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Occurrence and exposure risk assessment of elements in liquid milk in China
MA Lan, ZHAO Xin, SHANG Xiaohong, ZHAO Yunfeng, ZHOU Shuang
(China National Center for Food Safety Risk Assessment, Beijing 100021, China)

Abstract; Objective To analysed nutritious and harmful elements found in liquid milk marketed in different regions
across China, analyzed the intake of elements from drinking milk , assessed exposure to elements and health risks in adults,
and provided basis for relevant standards. Methods
regions across China. A total of 15 elements, Mg, Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Mo, Cd and Pb, were

As many as 110 milk samples were collected in seven geographic

determined with microwave digestion - inductively coupled plasma mass spectrometry to analyze regional differences.
Recommended Nutrient Intake ( RNI) and Adequate Intake ( Al) were used to assess nutrition status while Margin of
Exposure (MOE) and Provisional Tolerable Monthly Intake (PTMI) were used to assess health risks. Results The result
showed that milk generally has high level of Ca (430-939 mg/kg). The levels of 9 elements, namely Fe, Cr, Co, Mn, V,
Ni, Pb, As and Cd, varied geographically. The measured concentrations of As, Pb and Cr in liquid milk were all lower
than the limits of the Chinese standards. According to the result of exposure assessment, the RNIs of Mg, Ca, Se and Mo
were higher than 10%. The MOE of Pb was much higher than 1. The PTMI of Cd was lower than 0.1 pwg/kg BW/month,
and the MOE of Ni was much higher than 10. Conclusion Milk contains abundant nutritious elements and is an important
supplementary to human nutrition. In addition, milk generally contains low levels of harmful elements, which poses low risk
to human health.

Key words: Liquid milk; elements; risk assessment; exposure level

WAEFL P A AR IT R BN R RO A

TOR, XL TR B B RARBR, S5 A

e A —325—

W hJF 5 N0 fl B BB A O (HJR B G Y Tk
IR WA RE S X ARl B AR R, R,
B A B W e M, (RGN o T RE HL A TR

ER M MEITEY | GB 2762—2017( £ fh % 4 H %
Iz 75 E #8 :2020-12-09 PR B s e W bR Y R R E TR R
ESHE . BRESHMEHRTE (2017YFC1600500) BREE R, WS P ZMy YR & e AESE

EERN .52 % SEZERTF HATEOALTRITAKRE
E-mail ; malan@ cfsa. net. cn
BEEE AL & HEA AT @A AT

E-mail ; zhoush@ cfsa. net. cn

5L CL 51 ) 2 S T, ol DR I i A EL
45 AR A T PR L A A A R R
FL TR 5 2 B 1 MR BT (TCP-MS) 35 %E HA A i



R B AR AR

—326—

CHINESE JOURNAL OF FOOD HYGIENE

2021 445 33 4245 3

15 e N N 7 R |12 = I3 o T 0 i 2
Rtk & T 2 oo R G R e AR T R
RO A5 9z

AR GB 5009. 268—2016( £ % 4 H %
PR £ a2 In R AR ) k%t 4 T A
DX 110 3 W A5 ZLAE S P BE A5 B0 LBk LG
BROAR B BROAR B BB AT 15 Mo R T E B
W02 A B WA AL 2ot R 0 K T
M v ) B3 2 T PR A T £ 0 E AR AKF-

1 R 5FE
1.1 #k
1.1 FERCREE

SR 45 4 ] 0 3 b DX T 5 A [] b RS T e kO
BRI 110 3, 42 B8 8 X B4 25, 430 ok B
B (17 ) AEdb (27 ) B (15 ) fEE
(36y) PERE (19 f3) PEIL (19 ) AR (10 63)
11,2 EBALE 50

8800 %I ICP-MS 1 ( 3£ [H Agilent) ,Mars 6 L%
TH AR A S T £ 8 DU 3R 2 0 T A (S5
CEM) , Milli-Q Advantange #8 4fi /K i £ %% & ( 36 [ %
HEIE) , EHD36 & g #f i Ab B 2% ( 35 [ labtech) , i
FRF KB 5] 0.000 1 g)

