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Abstract: Objective This study was designed to investigate cadmium (Cd) pollution levels in wheat and wheat flour in
different cities of Shandong Province, as well as conduct preliminary health risk assessment of Cd intake via wheat flour.
Methods 1 789 samples of wheat or wheat flour were collected from farmers’ markets, supermarkets, and farmers in 16
cities of Shandong Province. Inductively coupled plasma-mass spectrometry (ICP-MS) was performed to determine the Cd
content in wheat. Based on the data of residents’ wheat flour consumption, the risk of Cd exposure of residents through
wheat flour was estimated. Results The Cd level of wheat was higher than that of wheat flour (Z=-12. 50, P<0.001) ,
and there were differences among cities in Cd levels in both wheat and wheat flours. The estimated monthly intake (EMI)
of the average consumer group in Shandong Province was 1.18 pg/kg:BW, accounting for 4. 72% of the provisional
tolerable monthly intake (PTMI). The EMI of the high-consumption population of wheat flour was 2. 87 ng/kg-BW,
accounting for 11.47% of the PTMI. Conclusion The exposure risk of dietary Cd from wheat flour in the average
consumer population of Shandong Province is low; however, further attention should be paid to the exposure risk to dietary

Cd in high wheat-flour consumers in cities with relatively high Cd content.
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% (Cadmium, Cd)J& —FP 8 & )8 , 76 Tolk 4= 7= b
Rz o B Tl Ak 3 e ik 7 B hn bl 4% mT
3 o — 26 TR T B A AT R 24 K 9 R Y AR
7RI T Ml 5 W HE TORN 35 7K DL S R AR il
R S5 TG B s g 3 g AR R 5 AR VE R
WoOF i B W BEHE AR . BRI Y K
ik 10~30 48, A] 7R B ME N LR L SE O I NE
Ji 25 22 g B BROR AR )T A i R A A AR,
B BB e O W R I A R A A
20 (Food and Agriculture Organization of the United
Nations, FAO) F1 {H 7 1L 4= 41 21 ( World Health
Organization, WHO) 22 1ii i A\ A 55 ¥ e 38 1Y 3 Ff 5
G0m CHY ViR ) Z —" 0 bR g AE BF 5 LA
(International Agency for Research on Cancer, IARC)
Kedma e N2 T RBUm Y, 56 B A5 Ry &
(U. S. Environmental Protection Agency, EPA) 11 #f
50 A 126 FL e S ez — 0 R R AER
FE AT AR Bl R 5 2 o 1) £ R4, B P e A i
RS 0 LIRS Al 52 38 ke i 2 i G UL AN LD
RAEEZEMWEEY, /N a2l RERKE
i Rl BTN < N AN v e a2 e O N N 1 B
R G R AR, A G A B XU, , mT oy 9T BI7 A 4% Al 4
15 Y S SR i B 545 2500 B 4 R il A

1 MR5AFZE
1.1 R

R R B AF B 1 K BT 9 {X (ICAP RQ, 3
Thermo Fisher 2 A ) 3 B T K F (XS205, Mettler 2%
Al ) 5 0% T R A (Mars 6, 36 [ CEM 23 7] ) 5 BF BE X
(GM200, fE[E Retsch 2 W] ) ; BB #% (T18, fE[H KA
NEIDF
1.2 FEAORTE

2013.2014 4E 3 075 1L AR 48 16 Tl 4% B 17 3 F

T 5 R T R AL R R /N 415 4y (AR 7 306 1)
350 Uy (A48 7= 297 1y ), 33t 765 11 (A48 7= 603 173 -
2015.,2019.,2020 4E 73 HITE L AR A 16 T A 7 K bl
MUK S5 445 [ = /N 210,518,296 {3, 3L it
1024 ¥,
1.3 ke sk

WETE S EEBERZENGRYIE ERNR
W T AR 0 R RO A A AR T Tk
(Inductively coupled plasma-mass spectrometry, ICP-
MS) b e B AR FR TP R4 TR I, B R JR — A H 58
RS, A Y BR (Limit of detection, LOD) 4 3 wg/kg,
T LOD R 1/2 LOD {ERRAC . Kl 45 54k 4 B
7 B AR MECEE i 22 2 B bR UE £ 5 T T e B
H)GB 2762—2017" 1) B 1 b #E (<100 pg/kg) 47
B HE .
1.3.1  FESTAL 2

