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Investigation and health risk assessment of metal element pollution in liquid
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ABSTRACT: Objective To understand the metal element contamination in liquid milk in Inner Mongolia region from
2022 to 2023 and assess the metal health exposure risk for the population in Inner Mongolia region. Methods A total

of 4103 samples of locally produced liquid milk were collected from Inner Mongolia region. Lead, total mercury,
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cadmium, chromium and total arsenic were detected using inductively coupled plasma mass spectrometry. The
inverno comprehensive pollution index method was used to evaluate the pollution levels of these elements.
Considering the actual dietary intake of residents in Inner Mongolia region, the carcinogenic risk assessment (TCR)
and non-carcinogenic risk assessment [target hazard quotient (THQ)] were employed to assess the health risks posed
by metal elements in liquid milk to the population in Inner Mongolia region. Results In the 4013 samples
monitored, all 5 kinds of metal elements were detected. The over-limit detection rate for lead was 22.26% (187/840),
for cadmium it was 5.83% (49/840), for total mercury it was 5.12% (43/840), for total arsenic it was 6.54% (55/841),
and for chromium it was 40.18% (262/652). Lead, total mercury, and total arsenic all had samples exceeding the
limits, with exceedance rates of 5.83% (49/840), 0.119% (1/841), and 0.12% (1/841), respectively. The inverno index
for all 5 kinds of metal elements was below 0.7; the TCR for total arsenic and cadmium was less than 10~ Within an
acceptable risk range; THQ of lead, chromium, and total mercury were all less than 1. Conclusion This study
systematically analyzed and comprehensively assessed the sources of heavy metal pollution in liquid milk from
different production and processing types, providing a scientific basis for government decision-making, regulation,
and the revision of national food safety standards.
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Fig.1 Distribution of different types of liquid milk at different sampling stages
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B8, 5 P B9 K: HBR (limit of detection, LOD) 43 %] 2 4%
0.004 mg/kg. 7K 0.003 mg/kg. A 0.004 mg/kg.
0.01 mg/kg. #% 0.003 mg/kg,
122 F=Ei4l

(DFEAS SR A 1L v 119 J5T S 42 il

Bl ML, IR PN 52 o Ml X AR P S TR] R T
BIL, REMFEAREGEIEER . RWEIL. KWEA . kEE
L. IR, BAFKBFEARRADT 300 4, REEATE
BETGIRIAIANT . TREIRY L OB R

()R8 3o i v g S s

KRB, SR RS {RE . P RUREI A |
FEA IR [T e T A5 UE AR M) JoT 55 7 YA EA T B 440
1.23 Mtk

8 GB 2762—2022 { & B FhrME &5
PR ) REAREHETTITM, B A3 . BRRER
R LA IBR RN 0.02 me/kg; P8I PLAN & LA 19 R
W 0.04 mgkg, WAFLEIR. BRI RES 5N
0.01. 0.10 #1 0.30 mg/kg.
124 #HIFEHRE

iz HE A B 1L A= 21 21 (World Health Organization, WHO)
SEERIREE W AR Ge/ B T S I T TEAL A 5 ik il
KT R b AR A5 G A5 PR b o6 A A s R Ak 3
JEOU S MEEA TR & BT LOD, A7 7R W Al I
HIAL IR 2, A6 H K = 60%0F, {81 ] LOD et AR A6 i
FIME . 244 H 2R A8<60%, KA LOD fH—>}(1/2 LOD)¥
BACKRR M. FEHATER ST AT e, AR AT
SPSS 22.0 ¥k fto S T XA AT LA B, B AR FIR 55
K%, eG4 R, 24 P<0.05 B, N ZERHA S
P B E
1.2.5 RRETEFT LT %

(DA 5 Yedi 5k

F2 I8 GB 2762—2022 HLE T . . BOR . SRR
HAE, SR TG Y e BoR O S A X A e i A FL
FIITCE S Tl . SRR IS YR Bk ARG v b e R
IR Z B — LRI e AR, Jorh, Py (RN TG
BEE ., HEINAL).

P=C/S; (D

Ao P oA TS Qe i B S AR B, C oS
P SEBRIE UL, S, iz Ts YWy A o e s SR A RR
18 HEERIENHRIE R : P<0.2 FRIHIH; 0.2<P<0.6 F/ni%
BETEGY; 0.6<P<1.0 a5y, P>1.0 FoREHEETF YL,

QWHFE 15 Yot Bk

S R R e BT B IRk T G o = B/
K(2)o

P2 + 2 1
P = () @

Kb P o A ICR BTG YAEEG Prae T4 IS Y
TEEOTERAA; P v B BRI S AR R IMH . 207151
PEMFRUER: P5<0.7 K4 0.7<P o<1 FREBIRL; 1<P s
<2 FIRERTGYY; 2<P o <3 FIORTIG Y P >3 FOREIG Y,
12,6 fRR &

(DIEAREITTE

% FH 25 [E PR 85 {4 37 & (US  Environmental Protection
Agency, USEPA)il 2 (1 A A4 5 Y 4 27 5 B IXURS: Ak ik,
XPHASFL P OCR &7 T IR R A . ARty
%, AHRFAHAXGK MM ITE T mRY H B AR
(estimated daily intake, EDI)["*'31,

CxIR

EDI= (€))

AH: EDI WEMABSITEMHHEAL,
mg/(kg * d); C HBASFLHITTEMUEE, mg/ke; IR IEAZL
FITH B, ke/d; BW Sz ARHIREE, kgo AUCTTAL 21
WAL Sh it DL R R AR IR SRSk A 2022 4F
P9 5 ity b DX R A LT 2R R P LR 1

xR1 AFLGHXZMR-FRAAFERHES
HiERHEES T
Table 1 Dietary consumption data and weight statistics of
various gender age groups in Inner Mongolia region

