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Progress on source, detection technique and pollution level of the

new persistent organic pollutant in infant milk powder
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Abstract: This review summarized the research progress on the

analytical methods and levels of contamination of

( GES),

sourcess,

chloropropanol and glycidyl esters chlorates,

perchlorate, polychlorinated biphenyls ( PCBs), acrylamide,

mineral oils, perfluorinated and polyfluoroalkyl compounds
(PFASs) in infant milk powder, and the advantages and
disadvantages of detection technology and the domestic and
abroad pollution status at about new POPs of infant milk powder
were also discussed. Moreover, the development and types of
emerging POPs detection techniques for infant milk powder were
also prospected.
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B s b g ) R T AL 3G PCBs L 2 A% 2K IF-%f-
ZWEYE (PCDDs) . i #if 5 fb A1 15 (SCCPs) \PFASs %17,
POPs J"iZ 43 A1 o 15 Y 72 BE 7™ 8 5 ) A28 26 3 75 B0 1
HEAT A R . B ILFLR A JE St 30 A 7= Jn s 28 5t
A28 A S B i T S e B AR 1 B S ek R rh BT
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111 B4 L3k ok B4 LR T FR R LA R
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R B ADVANCES

B R BY R R AR IZ R By LA
BT POPs B RUE TR E L. EZ kK.
O POPs 7 55 48 K 1) P B H s 5 LUK 19 T8 20k A3
HEERA T, MY B RS P AR A K = WO
B POPs SR L 45 5 # W B 7 28 07 UKL W) o v, 3 T £
BES A2 B AN W T Ui g 4 o R R O A TR
@ K& POPs 3 B3R 5 F A= 16 15 7K 1 ol BB K, 0% 4
R 275 9 KR TE R N & 48 POPs, @ POPs B A7 3%
JIB P PR A B B ISR ) - 9 R R L K e U 5% R A A
AR M. T BT O R B AE R A 4 4R A B+
B E A K PCBs, 1T POPs B4 BHM IR &R
WL T AL AR S e R R ORI W5 4R & POPs 19
R AT BE 53k POPs 7E4K Py R

112 BYILilmiiet ATHEBILMEREE B
4y LT 5 FUA 78 ROk LRy B9 SERE L DU L om A T A
Yoo FLBE AR R R T R | S R S A 7 R AR
Gy 2B SR A B R B FL WA R A IR IR BET A
POPs KUK . il Gnge % 4 JL B 7 3ok vb 7 32 3 A s
I KT SEAT I L R K 2 G AT T SRS B A 4 i T B
AR AL AT BENE .0 3 597 2% POPsY 1, b 25 Tic
R NS e B 4 LT 5 2L .

1.2 AEFmIgE

WLy L LR FE AR TR I T R R BE BT AH 2% POPs,
WA 7 R A A U T B R B TS R AR R R
Wi R RS EPAELEN POPs 455 53 4b 78 A 7= i F bl
2 R A2 U 454 ™ 42 POPs, W84 L ¥ m
T3 AR e (R R S R A T A v T L
ST G T i T e, J A R} 7R 32 i R I AR v ff
FHTCRL AL 2830 09 B A 51 Guo S50 7 £ i 2 fi
AR AE H A R 4 G 2 R (PFHxA) . & 5 B¢ iR
(PFHpA) M4 1R (PFOA) , 7E A= 7o i B P i 25 1
filbA R 5 A 3 Al AT T B PFASs 8575 34 & dh. Sl
NSRRI T R i FL KA R A SR R (PFCA)
FIER R CBEFTOHD , FL 1 i 09 Az 7= i 175 28 IR L 09
3 I T RS UL AR PFASs £ 5 AR .

