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ABSTRACT: Objective To evaluate the dietary exposure levels of lead, cadmium, arsenic and chromium in

Triticum aestivum L. in Anhui Province in 2023 and to evaluate dietary health risks combined with population
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consumption. Methods A total of 212 Triticum aestivum L. samples collected from Anhui Province in 2023 were
analyzed for plumbum, cadmium, arsenic, and chromium content using inductively coupled plasma mass
spectrometry (ICP-MS). The contamination status of the 4 kinds of elements was evaluated using the contamination
index method. The margin of exposure (MOE) was used for plumbum exposure assessment, while the provisional
tolerable monthly intake (PTMI) or benchmark dose level (BMDL) compared with dietary exposure, expressed as the
margin of safety (MOS), was applied for cadmium and arsenic exposure assessment. For chromium, the dietary
exposure (EXP) was calculated as a percentage of the tolerable daily intake (TDI). Results Among the 212 Triticum
aestivum L. samples, As levels did not exceed the standard limits. The exceedance rates for cadmium, plumbum, and
chromium were 1.89%, 1.42% and 7.55%, respectively. The single-factor contamination index for all elements was
less than 1, indicating safety, while the comprehensive contamination index was 1.737, suggesting mild
contamination. The average dietary exposure levels of plumbum, cadmium, and arsenic for residents of different age
groups and cities in Anhui Province showed MOE and MOS values greater than 1, and the EXP/TDI percentage for
chromium was less than 1. However, for high-exposure Py, 5 populations, including children aged 13—-36 months and
7—12 years, the EXP/TDI percentage for chromium exceeded 1. Similarly, in northern Anhui cities such as Fuyang,
Huaibei, and Suzhou, the EXP/TDI percentage for Cr in high-exposure Po;s populations also exceeded 1.
Conclusion The exposure risk levels of plumbum, cadmium, arsenic, and chromium from Triticum aestivum L.
consumption among Anhui residents are generally acceptable. However, special attention shall be given to children,
adolescents, and high-exposure populations in Fuyang, Huaibei, and Suzhou.
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A HE

ASBIF 5 R T HL IR & 45 88 1 1K BT 3% 1 (inductively
coupled plasma mass spectrometry, ICP-MS)ill i€ 2023 4%
BB /N RE AL R IR RO AT R e e R TI R, R
FHT5 e/, e /b, R A P k20 0 AR08 T A 12 00 e
RS20 288 20152017 ARLHAR TR RE IR S RO B
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BT L PR ) BRER S HRT RE RO MR BR XUR SR E
B i A N R B (R AR AR AR A

1 MR5ERE

1.1 # &
1.1.1 HaeRkfEHan

/N B ZETT (2023 4F 6 ), /INEBIRA P45
J5 ) 2~4 JEEATRAE o BB LA 7 /NE I 10 DM IX(HD),
P HR/NZREANEFL 8 kmx8 km Ay % 25 B JEA 5 A s FTAE,
FE ) — A A% AR /N 22 7 e IR ) 4 AR R, e
234 FIRAL, AR R 3~5 AN P I RIIARE i, BN
FUORERG—NPI, BHALDT 1 kg, —REE, —1h
Bk, #E. . TaRER, WRFRFRA B, ff
VERE SR BAAERME . XK R MRS, BIERER, &
Bf R 2238 77k B AR T, I 1R 85 A8 AR A ek
A5, X ToRAE HIRIEE G, H4k P I MR AR e FF AR 47,
KATEEOE e WA S mRANN, S 1 PR
TG, WE ST O AT 5 N, PO A s B 2%
AR ETERY 1/4 Ab; TGN 5 m, HEn 1 NMFREEROG,
WV 3 MR, ARYGERS; BRI K 13E s BDE
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3 B i 26 R TR PR ML T 0 O IR, RS RE S AF B IS, AR
REE R, R, BEHIT —OrRE S, SR/ AR
Rt GT BES J HEA T T R, FRAEAT I Al ol B
IRA AT RE L B T T A AR S P, 20 °CIR- T .

