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Enrichment characteristics and dietary risk assessment of 8 kinds of heavy
metals in multiple crops under rotation planting systems

KANG Mao-Yue'”, ZHANG Chong-Sheng'”, ZHANG Jing', CHEN Fang-Fang',
FANG Dao-Zeng', NI Zan®>, CHEN Man-Ling’, LIU Jian-Li*"

(1. Wenzhou Institute for Food and Drug Control, Wenzhou 325000, China; 2. Wenzhou Center for Medical Innovation and
Evaluation, Wenzhou 325000, China; 3. Wenzhou Technical Testing Research Institute for Quality,
Wenzhou 325000, China)

ABSTRACT: Objective To investigate the enrichment characteristics and dietary health risks of 8 kinds of heavy metals
(Pb, As, Cd, Cr, Ni, Sn, Sb, TI) in various crops under rotational planting in the same field. Methods From 2023 to 2025, a
total of 38 kinds of rotationally planted crop samples were systematically collected from the field. The heavy metal content
was measured, and their enrichment characteristics and differences were analyzed. The monitoring results were evaluated
based on the limits specified in the GB 2762—2022 National food safety standards-Limits of contaminants in food and the
exposure risks for adults and preschool children were assessed using the estimated daily intake (EDI), target hazard quotient
(THQ) and total carcinogenic risk (TCR) models. Results The enrichment capacity of heavy metals in crops exhibited
significant category- and element-specific characteristics. Pb and Cd showed stronger enrichment in leafy vegetables (e.g.,
lettuce, youmai cabbage, €tc); Ni was relatively highly enriched in legumes (e.9., broad beans, peas); Sn was relatively highly
enriched in leafy vegetables (e.g., yellow sprout cabbage, youdong cabbage) and some brassica vegetables; As and Cr also
demonstrated certain enrichment capabilities in leafy vegetables, though overall pollution levels were low; no significant
accumulation of Sb or Tl was observed. Risk assessment indicated that multiple crops (e.9., lettuce, spinach, eggplant, youmai
cabbage, celery) showed potential carcinogenic risks for Cd (TCR>10*). Pb and Cd in lettuce pose potential non
carcinogenic risks to children (THQ>1). The exposure risk of Ni from legumes was relatively higher than that from other
crops. In particular, broad beans posed a potential non-carcinogenic risk to both children and adults. Conclusion This study
indicates that there are significant differences in the enrichment characteristics and health risks of heavy metals among
different crops in crop rotation on the same plot. To ensure the safety of agricultural products and a healthy diet, it is
recommended to implement a crop based graded control strategy at the source of farmland avoid and restrict high
accumulation varieties of heavy metals, and promote the cultivation of low-accumulation crop varieties; and guide public
consumption, especially for children, through dietary guidelines. This approach will help establish a full-chain health
protection system from planting to consumption.

KEY WORDS: heavy metals; enrichment characteristics; dietary risk assessment; target hazard quotient; total

carcinogenic risk; agricultural product safety
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ZrtE; BT ML REFRMET L E L e, 5E
iz F4F H 3% At (estimated daily intake, EDI), H#FrfGE R
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HEEBWTBEAT I S EENE. BERES A NHER,
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1 MR5REE

1.1 E5RF

NexION 2000 Hi AR A 55 5 1145 3% {X (inductively
coupled plasma mass spectrometry, ICP-MS), Optima 8000
O A 5 B F K % 3% Y (inductively coupled plasma
optical emission spectrometry, ICP-OES)(3E[# PerkinElmer
AR F]); Mars6 St TH (X (35 B CEM A Fl); GSN-20 A4
SRR M ER B AR A BRAFD); 1Q 7000 Mill-Q #E4lizK
X (5 =] BR 72 4 A Millipore SAS Z3]); BSA223S HL TR
(KEJE 0.001 g, FEEZEZFIA ).

65%H R (LK 2li, 18 E B An &/ F); Pb. As,
Cr ARMES (R E 1000 pg/mL, FESHF%); Cd. Ni., Sn,
Sb . TI(FERE 1000 pg/mL, Jbatiz S8 FRGAME RA .
1.2 SKIedH

AT 5E 5L T AR 7R i X (] — M BY AR VR Pl b e, T
2023—2025 FHRE T RKBEM W, BT 38 FhR /Byt
ARED 2~3 MR A% EE RN RIERS, U
PR LR — 300k, HERR S IR X A 4R
B RTIE . RS GB 2762—2022 (£ 544 E Kby
e B S s YRR ) AR AR E T 2, 1
W2 1.