1.3 SiFH#

PAR SR R B, B L MR T POPs B
SRR & R POPs 15 44, G40 4 — W iR g 2% .
T 0 A5 . a4 LT J7 W% 8 14 A B 5 i S
YRR EZ R BRI A 4 & L D e b R, 1B
Foodwatch g5 17 v, 3 o 45 S 22 4l LR Jr 45 8 2 8k
FEVTRE RIS Yok IR, i T & Jm R ik - b T R &
BN ATy 0 5L 0 R X R L b R BE £ g A
AT H MR BT

25 TR s B LI LA St At 30 A= 7™ o ek 7 DL R A,
BERTRL AT RE 2 B 4 JLFLA hoB 2% POPs (SR IE. (HA B
TR AR HER SR B . A SN 4 JLEL h POPs W15
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JLFLA 1 SRS FF 9 g 5 76 FF J i 7 T AR A 9
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54K

B, 7R 24 LK & BT 2% POPs (45 &4
T A i K H b R SR R e SRR h L PCBs T M Bt e . 977
Yk JPFASs %, 224 L0 5 i 42 2% . POPs 1R 5 &
G R 17 e S G 0 W I8 R SR R = 15 = D I R K
S 8 T A0 AR I A P . S T R G L
WA R BLG, BAR I POPs # Fh 25 1 £ 4 1& 40 A7 O ¥ %
RCRE S B T
2.1 SREZER 4R K H it ER

AR 2 A BRSPS 08 107 R 1 e £k 7™~ 1, HE
FEA YR N 25 B8 T T KA 4 AR RS TR . e TR B RN 2
FIAN[A] 4325 G N B2 B 0T 43 Ry 3-5 79 B B8R (3-MCPD g .
2-%4-1,3-T4 g (2-MCPD 18) .1, 3- — 48-2- 9 B i (1, 3-
DCP [ig) fl 2, 3- 4 -2-T B g (2,3-DCP i) 4 2 , A 2 Sk
3 3 s R S R Dy 3-MCPD g, 4 K H b
Fis (GEs) 2 Jig Wy R 55 4 /K H- it 2853 — R 30 T R Ji5 A i
FEYY LA S B RS M o A b, GEs a8 W 5 3-MCPD g I 17 .
3-MCPD i & &5 GEs & 2 IEH %,

PEAESR, 56 T 240 JLFL B v G2 9 B 18R A0 45 K H I R
ST TR 2 WA . Wohrlin %1 7R 2 M5 A ¥
AR A B b R B T TS R 6 K H I R T X2 il e
B4 S B LTC 7 WA I Ry o BT ST AR R © #5714 g
HIH g 43 BT 77 12 A0 A € B R T (GC-MS) K I 2 R
Xof 4 WL g 105 4T 43 A9 R A ST 0 T R R 70 A B LTRC
J7 W5 Ry AT TR B TR R 46 K H I R B & & AT I A AR
A Sy ke G T B R4 K H R . B 3-MCPD A 7% it 2
2-MCPD By 1 4%, % 5 3Chk [19] 4 18 /9 & 3-MCPD
R 1 S S — ORGSR R 6 K H I e B R AR vk B K
SPAF T SR v L S B 9 R A 15 B O A 0 U 42 1
BB, XA HE ST T R B P bR — S
J R (GC-MS) M 72 32 &) JLE 7 208 vh S T BE R, 1%
e G N BT LE BT ik B 0.05~1.00 mg/L 3t Fl Y H:
ARIFEMXRZR, FiEneE &R (LOQ K 0.015 mg/kg.,
4 ZE T TR (9 A [l i 28 43 3 7 85.9 %6 ~102.1% , #
X bR 22 (RSD) (n = 6) L 7E 2.4% ~5.6% . K%K
Pt 30 O3 B A LT FUR HEAT T ORI 43 T, 45 B BOR
3-MCPD [ # H H 23 %0 ., Hofth 3 Fh 50 70 B2 1 oA 4G 3
T A ) K R O TR 2 L R Bk 4 L R AR B e SRR R L
S-ER S AT AR I L B G 3-MCPD s K H 14 55 5 B T e ok
TR T REREh . TR WB ST R GC-MS AR #E 57 T 66 7] B i)
FE M) UL TS ks v 4 ST TR O 1 AT O 1 T I
¥ R (LOD) 2 0.005 mg/kg, LOQ K 0.015 mg/kg., I H
Z 5 IEXT 50 43 WA A Al HEAT ARSI, 3L 3-MCPD PR A3 i %
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77 100.0% , &~ 0.037~0.208 mg/kg,2-MCPD H& 5 i
B 42,050, HAB I ARG . L LT J7 05 8 v e T
) 2056, FHRPRE MR A B i — ol ST B TR S Y R
SRR, HAZBFoE 2 W BC 75 03 0 U0 R 00 2 1 5 s 0y
SREATEIEH M, H I 0~6 A# A BO Wk h iy &