WP HR AT 2015—2017 £ LB mRERS
(R0 W £ R /N T S B o T SR B TR A Y
JEI 2 B W A PN, SR FH 22 B B S THE B AT LA 114 Jr 1k ik
PEURA AT S, b, RS AN, SR FRELHE R
MR G, BENLIIER 34> £ B (HiE); FER Ml 2 4
(B, SR FBUSEHEF 1) R Gedm e, BEMLER 2 4
FTBOR (82 2%); RN ATEBRN (B &2, DAL
T 60 ORI R R R o A AR R RN, O
K FH a7 B BE LA B 1 AN RS/ R/ . RN
R R RN R, SRR 45 POTRIEAE, SEE R
GIAA . BT (RS & AR PR E A A, T
B REEMEER 3 d 24 h BEE BUBURLA), AW a5 A
FUEEA 270 1, 18 B KU EEAREREE NS TF
612 Ao BLAL, IR AT AE M A5 i EL G A L AR LG T
JEATF 30 N2 IETR A U A5 TR X SR AR/ N 22 T
T B, 20K, 1533 B T IR & A .
1.1.2 B LKA

Nex ION 300D HL/EHE G 55 B F IR T (3& F Perkin
Elmer 23 #); ultra CLAVE #2030 T fi A (BRI 3K B4R Bl
HAHRAA);, XPE 204 Ji4r 2 —RKF-(d&E: 0.1 mg, i
LY Bl BR A F]); AS20500BDT #8751 AN (FHE
BRPFE I AR A PR ), AR BR L B B B B AN
BEOAS.OERL BRL OB OBEL BR. WML ER. BT M. 4R B
REPREAR(10 pg/mL), B, B8, 40, 8. 85, 88, BL.
FRIR S HRUEVSWE(100.0 mg/LY(EF A .48 K B F kL4
Brmial e, ARR (1S, JRM S A2 B0y A BRZA 7));
IINZZ R340 B AR HE ) 5 [GBW10011a(GSB-2a), H [ Hi1 i
b2 e R A B R A~ B A R 9 T D
12 75 E

P PR TR 5 e AT 3 DR 2 AU il A T )
J GB 5009.268—2016 { £ b &4 FE R bRl EihhZo0E
M2 ) AR RR PP A TR, 5 A5 H B (limit of detection,
LOD)YG 24 0.005~0.500 mg/kg . 5253 7 i 44 5% FH s 4
dh . SEFRAS L. PATRURE L AR IR Sy R A T P R T
il
1.3 G E
1.3.1 &AM BIRIE

INFE R TCR N Z WK IS GB 2762—2022 (&
M EFANE BRI E ), SR YRR
HE DAE SRR B, AL R AR Y B 43 )
J90.2, 0.1, 0.5 F1 1.0 mg/kg.

132 #REFFEmE05
R 35 AR BOH LUEAN A ST R 05 e,
K775 e 4 4 A K (1):
P=Ci/S (D
o PORES | ANICR TGRS CONES | AR AL
{H, mg/kg; S M i DICEMTEM BRI RLE B R,
mg/kg, P<1.0 HiETH, 1.0<P,<2.0 HRI54L, 2.0<P;<3.0
sy, P>3.0 S E TG YL Hoh PR, RIAZZOTRTS
PRRREBR
1.3.3 AT EE6F FIECE
LRGP AR B IHE T T Y BT B M8 A i
A LA 5 Y T s e W E L, SRR B0 T BTk LK
1Yo A A =(2):
.- \/(ci/s>iaxz+(Q/S)§v @
e P NG T5 AR EG (ClS)max HTT R 5 YR 2L
I KAE; (C/S)a HTGHY IS P AEEOTIME; P2<0.7, 15
BB Rt 4y 0.7<P =< 1.0, 75 Y2590 B R, 1.0<P
<2.0, JSYEER NRIGYL, 2.0<P »<3.0, J5YSH N g
e, P >3.0, V5 REHNEIG Y, PR, RUAZZICE
TSP R
14 RZ|IFHL
1.4.1 4RERE
H A BRI A R A 41 SURI T B DA 1 4L s
7 B & T KX & R 4 (Joint Food and Agriculture