®1 RIERGHMERNRIEDER

Table 1 Crop species sampled in the rotation system
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Yol RIS 24

St 1B R A b ek
Bk AL
RREGE WK, SUR. AR BEARZIR. BN
TR B i
w9 KRR, K REK
R R WAE. R

1.3 LWHE

%18 GB 5009.268—2016€ & i L EZAnE & i
ZICEMME ) B, & mFRBUBRHLTE S AL S,
A 10 mL fifERIHA T BRI 120 °C 20 min: Hi T
{10 min, f#44F 10 min). BUHRIUROEER N EZR, EF
Tlcis T A SGHEA TR T A (TR 1600 W, FHEEF 180 °C,
FHEETE] 20 min H-04E 30 min). WEUSEH, & FERRL
EFRGERR S 165 °C, FHIR 10 min, {343 40 min). ¥HI5H
LK AEZZE 50 mL, FESIFRRN, Rl s,

ICP-MS &% 5 S 1600 W; 45 8 RS
& 15 L/min; /LS E 1.05 L/min; 30232 35 r/min;
bR R, S : 3 mL/min; Cr BIPIFRA Sc, Cd. Sn,
Sb B4R In, As. Ni BINHRA Ge, Pb. T1#AF5H Bio

ICP-OES {Y #2541 ST 4 1300 W, 4585 FAR < it
15 L/min, HIFSHE 0.2 L/min, ZALS R 0.55 L/min,
PEREA 1,50 mL/min; Pb /0Tl K 220.353,
1.4 FirfkE

27 GB 2762—2022 fAEHM Pb, As. Cd. Cr ¥l
FREEVEATHE, 8RB EMHE WA G, FIRME
Y E 4 JE R ERR(E AN R 2 R
1.5 BEEXETE

2% & E B £ P % (U.S. Environmental Protection
Agency, US EPA){gt i KUR ST, SR LR G X5 B R 5
W % B 42 J8 5 7% 77 & (oral reference dose, RD)FIEUE &}
#[HF(slope factor, SF), %} Pb, Cd. Cr. Ni ZE 48 &t
IR P BUN Z TR ACOE T IR £ XU DA 11,
1.5.1 HEAZIELE

B A A B H AR DT T A8 06 T I 45 i Hh oL
KA 2024 4 J5 RBE AR N IEME, ST R, B
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Fz2 BRIEVIESERE(mgke) _ EDI
Table 2 Heavy metal limits in various crops (mg/kg) THQ= R{D @
RAFI Pb As cd Cr A THQ W BAREE A5 RID A& MHEAS %1t
3R B3 0.3 0.5 0.2 0.5 i, mg/(kg * d), HFELE RID HASEE N FE 417,
oK BE
IR 02 05 01 05 £4 SESETE RD SE{E[mg/(ke » d)]
SRR 0.2 0.5 0.05 0.5 Table 4 Reference values of RfD for each heavy metal element
PR b2 [mg/(kg * d)]
s 0.1 0.5 0.1 0.5 T D
2R 0.1 0.5 0.2 0.5 Pb 0.0014
E2S 0.2 0.5 0.05 0.5 As 0.0003
[ e 0.1 0.5 0.05 0.5 Cd 0.0005
TURERHESE 01 0.5 0.05 0.5 Cr 0.0030
" Ni 0.0054
R 0.1 0.5 0.05 0.5 !
— Sb 0.0004
i 0.1 0.5 0.05 0.5
BYI(EK) 0.2 0.5 0.1 1.0 1.53 BRI FAE
KR 0.1 _ 0.05 ﬁéﬁﬁ TCR *ﬁ?ﬂXﬂ'f&’ﬂf%qjﬂ(] Pb.Cd iﬁﬁﬁ%ml‘ﬁﬁ‘

TE: - AR BRA

WA H O REE h R AR B, AR S
ChEEYZ ) PRrdBUE T REERY, R AR
()42 HES B EDL,
CxIRDx E; X E4
BW X AT
A EDI b4& HA AR, mg/(kg » d); CNES
JB &, me/kg; IRD SAIZZEE IR A H A 2 (daily
intake rates), g/(d = N), BAAWLZE 3; BW HFH{AH (body
weight), WA 64 kg, “FHFTILE 19.1 kg™ Er Jy R 5540
K, 365 d/AE; Eg NRERINE, 70 45 AT N34 iR S0
Yyrta) (average exposure time), EpxEqg, 70x365 d.