P O R A X A R . ST TSR SR RS 3 P bR R GC-
MS &5 T I 7 224 JLBC T 3Lk b GEs #9& 1 , R 1)
B 38 3 Fe 3¢ # 2 WK GEs K f# 24 3-MCPD #
2-MCPD, 1 DL 22 4 vk 11 50 Lok A 5 o 45 7K B il 9 3% 32t
LK H M BB R RIE GEs B & i, GEs B4 M Bl
N 13.4~402 pg/L,LOD N 0.015 mg/kg. Ml 15 [8] i 2K Ky
95.2%~103% ,RSD(n=6)/NTF 4.0% . 4 /K H it B8 (49 1
K 75.0% , FLky e K H ol g VS g 2RI T
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T TRk o A s 6 K H R S g R R e R R —
WFoE R W& YT GEs B L S IE R i A %
YR R M BT 5T 2 WA A ok N RS 0 R v i S
TEREM™4 GEs () EEIFIHN Z —., Beeekman %5120 43 By
T 2019 4E \FE E T K AY 45 Fh B LA 7 958 b A
EEF GEs By & &, 0F 5% B8 S8 B A GEs £z i %o
100 % . BF 5T 044 2019 4F B9 42 5 2015 4F 7 = Bic 75 0%
R BOHE EAT L B R L 3-MCPDC 0.094 pg/g P&
0.054 pg/g) M GEs(M 0.010 pg/g 2 0.006 pg/g)FH
WHEEL TR, RHX 4 FM0LERTHE THEEHS
O fif 15 e LA R SR LI 3 0 v 1 3 e vk B L HR S
PR Ar e, DL L F S 3 B, B4 JLFL R b 3 o A7 7E S
PIBEHE A GEsi5 94 , 5 Yo /K F L2 1, v [ 85 & il 2 B 4

F1 BYHILAMBIFE POPs S AEETLRATE
Table 1  Analysis methods and concentrations of emerging POPs in infant milk powder
POPS EESY] TS GIMTTT 15 YK 2% 30k
AN RN A RBE 3MCPD B8, 22MCPD 8. 1, B4JLALK  GCMS 3-MCPD itk i £y ND~0.19 mg/kg  [20]
J&WRRES A GEs  3-DCP [i§.2.3-DCP fif \GEs 3-MCPDE, 2-MCPDE # 4 & 43 ] % [21]
0.037~0.208,ND~0.060 mg/kg
GCG-MS 45K Hoah BE R o & 8 ND ~  [22]
0.334 mg/kg
AW AR AmE: EEmRE Wik HPLC-MS/MS  GER#h o SR 6 K 11 & 43 1 ND~  [24]
(ESI D 85.25,ND~28.79 pg/kg
BHILFK  UPLCMS/MS  GERHE o SRR #h 6 th 5 43 5 ND~  [25]
43,ND~33.0 pg/kg
B LK LCMS/MS SR . w SRR R A B ND~  [26]
1 170.0,.ND~74.2 pg/kg
PCBs PCB28. PCB52, PCB101, PCB138, 443 HRGC-HRMS  PCBs # H} # 2& 107.2~14 311.2 pg/g [27]
PCB153,PCB180 517
A s Tk P 5 T By LAK  HPLCMS/MS  INIRMERK: i ND~11.7 pg/kg [28]
GC-MS/MS PR BRRE R 1 5l ND~6.7 pg/kg [29]
HPLC-MS/MS  NMSEERCAK 5 ND~8.64 pg/kg [30]
ME-GC-MS PRI 52 48~4 400 ng/g [31]
L7 MOSH/POSH Lk GC-MS/MS MOSH/POSH % i #& & ND ~  [9]
5.09 mg/kg
MOSH )L B HPLC-GC-FID  MOSH # % ND~1.30 mg/kg [32]
ik
PFASs PFHxA, PFOA, PFNA, PFDA, 41} UPLC-MS/MS ~ PFOA.PFUNA.PFOS.4 : 2 FTS.6: 2 [33]
PFUJA, PFDoA, PFHxS, PFOS, FTS.6 : 2 diPAP ;i & 43 51 ND~
4: 2 FTS.6: 2 FTS.8 : 2 FTS, 431.94,ND~ 15,95, ND~ 126.98, ND~
FHUEA., FOUEA. FDUEA, 3.75,ND~2.49,ND~24.56 pg/mL
FOSA,FOSAA N-MeFOSAA | N-
EtFOSAA.6 : 2 diPAP
PFOA.PFOS B Lk HPLGMS/MS  PFOA.PFOS #i i i 43 51 ND~1.34,  [34]

