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Safety limits of heavy metals in planted soil of Chinese cabbage based on health risk assessment

ZHOU Xu'**, ZHOU An-qi'**, CAO Hong-bin"**", LIU Jian—-wei'**, CHEN Yan—jiao'*’, ZHANG Ai-chen'"*’

(1.Beijing Key Laboratory of Traditional Chinese Medicine Resources Protection and Utilization, Beijing 100875, China; 2.Engineering Re-
search Center of Natural Medicine, Ministry of Education, Beijing 100875, China; 3.Faculty of Geographical Science of Beijing Normal Uni-
versity, Beijing 100875, China)

Abstract: To ensure the safe consumption of vegetables, it is important to control pollutants at the growth source by setting species—specific
safety limits for heavy metals in the planting soil. In this study, the maximum acceptable concentrations of metalloid As and heavy metals
Cd, Cr, Cu, Ni, Pb, Zn, and Hg in vegetables were determined on the basis of acceptable health risk levels, daily vegetable intake, and the
proportion of heavy metals in the vegetables against the total dietary intake for the general population in China. Large amounts of research
data were collected to fit the absorption and enrichment equation of each element contained in Chinese cabbage plants, and the safety limits

for these elements in the planting soil were determined. The results showed that the vegetables contributed 12% to 43% of heavy metals in
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the dietary intake, with the proportions differing among the elements. With the exceptions of As, Cr, and Pb, the estimated safety limits of

heavy metals in vegetables were higher than those specified by the National Food Safety Standard Contaminant Limit in Food (GB 2762—

2017). The estimated safety limits of As(26 mg-kg™"), Cr(16 mg-kg"), and Pb(51 mg-kg™) in the Chinese cabbage planting soil were

lower than the corresponding limits set by the National Risk Control Standard for Soil Contamination of Agricultural Land (GB 15618—

2018). Therefore, it is necessary to develop soil standards for specific vegetable species.

Keywords : health risk analysis; vegetable; planting soil; heavy metal; safety limit
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20 ETAEZERNRNERXTEEERERS
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A RS ESEEA RS BESEAN
FUAE (3 3) M2 2% T BUAT SCHRE BT il i3 - LA
Cd 1], 7t 7 550 XL ST S 37 B S5E3 0 AN [ B
XA SCHR P, R CAd BRS8N
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Table 1 Values of RfD and SF via oral exposure to eight heavy metals

L [16]

B Parameter As Cd Cr Cu Ni Pb Zn Hg
RfD/mg-kg™-d™ 3.00x10™ 1.00x107 3.00x10° 4.00x107 2.00x107 3.50x10° 3.00x10™ 1.00x10™
SF/(mg-kg'-d™")"! 1.50 — 5.00x10™" — — 8.50x107 — —

T A B IR T 92 [E PR 5 USEPA i M PR35 CALEPA A HEAST #(4li % o https : //rais.ornl.gov/tools/profile.php
Note: Data in the table are derived from USEPA ,CALEPA and HEAST. https : //rais.ornl.gov/tools/profile.php
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Table 2 Body weight and vegetable intake in different age groups

H5i RS (ST AR
Groups Age Body weight/kg ~ Vegetable intake/g-d”
1 2 13.9 124.6
2 3 16 1334
3 4 18.3 135.5
4 5 202 133.1
5 6~9 26.5 151.5
6 10~12 36.8 175.8
7 13~15 473 204.9
8 16~18 54.8 197.8
9 18~70 61 335.5

TE BB i JFT ik, A SCHUA S5 /KRN 95% .

Note: Vegetables are fresh weight and moisture content is set as 95%.