Organization/World Health Organization Expert Committee
on Food Additives, JECFA)IFAR &5 R, B4 7] LU T8
JRURS: A5 AE A R AR R PR B, RN £ i e R R A 2R B 2
B DK R B2 70 AL (margin of exposure, MOE)WE B ¥H
it R S 1 19 A 27 15 G 0 10 IRV B Ay, DR A 0t 5 2R
MOE J7 B0 2 A8 Ji R /INAZ v B 2 S R AT KU DA . T
TN BB 2 R AN R RN Y H O E R & R B A (bench
mark dose levely, BMDLg )4 1.2 pg/kg, JLE ) BMDL,
M 0.6 ng/kg®H, HEIAKG).
MOE=BMDL, /% #% & 3)

QAR R R A S T U T X — AT, KU B IA S A
XHEAR, B MOE>1,
142 4m. AR

Xt F5, JECFA 2011 455 73 IR AU & 1Y £t i
B8 4 H 1 A i (provisional tolerable monthly intake,
PTMI)H 25 pg/kg?s SR SPPAG LD, MRS /N
rhE G R R RO T B A B N A
Feht, THEINAKX):

EXP=CxFxpx30/BW %)

b EXP g N R 255 i, ng/kg BW; Co/hAzrp
ERRE 4R S, meke FONASHLE R/NEZREE HIE R,
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g/d; BW S FIAEE, ke, p MIN LT, FESEESBNTE
P, FICABR RE BN N LR E SR & 24,
i p=1.

X, A T A 41 41 (World Health Organization,
WHO)/JECFA 7E 2010 4E55 72 WA RS T ICHLERET &
453 J& AT it 57 8% A H= (provisional tolerable weekly intake, PTWI)
15 pg/kg BW, BA ERE A4 2 (Food and Agriculture
Organization, FAO)YWHO il 1 ¥4k 74T, e LATCHLAP 2
NZEhilisia % 56 BMDL 3 pg/kg BW AR ARG TCHLA
TEFE IR AR ARG RS RN, AR PEAS A /N
B R PPAL R LB & A T IEAR, T AZS):

MOS=PTMI 5 BMDL/fj# {2 575 it ©)
AP MOS AT A SR SinE AR R
R LLME, B4 FRAE (margin of safety), MOS>1 3R/ %52 Xif
S AR XU PT LA E3Z, MOS<1 2/ 2 58 Xt J R it JoRE XU G
e
1.43 4R ERE

EFSA R4 —I K Blig 2 O FbEars h AR ML 4
EAE B B 5 K F (no observed adverse effect level,
NOAEL), ¥ Cr(l)% H A it 32 $% A i (tolerable daily
intake, TDI)Jy 300 png/kg BWE7, AHFFEE ATERE £ v 4% 2

FE i TDLMIELAEL, 445 TDI B4 > 1 i, e —E
ROGERERES; 2 di TDL Far e <1 i, DA R U AR X
AR,

1.5 HIEAIE

FIFH Excel 2016 1 SPSS 26 # A% A6 M SHE . 1 255+
B | 2 R D RS A 5 A T A A AT, AR R
HOFBE=FI & oo 0 iR, B Py =T
ik x Py s TH P a /R E . A AR XY MOE Wi+
JLER) BMDL,, & 0.6 pg/kg, E A 0.6 pgkg &
MOE H# AL KT 1, B4 1.2 pg/kg A EAREKT 1,

2 HER5H5H

21 MERERRFEKESH

212 y/NERESR RS L B R ARAORIIZE SR, o
PR ERA 7.55% (16/212), fREIHEPRE A 1.89% (4/212)
FESHGEFR RN 1.42% (3/212), K0 100%, H 4
JC F OV 35 F i R H B 0 TS5 Y ) BR S {E (GB
2762—2022 B LR EGARME ST RYIRE)), X
HERE S B A R bR R, TR, TN LT R R
BiTAl. W2k 1.

R1 hEP 4 MITREENER (mg/kg)

Table 1 Detection results of 4 kinds of elements in Triticum aestivum L. (mg/kg)

TR i FHE HL L b fn 2% Pso Poo /% HBRAR/%"
% 0.075~3.670 0.596 0.4340 0.593 0.4340 3.59 100 7.55
fit 0.0044~0.3328 0.0337 0.0268 0.0315 0.0268 0.18 100
il 0.0028~0.2720 0.0501 0.0455 0.0355 0.0455 0.24 100 1.89
Hiy 0.0035~0.5337 0.0612 0.0414 0.0652 0.0414 0.44 100 1.42

T: * NS GB 2762—2022 /N HFHLE I BR(E, N R bR
22 hNERISERIEBSH
LR L B IS ARERCAIR . P o
1.737, JB TR, 5 RUI/INERE 2 505 L 5.
fifl . BEICR MG Y, FEAE—E M2 XK, NG ERE,
k2.
F2 MEFAWMTRGTRESR

Table 2 Pollution index of 4 kinds of elements in
Triticum aestivum L.