ND~7.79 pg/kg
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JLEL B h S N B TR A GEs B BR 218 L (H 2 2 IRER (EUD
2020/1322 %% ) & 7 B iR << 125 pg/kg Al CEU) 2020/
1322 Bl GEs<<50 pg/kg iy MR, A I 45 2R A7 30 45
H R DN I S B R R GEs V5 eI 3 2 R A AR LAY
JNECE TR BERE A GEs J 3k R BR S (E BF 9T 2 B 9 B T4
E

25 BRIk B4 LEL M T AN BEBR R GEs 15 YLk 8
49 55 7083 e ASHARL 420 3 AF O fige D SN B TR B GEs 0] B 11
CHEAE T ALY RS e . B4 LB T W R £
24 0 3 R P D) B 0 2 vk GC-MIS 43t 7 i 3 3 g
2 e B K SR T BERR K GEs 7K fift S 58 7R B 300 TA) 4 R
FHIR A K e A TRV 500 A7 A S B R, 9l W A 2 P9 A
B A LUE N B S R AE AN BE R Fl GEs i,
ZEARBAEER . B G RE kRN ERBERER. S
Al B AR K E AR TR O v B o R RORS B R B
Xt H 2 Al PR AT AT, B SOk 2 R AL E AR B K
P B R R O
2.2 SEBRIHMSRERS

AMRE(CLO, D& — M2 il B —FhEhE. H W
A AR A (KCIO; ), & M 1 (NaClO, ), & M %
[Mg(ClO,), ], mE R (ClO, )& AWK Y 228
0, HL BT DU AR A 1 s R AR B

B LT R i SR A | i SR R A I Y Sk R R L
JE) B B T ST T — R E W R SR R R v SR 3R A
Y AW AR Ak —E B BT 3% (HPLC-MS/MS) i
(ESD ., %77 i S W2 h F = SR #6543 B FE 2.0 ~40.0,
1.0~20.0 pg/L M3 BN ML, 7k LOQ 40 5k
15.0,7.5 pg/kg. RAZIT X 10 03 W0 BE 5 k47 46 0
AIAT EIRER R L 2 500 m AR ER K L 6000 . B4 L
FLobr Az e AR v, SRR R A UR R VT RB AR R v ) A=
145 G 0 % B AR 5 R v R 4% T U R RN VRS IR
4, Hakme 255 M B 2013 4E B SR, X P E 1
AR5 TP GRS AR i R AT A A R AR A
TR L0 EILE SR 7 A BILE DT Wk . B R A
M T = PR AR B T (LC-MS/MS) R . K il 45
SR = R h A SR AR R B A A A IS T RO
2020 45 S 1Y $e e 5% BA B AR L 7 P IR R A R R AR
Pt A AR AT R AR Y L R AR T e 5 PR KA
O KR 100 %6 A G Ak 1Y 3 R K PRtk B gl L L
A SR A AR Y HOK IR TE A R OCER. A
Ji o A5 0570 2 T g KO A R T o R B 9 % (UPLC-
MS/MS) (ESD %t %2 41 JLBE 7 31 o0 o S B2 b A i Sl 2 6
HEAT U 52 L 3% 7 vk 10 SRR S R iR LR R 4 A HE 2~ 500,
1~250 pg/kg I R? KT 0.999,LOD Jy 4.5 pg/kg. LOQ
SR 15.0,7.5 pe/kg. 57 AR & #E S UPLC-MS/
MS % (ESD fE [6] i X 22 4y JLBC 7 7LR o S 1R 3k 1 s SR

