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Cadmium pollution status and health risk assessment in wheat in Shandong Province
from 2020 to 2021
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Abstract: Objective To understand the pollution status of cadmium in wheat in 16 cities of Shandong Province and
evaluate its dietary exposure and health risks. Methods Inductively coupled plasma mass spectrometry was performed to
detect the cadmium content in wheat in 16 cities in Shandong Province from 2020 to 2021, and the dietary exposure to
cadmium was calculated based on the wheat consumption of Shandong residents. The health risks caused by cadmium were
evaluated using the margin of safety (MOS) and the health risk assessment model recommended by the United States
Environmental Protection Agency. Results The median of cadmium in wheat was 0. 020 2 mg/kg, and the detection rate
was 97.5%. The cadmium pollution in wheat was higher in southern Shandong Province and Jiaodong Peninsula, and
lower in northwestern Shandong Province. The average monthly intake of cadmium from wheat by Shandong residents was
1. 80 weg/kg*BW, which was less than the reference value of PTMI(25 wg/kg*BW). The MOS of cadmium in wheat was
13.9 and the risk was acceptable. The average annual personal cancer risk was 0. 46 X 107 per year, which was less than
the standard of the international commission on radiation protection. Conclusion There are regional differences in wheat
pollution in Shandong Province, and the health risk of residents ingesting cadmium through wheat is at an acceptable level.
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Table 1 Status of cadmium pollution in wheat in Shandong Province
i X G R/ % PR/ (mg/kg)  JUAIE/ (mg/ke)  Fe/ME/(mg/kg)  FEL(P25~P75) /(mg/kg)  P95/(mg/kg) H KA /(mg/kg)
EMTT 80(32/40) 0.013 1 0.0100 <LOD 0.012 5(0.006 2~0.017 2) 0.023 9 0.052 8
BT 100(40/40) 0.023 7 0.020 6 0.009 2 0.018 8(0.014 0~0.027 1) 0.0557 0.084 3
KRBT 92.5(37/40) 0.013 5 0.0115 <LOD 0.012 8(0.007 7~0.018 4) 0.0211 0.0319
FEETT 97.5(39/40) 0.015 1 0.013 5 <LOD 0.014 3(0.010 4~0.017 6) 0.026 9 0.046 3
FreaTh  97.5(39/40) 0.015 4 0.0130 <LOD 0.013 0(0.009 0~0.021 3) 0.0349 0.044 6
VT 100(40/40) 0.0325 0.027 3 0.008 6 0.029 4(0.016 1~0.041 3) 0.077 0 0.079 2
Wk 100(38/40) 0.010 8 0.009 8 <LOD 0.010 1(0.007 6~0.013 0) 0.017 5 0.023 2
YT 100(40/40) 0.039 7 0.037 0 0.020 8 0.035 4(0.029 6~0.046 0) 0.065 4 0.091 4
H 100(40/40) 0.025 4 0.023 8 0.010 1 0.023 3(0.019 9~0.029 9) 0.046 9 0.0530
H BT 100(40/40) 0.027 5 0.0253 0.009 6 0.027 5(0.019 7~0.034 8) 0.044 2 0.060 6
ZE%TT 100(40/40) 0.0210 0.0195 0.008 1 0.020 8(0.017 4~0.024 8) 0.0335 0.046 1
WET 97.5(39/40) 0.033 7 0.030 7 <LOD 0.031 8(0.027 0~0.038 0) 0.050 2 0.097 4
HEETT 100(40/40) 0.0220 0.019 9 0.006 3 0.021 9(0.014 1~0.027 9) 0.037 1 0.039 2
MMETT 100(40/40) 0.044 3 0.037 3 0.008 9 0.039 1(0.024 6~0.061 9) 0.089 2 0.094 1
HJET 100(40/40) 0.023 8 0.021 8 0.008 8 0.021 8(0.018 4~0.028 6) 0.039 4 0.062 1
T 100(40/40) 0.018 1 0.0153 0.007 4 0.012 7(0.009 8~0.021 6) 0.042 4 0.045 1
7R 97.5(624/640) 0.024 1 0.019 4 <LOD 0.020 2(0.012 8~0.030 4) 0.056 7 0.097 4
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Figure 1