IN i il RPN IR/(kg/d) BW/kg
0~6 % 100 0.207 19.64
6~18 % 276 0.286 43.7

18~59 4 53 658 0.219 74.0

18~59 % 702 0.283 61.9

>60 % 5 160 0.207 68.9

>60 4 U 166 0.205 62.1
a1t 2062
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Table 2 Detection of heavy metal elements in 5 kinds of liquid milk in Inner Mongolia region

K zi 5 N/ K H /% PR/ % FH{E/ (mg/kg) Pys/(mg/kg) o A Ve Rl /(mg/kg)
it 840 22.26 5.83 0.00545 0.02600 0.002~0.056
R 840 5.12 0.12 0.00172 0.00300 0.002~0.010
S 841 6.54 0.12 0.00350 0.00648 0.002~0.420
% 652 40.18 0.00 0.04460 0.19700 0.005~0.295
4 840 5.83 - 0.00192 0.00379 0.002~0.072
B 4013 14.85 1.30
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Table 3 Pollution of heavy metals lead, cadmium, and chromium in 5 kinds of liquid milk in Inner Mongolia region

A N MR EERR R CHE = el N R
1% 1% /ug/kg % 1% /ng/kg % /%  Iuglkg
R 277 29.24 8.30 6.10 277 5.78 1.93 270 36.29 0 34.6
AT FL 83 26.51 3.61 5.19 83 2.41 1.58 61 47.54 0 53.3
K7L 255 18.82 7.84 5.18 258 6.20 1.77 120 35.83 0 443
KR 65 18.46 1.54 5.60 62 3.23 2.09 141 50.35 0 55.6
P L 160 15.00 1.25 4.85 160 8.13 2.27 60 43.33 0 55.2
Bt 840 22.26 5.83 840 5.83 652 40.18 0
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AN NBESY N BUAE B . A b L LY
e IR NI R RCE DG N i U ¥ i
0~6 % JL# |, 7~18 # JL#E | 19~59 W4 B LK =60
B A S Lotk b R T A R R H AR,
AR 4.68x1071, 2.92x1071, 1.31x107', 1.34x107",
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Table 4 Pollution of heavy metals total mercury and total arsenic in 5 Kinds of liquid milk in Inner Mongolia region

MR ST
N G R I (ug/ke) N ot /% PR/ Y% SEHIE/(ug/kg)
AR 277 6.86 0 1.78 277 8.30 0 3.18
M A FL 83 0 0 1.50 83 3.61 0 2.17
KR FL 255 6.67 0 1.80 256 5.08 0.39 4.42
KWL 65 0 0 1.50 65 7.69 0 2.43
P L 160 4.38 0.625 1.72 160 6.88 0 3.69
Bt 840 5.12 0.119 841 6.54 0.12 -
5 AREHXTARBRSATESRBARSRIEHITEER
Table 5 Metal element pollution in liquid milk in Inner Mongolia region
el Hrmges BORTSUMEEL BITHMEE BESRMEE WP SGA T RMEE WRRE FEERY
AR 0.305 0.178 0.115 0.0318 0.242 Yo H
M A FL 0.260 0.150 0.178 0.0217 0.213 by H
DN 0.259 0.180 0.144 0.0442 0.214 b Y
KWL 0.140 0.150 0.185 0.0243 0.158 b %
P L 0.121 0.172 0.184 0.0369 0.159 AL g %
R6 TREIMA-FREANFEERE EDI [ng/(kg * d)]
Table 6 EDI of heavy metals in different gender age groups [pg/(kg * d)]

N it BaR % ST i)
0~6 % 5.72x1072 1.81x1072 4.68x10™" 3.68x1072 2.01x1072
7~18 % 3.56x107? 1.12x1072 2.92x10"! 2.29%107? 1.26x107*

19~59 % 5 1.61x10* 5.07x107 1.31x10" 1.03x10°? 5.66x107
19~59 % % 2.49x10°* 7.86x10°° 2.04x10°? 1.60x10°* 8.77x107
=60 % 1.64x107* 5.16x107 1.34x10" 1.05x107* 5.76x107
=60 %« 1.79x1072 5.68x107 1.47x10™ 1.16x1072 6.34x107°

TE: BT ICE s ARG F R R R, BITE T H 252K EDL BT 20 S 3L B A R TR R (C), I 24 T5X

SSTR T
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Table 7 Non carcinogenic risk assessment results [THQ, pg/(kg * d)]

N i R % TTHQ
0~6 % 1.62x107  6.03x102  1.56x10"  2.33x10"
7~18 % 9.88x107°  3.73x1072  9.73x107%  1.44x10"

19~59 %5 4.47x10°  1.69x10% 4.37x10°  6.51x1072

19~59 %1 6.92x10°  2.62x107%  6.80x102  1.01x10""
=60 %5  456x10°  1.72x102  4.47x107%  6.65x107
=60 &4 497x10° 1.89x107  4.90x102  7.29x1072
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#=< 8 BUERNITMMEER[TCR, pg/(kg * d)]
Table 8 Cancer risk assessment results[TCR, pg/(kg * d)]

PN JER i %%
0~6 % 2.45%x107 3.30%x10°°
7~18 % 1.53x1072 2.07x107°

19~59 % 5 6.87x107° 9.28x107°
19~59 %% 1.07x107? 1.44x107?
=60 % 5 7.00x107 9.44x10™*
=60 ¥4 7.73x10°3 1.04x10°3
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