BE s # | 2023 F 2 B | RSN

Ehok BR UEATIN A2 L SR £ A A BR R 4 B AE 0.5 ~50.0,
1.0~100.0 pg/L W3 Bl 4R M 6 R R 47, i SR #h 7l 4
M Ah LOQ 73N 7.5,15.0 pg/kg, i S R 45 F SE IR £h 1Y
Tk [ 3R 82.5% ~98.5% . RSD K 2.0% ~8.7% , i%
J7 i B R A R L R AR . R X
D5 10 b B4l LB 7 50 E AT R I, SRR R K R
40% . R R ER A I 7000, X AETS Hi2 IR BIS 201706
Tr R & L X 215 4y 2R 4y JLIE J7 200 R I 45 2R, 45 R
R B4 JLEE T LB b TR AR KL R R 86.0%0; Sl R
RN 98.6% .,

G BHLA B R T A AR AL S R AR TS
HARTG Pk E W3R 1, 2 BRI (EU) 2020/685 5 4% 1] 22
JLECJ7 W5k vh B S MR £ <C0.01 mg/kg A4 FR 4 {f L v [ A
43 5 R o B L 0 i KU, SR R A L ] A
BB, B SR b 3R WS [R] R R B A7 22 T) G TR b
MEARBN T RAERKES IR REFSA4
PRI KA R ERL A PR T S R T B R SR
Eh V5 YR s, B in PR A v O vk S BR R
B RS EH R4,

WL LB R v SR A E MR R A W £ 0k A LC-
MS/MS, HPLC-MS/MS FI UPLC-MS/MS ¥ #t 47 £
SN B LT 7 RS R A % B o R A A TR Y
BT REBAR R T I RARE TS T 7, o drad 5
i e PR 3 R o AU AR 3k 19 & =2 5 , UPLC-MS/MS % s AC
B ANEE TR RUE AT, S N T O A R 4y
Brs EANE #6732 F LC-MS/MS ¥l 52 1Y SC ik . {5 = Ay
75 T R B AR X AR AR EAT R L 25 P A R R
— AR R % B R . HPLC-MS/MS ¥k BE 7] i % 48 IR
R R e R AR AT s HLE BCSR A PR R T RE Oy L 1
AL 3 R R BT PR AR R L M v B
000 R L B BN ke R )z M AE T 4 LR R
SRR L SRR R Y H R A I 4 A
2.3 BEBE

Z ATk % (PCBs) &2 — X & b & %, PCBs &
209 PPk G 9 4 4 EBE 2K £ B OK (DL-PCBs) 14
T £ PR (NDLPCBs) ,

AR, B A ST & b CAn sk P & A8 N2 R
) Z EH ARG DT AR5 2 4 L FL R v 22 ST A Wl
AR D, e A AR SRR F ) R R ER
AH— B A3 PR Uit (HRGC-HRMS) 5 A I 5 # Ik 45 3 43
Hh DX AR5 RE A 6 FhEE R M PCBs Y& it L i 5T 26 91 b
BB X IR T 30 43 A% Mo 7= 4R W RE L 2 DR S e
$87R 1 PCBs % Bl 107.2~4 311.2 pg/g B . PCB-
28 R, ok 2 PCB-153 F1 PCB-138, HF%E &R
PCBs S A F B8 AR 2L A R FL ] 5 <<40 ng/g g i 1Y 2
K, Hoz H X B A W 7R M PCBs 1Y JiE & 8% A i 7K