LR P; V5 YLt B P TS Y R
H 0.306 R
i 0301 P 1.737 TR TG e
i 0.067 R
% 0.596 TR

2.3 ANBEBHEZRESIT
R B A 4528, T3 LR A TR AF i B AN

FE T EH/NE GRS R . BRERXEH/NETEHE
1w 51.98 g, Psy oM 33.33 g/d, Poys A 243.10 g/d, FeRiH 3%
N 633.33 g/d, 4~6 X BRI, FURES RIMEEK,
TR AR B 2R B AR A P38 O, TH SR A R B
i Ik s X B BH Y 2% R (Pors) Fe i 351.83 g/d, Hfik2= M
(Po75) 146.64 g/d; FeRhHLIX 75 ZEH Bt (Por.s) By 248.40 g/d,
BARRBEM (Pyy.5) 89.58 g/d, FeMLHIAE e AL IX Tk
BEMfAAEZER, BREANEZNEEHE S EOAERE
=5, WEIAE4,

24 ERERREBRE
241 ARESFHBRERGELREE

X G RUNZE R IR AR G BEFR Ry . . Aib L Bk
1T EE BT, TR VA S R Pyyso WA
JERIE AT R B RS R Py s 7€ 0.04~0.11 pg/kg
BW F1 0.07~0.37 pg/kg BW; J 04872 58 55 B Il i 22 0%
Po7.s 1E 1.02~2.63 pg/kg BW #il 1.83~8.99 ug/kg BW; L
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B -2 B ER R R 2 ER Py s 7E 0.02~0.06 pg/kg BW Al
0.04~0.20 pg/kg BW; Ji £ 5% -1 28 5 1t L 5 25 8 Pos s 1E
0.41~1.04 pg/kg BW i1 0.73~3.56 pg/kg BW, H 4~6 %
FEr R, 13~36 J] B fitim, HZRUE mREEE .
B BRI AR R Py s TR SR ER BLTE AR
W B b d s, HUORE . B B BREET . WA A

ANERY B SE B AN Py 5 19 MOE, MOS ¥ KT 1, %#
ZITC R R N RAEAE SR Y 3 Uy s 1R 2 4 1 P 3448 oG
TDI WA/ AR B /N F 1, (H2 13~36 J .
7~12 B ERBRE Poys i TDI HAHAHE 1.19%F
1.05%, DS B 45 = R 0 8 A A — 8 IR AU . T
FsmE6.

®3 RBERFERBNENERERE @D
Table 3 Daily consumption of Triticum aestivum L. by age group in Anhui Province (g/d)

AEIE K AT kg M Pso Po7.s PN
0~12 A 9 10.24 16.48 13.33 14.97 46.67
13~36 A 34 13.25 23.16 20.00 79.25 83.33
4~6 % 4 20.60 14.00 13.33 25.12 26.00
7~12 % 446 34.12 39.48 24.17 179.71 320.00
13~18 % 336 53.50 56.19 33.33 248.58 633.33
19~59 % 443 64.75 61.01 36.67 262.33 526.67