EDI= x1073 )

*x3 ZEREYIRD BEE
Table 3 Reference values of IRD

AAEYIZE ) A IRD/g 24T )L# IRD/g
i 264 186
Hk 270 220
“ 270 220
KR 50 50
PEZERE R (A 2050 50-50

1.5.2 BAFRE ZEOHE

A THQ XS AAEYI ) Pb. Cd. Cr. Ni #fT
faBRE XU PEA, 83 2 (2) T THQ LATEA Ak 850 KUK o
M THQ< 1B}, TR EAMITA R I B, b {85
KBRS, 24 THQ=1 B, FEAZREE AFEAR AT BE I (g Rl
SRR, AR, fele e XL B ey 2222

B2 HAAHE LA(3) . 24 TCR<1x10°° i, Eu KU
RE I EUR X, 24 1x10°<TCR<1x107"* i, ffak ]
Z R 24 1x107°<TCR<5x107% o BU@ KUK, 24
TCR>5x10"*, = &0 KU .
TCR=EDIxSF 3)
A SF A S EE MR US EPA il @ W BUE R
X F(slope factor), mg/(kg * d). #5ICRMBUE R 14>
24 Pb: 0.0085., Cd: 0.3814,

1.6 HIEALE

BHIES I GB 5009.268—2016 i, 5%
BN, KT A BR A H AR S8 2 A o
ICP-MS X 2.3 iR Syngistix ™ B {2 %bhE b #E AT R A 4007
FE AL B34, ICP-OES SR 5.1 Jit Winlab32 for ICP fift#k
XA FR A T RAE ST B AL 3BT, SRAH Origin 2024
AT R, R WPS Office 2024 #EATE IR A% HI/E
RGeit oo

2 ER5HH

21 EEREEBRERERTN

NARGHERNZIAER R P EEENTE & LM
e, AFgE T 2R R R AT T RS2 iEm . 2550 5%
B, RIRRAVEY N T 48 1 s 42 Re I fE e B B i 28 55T
FRE e . R R IS B R 0 3R 5 IR A O 4
[ e 0 A s Rl e K T = G N A A
2.1.1 REVRAH'E E45HE

MRS AN AR AR SR AR &
. B2 E 4R M I e SR, JLHXT Pb.
Cd. Cr. Ni. Sn ¥JEBUAHNE = 0 & M, HARS i
AL 1, 2, X F BRI AR I IR AR A
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Fig.1 Differences in different heavy metal content enrichment
among different types of crops
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Fig.2 Accumulation of 8 kinds of heavy metals in leafy vegetables
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Fig.3 Differences in different heavy metal content enrichment
among different crop varieties
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Cd. Cr. Ni E4JE, ik T IHEEREHExH & %k
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52T LT 1 B R KO 5 RS R, B E U K
Bor SRV, Ay il 8 P S A8 45 SR W 55 4 %) 1k I B 4 rE SR AR
2R
22.1 Pb &4 ARt

WAL XHZ X IARAVEY) Po i FRFLSL M, A5 R
GEVPAS T G B e SRR . FETS R KT I
FiT A WE AR AAEYIY Po & RS GB 2762—2022 45 ifE,
BIAAEY P 2 RO R T o SRR H AR e
R A B0 WSS R TR I a5 S R, RS Z8UEY)
P14 Bt R IXURS: A 1 P e SZ Y PR N, AR 32 T S B A A B0 XL
W REM . BKME, #E3 Po SR, H
B &SR8 T R B R, R A Bk, B
THQ. TCR ¥4 TEARATE o 1AL SER 22 i L REIA
) THQ i & Bt 224 BB (THQ>1), FMIFAET I B0E
B XUSE, FARULE 4, FEB0@REF1H, B 5 kI,
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X, JEF T Bz e Ay i, A% TCR H L HX i
LB 1 10 22 2 JXUJRG: DU o 58 o
222 Cd &4 B R&FE
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A T HRE et SRR, B 6~7, 25, izt
YEFME AL, HF LA BGER AR B GB 2762—2022
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WREBARIGZL | T SO LR BN, X Cd HA feoi s 4E
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Pb enrichment
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Fig.7 TCR assessment of crops with relatively high
Cd enrichment
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Fig.8 THQ assessment of crops with relatively high
Cr enrichment
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Fig.9 THQ assessment of crops with relatively high
Ni enrichment
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