Sy
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WG F Hofh % 3k [ 5%, W] REAE P [ PCBs & R 4R R 4R
S AR B HE B Bl ) 3 A% O S 3 — 2P R ST Y AL
By B IR e PCBs DR B0 T AR 4K

B il E N AN S JLEL R h PCBs A6 I 77 2% 1 WF
FEILF A, HAb &M EE R GC-MS &% #1746,
GC-MS ELA5 %5 v 1 o 0 B RS 85 B R 58 B0 i Ak 2
B PR R0 T R D 6 A T A 1 SR AR L T LA R
& AMIXT HRGC-HRMS (— fi 4 b 22 o4 0 A 5 A 45
R 2 E PCBs 38 F Y 5 B 1 5 22 246 96 4k i IR
R A AR HEAT AR 43 B0,
2.4 WIHELRE

T s T B — Bl OR A R R B, S N L& 9 7 H R
AE R R, &0 W R AR 2 P 6 A R W R
AR LI WA 33 R I T 3% (LC-MS/MS) W 1 2 I I S
F W CMRMD 85 328 £ 52 W (SRVD 3 A7 4 =T, |
B o PR TR e 4 R A T T 3 ke A T Gl k) &
S 2 R R B A DL LR TR 0 Tk 1 G I vk A TE JR R
P PR R 4 R A oA o E e, FREEE DR
H HPLC-MS/MS H AR M 52 B4 JLFL B h 9 15 Bk B . %
FER LOD N 5 pg/ke. LOQ N 10 pg/kg. 4k M5 [l N
10.0~200.0 pg/L, ks H 2 A 86.7% ~106.8% . RSD
K 3.07%~9.61% (n=6), RHZFEX 50 7 E 4 JLFL
A IEAT R A3 AT TR TR B A 11 280 18 6 . A AR B Y Rl
H5.60~11.7 pg/kg. 7 2000 4F 5 T AE H LA A 19N
Y5 H RIS I A R 0.3~0.8 pg/kg TR, R I L
WSS S, AL 1R B4 L A T A Tt
M HEA —E XK. BT = &P # S GC-MS/MS il 5
WAy JUEC 7 FL B vb D9 44 Tk e o 322 3k b T 0% Tk R AE 5 ~
500 ng/mL M7 BBl P9 4 M R4, 7F 10, 20,40 pg/kg Jinbs
IR Yy 89.4% ~107.2%,RSD 9 3.3% ~7.1% (n=
6),LOD 4 0.25 pg/kg.LOQ K 0.75 pg/kg. K% T ik
X 28 1 B &y LT I FLOM A DU, R TR 0 TR e A R
7.14% . TAFED s HPLC-MS/MS 3% %) % LK J5
LB v D A Tk e AR B R AT O S, O DA R 55 AR IR
HEAT S e W RE . T A IR b R MR 1~
200 ng/mL ML 78 10~ 100 ng/mL 7K F (4 #x Al
RN 909 ~110%, RSD 24 0.30% ~6.20% , LOD Ky
4.0 pg/kg, FHZITHERT 28 4y B2 L E )7 7L BE S k4T
W5 PR BBEEAG R 3.6 %0 . Ghiasi P g T 3T
CCD Ay D% A5 UM (038 1% (ME-GC-MS) 35 I & 22 4
JUBE 77 43 8 o P9 M Tk e & 09 U R, % 7 LOD
0.6 ng/g,LOQ M 1.98 ng/g.RSD N 2.9% , W55 ¥ W/~
T B LT 5 3 0 2 32 VN A Tk e 7 TS gL 3 A AR IR B
(0~6,6~12,12~24 > H) P9 4 Bk e vie BE 3 [l 43 51
48~3191,918~5 835,1 290~4 400 ng/g. N MWtk &
—MBUREY . . FHEETE Sk HEY b, 2