HOAT AR M 1 /N 22 B 5 B3 00 50 g 2247 FHF I8
IR R o FREUTR 5 5 00 /0N 22 3 B o R B8 5 04 /N
4% 0.2 gCR B2 0.001 g) T ol I 3 i B b, i A
5 mL B TR , 0036 0B 1 b, 9 08 Bl 3 A0 A4S o 45 A
FEFIHEATWM(E 1,100 CHER G, HKERE
25 mL, R4, it 1CP-MS 142550 H7 .

e e R XN LS

Table 1 Microwave digester conditions

L gE i il il 2/ °C THl 0 18]/ min JE L 5] /min
1 120 5 5

150 5 10
3 190 5 20

1.3.2 AXgsor i 551

LA MR e = RS . AR A BT AR L
2o RIBUREFE S N A AT R . A TR I RS A )
W e EEOR 5, g B 00 28 5 6, iR Cd A% 1k BT 38
103Rh/115In A WHRICER , Cd J0 2= W 28 BE £ 5T 4 Lb
(m/z) R 111,

F2 AUEEE R TR PGE O A

Table 2 Analysis conditions of inductively coupled plasma mass spectrometer

ELEAS S EYiCAS EYi
SR 1500 W e e AT NN R
e N T 15 L/min K REHE /BRI A /414
A 0.80 L./min KRR B 8~10 mm
B U = 0.40 L./min RAER Bk 0
AR 4~5 mL/min A 77 =X A 3h

AL E R 2°C T WA ) 7 A 1~3

FE S P T R 0.31/s FE WL 2~3

1.3.3  FbrifEdhZem il /e

B Cd i W, E R BE 43 i 001,510,
50.100 ng/mL [ AR HE R B4 b5 o 2R 5 I W53 1)
A ICP-MS H 52 Cd AN bR oG 2 {5 5 0 R {E

LI Cd Y He B R A bR, Cd 15 P A T 2 0 0 A5 S 1
M LUAR R AR A, 22 il A o T 4R
1304 FF T A v i

W 25 VS TRORITIA A 55 W 4 0 TE A ICP-MS
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S A 21 By A R LT AT I E L A 3 A%
25 P AE 1 s 70 DR 22 AF X5 07 1 R o VAR AR SR T A
R .
1.3.6 R

FERAG I AR B 10 D3RR A IR 1 2B AR
s BTG, JEHC 1 A AT AT RE A s e
AT 85%~110% Z [0 . S Cd & & >1 mg/kg
B, PR S B A I e 4 R ) A o 22 (R A AR
SEEMEAY 10%;Cd & 876 0. 1~1 mg/kg B, 5 Ak
7 O I 5 SR ) A 0T 2 (B AN A5 SR 4 Y
15%;Cd & 8<0. 1 mg/kg B}, P U 7 56 52 00 5 &5
) 248 %0F 22 (AN A5 B 1 B2 AR S (B Y 20%
1.4 JEEREITAL
41 5 9% 5 B ok IR

7 2015 4F 11 2R J B R 1 10F 5% % i B IR
I A 500

1.4.2 HHREEITH

/N AR 1 25 5 (Estimated monthly
intake, EMD) % B8 DL 24 47 PFAl (ng/kg BW).
¢ X FIR x 30

1000'W

o, e /Ny i it (pg/ke) s FIR J& A\
P4 H /NE Ry i 9 (g/dL, BR LA 1000 J5 PR 4 5
H kg/d) ;30 HFH A B RE(d/m) s W R K
Fif (L 60 kg i) .
1.5 GEil2Eanir

K SPSS 26. 0 A4 X £l 247 Gt 2 4 ik
M1, W Kruskal-Wallis £ % . Mann-Whitney U ¥
B xR 56 X AN [ T R R AR i rh R TS e K OF HEAT L
B, P<0.05 HZEFA G E LR AreGIS 10. 6
A A A AS T T 4 7 ek 40 A R, L FH 1 9 ) 7 93 )
1 (Jenks) XA T /NAZ /N2 ¥y B 4 B i AT 0025