Spatial distribution of cadmium pollution in wheat in Shandong Province
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Table 2 Cluster analysis of cadmium in wheat in different cities in Shandong Province

251 i/ (mg/kg) i T A Hi T 2% R

201 0.0126 6 FEMNTT AETT RE T B R T T U

Jhi) 2 0.0233 7 FEINTT PF T E ST L H BT T YT R T

ESE 0.035 4 3 I U7 i T A

2.3 IIARAE AN TR T R E e B A /N 22 B 4 g R i (EMI) \MOS A> A 800 7 Y 42 RUR: (RO) #4945 A 2
S SR o B 3 1 7E 8 AL R A B A A0 7 2 4R

3B ARNAREERBESREANDLZHICIE B 2.04x107/4F 5 ICRP #7514 5 K Al 4% 52 4F
JEE— R B UL T L W m R N AL, 2R EE KRR 40. 8%
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Table 3 EMI, MOS and R of cadmium in wheat in Shandong Province

MK 7 (EMD /(pg/kg-BW) LR E(MOS) A N BU 354 AU (RS) /(x107°/4F)
v o7 5 P95 AR P95 5L P95
I T 1.11 2.54 22.4 9.85 0.29 0.65
T T 1.68 3.82 14.9 6.55 0.43 0.98
R 1.14 2.60 21.9 9.62 0.29 0.67
bRz ) 1.27 2.90 19.6 8.61 0.33 0.75
G T 1.16 2.64 21.6 9.47 0.30 0.68
P al] 2.62 5.97 9.54 4.19 0.67 1.53
LB 0.90 2.05 27.8 12.2 0.23 0.53
I Uy 3.16 7.19 7.92 3.48 0.81 1.84
5 2.08 473 12.0 5.28 0.53 1.21
H e T 2.45 5.59 10.2 4.48 0.63 1.43
FART 1.85 422 13.5 5.92 0.48 1.08
R T 2.83 6.50 8.82 3.87 0.73 1.66
By 1.95 4.45 12.8 5.62 0.50 1.14
LERENTT] 3.49 7.90 7.17 3.15 0.89 2.04
LT 1.94 4.43 12.9 5.65 0.50 1.14
W 1.13 2.58 22.1 9.69 0.29 0.66
R4 1.80 4.10 13.9 6.09 0.46 1.05
2.4 [ N A M DX N2 R R TS Gk — i R T do IARA /N F b r 805 gk 9 1E RS
5 1 A N BUE AR KU Hi DX /N R T A B OK SRR T R A H R

INEME R R ER, HZ2RBZR )z BREE NS IR A R R DR —
WL R I AR A /NEZ R RTE ok /M BEEY 1.80 ng/kgBW, & T/ 44 1% T B VE 44 7K
A NEE B AR RS 5 N AR X X, 25 2R W P K SE

a4 AR E /N T JeAR L | — PR B A B T 3 A XU

Table 4 Contamination status, EMI and R of cadmium in wheat from other studies in recent years

, Krihge/  FEHE/ R E/ SN . EXP/ R®/

] 2 i % i % o h 25/ % ik
b X FammiEe (mg/kg) (mg/kg) /(mg/kg) B/ (ng/kg BW) 4E(x107) e
LRl INGE 1171 — 0.027 1 0.019 9 0.22 — — — [19]

oK (S 1326 41.5 0.011 0.006 0.14 1.06 1.26 — [20]
Hikra INFZE Ky 851 — 0.012 0.002 0.099 0 — — [21]
Bepa gy /NFE e Hoh 936 88.1 0.022 0.016 0.273 1.17 3.19 — [22]
WEE D) 87 — 0.015 — 0.07 0 — — [23]
BTG A e L 130 4 73.93 0.021 4 0.013 0 0.400 0.84 474 1.29 [16]
e — SOk AR K&
3 itig 7 (0. 029 4 mg/kg) i JE& A 4, W3 (0.010 1 mg/kg)

MG YRR B E L M 5 17 (0.039 1 mg/kg) I YT BRI THE NN S 2Z —, 24 640 7 Ff
7 (0. 035 4 mg/kg) J@ ¥ 17 (0. 031 8 mg/kg) % T it HH G /N 2288 o [ bR v BRAE Y . TS Y 2 [A] 4y
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