LEES BYILARNPHFABFAMANSEINRRE RUERARFTLRAERRER

JUECT5 W5 03 %5 5V BUN M Tk g, F 5 o Hoxt 2 & U
JLFE 5 1 e AU o

e ] T AR T P A B AT A 0 R S T A G
FE LA R v 35 o KOT 1 0 3 A 2 e A
B PR M, I — 2 R B8 1 R W B B P g L AL
93 TR A7 Tk g 75 4 AR B A 1 AR X A S BRSSP (0 R
S5 Yo vl B SR A S 0 1] T 24k 45 XoF T A I b 0 AT XL
D597 A8 . S0 J T A D Tk G A o 2 R 4 s T BR
HAH 0o W AR 5 R G H B = B s ok
- (R 5 R R T T B X R0 I e T B R S

o5 LTI B4 LN A7 FE T 0 Tk TS Y, B R I e
ik EEA GC-MS/MS i LC-MS/MS ¥ 1l HPLC-
MS/MS ¥, H T GC-MS/MS 1 1if #8175 2 K i) ] 477 4= 4b
PR, 5 O AL FRE B AL, R R AR B KL T LC-MS/MS
% R B L A I 45 SR A A B BE B IR R
HPLC-MS/MS 3 X 32 &) JLZL A A D5 9 1k B 32 47 A DU 1)
A SR FH )57 38 P9 b o o Dy 90 i Adh L T SR L 0 A RO
5 357 05 2 I R A 1 O R R I B SR L 3 A T R = R
PR 5% 5 0 R R T
2.5 W4

T4 & — R TR T A 8l Co ~ Cso B 08 A
I5 B B EBR 4 R LR L SCRE B IR IR ot 05 1 A
HE Ty (MOSH) Al iy 505 12 Ak & 4 241 i1 05 7 12 0
Y (MOAHD , LR 3 A 8 43 J6 ot £ WO 1 22 36 05 42 LA
B EEm . EEMAE Y. B TR b e Y
HIRRA G — 0 R R E , HE &P 0w i i A e Ty
TR RL A,

PN I 40 T GC-MS JERE - 57 57 4G D O vk L %
FLARITE 5Ly Hh 25 R4 Ak B A HE AT 5 E K S 4y
Bro RAZ LA 25 Fhbg br 8043 76 46 B e B v [ Y
BA RIFLMESCR 5 Wl 48 b5 48 19 LOD 250.025~
1.5 mg/kg. A% A %K 25% ~56% . RSD K 2.2% ~
9.4% s Xt E PIAh 40 BYFLAS AN 25 15 35 50 A1 7 S R B
WIEATISE 45 50 WOR LR B A R 12,596, T
IG5 58 3 A A 8 2635 B 100 % . 1% 07 15 Dy — i 17 B PR 1Y
T ZLR v 4 T 48 bR B 1 5 vk TR Ay
5 B 1 AR BT 58 AT 55 v 0 7 0 o 0 ik T e 1
DU IR AR5 Y A7 HE TG 1 52 ) Hhy 6 286 b ) 0 A =
T AR AL SRS ), S BOE P BOAR ST L f bR)
T TR T B0E W5 g 5 & S LA AP R
Qg E Y/ E(DRIRA S b B e L F S Ry =
LT 7 3 4 v it A0 4 250 0 il CMOSHD 1 325 2% [F1 A %6
B (SPE) 25 & M BUE A — SO (038 — 20 KA B T e A
W 2% (LVI-GC-FID) By 43 B 77 3% . 1% 77 1 78 MOSH 7E
2~500 mg/kg 6 B N LM R4, H LW LOQ R
0.05 mg/kg., AR B ZE Ky 92.62% ~102.86% , RSD N
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0.85% ~2.57% % Jr ik & 2 LK 77 FL 8 th MOSH 1y
ERAI M. SR HZ D B X 10 0 BLL B 5 W b iy
MOSH & &t ff 474 0 53 87, # i 2h 0.24~1.30 mg/kg.
Hrft MOSH(Cys ~Cs) &4 0.12~0.85 mg/kg. &6
FT 5 T P hxk AR fa v B G LEL R Th
T M 0 25 | A v R R L N7 SR UAH T A U W 4
it « PR i S Ay DL LR I A A