21.5%

T 0 I TR 2 A A O 51 Bl
RN i AR TR AR B A IS SR
AR(S) AR (6) 15 I T 457 KUK K -
eSS & R e A R (£ 4) . BSOS
A 5 A B IR 45 8 B 9 4 e 1 3 2 W
i, SO ER I 55 R ) (GB

RAIRERI 2R RIS
2762—2017)"%} ., B4 2= As Fil Cr, Hifth T 43 )& 24>
PR KT B K hr v

22 EFAEZRENEHAXMETIRESRER
£RE

FET 2.1 45 H A0 S v T 4 R 10 A Tk B FRAEL
WF5E s LI P Jm i B AR RE T, SO LSRR
TEESR Y ERE, DRSS
HWESRGR G ESRMA R E SR
FIRH G FR B0 35 S DGR KR A 57 oweb of sci-
ence..EBSCO . Science Direct 28505 72, 155 110 4255
P I 3 R SRAY: A 2R 1 6 1 9 4 s VAR R X )
B S 45 JR MR PR A A SR o e SRR ) R B S B
AL FREHE AR S DS B R B
PREZE I R BOFEA BA R BdiA ST
F1R) S5 (L ARSI T B SR 463 i sl s R A DN 5 2
A SRR , i e 75 21 itk nTHESCHR 16 75, F1 Sk 4 R ik
JE 5 5% R b SR AL 169 XF . MG/ H R B SR R
RV E AN LT B R T B A AOC, UL ER SR
WL FZ R, P s R O DR o, A5 AN [
BEEJEWEIEH TS ekt 8FE AL
A R HE G A (R 4) AR A DY B2 46 a8 19 4045 [l

R3 FEABRARLINEYERESERENALL

Table 3 Proportion of heavy metals from each food category in total dietary intake for Chinese people

JLZ Elements B2 Vegetable/% 239 Cereal/% K7 Fish/% A1 Z& Meat/% SCHRAE Source AHHFE This study/%
Cd 273 333 — 15.0 [iSTE 322
322 25.6 23.6 — x| 5L g
43.0 27.6 — 2.1 FLAVA TR
Hg 22.9 28.2 9.9 22.1 pUINE € 22.9
Cu 21.7 61.1 — — el S 21.7
As 16.5 67.5 — 4.5 Li &P 16.5
Pb 42.6 12.3 — 7.0 EEAVR T A 24.5
175 42.1 — 9.7 Hh A A
24.5 423 — 8.2 BV T
Zn — — — — — 21.5
Cr — — — — — 21.5
Ni 12.5 80.2 0.2 3.0 B L 12.5
T4 BEPSHELENZEREREME (ng kg™)
Table 4 Safety limit values of 8 heavy metals in vegetables(mg-kg™)
FrifE Standards As cd Cr Cu Ni Ph Zn Hg
HUE 45 R Carcinogenic 0.04 — 0.17 — — 11.69 — —
JEBUE 45 R Non—carcinogenic 0.185 1.20 2.41 32.54 9.37 3.21 241.8 0.085
T A BUE Final value 0.04 1.1 0.17 33 9.4 3.2 242 0.09
GB 2762—2017 0.15 0.05 0.5 — 1 0.1 50 0.01




B R TR B 0 ISR R e T R 5 & A RS 1217

7 R (3R 5) , 45 H A S M Al - 3 < 4 42 BREL
(6).

3 itig

3. BERITESESEREREESIITRAERT
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A FREEAE As CrfiR T [F %4RH#E, Cd . Cu Ni Pb.Zn Hg
m T EE bR, 225 5 FEA AR R
A o 5t 55 2 R SO A e i b A 22 5 2 80
FWE) (2013 47 ) 4= F P-4 5080 , 045 408 Al 4k 2 oA
] B AR 2L, 0 038 R, 45 31 35— B AT
52 A R DRSS 7K 532 v T B 4 R 2 A PR
HHEPZEETHEXBARSERERELEEES
JEEA A & L.