60 % K DA I 261 61.16 58.12 33.33 289.33 423.33

it 1533 51.18 51.98 33.33 243.10 633.33

R4 RPESHHIENERERZ (@D
Table 4 Daily consumption of Triticum aestivum L. by city in Anhui Province (g/d)
Hi X Bt SR TE kg XA Pso P75 = INI1
I R 128 62.44 31.07 16.67 213.04 246.67
2 127 56.54 33.56 31.67 146.64 156.67
B 165 64.42 87.81 65.00 351.83 423.33
b X
bl 129 42.72 49.87 23.33 305.00 603.33
TR 239 41.24 48.86 33.33 196.67 228.33
T M 168 62.89 92.91 52.2 345.62 526.67
e 16 67.85 33.33 18.33 89.58 93.33
AE 343 40.82 34.88 23.33 133.33 633.33
M P 1 [X. —
NE 115 52.03 44.85 30.00 248.40 510.00
JEW 103 54.97 54.13 33.33 238.00 460.00
o 1533 51.18 51.98 33.33 243.10 633.33
x5 TRFWRERERREZ (ke BW)
Table 5 Dietary exposure in different age groups (ng/kg BW)
L FEFR T EXPCF-Y) F:FE R EXP (Poys)
i ki fif i H e i i
0~12 A 0.10 2.42 0.05 0.96 0.09 2.20 0.05 0.87
13~36 A 0.11 2.63 0.06 1.04 0.37 8.99 0.20 3.56
4~6 % 0.04 1.02 0.02 0.41 0.07 1.83 0.04 0.73
7~12 % 0.07 1.74 0.04 0.69 0.32 7.92 0.18 3.14
13~18 % 0.06 1.58 0.04 0.63 0.28 6.98 0.16 2.77
19~59 % 0.06 1.42 0.03 0.56 0.25 6.09 0.14 2.41
60 % MU 0.06 1.43 0.03 0.57 0.29 7.11 0.16 2.82
Bt 0.07 1.75 0.04 0.69 0.24 5.87 0.13 233
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Table 6 Assessment of dietary exposure to 4 kinds of elements in residents of different ages
s A PR Py s
A MOE #% MOS 4 MOS fif (EXP/TDI #%)/% MOE #% MOS 4 MOS i (EXP/TDI #%)/%
0~12 H 6.09 10.34 55.31 0.32 6.71 11.38 60.89 0.29
13~36 H 5.61 9.52 50.93 0.35 1.64 2.78 14.88 1.19
4~6 % 14.43 24.47 130.99 0.14 8.04 13.64 73.00 0.24
7~12 % 8.47 14.38 76.93 0.23 1.86 3.16 16.90 1.05
13~18 % 9.33 15.84 84.76 0.21 2.11 3.58 19.16 0.92
19~59 % 20.81 17.65 94.48 0.19 4.84 4.11 21.97 0.80
60 % L) I 20.63 17.50 93.68 0.19 4.14 3.52 18.82 0.94
Bt 16.87 15.67 83.87 0.23 5.02 6.02 32.23 0.78
242 RERTERBELRE DL MOS (EX KT 1, RUIZITR I AMAATERAR A

LR R RIGCR . A W R
K225, GeILMRDCRY . . B, BTSRRI S
Pons el 1B F IR, BEILHLIC M 4 B P49
SRR, AL 4 FOGK S RIRL Py s RS, BETHAD
JENG 4 AV R RS I L P R Poy
R 10 AT 505 IS J % MOE RIS MOS f

=7

FRAS: o e R e e 2t DX 85735 EXP/TDI | 43 He 31/
F 1, AR5 %8R Py s EXP/TDI [ 43 e B FH | b A M
43R 1.09% . 1.42%F0 1.09% KT 1, FFE1E—E RIfd XU,
T 3 X 3 8 Pt X, et K B /N A 322
WX, BR—H =B e e f/NE, Fitthedrib X E
RO /NZ R A SR s LA R, L3R 7 gk 8.

TEtHERERREZ@g/kes BW)

Table 7 Dietary exposure of residents in different cities (ng/kg BW)

SGEH EXPCEH)

TR EXP (Pors)