B B BRIT R R UHEVE U (1 000 mg/L) FHL 5K |
BB VELCHR BE BB ORI BH LB L HT O R AR TR TR
(10 mg/L) (5183-4688) , # 42 il . &K | &b V4 i W
(5188-6564,10 mg/L) 21 Bt & 52 40 BB AR
VW (5183-4681,10 mg/L) , ¥ [ 6 H 2% 8 F
BB ES 5 W) B W5 k3 (1549) Wik (1549a) K
¥y (1568b) ¥ [ 2 [ = K b 5 £ R 0F 5% B
( National Institute of Standard and Technology,
NIST) 5 5 249 S 0L G 2, 3 56 FH /K O B 50 s 1 B0 2
) — G K B AR A BT FH s Al
1.2 Hik
1201 AT ICE & R g5 ik B g ab 38

88 GB 5009. 268—2016") Fij 4b #1 )5 ¥ , FRHL
2.0~3.0 g FESHFIHMEED  INA S mL i8R, BA %
T A ASC TP i A T A ST BUS F SRR I R
Fras R, K ERZE 10 mL, R4 &M, FEHs A
RIS, A3 IS T R A 5 vk M N IR A b
WEVA R 25 T TR RE VA VT BERE AR v | 482 BT 1 )
FRORFAR RN 52 5 b RS U 1 [V ) P LA 5 52 1 3
Tl 4% < He , BT 8TV W (BTREVR Bl 1. 0 pg/ L
AUER 52 B8 AR VA TR XF ICP-MS {25 I 52 i i) T
VESRAFHEAT O, AR 1) R AR S AR BUH i
O3 PR S A A B 38 K8 B I R A3 B Y 1CP-MS

IS T AEBAR S T3 A

Fie BOWHO 4 BR IR W5 I 3R 40/ 8 o 75 G W )
545 MR ( GEMS/FOOD) 45 2 R 238« £ i FP A
IR 15 YLy vl A5 VF 47 v X R A B T A R
TP 0TS R A R 0 L AR T 60% B BT A R
R HhEE 172 SR A ARG I BB (B 1/2L0D ) B AR,
AU VPAG X A A B B Y T 1/2L0D {8 #E 4T
it
1.2.2 ZEEEVPAE T

AP ARYE b B R R ) Y b e A
RAKYT 300 g s AH 2 5t ) 7% i i RS AR 55 4R 0 it
(63 kg) Bt A ELAl S5 G T TER FRE, R
JFH A7 BAL 43 A RS D (0 S R VEAR ) 19 0 R TR
WAFE RGNS RGN TIRE TR R HE RN
S RIS R o AR R R TR A UN

FxC

W x 1000
K. EXP R REE RN TR T &8 TR 1 2 87
i, ug /kg BW; F O AR R RS FL A9 9% &t
g; CHWASILTICEN & &, pg /ke; W R EA K
A T i, 63 ke
1.2.3  fFEHE S A8 E

BERILTRBARRBE(TEEREEERZRS
AR (2013 )Y R E B HE A A R
( RNT) FlS N 36 B 48 A & (AL #4720

R XU SRAE R ] 2% 88 30 5 1 (MOE > 1) 1)
J7 ¥ HEAT B 5 1 4 B IRURS: DA

IR 2010 E ISR BB LXK E &
( Joint FAO/WHO Expert
Additives, JECFA) 55 73 W 23 BOIA & 09 8 & & H Tif
ZAE A E PTMI(25 pg/kg BW) #E4T1FAR |

X R BURR S R, AR R M S 2 0 R 7 AL
N A T T — A B AR BY ( BMDL10, 1.1 pe/kg
BW) 1 A SRR B 5 R R G0 1k 4 Ml Pk Bz 4% 1 R
1 2tk B i IR TE KRS R AR A R T MOE 19
D7 AT AR
1.3 Seil=ar

K Excel 2007 A4 7 $0H e O 347 $icds sk
ALK SPSS 210 B A AT Ge b2 40 Hr o X 5
0 00 v 6 00 5 At oA n 5 7 A L R A R AT
K5, LA P>0.05 h&EF G2 E L,

EXP =

Committee on Food

2 ERS5HH
2.1 FEH¥SH
2.1.1 KHBR(LOD) FlE # R (LOQ)
HEARAAL SR TAES M FiES | AT 10 Wik



T B W ASFL T 15 AT R & AR 4 AT BOXU R Al

CER

—327—

FE AR s 1, WOk I 45 5 1) 3 A% B 22 i XoF iz 1) vk
FEAE R 515 B LOD , 10 51 25 BT T ;18 Wk A Sl
P LOQ, A5 R IR 1,
# 1 HEKEEBRAEER(ue/L)
Table 1 The limits of detection and the limits of