EMI=

2 BR
2.1 IR /INAE N B P AR TS e 1R DL LA

W25 A8 R 4 T /N2 B /IS 22 3 R il v 4 s e ok
UL R Hge it # R AR WA 3.0 ANE Rl R

3 2013—20204F L AR A8 Le 45 T /N AE /N Ry 4 ok L
Table 3 Cadmium pollution of wheat and wheat flour in Shandong Province from 2013 to 2020

i ik FEA & /(1) W/ %  KEE/ (ng/kg)  ¥ME/(pg/ke) TR/ (peg/kg) P A/ (ng/kg) ANEREEL
- INEZ 59 91.53 1.50~74.20 20.46 14.90 51.10 0
. INFZ K 64 84.38 1.50~40.40 15.43 14.70 32.00 0
2 INFE 94 88.30 1.50~84.30 17.79 13.60 55.60 0
~ INFZ K 64 68.75 1.50~41.00 15.94 12.00 35.00 0
st N 47 82.98 1.50~49.40 16.56 17.80 44.80 0
o INEE Ky 15 93.33 1.50~49.00 14.89 13.60 49.00 0
o INE 90 97.78 1.50~262.00 42.26 34.10 118.00 5
i /N Ky 37 78.38 1.50~72.00 18.09 13.80 44.00 0
- INZ 47 89.36 1.50~59.00 15.41 9.25 39.00 0
TR N 15 80.00 1.50~24.00 9.68 10.20 24.00 0
e INEZ 100 95.00 1.50~79.20 25.56 18.40 70.40 0
T g 95 63.16 1.50~140.00 12.88 12.10 34.00 1
W /1\3{ 86 95.35 1.50~73.70 17.77 13.90 40.10 0
INFZ Ky 41 51.22 1.50~140.00 11.54 3.00 24.70 2
T INZE 79 73.42 1.50~91.40 20.97 16.50 57.30 0
INFZ K 36 22.22 1.50~38.80 478 1.50 24.20 0
i INFE 60 95.00 1.50~50.50 14.56 11.40 33.50 0
s /N Ky 32 78.13 1.50~32.00 12.14 13.40 21.50 0
H i N2 31 93.55 1.50~119.00 41.52 35.50 99.00 1
/N Ky 58 58.62 1.50~210.00 18.76 8.60 80.00 2
729z /N 62 95.16 1.50~410.00 44.95 27.35 115.00 4
- /N Ky 35 14.29 1.50~39.00 5.01 1.50 30.00 0
e INFZ 43 93.02 1.50~68.30 21.06 18.30 42.00 0
INFE R 12 75.00 1.50~21.00 11.82 12.50 21.00 0
b /J\i 73 98.63 1.50~43.40 19.56 19.10 37.60 0
INZ Ky 54 85.19 1.50~32.30 13.81 13.30 27.00 0
e INEZ 41 85.37 1.50~68.40 33.65 35.10 65.40 0
INFZ K 16 93.75 1.50~95.00 23.89 16.70 95.00 0
O INFE 49 75.51 1.50~62.10 18.20 14.00 46.00 0
- INFE K 13 76.92 1.50~22.00 10.45 9.70 22.00 0
o INFZ 63 98.41 1.50~45.50 17.34 14.00 39.10 0
i /N Ky 16 75.00 1.50~17.00 8.41 9.55 17.00 0
o INFE 102 4 91.01 1.50~410.00 24.00 18.00 62.40 10
" INEE Ky 603 66.00° 1.50~210.00 13.44 11.00" 35.00 5

et H/NEME, x*=159.11, P<0.001; " 5/hEHM I, Z=—12.50, P<0.001
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91.01%, &AL 18. 00 wg/kg; /N By 5 H
FH 66.00% , & & P AECH 11,00 pg/kge KA ¥
6 55 LA B WA A ok R AG) 552 43 AT S 7S L /N 22 RN ZE
R R 22 5 HA G L (x*=159. 11, P<
0.001) , Wi & s & /b Z Ml b f7 76 W 3% 2% 7 (Z=
-12.50,P<0.001) .
2.2 INARABHT/NE JNER IR TS GO

G 25 SR G, LU AR A% T R ORI /N 22 v e
FAEZS . ST BB WA 6P
G NE S AL R 35.50.35.10,34. 10
Ml 27.35 pg/kgo FELH SRR T A EEDT T BT .
JE T AR E T T T, /N R P L0
19.10.18.40.18.30.17.80 F1 16.50 pg/kg. & &
B T S R KO A SO HE 14,90 pg/kg 2
o Geitsrr R, R m T S & AT R
e EERAEASI %R X (Z=-8.14, P<

