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Monitoring of trace elements and health risk assessment of commercially
available livestock liver and kidney in Inner Mongolia in 2024
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ABSTRACT: Objective To understand the content of trace elements in the livers and kidneys of sheep and pigs
sold in some areas of Inner Mongolia and evaluate their safety. Methods Randomly selected the livers and kidneys

of sheep and pigs from the marketplaces and supermarkets in some areas of Inner Mongolia. After microwave
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digestion, determined the content of lead, cadmium, total arsenic, total mercury, barium, copper, manganese,
selenium, chromium and nickel using inductively coupled plasma mass spectrometry. Statistical analysis was
conducted, exposure risk assessment was carried out in combination with single-factor pollution index, target hazard
index and carcinogenicity index. Results There were significant differences in the content of manganese, selenium,
copper and cadmium in the kidneys and livers (P<0.05); there were significant differences in copper, total arsenic and
selenium in sheep liver and pig liver (P<0.05); there were no significant differences in the content of 10 kinds of
elements in sheep kidney and pig kidney (P>0.05). The copper pollution index in sheep liver, the single-factor
pollution index of selenium in pig liver and pig kidney were greater than 1, reaching the severe pollution level; the
comprehensive pollution index of heavy metals such as Nemerol in pig liver, pig kidney and sheep liver was at a
slightly polluted level. The comprehensive pollution index of heavy metal Nemerol in sheep kidneys was 0.59, which
was within the safety level. The cumulative target hazard coefficient and carcinogenicity coefficient were both within
the safe range. Conclusion The overall levels of harmful heavy metal elements in the liver and kidneys of sheep
and pigs in the Inner Mongolia region are relatively low, with only 3 samples exceding the cadmium limit. cadmium.
The content of trace elements is abundant, but the copper content in the liver and the selenium content in the kidneys
are too high, posing potential food safety risks. Further identification of the pollution source is necessary, along with
continuous monitoring and risk assessment. By studying the content of trace elements in the liver and kidneys of
sheep and pigs in the Inner Mongolia region and evaluating their safety, this research aims to guide people in
reasonable dietary combinations and ensure the reasonable intake of trace elements.

KEY WORDS: trace elements; microwave digestion; inductively coupled plasma mass spectrometry; liver; kidney
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Table 2 Reference dose for oral exposure of trace elements

Table 1 Grading criteria g S
~ — JLE RfDy/[mg/(kg * d)] JLE RfDy/[mg/(kg * d)]
P; g Pe A 21 22
Pb 0.00351" Cr 0.0031%
P<0.2 Yjﬁg‘(lilt Pc.<0.7 ﬁ% ‘El‘ As 0.0003[211 Se 0.005[22]
0.2<P;<0.6 s g 0.7<P.<1.0 LR ¥ He 0000321 Ni 002012
0.6<P,<1.0 rp g TG g 1.0<P.<2.0 RS g Mn 0.14002221 cd 0.00124
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P>3.0 5 Y
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1.5 FIBEAIE
i SPSS 20.0 #EATEHRGE 48T, AR A RE
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21 FFEFSHEFPITRESE

I AR SRS GEE TR SRR 3, H Mn,
Cu. Se. Cd. BaJi% 100.0%K:H, FFEH Cr. Ni, & As
K A 01K 76.0%., 52.0%. 72.0%, % Hg F Pb 4% 1%
9 20.0%; BEH Cr. Ni, M As K HE50 518 88.0%.
64.0% . 80.0%, BFHEH &L He K H %4 36.0%, Pb £ RH

24.0% e Cu W& Sd5 R, fem 1430 182.000 mg/ke,
JEWEH Cu 1 Mn & H B I EDR B IR 6.0 571 2.0 %, &
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Fl SPSS 20.0 HEFTREFNAG 56 (95% & (7 X [a]), HAGH:
ZER R 4, HFE 4950 Mn., Cu. Se. Cd fEEHIEHIHT
WES R S A B T2 5 (P<0.05); Cu. B As. Se 7E
FEFFISE T b & i 0 k22 R (P<0.05); 10 Floo# &
TE2E B R B R 3 T 22 5(P>0.05),