quantitation of the method( pg/L)
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Table 2 Linear range of the method
LR b (m/z) I/ (ng/mL) MRFRE (1) JLH JET L (m/z)  SRMEEE/ (ng/mL) MR FRE (1)
B 24 50 ~5 000 1.000 0 4l 66 2.0 ~200 1.000 0
5 44 50 ~5 000 1.000 0O B 67 10 ~200 0.999 1
Gk 51 0.1~50 1.000 0 i 75 0.1 ~50 1.000 0
S 52 0.1 ~200 1.000 0 i 82 0.5 ~50 0.999 9
i 55 2.0 ~200 1.000 0 # 95 0.5 ~50 1.000 0
2k 54 10 ~1 000 1.000 0 i 111 0.1~50 1.000 0
iy 59 0.1~50 1.000 0 (i 208 0.1~50 1.000 0
#® 60 0.1~50 1.000 0
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Table 3  Test results of standard materials

. e R SH Y
S = ) SD/ Y
ok o 4 I TG HE /(mg/ke) /(mg/ke) RSD/ %
% 0.003 0 0.002 6 14.1
i 0.24 0.26 4.3
[FS 1.84 1.78 4.4
1549 il 0.62 0.7 5.1
B 45.1 46. 1 3.3
0.15 0.11 5.8
Y 0.021 0.019 10. 1
R 0.080 0.068+0.014 9.3
#H 0.398 0.377+0. 072 6
1549a ]
B 870 892+62 1.6
5 8 779 8 810+240 1.4
il 0.018 0 0.017 7+0.000 5 11.3
1568b .
i 0.023 0 0.022 420.001 3 10. 8
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BT E AL ARl b DXORE S e 25 SR AR, VY R H
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AR M DR S A SR A, AR R b X
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Jb by DA it 0 45 SR A, e bl XA P B E
43R 20 142 pe/ke.
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5 765 mg/kg, Hoi 22 3 K & Hp 85 5 & K F
800 mg/kg, i B b B 11 20. 0% o I VG I 114 o 465 4
e BT 11 A3 (E S 790 me/kg, Ho
8 Py HE A5 A YU B 7E 692 ~ 798 mg/kg Z 1], 3 Y

FE S & B U FITE 912 ~939 mg/kg Z 8], K h 45 i1y
AT H A 762 mg/kg, &85, in4S
L7 0 e 5 5 g LA A I B A TR S L P A i 2 R
TG it #Fm XL (1=1.36,P>0.05)
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Table 4 Test results of milk samples

BEH KRR LREH A
% 7 B 5 P il % I T

R 96 ~ 125 430 ~853 0.11 ~1.02 3.0 ~4.6 0.31 ~3.84 0.11 ~0.62 24 ~35 12 ~56 20 ~79 31 ~50
&4k 108 ~160 688 ~939 0.16 ~3.25 3.4 ~5.8 ND ~2.96 0.14 ~0.58 22 ~55 14 ~33 29 ~85 34 ~53
1 95 ~ 125 659 ~888 0.16 ~0.66 3.5 ~4.4 0.30 ~2.37 0.14 ~0.35 23 ~45 22 ~61 50 ~70 23 ~50
1EFg 102 ~109 718 ~778 0.20 ~0.26 3.8 ~4.0 0.43 ~1.34 0.32 ~0.47 27 ~43 18 ~64 37 ~58 36 ~42
[iigez] 106 ~131 633 ~898 0.18 ~1.25 3.0 ~4.7 0.47 ~4.08 0.20 ~0.63 25 ~46 16 ~37 26 ~51 31 ~48
7G4k 103 ~119 715 ~796 0.15 ~0. 89 3.8 ~4.5 ND ~4.95 0.08 ~0.71 21 ~37 13 ~26 38 ~76 38 ~51
%Ak 108 ~ 155 692 ~916 0.18 ~2.25 3.1 ~5.4 ND ~0.78 0.12 ~0.54 17 ~44 17 ~61 25 ~83 32 ~52
&t 95 ~160 430 ~939 0.11 ~3.25 3.0 ~5.8 ND ~4.95 0.08 ~0.71 17 ~55 12 ~64 20 ~85 23 ~53
T IND Fom AR B 65 Bk BT E o R0 me ke, FLMLIC % & RS0 pa/ke

800

BT S LR AL B FROT R (BE 85 ) 1 5 A

Figure 1  Distribution of nutritional elements( Mg, Ca)

in milk samples
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Figure 2 Distribution of nutritional elements( Fe Zn)
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in milk samples
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Figure 3 Distribution of nutritional elements( Cr,Co)

in milk samples
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Figure 4  Distribution of nutritional elements( Mn ,Cu,

Se \Mo) in milk samples
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Table 5 Concentration and intake of nutritional elements of milk k=3 R 4IE AR AR KT H AH W RNI
JLR TiH T P25 P50 P75 P95 (9 10% .