AR ST A5 1) 11 2 Rl A+ 3 T 4 R e 2 BRAE S5
(3R BT A Hh 4 39 UG 8 s b v (A7) )
(GB 15618—2018) Fl{ I % i 3 7 M PR H% i s PPN A
1) (HJ 333—2006) 4 XF tL R F , R R EUE D) 5T As
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Table 5 Regression equations of concentrations of 8 heavy metals

in Chinese cabbage on those of planted soils

H 4 )& Heavy metal [7]J)5 7 FE Regression equation {5 HLIE R

As y=0.009 7¢"™ 0.919

cd le(y)=1.599x1g(x)+0.441 0.944

Cr ¥=0.167 8In(x)-0.292 8 0.752 4
Cu ¥=0.000 7x°-0.057 8x+1.986 6 0.9779
Ni y=0.072 770> 0.8215
Pb y=0.001 6¢*** 0.909 7
Zn y=2.458 42010 0.7120
Hg ¥=0.000 3x°+0.000 5x+0.000 8 0.997 4

Wi hriE 2 8], 1 Cd ., Cu Ni.Zn Hg (% 4 BRAH kL [
FhrifErm (R 1) FREIA T4 AR HE(GB 15618—
2018 ) A XUBG 7 42 10 SEL I, AR 4 77 il Jo o 4 4
S FE B bR, ORI AR AR Y A KR AR SRR
B IR S B SRR ME (HY 333—2006) )3 % 1 A= 25 38
R 300N 5 (A TH bR o - S PR BT ST B i ) (GB 15618—
1995) il 3 o A SCHEE RIS % 18 T @i 2T S E 4
B 2 A 5 R 1) B0 B AR S0 AU | e R PR 3 b DR i 11
KM BRZ A, W0 EEIE M4 ST XL & T
it R XU, 2 A S 43 30 B 4 1) 1 3 PR vk
FER AR IRRN Z — . 5350 AR SO R (9 1 2 FhdE +
BESRZEREET RN ES RS LR M
FE AR T HA B X

B 17 e s e g N 0 gl S N [ N e S
A 25 R 1 A I A TR 3 A A e 5 XL
B I T TE As S 76 mg - kg™ Fll 576 mg- kg™, Cd A
13 mg- kg 128 mg-kg', Cr( VI) 4 78 mg- kg™ 178
mg ke s MME R XK HHH As . Cd B Cr B9 T 45 &
BN 12.1.4.64 mg-kg™'o ] UL, AS[] [ G A0 N b
WA AR AN ], Ao e il 1o A B I o A 1)
Prdmfe , 3% 0 43985 4 Jm i ) B R TR AR 1Y
TG, SR, SR AS B 200 T 4 B0 M 5 80 k5%
1 A R XU

T EAR H BT T 22 K. A IREEAR L
AR A A [ G AR T - S PR ST 1 2 )
R H AR5 R GRA7) ) (2018) , %t 4R F HE 524743 2548
M, O KEMFRRI, 3028 MR ORI
B B R AR, M SRR AT LU SRS T I 5 5
HEEGE", AETE M E SR LR
SEPRUE , AR ORI B S B F e A n T RS HER AL
FEARAP IS R 4 I FH 2 AN [) T G A g A P - 3
WCATTRE. S A, W LIS AR SR A B . ZEXT
bV JR B 28 3 7 X A IR AR ke B, AR AR R R
Se-BL IV SR-FR R T 20, X R AR O X

R6 BXRMETENEEREZLRE(ng-kg')

Table 6 Safety limit values of 8 heavy metals in Chinese cabbage planting soils(mg-kg™)

B3 Vegetable As cd Cr Cu Ni Pbh Zn Hg

[13% Cabbage 26 3 16 256 236 51 425 33

GB 15618—2018  pH<5.5 40 0.3 150 50 60 70 200 13
pH=7.5 25 0.6 250 100 190 170 300 3.4

HJ 333—2006  pH<5.5 30 0.3 150 50 40 50 200 0.25
pH=7.5 20 0.4 250 100 60 50 300 0.35
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