) ;SFO M PFAh 2502, JL#E (0~6 & ) FE R 1.0 d -
mg™, A (>18 % ) BUE 5 0.6 d-mg™'. CR>0.001 %R~
A TS0 AR,
1.5 4t

K Excel 2007 F1 SAS 9.2 % f4: %6} Fir 45 128 36 504
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PEAT AR B Y 22 57 3 25 1 (0=0.05) 20T
2SR5

2.1 AEHGFEHRCINESEREMENE

X 3B A AT AR SR S /INIEE B Cd B e 45
R 2 5/NM3E T Cd A% =43 5114 0.368 mg-
kg (FW) F10.752 mg- kg (FW) , /N 22 (+FAEFH)
T Cd ROV IESR (E AR Cd & 319 2.04 £, X
ATRE S A FIMEYRHE ed) Cd W& S R R A K,
H5REC(EMZ2EZRE Bihrhis R ) (GB
2762—2017)"'th Cd FR A7 (0.2 mg - kg ) FH L, HE
S5 /Nl 3 Cd 4y ) e R AR v 84.0% FI
276.0%

FE TR AR 43 B /NI 2 B3R K
Cd By A= WA R0k e 28 2 (P 1) R B, 48 B3R
/NI 3R Cd AR AR B WP 9 A s B 43k
0.041~0.052.,0.023~0.031 mg - L™ F1 0.035~0.044 mg -
L7 3 A SR /N il 38 PR Cd YR JE Y 4.86%
7.42% M 5.51%. Sii3Eh Cd A rEMH L, 13
Cd 76 5 P A ROE A AR (<5.0% ), iX AT RES £
B CdMZE A TERA K. CdIARERDET Cd iy
RSB A P G Cd i xR B 2% S0
VE ST VS B AN [ A2 25 B IR A 1) Cd, B 46
AR KRS A S YA ES AESE
B RIRHEDS ARG SIS B Cd XA P ik i A siobk
HAMRKERT, H5/NhEME, REIESRd Cdr
W BEAIR T /Nl 3, (R AE S v 1 Cd B 25 5 i IR Iz 1
(CHE W Cd A RO B2 5 B Cd 1Y Eo 491 BE /N it S v
L91ANE 4 a5

0.06

—_

0.04

—— T

——i0

0.02

%L Cd Available Cd/mg-kg™

UNIES

R ElE
P A [ B s A B ) 22 5 2. (P<0.05) 0 T T4
Different letters indicate significant difference (P<0.05). The same below
1 HIRFNGHRIEF CdEEUB R P HIARRE
Figure 1 Available Cd in simulated gastric juice for soil and

vegetables samples
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2.2 B3 Cd B KU IE M

HRAE 2 Fhg S CAd7E B H A 8 s = 5 H P
Wgi AR, TR ILE(0~6 ) M A (>18 %)
) Cd H HE A, 7E DL AL F 1580 A 2 Fh gk 3 1 7E 3
FEXBSAE (CR) L3R 3. £5 360, A H il ad %
F/INT S A B Cd 143 51 4 130.6 g - d™' Fl1 267.0
pe-d, ¥ E T ILE R H HE A & (85.8 pg-d ™ F1175.2
peged™)  FEMCEEAE B FSEAR 0 2 Bk S Cd XL
5 BEUE R IEAE . R3TLIE AR
S5 /NI SR L 1 08 KU E 43 512 0.020 1 A1
0.026 6,2 B X5 B 1 20 KU (EL 73 5124 0.018 3
F10.024 3, CR{E ¥ 1 7] $2 3275 Fl (CR>0.001) » Uit
BRI B AR S 56 b Cd AR SR S /NS B
TE B S0 KU, 17T 2 A gk S v Cd X L2 A i 3 XU
¥1g 2 m TN (P<0.05) . 2 FfOR A e, EmAkdE
S CA7E B T B ROE RTINS B cd vk
BERT /NI, G A BRI B NNSE B fd R
JRUBS: B 1 o
23 BEFX CAITRTIEHEERR