=3 EMEMATIEA S+ & TR E = (mg/ke)

Table 3 Content of various elements in the livers and kidneys of sheep and pigs (mg/kg)

TR mH FH(n=22) T (n=28) JHIE T (n=32) 15 (n=18) B HE
F-HE 0.180 0.159 0.168 0.299 0.240 0.278
bR 2z 0.135 0.141 0.138 0.282 0.191 0.254
Cr HRAAE 0.186 0.149 0.184 0.234 0.219 0.231
3 ND~0.448 ND~0.443 ND~0.448 ND~0.795 ND~0.608 ND~0.795
Kot #/% 81.8 71.4 76.0 87.5 88.9 88.0
FEE 3.370 2.795 3.048 1.335 1.870 1.528
bRz 1.474 0.706 1.148 0.748 0.704 0.776
Mn PR 3.840 2.982 3.141 0.899 1.760 1.232
3 0.699~5.721 0.977~3.950 0.699~5.721 0.719~3.413 1.061~3.543 0.719~3.543
iz R /% 100.0 100.0 100.0 100.0 100.0 100.0
EHIME 0.096 0.162 0.133 0.234 0.124 0.195
i 0.146 0.211 0.188 0.213 0.172 0.206
Ni LT AE] 0.005 0.074 0.005 0.110 0.005 0.105
bR ND~0.502 ND~0.738 ND~0.738 ND~0.638 ND~0.472 ND~0.638
T H R /% 455 57.1 52.0 75.0 444 64.0
FHE 58.367 14.546 33.828 4.588 7.441 5.615
bR 2z 58.592 13.170 45.616 3.272 2.954 3.445
Cu R R 34.412 10.075 13.102 3.181 6.890 3.672
3 2.532~182.000  3.223~58.720  2.532~182.000  2.090~13.500 2.270~11.200 2.090~13.500
o H /% 100.0 100.0 100.0 100.0 100.0 100.0
FEE 0.022 0.008 0.014 0.030 0.027 0.029
bR 0.015 0.009 0.237 0.031 0.055 0.041
B As PR 0.018 0.002 0.011 0.012 0.004 0.010
I 0.006~0.061 ND~0.035 ND~0.061 ND~—0.077 ND~0.180 ND~0.180
G /% 100.0 50.0 72.0 81.2 77.8 80.0
FHIME 0.401 0.674 0.554 0.784 2.011 1.226
i 0.218 0.173 0.237 0.427 0.647 0.784
Se HRAAE 0.344 0.629 0.561 0.658 2.121 1.082
bR 0.073~0.737 0.497~1.181 0.073~1.181 0.126~1.551 0.449~2.721 0.126~2.721
Ko /% 100.0 100.0 100.0 100.0 100.0 100.0
FHE 0.143 0.080 0.108 0.404 0.105 0.296
FRifE 2 0.209 0.222 0.219 0.381 0.100 0.342
cd R R 0.078 0.017 0.021 0.146 0.083 0.119
3 0.007~0.754 0.005~0.881 0.007~0.881 0.017~1.331 0.005~0.317 0.005~1.331
K 2% 100.0 100.0 100.0 100.0 100.0 100.0
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=34
JLER I H N (n=22) FEIF(n=28) JHF F ¥ (n=32) B (n=18) W I
FEE 0.214 0.227 0.221 0.354 0.225 0.308
bR 2% 0.100 0.194 0.160 0.245 0.113 0.217
Ba LREDA[E) 0.192 0.158 0.192 0.294 0.247 0.291
FieN il 0.090~0.425 0.025~0.554 0.025~0.554 0.021~0.981 0.034~0.354 0.021~0.981
o /% 100.0 100.0 100.0 100.0 100.0 100.0
M 0.003 0.002 0.002 0.005 0.007 0.006
i 0.002 0.001 0.002 0.007 0.015 0.010
M Hg LREDA(ER 0.001 0.001 0.001 0.002 0.002 0.001
[ ND~0.009 ND~0.005 ND~0.009 ND~0.030 ND~0.049 ND~0.049
K 3R/% 27.3 143 20.0 43.8 222 36.0
A 0.019 0.007 0.012 0.017 0.009 0.014
PrRifE2E 0.027 0.015 0.022 0.041 0.017 0.035
Pb AR 0.002 0.002 0.002 0.002 0.002 0.0032
T ND~0.068 ND~0.058 ND~0.068 ND~0.167 ND~0.058 ND~0.167
K H 2 /% 273 14.3 20.0 25.0 222 24.0
T ND fRAH
4 HAMRIEER
Table 4 Results of rank sum test
» JHFEIVE 55 FIF S FE e
e u P u P u P
Cr 162.500 0.177 69.000 0.659 60.500 0.524
Mn 82.000 0.000 47.500 0.106 52.000 0.266
Ni 183.000 0.396 65.000 0.486 51.000 0.225
Cu 64.500 0.000 35.00 0.021 44.000 0.114
M As 206.500 0.815 26.000 0.005 66.500 0.765
Se 106.000 0.005 27.000 0.006 41.000 0.078
cd 124.500 0.019 43.000 0.063 44.000 0.114
Ba 167.000 0.220 70.000 0.702 38.000 0.052
M Hg 184.00 0.310 67.000 0.433 47.000 0.098
Pb 214.500 0.973 65.000 0.347 70.500 0.892