N

A

0 40 80

160 km

0.001) ; &tk rpr 4511 5 & B BAR T A /N 22 40 % 1 22
S BA G 8 X (Z=-3.37,P=0.001), Hik#%T
INZESRE AN 1,

77 A L AR A TR /N 22 R b e O DA A 2
So Kb SRS GEMN T SR R
PO ST YT BOE T T RN T N
w5 & i b AL Bk Wl o 16,70, 14,70, 13. 80,
13.60. 13.40, 13.30, 12. 50, 12. 10, 12. 00 pg/kg.
T AR O U R R T H T N E AR
H R AL B 504 10.20.9.70.9. 55.8. 60 pg/kg.
SRR T /N R R B KO A B AE 3. 00 pg/ke
VLR o it B s , & 585 T 0 /N 22 W 4 0 4t
i T e s b & (£=-3.40,P=0.001) ; & & p %
/NS T &R (2=
-5.02, P<0.001) o H &% T/ % ¥y 40 & & o0 A
meE 2,

1
INZ A R P AR (pg/kg)

. 925149
L 1911900

w5 oseoroyisz I 19-11-35.50

P 2R A 45 T /N 22 A ik o0 A 14

Figure 1

2.3 /INZZ M AR R S 5 AR DA

FRAE 2015 47 11 AR J BRI £ 1F 9% % fi BREIR 2
WA R, NES PR 217.48 g/d, Py, N
205.20 g/d, 5 14 2% AN HE (P, 14 9 & A BF) I 9% &
528.25 ¢/do 45 4H 765 1y /N Ky b B S B A T K
WL gt 5L AR A RN R T 0 SR
P ANHE EMI 435020 1. 18 F1 2. 87 peg/kgBW ., Hif
B H 2 G 1 A e I T R R L AN T I 2N
TEaE H RN 2.28 pe/keBW, 514 P A TEAEH
B E N 5,55 ng/kg BW,

Distribution of cadmium content in wheat in various cities in Shandong Province

I [ R A 20 21/t 5L T A 20 8L fr ol 3 n 5 Bk
G T R ZE 2 (Joint FAO/WHO Expert Committee
on Food Additives, JECFA) il 1 i 5% & % 45 J i 32
% A & (Provisional tolerable monthly intake, PTMI) N
25 pg/kg  BW ARG LU 7R s R /N 22 03 T 9 Rt 2
{H P ALE Py, THE A N B R S PTMI
(9 LE i) (TR ) 23 5 K 4. 72% (0. 65%~9. 13%)
4. 46% /(0. 62%~8. 62% ) F1 11. 47%( 1. 58%~22.19%) .
HAR 2% Tl Jm R 28/ 22 80 10 4 22 5% K B T ik R
n 4.
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3011020
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B2 LR & /N Ry A o oA
Figure 2 Distribution of cadmium content in wheat flour in various cities in Shandong Province
Fa IIHRAE SRR Z/INZE R 75 88 K7 M ok R
Table 4 Exposure levels and contribution rate of cadmium via wheat flour among residents in Shandong Province
¥ifa LREIVA Py,
H R/ (ng/kg'BW)  BUHKE/% H 354/ (ng/kg  BW) kR /% H %55/ (ng/kg- BW) kR /%

BT 2.28 9.13 2.15 8.62 5.55 22.19
N T 1.74 6.96 1.64 6.57 423 16.90
e 1.65 6.61 1.56 6.24 4.01 16.06
FH iy 1.63 6.52 1.54 6.16 3.96 15.85
RET 1.60 6.42 1.51 6.05 3.9 15.58
KA 1.60 6.39 1.51 6.03 3.88 15.53
RSN 1.54 6.18 1.46 5.83 3.75 15.00
i) 1.47 5.87 1.39 5.54 3.57 14.26
i 1.26 5.05 1.19 476 3.06 12.26
N7 1.22 4.89 1.15 4.62 2.97 11.89
AT 1.17 4.70 1.11 4.43 2.85 11.41
JA I T 1.05 4.22 1.00 3.98 2.56 10.25
0 38k 7 0.16 0.65 0.15 0.62 0.4 1.58
I Yy i 0.16 0.65 0.15 0.62 0.4 1.58
BN 0.16 0.65 0.15 0.62 0.4 1.58
RAET 0.16 0.65 0.15 0.62 0.4 1.58
At 1.18 472 1.11 4.46 2.87 11.47
3 itig ERUROR AR R S N I A E SR S ]