] 45 G - SRR 2 B & 52 TR AT AR 5L, 28 d
JE 2SR, 5 CKAHEL , US it A -+ 0 151 36 (T1)
SFU NI R 05 2 (T2) A3 rp B3 Cd i 7
i (BE T T i) 73 90 IR T 38.0% F165.2%, Tl /1Nl
S Cd B B4 AR T 58.5% F172.3% (1K1 2) , T2
AR BT FEARER SR Cd B & A A 16 2 FE & 7
A T2 A PR AESE T Cd 5 0.128 mg kg, 1
T3 & 5 Cd BR B AR (R /N S8 Cd 5 22
0.208 mg-kg ™, FEUT b Cd FREARHE(H

ANTRE A2 500 b B S - 48 R SR Cd FERE L

R3 BXED CdBYEEREREIESN

Table 3 Health risk assessment of Cd in different vegetables

Cd H#EA & i BB
B Daily Cd intake/pg-d™ Carcinogenic risk (CR)
Vegetables JL#E A JL#E EIN
Children Adults Children Adults
.E{E% . 85.8+6.7 130.6+11.3  0.020 la 0.018 3b
Chinese chive
/iR 1752129 267.0:215 002662  0.0243b

Brassica campestris
T R P BOI o  E AR E 2 (n=6) ; CRAEK T 0.001 F7m A 1
TESOR KU, 7] AR R AT AR 7 B0 22 53 ik 35 (P<0.05)

Note: Data in the table are mean+SD (n=6) ; CR>0.001 indicates

potential carcinogenic risk, the same below; Different letters in the same

line mean significant difference (P<0.05).
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A P A O A e e 2 R (R 3) /B, &l A
A& FIAL R, dE 32 5 /Nl b Cd ZERIL A B
A RO B R 4 Cd B EL A SR RRFE T R, 5
XF BERE BE, T1 AR B EE 32 5 /Nl =2 Cd i A= 0 A ok
3 T RET 1.92.0.78 A 43 a5, T2 AL BRAE S 5 /N
S Cd A A S0 3 3T % T 2.20.1.00 0~ H 43
Mo UL B G AL BS  ASR B S8 ik B is
Cd 2= TE AT KA, o AR5 25 5 W i) T
BEAR J M IR (AL TE 3 . REAIAR 22 DA - 1
H IR s G Cd L3S B B Cd™ IR T A LG &5
Cd . WL EE CdFEZFIEA A8 o 2L i ik
RS 2 R RITEZS Cd i, AR 45 A 0 17 3808 e
B W o N B VAR N e 2 N O
NHEYIIRAINLS , AR A 2= 25 BT S . fEA
MG, 5T AR S IEE Cd Ay
AR R, TR L FIRE S S CdAEYA
RPEBAR™, AFEVEWIRN Cd SRS AR AR ZE
SRS NGRS KRR P Y Cd AR [
FE 20 M RE | BB I BE BB 45 A — /N 4 Cd (8%~

1.001
E a O HE3% Chinese chive
T 0.80T l [ /NS Brassica campestris
=
L |
£ 0.60f
=}
L a
=
g o40f | b
3 [ b ‘
o500 i
pi 0.20 < [l
=
© |

CK T1 ™

Kb Treatments
2 AEEAEXTERP CdEEMFIY

Figure 2 Effect of soil amendments on Cd content in vegetables

17%) , Cd () AT HG AR w3, T 5 DI R Bl A 1 %
HY Cd KR A7 FE M o Cd ZEA A v 1) S 4
o3 A R G55 T A e e R R AR b cd A=A
M2 S — A EEE R AU ANTER AT
H Cd AT BE AR R SR IR Eh B4 AT N E, i
T AR CA AR 25 B TR OV 3543 11 Cd E 3]

IR 0 KU BN 7, AN A8 A2 500 Ak PR i
S Cd A fERR USRS UEA 04, 25 R (R 4) 6 sk
/NI R Cd S B P Cd AR A o R
o 3T REAHEL, T1 RN T2 A3 2 Flvighi 5 4 250 XS (i
PR B, Hob T2 4b 0 4 32 g Ak 3 Cd B0 X
S AR T 22 42 KK (0.001) , BAR T1 AL BRES 32 i) Cd
FoE RS AEA B TR (EA8R AT — 2 A TR e fil
AU