1: u b3 Mann-Whitney U ¥:56 (194 04 ita, PSR B &M

2.3 IERERITFMN

H T P 7 SR B 2 4 T PR e, (e
T Po ICEMYBRE N 0.5 me/kg, BHE Cd RN 1.0 me/ke,
AT Cd BB 0.5 mg/kg, T HABIGE [ N EJGPR B4R
L DA RS A O BUE 1 & B sh e ot R 2
2 BRAE R H) E PG AT PR, Cr. Mn., Ni, Cu, i As, Se.
Ba. & Hg M1 1.00. 5.00. 1.00. 30.00. 0.50. 1.00.

1.00. 0.05 mg/kg. 4 FikEFHIERIFMEERINE 5, TH
) PRI N Se (1.498)>Cu (0.708)> Mn (0.470)>Ba
(0.268)>Cd (0.239)>Cr (0.219)>Ni (0.137)> i Hg (0.088)>
As (0.043)>Pb (0.026), Pb. & As. & Hg M5 FI5 Y445
BHNT 0.2, 2FBATFIFHKTE; B IR
Ni, BHFFIE S Cr, £ Cu, BB FREIFF Cd, &4F
WK SRR Cr, BB E BRI Mn, £
B Ni, BEFET Cu, EAFH Se, LBEMERFH Cd

Ba SR {55 HL Py (0.2<P<0.6) ARG Y50 . 72T
JIFrh Cu BRI FI5 Y8 HCh 1.946, J8ITFRVE B PRl e 15
YFRECH 2.011 F12.795, KE|EETGY. TR IR NG
B LA T RAR BTN, LA 15 Y4880 2.00, HE Lk
BIEYAEECN 144, FIFEETSYAEECN 140, L5 HAE
FREVGYOKE, LB IARECN 0.59, T4k -,