&/ (mg/kg) 115 107 113 119 140
B OBAR/(mg/d) 345 321 33.9  35.7  42.0 2.3.2 ISRITCHEF R

i RNL/% 10.5 9.7 10.3 10.8 12.7 2.3.2.1 S5 EMNAMRE L B

i/ (mg/kg) 765 725 757 793 893 GB 2762—2017" HL&E T B £ & v Bl 8% B BR
B OBAR/(mg/d) 229.5  217.5  227.1  237.9  267.9

= RNL/% 587 272 8.4 297 335 PR, AR EIRAR R KW EL LR

T/ (mg/kg) 0.38 0.20 0.25 0. 40 0.92
%, OBARE/(mg/d)  0.11 0. 06 0.08 0.12 0.28

&i RN/ % 1.0 0.5 0.6 1.0 2.3
i/ (mg/kg) 4.2 3.8 4.0 4.3 5.6
BOBAR/(mg/d) 1.3 1.1 1.2 1.3 1.7
di RN/ % 10.0 9.1 9.7 10.3 13.3
i/ (pg/kg) 1,04 0.30  0.70 1.37  3.55
#OBAR/ (ng/d) 0.3 0.1 0.2 0.4 1.1
i AL/ % 1.0 0.3 0.7 1.4 3.6

aht/(pg/kg)  0.33 0 0.23  0.32 0.42  0.57

G WA/ (ng/d) 010 0.07 0.10 0.13 0.17
i/ (ne/kg) 31 27 29 35 49
il AR/ (pg/d) 9.4 8.1 8.7 10.5 14.6
5 RNLI/% 1.2 1.0 1.1 1.3 1.8
T/ (pe/ke) 26 20 22 29 51
O OBAE/(ug/d) 7.9 6.0 6.6 8.6 15.2
di AL/ % 0.2 0.1 0.2 0.2 0.3
Fin/ (peg/ke) 49 40 48 57 72
i AR/ (peg/d)  14.6 12.0 14.3 17.0 21.6
& RNI/% 24.3 20.0 23.8 28. 4 36.0
FiE/ (pe/kg) 42 40 42 46 50
HOBAR/(pg/d) 12.7 12.0 12.6 13.8 15.0
i RNL/% 12.7 12.0 12.6 13.8 15.0

TE 16. 1% ~35. 3% Z [a] P8 A &4 229. 5 mg/d,
A H RNI {H (800 mg/d) i 28. 7%, filfi & A = 3 [l
9 6.0~25.5 wg/d, 5 RNI LL i f4 98 FBl 7€ 10. 0% ~
42. 5% 0] EE AR R 14.6 wg/d, & H RN fH
(60 pg/d) 1y 24.3%, HHEBEAEIEHE N 6.9~15.9
pe/d, i RNT o] i 3 Bl 78 6. 9% ~ 15. 9% Z [a], °F
IR 12.7 pg/d, & H RNIAE (100 peg/d) 1Y

7L b e A BR R RR VE S 0.1 mg/kg, HY Y R AR 1
5 0.05 mg/kg, ARG AR BN, WA FLE P
i A B T IR E AR R A

B Fr & o B 8 & 5 & ((Codex Alimentarius
Commission, CAC) ; Codex Stan 193—1995 { [H Br &
it M i R BRI Y AN 2 AR o)
SEASFL T L S 04 BR B AR AE A 0. 02 mg/
kg, FRH (EC)No 1881/2006( £ i b 3t 86 ¥5 b ¥y i
FOBR ) N R A L A B K L ) OB
B R AR A 0.020 mg/kg, 5 CAC M Wk W I
B, T R A FLAE S A S B T AR R
2.3.2.2  FEIAARHE

A SR DU 1 VA 7L P s Y e B O AT R
BROBL, NI E RE S B (R 6) R R
(ES) , R FEAE MM 25 5 A p H DX 3 i
AR, A8 v b XA A SF E 43 0 2 0. 03 A
2.70 pe/kg, HEHVRTPY AL X 4R A AR, S (E 4
12k 0.02 F10. 04 we/ke; B RE M X5 & 5, 44
{HAH 0. 62 pg/kg, PHALHL X H & B HAC, Em H IX S
RAE,EHE AR 0.39 12,71 we/kg, EFE
b DR A, PG b X R (E A )
70.03 F11.70 pe/ke, &A1 VH m M KB & & 38
L SEIME R 0,67 F1 0. 63wg/ kg, HoAl M X 7 &
BI/NTF 0,31 pg/kg, BRI A B E (0 R A
REER LK 6,