3 it

(17N b Cd 135 B o R b Cd 3 B 2.04
A7 5 RAIMELADL B R 2 45 R R W], B AP Y Cd XA

1007 O -4 Soil

S a O iE%g:hinese ‘chive ‘

= 807 /INIHE Brassica campestris
O ES
2 6.0 a
E 7

5 40
S & 7

& 20¢ 7

= 7

% 7
0 7
CK T2

Kb 3 Treatments
E3 EEnEIESERRXT CIEENTRPHNERETNL
Figure 3 The bioavailability of Cd in simulated gastric juice for

soil and vegetables samples before and after soil remediation

F4 FEEXFEIH Cd AR BrE KU E R 0T

Table 4 Effect of soil amendments on bioavailability of Cd in simulated gastric juice and carcinogenic risk values of Cd in vegetables

b e 2 Cd H 8 At Daily Cd intake/pg-d”! Cd LA 3 FUE XU B Carcinogenic risk (CR)
Treatments Vegetables JL# Children JA Adults The bioavailability of Cd/% JL# Children A Adults
CK L3 Chinese chive 85.7h 130.6b 7.42 0.006 3b 0.005 8b
/INIMZE Brassica campestris 175.2a 267.0a 5.21 0.009 1a 0.008 3a
T1 4E2% Chinese chive 53.1d 80.9d 5.50 0.002 9¢ 0.002 7c
/IR Brassica campestris 72.7¢ 110.8¢ 443 0.003 3¢ 0.003 Oc
T2 13 Chinese chive 29.8¢ 45.4¢ 5.22 0.001 6d 0.001 4d
/INMIZE Brassica campestris 48.5d 73.8d 421 0.002 0d 0.001 8d

1 RSN R S £ R 22 57 835 (P<0.05) .

Note: Different letters in the same column mean significant differences among treatments (P<0.05).
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PR AT o ) R A B
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(3) I IAE & Rl i dE S /Nl Cd & & F
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B2 R, A T A+ T ] 2 Kb 3 G 5 3 R Cd
(14 3509 AR (B2 4 /KT o

S 3k

(1] 5K WL PR, SR M. 55 . B3 x T4 i s AR T STt SR ). )
AR, 2017(7) :127-130.
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heavy metal cadmium enrichment in vegetables[J]. Hunan Agricultural
Sciences, 2017 (7) :127-130.

(25K W, BRI, A5 M, 55 . Jbnt i et L Emns S mm & i & H A
FRIAU S3HT(J]. FREERFF2441, 2006, 26(8) : 1343-353.
SONG Bo, CHEN Tong—-bin, ZHENG Yuan—-ming, et al. A survey of
cadmium concentrations in vegetables and soils in Beijing and the po-
tential risks to human health[J]. Acta Scientiae Circumstantiae, 2006, 26
(8):1343-1353.

(3] EWei, BRigEEe, RATE, 45 . 7N e 56T 4 Jm 15 Yotk it Je fgt e X
BRG] WP AL A, 2011, 27(5) £ 549-551 .
WANG Xiao—bo, CHEN Hai-zhen, LIU Dong-ying, et al. Contents of
heavy metal in vegetables and their potential risks to human health in
Guangzhou City[J]. Chinese Journal of Public Health, 2011, 27 (5) :
549-551.

[4] 5KkIR 2, 22 . B3 s T e AL S B R R RG] RO OCR S
{HRERFSE, 2008, 25(2) :49-50.
ZHANG Xiao—yun, LI Yun-cheng. Current heavy metal pollution in
vegetables and its prevention strategy|J]. Studies of Trace Elements and
Health, 2008, 25(2) :49-50.

[510 &1, %% %, WIIESE, % 2013—20144F) A4 FEEE 8 4R
TG ReRBLIAAE]]. L i LA A, 2015, 27(2) 1 159-164.
WEN Jian, LIANG Hui, HU Shu-guang, et al. Investigation of heavy
metal contamination of vegetables from vegetable base of Guangdong
Province[J]. Chinese Journal of Food Hygiene, 2015,27(2) :159-164.

[6] 3k JE. XM A, BT ok, & Kb X B E 4 e 15 R ).
FEAME 224, 2005, 31(1):87-90.
SHEN Tong, LIU Ming-yue, JIA Lai, et al. Investigate on the heavy
metal pollution of vegetables in Changsha region[J]. Journal of Hunan
Agricultural University, 2005, 31(1) :87-90.