24 EERBFMERREITNER

L . EBAEEH Cr. Mo, Ni, Cu, &
As., Cd. & Hg. Pb. Se. Ba #£17 THQ ¥, i3k 6 I,
THQ &/ 1, ARKESH 10 FiUcE TTHQ HI/NF
I, RSB, 5. EHME AN ES RIS AL
S A A B XU
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Table 5 Single-factor pollution index P; and comprehensive pollution index P of each element
.} Pi Pt i
FE b - - P BREY
Cr Mn Ni Cu B As Se cd Ba . Hg Pb
b=y 0240 0374  0.124 0248  0.053  2.011 0.105 0225  0.144  0.019 1.44 BRREETG YL
Sy 0299 0267 0218  0.155  0.060 0.784 0404 0354  0.110  0.034 0.59 Fresy
W 0.158 0.559 0.162 0.485 0.016 2.795 0.161 0.277 0.040 0.014 2.00 BTG Y
ESi 0.180  0.674  0.042 1.946  0.044  0.401 0.286 0214  0.060  0.038 1.40 RV YL
YA 0219 0470  0.137  0.708  0.043 1.498 0239  0.268  0.088  0.026 1.36 BREETG YL
#*6 AREHHZFPEIITLE THQ A TTHQ
Table 6 Concentrations of THQ and TTHQ of each element in different sample
‘ THQ ~
FEbh - - TTHQ Iy R
Cr Mn Ni Cu B As Se Ccd Ba H Hg Pb
FAF 4.0E-04 1.6B-04 3.2E-05 9.9E-03 4.9E-04 5.4E-04 9.7E-04 7.2E-06 5.4E-05 3.7E-05 1.3E-02 2K
¥ 6.7E-04 2.5E-04 1.0E-04 4.6E-03 3.2E-04 1.7E-03 1.0E-03 1.4E-05 1.1E-04 2.3E-05 8.8E-03 ] $23Z K-
£ 1.7B-04 1.6BE-05 2.0E-05 2.0E-04 1.6E-04 1.1E-03 6.8E-04 1.2E-05 5.4E-05 9.2E-06 2.4E-03 [z K-
W'  4.6E-04 7.7E-05 3.6E-05 1.1E-03 5.4E-04 6.8E-04 6.0E-04 1.9E-06 1.1E-04 1.4E-05 3.6E-03 sz K-
=7 ER. ERF. FEMES P EARERR W 10 FocE S EIE FHMEZEFP>0.05), o WWEERIE

Table 7 Carcinogenic risk of As in lamb liver, pig liver, lamb
kidney and pig kidney

FE i CDI/(mg/kg * d) s AU IR S5 2
FhF 1.49x1077 2.23x107 4K
i 1.01x1077 1.52x107 A K-
FH 5.10x107 7.65x1078 YLK
iy 1.56x1077 2.34x107 4K

3 wiessie

Z: M GB 2762—2022 (&b ZaEFinfE &ibHhis
LYIBRE ) P FEELEITE Pb Al Cd R, Pb A%
100.0%, KA 3 ML Cd bR, G83iK%] 97.0%, Cu.
Mn. Se. Cr. Ni, Ba. M As fli Hg 092 B E %K
RS PPl O S 1 B 8 S h e R S % BRE, Cr.
Ni. Ba. & As. & Hg A#&3%8 100.0%, Cu mHEH T
KB 58.0 mg/kg, i FHAMICE, FERER A& Cu
HARTHREVRI R . PR E . BRICEE R e
BILAAR G 32 3 B A0 W 403 1 38 55 1 R, DR sk ek B 28 6 0 N h
A Cul L TP Cu i H R (30 mg/kg)REA 6 173, Se
FE BN B s T, EER Se &M (1 mg/kg)FE
A 144, VPR RE( mgke), JA 1 HENF
R A R (S mg/kg) . ZRKAIESIFAE Cu. Mn. Se I
Cd FEAFHEZER(P<0.05), "JRESEFIES B EXT Cu, Mn,
Se. Cd SLEMEHERIIAR. Cu. As. Se fEF RN
H A 22 5 (P<0.05), AT REDR R 2E A B AL Rl 5%
s AR . TR SR 2 R R . R R

XTSI Y 10 FPOCER 19 & AR RE T 02 5.

FAOCR AR MR 25 A5 Y8 B0, ST . 3
FIEIFAE F RS Yok, EE TR0 AlFN
Mg 2 8 B OO 25 R AR 5 32 e KA A, HLoR 5 AR
PRI, FGZIEM a5 1 #5583 . THQ., TTHQ Ml R
FRTE LA DX IA] N, e AR A AR (gt BRE R 23 15 URUBS: . Cu
Mn. Se # W B AR H6 455, Cu, Mn. Se A UbFT &
JLE, X AR EOCH %, (HR N S S SEO RG]
SUR A MR E R Ak, Bk, e i 2R e — o
6 e FEAH DG AR BT, WP ERDRE 1 45 ik JC R AT &
FRAGTRINCOL, P A S AR R i, B SR A R R
B 11 T 4 Jm 5 e o

SE
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