i it & i % i ] it %
=i 0.03 0.75 0.02 0.30 0.21 5.13 0.11 2.03
=Z=M 0.04 0.89 0.02 0.35 0.16 3.90 0.09 1.55
LK YI?AFH 0.08 2.05 0.05 0.81 0.33 8.21 0.18 3.26
=] 0.07 1.75 0.04 0.70 0.44 10.73 0.24 4.26
A 0.07 1.78 0.04 0.71 0.29 7.17 0.16 2.84
75 M 0.09 2.22 0.05 0.88 0.34 8.26 0.19 3.28
e 0.03 0.74 0.02 0.29 0.08 1.98 0.04 0.79
e éHE 0.05 1.28 0.03 0.51 0.20 491 0.11 1.95
N 0.05 1.30 0.03 0.51 0.29 7.18 0.16 2.85
JE I 0.06 1.48 0.03 0.59 0.26 6.51 0.15 2.58
Bt 0.06 1.42 0.03 0.56 0.26 6.40 0.14 2.54
=8 TRTER4MTRERFESITN
Table 8 Assessment of dietary exposure to 4 kinds of elements in residents of different city
X SEHME 5 Poss
MOE #t MOS#%  MOS# (EXP/TDD)#%/% MOE# MOS#H  MOSHli  (EXP/TDI#)/%
[=3:7) 19.70 33.43 178.90 0.10 2.87 4.88 26.09 0.68
Z M 16.52 28.02 149.98 0.12 3.78 6.41 34.32 0.52
ALK %BH 7.19 12.20 65.31 0.27 1.80 3.05 16.30 1.09
|4 8.40 14.25 76.26 0.23 1.37 233 12.47 1.42
e 8.27 14.04 75.14 0.20 2.06 3.49 18.67 0.95
5 M 6.64 11.26 60.26 0.29 1.78 3.03 16.20 1.09
T 19.96 33.86 181.22 0.10 7.43 12.60 67.43 0.26
bR X {}@ 11.47 19.47 104.18 0.17 3.00 5.09 27.25 0.65
N 11.37 19.30 103.27 0.17 2.05 3.48 18.65 0.95
JE 9.96 16.89 90.40 0.20 2.26 3.84 20.56 0.86
Bt 10.35 17.55 93.94 0.19 2.30 3.91 20.92 0.85
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AHFFT PR R R S PR kXN b 4 PR R
HEAT TOPAh, SEARHAR T 2B R R/ANE Y. . fih.
BRI . TSR ER, 4 FOTEEY. f. B
BEAE 212 fy/NEREMPIERE, FFHAARFRRENEH
IR, X LB AN ) A 1 BRI [R] b T i B 7 2 18— 2 11
TR XU o

LR /INERERL PEB AR AL T IL AR B PV (4%)
bR T IR B PN (3%), ATREZDN N fE R H/NE
G SRR E AR, SR PR BF I — B, NEE LR
B RET R BEURE SR IS S E R . BIAE
INFE RS RSB AR TS iR, P YEART GB
2762—2022 (R EESR, BISETTE 4 FhoCR IS YR H0Rm
AT, A RBIE L AWEN . SBETEA 2002—2018
A /NG R R A S 2 B AR PN 2 ol /N
I T B PG 2 ) ) /N2 R i A 1) - 249 48.(0.074 mg/kg), T
i e - e PG A W g /I 22 R B - 240,027 mg/kg);
5 11734 20152020 4/ N2 AR I A5 (i LA, et /s
F LI EE R T I ARG /N E B F1E(0.024 mg/ke),
HEET 20182021 4F/NE PR A I EAR DY, e
JINZZ % S 35 38 v T PR T A /N 2 R S M
(0.0475 mg/kg).

THRZE R BoR, LA TR RN T 4 RO R T35 5
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B, T E R ER R ST B MOE F1 MOS ¥k T 1, WA
2Nt N RRE RS B E, (024 EXP/TDI B H 43 HLFE AR
WS BORI T R AEE R T 1 IO, 25,

ANTFAE S B i B /N2 oh 4 e 210 1 35 2 68 i 11
MOE. MOS KF 1, LK EXP/TDI U E 43 H/hF 1, i
REEENERTE Py s 5 TDINE S HRT 1, FTHAM
P 13~36 M 7~12 2 AR SRR A —E I KU
55 oA e S SV 9 I 1 4 1 R R AR AR T AR A
e —8, BoRR e LEE AR FIFEZHE 10 4
Hu T 4 FhoT R (914 2 5% B MOE Al MOS ) KF 1 LU
J EXP/TDI (I E 43 Ee/NF 1, AR HIX B pH | ffEdb Al
T8I 3 A HITHES 10 = AR B8 Pors 5 TDI AT LR T 1, 2
WO LS, SRR, TS XAy (P
REATR 8 XA [) AR o 35 1 RS

AWFFEAFAE— 7 AT M, S0 D 25 A A
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IR AR 22 5, TH P AU A e AR 4, T T Al
HER A A IS B ATER AR AR D R ER IR IR T4
B/NE RN ERETS, MARER. 78—, AR

375 I E IR K . S E R R BRI, b
IR L AT RE 2R M PEAG A5 SR AR A, 3 B0 e XU A i
e A, (A2 XA EE R AR SR RO . 25 1T
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