(7] B3R, 5L 3, aKRME T, 45 . S RBRSEAY 50 i v5 e PR A (). 24
LA, 2003, 3(6) :74-75.
TANG Shu-yuan, LI Chuan—yi, ZHANG Peng—cheng, et al. Investiga-
tion on heavy metal pollution to vegetables in Chongqing|J]. Journal of
Safety and Environment, 2003, 3(6) :74-75.

(8] A If, XM IR, A8, 2. FE A0 b e o 4 s 75 e IR 2

http://www.aed.org.cn

B HFEA]. Wbl 72 4R], 2002, 25(1) :38-41.
XIE Jian—zhi, LIU Shu-qing, WANG Li—min, et al. The survey and
evaluation of heavy metal pollution in suburban soil of Baoding City[J].
Journal of Agricultural University of Hebei, 2002, 25(1) :38—41.

(9] R A, BABEAT . 7 1l DB S TP B AR ARG 45 AR 23 A ()], o [ T2
Krge 24k, 2004, 14(5) : 603-604 .
TANG Yi-jia, ZHAO Lin—shi. The results and its analysis of Pb, Cd in
vegetables for Shaoguan City[J]. Chinese Journal of Health Laboratory
Technology, 2004, 14(5) : 603-604.

[10] Chen H, Tang Z, Wang P, et al. Geographical variations of cadmium
and arsenic concentrations and arsenic speciation in Chinese rice[J].
Environmental Pollution, 2018, 238 :482-490.

[(U1] Tz, ARG, BX ST, 45 . R0t S5 - S8 5 B A0 700 775 6 % 1z

BORBIFE]. A IRGERLE2E4], 2018, 37(7) : 1503-1510.
WANG Yun-li, SHI Yao—peng, ZHAO Wen-hao, et al. Screening of
amendments for the remediation of Cd—polluted protected agriculture
soil[J]. Journal of Agro— Environment Science, 2018, 37 (7) : 1503—
1510.

[12] 77T A, FRRE 3R, AL, 45 . B X il S A= R R0 ™ b (9 5 ) S 07

SR AR )], A FREERE AR, 2006(3) :597-601.
HE Jiang—hua, DU Ying—qiong, ZHOU Xiao—hong, et al. Effects of
cadmium on the growths and yields of leaf vegetables and accumula-
tion of cadmium[J]. Journal of Agro—Environment Science, 2006(3) :
597-601.

[13] HrAe A R [ R 5 T A AR A 2R 2, [ SR 2 i M i

EHLAR . B & R AR B in G YIRS GB 2762—2017
[S]. b5t bR E L A, 2017.
National Health and Family Planning Commission of PRC, China
Food and Drug Administration. National standard for food safety : Pol-
lutant limits in foods GB 2762—2017[S]. Beijing: Standards Press of
China, 2017.

[14] 4 F 0, SRIBZL, RKCE . RAME R AL 13- A iA%< 1

F B B XS B9 v B 02 (). FR 05 S R 2R 8, 2007, 24(9) 1672~
675.
CUI Yu—jing, ZHANG Xu-hong, ZHU Yong—guan, et al. Health risk
assessment of soil-oral exposure of heavy metal contaminated soil by
in vitro method[J]. Journal of Environment and Health, 2007, 24(9):
672-675.

[15] R, SR 404, BRINEK, 55 . T PR SMELILLEE i ol 7 - S A i 1
BRI PEAG(I]. I3 54 REZR K, 2012, 29(3) :254-257.

CHEN Hai-zheng, GONG Chun-sheng, CHEN Li—qiu, et al. Health
risk assessment of lead in urban soil by simulation methods in vitro[J].
Environment and Health, 2012, 29(3) : 254-257.

[16] China Ministry Health. China’ s health statistical yearbook[M]. Bei-
jing: Peking Union Medical College Press, 2006.

[17] 5% 7B . e [ Gl b 08 2 ) A S i i) A0 15 Jr ). B3 1)

A, 2011(3):1-6.
LUO Yong-ming. Contaminated site remediation in China: Progress-
es, problems and prospects[]]. The Administration and Technique of
Environmental Monitoring, 2011(3) : 1-6.

[18] JZ 36, T, B HE, 55, V5 s IR R BORWF R UL ()]

—149—



KU FREMEFHR-E375-F 18

AZSIRER, 2004, 13(2) :234-242.