Fo WEIPTHRILE S ENEL R/ (pe/ke)

Table 6 Concentration of contaminant elements in milk samples/( ng/kg)

JCE S R B RE D

R ORI i i f " W

r=y 1.14 ~5.15(13/17) 0.03 ~1.11(7/17) 0.04 ~4.05(17/17) 0.56 ~2.34(13/17) 0.03 ~1.56(17/17)
14t 0.25 ~2.06(21/27) 0.01 ~0.32(22/27) 0.22 ~3.36(23/27) 0.41 ~1.58(15/27) 0.03 ~2.04(22/27)
terh 2.05 ~6.37(15/15) 0.01 ~0.13(3/15) 0.22 ~2.38(14/15) 0.45 ~8.42(15/15) 0.02 ~0.64(15/15)
T (0/3) 0.57 ~0.66(3/3) 1.59 ~4.86(3/3) (0/3) 0.06 ~1.87(3/3)
i) 1.26 ~6.38(12/19) 0.02 ~1.33(17/19) 0.49 ~5.59(16/19) 0.61 ~2.95(12/19) 0.07 ~2.05(19/19)
liEle 1.04 ~2.80(19/19) 0.02 ~0.07(15/19) 0.25 ~1.02(10/19) 0.67 ~7.41(19/19) 0.03 ~1.27(18/19)
e 0.81 ~2.26(8/10) 0.02 ~1.10(9/10) 0.11 ~2.57(10/10) 0.71 ~2.57(7/10) 0.10 ~0. 19(7/10)
it 0.25 ~6.38(88/110) 0.01 ~1.33(76/110) 0.22 ~5.59(93/110) 0.41 ~8.42(81/110) 0.02 ~2.05(101/110)

2.4 REEN 14, AT I RS, 2 ik SR FH 4% 5 31 B LU (MOE ) /9 77 vk it

FI 22 IR i dS ISRV S L X2 2 (JECFA)
ATl 45 R, AT AT LT T Y 1O f RR 4 = M, B
JeAH T T AT 2 R N R RN A XU R R EE AT

A7, W R 2 5 A0 Y alUIE T X — 7K SF B XUES: B A
R AEXFBAR (B MOE> 1), ASHF 5% v i 2 ik 2 7L 5%
AL MOE {H 7E 62 ~ 681 Z [A] ,MOE {Hit K T 1,
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Figure 5 Contaminant elements in milk samples
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W& & % 4 J7 ( European Food Safety Authority,
EFSA) 1AL 2= B, BIr 4 4F % Bt 19 MOE 34/ T
10, Ui B X T U A 1R 1T g HL A 51 & KR 5 1 X
W o ASHIZE rhoE I v AS P % AR 19 MOE B 7E 91 ~
7 700 Z 4] ,MOE {8 £ KX T 10, £ 4l & 7 W 245 3L %
BN 51 K 3k f 4 ik Rz R 1 Akt o XU B AIG

WA FL S A R T 34 2 4 R 0. 44
pg/d 1 0. 10 we/d, WA R B 45 R %R 7,

KT OWMABLFIGRTE SRR

Table 7 Concentration and intake of contaminant elements

JLE I H FHIE P25 P50 P75 P95
- R/ (pe/ke) 1.47 0.78 1.52 2.01 2.77
TR/ (pg/d) 0.44 0.23 0.46 0. 61 0.83
T/ (pe/kg) 0.15 ND 0.04 0.08 0.72
i REBEE/ (py/d) 0.05 — 0.01 0.02 0.2
PIMI/ (pg/kg BW)  0.02 — 0.006  0.01 0.1
R/ (ne/kg) 1.16 0.37 0.83 .53  4.01
4 RER/ (py/d) 0.35 0.11 0.25 0.46 1.20
MOE 217 681 305 165 63
TR/ (pe/ke) 1.03 0.03 0.82 .50  2.53
BORBL (ny/d) 0.31 0.01 0.25 0.45  0.76
MOE 224 7700 282 154 91
R/ (pe/kg) 0.33 0.10 0.19 0.35 1.22
# FREEE/ (pg/d) 0.10 0.03 0.06 0.10 0.37
1 ND R R —3RoR T EUE
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