L YIR IR N 2 R0 E 2k, A5k
WA N BESRBE A BE 1 90% DL 110, /N R AR AR
TORMEAEY, d S LR B O T R AR 6
B, 00 B AR BE ) B AT O A A N S
B ke U I AR A N A2 R i B S A T
SEob/ N 1 R (W1 1 [ 51 B i N > T =P = o
LR M Ak B I /N 22 U4 7 X, L e TG Qe i
Biea . AR SRGE N AR 50% LA LY

22 R IR B R s i B AN R R A R
R R TG Y AR SN R R S AT AR O R
ARG IR UE S, A2 R AE A [R5 K g N
ZE M ST AL R S R R R
IEARSG

A GE A B, /N H B A AR A BT
INFERERL . — B2 B A e TN AR 3, /N
AN TR B WA/ R AR /D
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FEHUNEH PR T EAGHEENRE 1024 43/
EREF A 10 A G638 2019 4ERE 5
A3 7 F R (S ) AR (4 4 ) R H BR(L ) 5765
By /NER A 6 A FERN B B 2013 ARFE A,
Sy EHOH B2 6y IR 2 ) BT (L) A
ALY ) o TR A () B G 00 s of R+ M 40 7
HEMRE S B E R A T RE S DL R oy 1
BTG YL SR A G o SRR AR A R T AR S 2 M
PR RE T8 FE S AH G . HE ST, Tl 2019 4F b JIE fif
FHEN 1427 454 W, SRR A58 — 00" s A7 T 4 G
I 3 VR T 8 P A S A AR o 2 0 e K i IX - v 4
SRDETHM SR R BEARRE
fn AT BE 5 2B 7= R B Tl s Y M 56 o 2Tl 1t
W IR &, 2020 4 R ™ 5k 1268, 9 J7 i gk
HhAln 55 20 M — 2 5 3G Y AR RE I Al A S ]
PRI LF L) Tl A= =36 sh A kP, H i o
PRI A 1K, 2020 AFE A 860 IE
Bl R, BT A TR /N2 RN R R
R R A 7 IR ) N 2 RN 2 R
B A AR R T N T BN T S T RN
HRMUNEZ e R A B A — 3, TR S N A
o Az P TR SR RO [ 2 A B I TR A7 o R A
FETS AT O, BLAR R PR 5 2 — 2B Ao

AW 58 SR FH - 3478 B ik x v B v T 2 o
rh S BB T LR T B i P Ik R A B = el
TG IR K& TR RESmBARENEN . WL
KA JE R BT 2 NG E R A48/
TH 5 A U SR IR B S R K 2 543 (JECFA)
P 0 f e A G P o PRI 2 CHE EMI A5
PTMI 1Y 4. 72% , 7 W38 128 /N 22 %y 1) I 15 2 i XL
BAK . X5 R0 0N A R G A R VT A 4
REEA—F . mIH AR EML 5 PTMI (Y 11.47%,
LA VN AR T T R R OB IR £ 4 Tk R ik
#) 22.19% .16.90% .16. 06% . HHE 2015 4F 1L 4 &
B A I 13 R 9 T f IR 0 A A 5 I R R R
Pl B i 2041, 1 ¢/d, /NEE By I - 290 B i ol
217.48 ¢/d,/NE R EE A LBl 10. 66% . 25 & F &
REHEYEZ, Z/NERTEABINES EE
Hi DX 1 /N 22 853 15 T 2 N TEAE A — 5 14 £t BRE XU o

T4 T & 2 Fg R kAR Y, AR B9 AL LA
INFE WA IE IR AR B — B R R AT T R R
B R PP, oA TR 26 E A £ R H Al 3k 73 of TR 1 4
A DX B AS [R) A7 i B B N T 1) 4 22 2 1 00, T g
FHOFAE S RAFE — AT E M. SR X
IINZE R T AR TS JeR LT R RS W I, B AP 58
DRI VA A R K AH 5G 288, Ay i By f 42 1l 4 s e

IR it RRE A5 13 0 B 2 O S
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