ZHOU Dong—mei, HAO Xiu—zhen, XUE Yan, et al. Advances in re-
mediation technologies of contaminated soils[J]. Ecology and Environ-
ment, 2004, 13(2) :234-242.

[191 KB W, %6 F, Beilrg, 4% . SEFHPRL Cd T 5 50 Bras R oE A
CAT5 U H AIE S8R ]. Al T AR, 2018, 34(1):217-223.
ZHENG Han, AN Ping, DUAN Shu-hui, et al. Remediation effect of
Cd polluted paddy soil evaluated by grain Cd reduction rate and mar-
ginal efficiency[J]. Transactions of the Chinese Society of Agricultural
Engineering, 2018, 34(1) :217-223.

[20] JE B %% . 3 [ b 575 G BUIR 5 By 12 SR (0], o R 2 e B 1),
2015, 30(4) :477-483.

ZHUANG Guo —tai. Current situation of national soil pollution and
strategies on prevention and control[]J]. Bulletin of Chinese Academy of
Sciences, 2015, 30(4) :477-483.

218 6T, XA, G5 AL RIS ST 4 e i Y L R

JET1. LA AL, 2017, 45(9) £ 1561-1565.
ZHAI Fei, FAN Cheng—wu, LIU Gui—hua, et al. Research progress on
remediation of heavy metal contaminated soils with different passiv-
ation agents[]J]. Journal of Shanxi Agricultural Sciences, 2017, 45(9) :
1561-1565.

[22] S and . LR A2 0T T 3R IM. AU o AR B T AA:,
2000.

LU Ru-kun. Methods of soil agricultural chemistry analysis[M]. Bei-
jing:China Agricultural Science and Technology Press, 2000.

[23] A N RN [ 58 DA F R A 5 22 01 2 . B e A [ 5 hn
M < £ H R 9 TE GB 5009.15—2014[S]. b 5T« o [ s H i
#t, 2014.

National Health and Family Planning Commission of PRC. National
Standard for food safety: Method for determination of cadmium in
foods GB 5009.15—2014[S]. Beijing: Standards Press of China, 2014.
[24] US Environmental Protection Agency (USEPA ). Integrated risk infor-

—150—

mation system (IRIS)[DB/OL]. [2018—-09-28]. http:/www.epa.gov/iris/
index.html.

[25] PREE AR . b [ AR EE S ECT M. JE 5t P R PR IR 2
Jikt:, 2013.

Ministry of Environmental Protection. Exposure parameter manual for
Chinese population|M]. Beijing: China Environmental Science Press,
2013.

[26] Chary N S, Kamala C T, Raj D S S. Assessing risk of heavy metals
from consuming food grown on sewage irrigated soils and food chain
transfer[J]. Ecotoxicology and Environmental Safety, 2008, 69 (3) :
513-524.

R71X) M, b B, RIS, 45 KA P AN Cd 2 AL 3 )1 A R AE
E%ﬂa%m. T E PR, 2015, 35(7) : 2137-2145.

LIU Bin, SUN Cong, CHEN Shi-bao, et al. Dynamic characteristics
and ageing factors of Cd added to paddy soils with various properties
[J]. China Environmental Science, 2015, 35(7) :2137-2145.

(28] F &, I 55 1) RS [ B SR TELAE g i o R A P 3 IR B
PRI IR R ). A2 AR, 2018, 37(2) :223-228.

YU Hui, XIANG Yan-—ci. Advance in study of cadmium uptake, trans-
location and accumulation in different crop varieties|J]. Ecological
Science, 2018, 37(2) :223-228.

[29] Liu B, Chen S B. Subcellular Cd accumulation characteristic in root
cell wall of rice cultivars with different sensitivities to Cd stress in soil
[1]. Journal of Integrative Agriculture, 2016, 15(9) :2114-2122.

[30] Fu X P, Dou C M, Chen Y X, et al. Subcellular distribution and chem-
ical forms of cadmium in Phytolacca americana L[]J]. Journal of Haz-
ardous Materials, 2011, 186:103-107.

[31] Yu H, Xiang Z X, Zhu Y, et al. Subcellular and molecular distribution
of cadmium in two rice (Oryza sativa L..) genotypes with different lev-
els of Cd accumulation[]]. Journal of Plant Nutrition, 2012, 35: 71—
84.

http://www.aed.org.cn