H N AN A SRR E 32 R R T
Wy AL RN 0T b ) S T4 B B R R MOSH 5% B &
HEAT R 4317 107 B2 L 7 2L K vh (% ) S A T 3 T 4
EAEXT R T i B 4 A R D T
Y2 B AN TR R R T TR AN S [ A 1 A
FEMAZEAME, HET GC-MS/MS ¥ &2 8% % H iy %
HLFUE 83 A I AR, T R A R R [l i R 3 4
G B G AR AEE SR B 1R O 3 30 45 4 SRR NS R B g
X B4y JLFLAS ol BEAT E M = S A i, T
5 S BRI Be LR h MOSH & 4 19 H 3 He a6 )
26 ERRESEAKELEY

IR £ I FE AL A W) (PFASs) J2: 45 58 46 7 T4 b
B J - b Ay S 4 S S 3 0 R T BB T T AR A —
KNP BT, 45 I8 Rk i oK o BUAR B 19 R [l , PEASs
ATy R @ R R (PFCAs) L 4 U R (PFSAs) L 4 51l b IR
(PFAAs) &R B R (PFPAs) . 2 % T i iR (PFBS) . &
B (POSE) .2 9 T B¢ 3R iR (PFBA) | £ J ot 2 il
RS I (PFAS) 4R,

sk R UPLC-MS/MS ¥ F1 [R) {7 2 i B B A
WX e 12 A48 B 3L 4 U G W K ET AR
PEAT R M % b 11 R E bR A YR Rk
UL, LOD i 0.5~10 pg/nL,LOQ N 1~20 pg/mL, 7E
L0 A S R PN [ 36 RSD A1 4% A A L 20K L i T 52
Rt 3 b2 AL A WA L K R K 8804, 4l
1H,1H,2H, 2H- & f = 32 (6 : 2 FTS) .2H £ H-2-
TR (FHUEA) M 1H,1H,2H, 2H £ & ¥ J3E-2- B i
(6 = 2diPAP) , {5 1 1 [l 43 5 2y ND~47.46 , ND~70.68,
ND~35.08 pg/mL, BF5% WIR & FAk G ¥ B H i ik 4
TEREFLREAR (A g B A v i L B 7L b T e g 2 R o
LK E B R REE KA, B4 L7 28 DL .
FFLA R 0 E A ok BB R A W R A 1 2 AL
A B R TS G, BBk ST B UPLC-MS/MS
PR B B AR X ZL P 8 R A AL G AL 2k
ST PR AR Y 5T AT A I A AT, O X LG A R R
PP 4r . WSS 8 P& k&8 LOD N 1.60 ~
5.00 pg/mL,LOQ K 5.50~13.50 pg/mL,11 # H¥rfk &%)
LOD 24 0.50~10.00 pg/mL,LOQ >~ 1.00~20.00 pg/mL, 4
B RTE 18 4y 3L & FE & b, PFOA . PFUdA Al PFOS
Kt 550 R 28240 ,43% .50 % B B K I 3 &

BE s # | 2023 F 2 B | RSN

AL SRR B 2 9o THL1H, 2H, 2H-42 5 © 3 B
f(4: 2 FTS).6 ¢ 2 FTS I 6 : 2 diPAP, # i1 2 43 11 K
6% .67%,17% ., ZWFoE 2 h BT E A4 05 R A 4
R/ RS RCE N CIE N W2 5 P o S N
PFASs 15 Y 7K V47 b 72 8K 8 [l Py, L5 B AT R 7E 1 3
By Bt o [l PFASs 19 4 7= B IR 4 41 2 B Bt (R BE 25 T
b & R 5 B BRI, R G B B HE OKE S {H 3
T 5 g B ORI PR, N AT ST T B g LT AL
A E R (PFOA) | 4= 92 i filf iR (PFOS) 1= 2L AH
0 33 — A3 I DU AR AT 3% B A (HPLC-MS/MS) il 58 7 ¥ .
PFOA #1 PFOS 1 LOQ 43525 10.0,5.0 pg/kg, J i [l
W% Ay 86.1% ~106.8% ,RSD K 2.87% ~9.53% . *
Z 7 50 0y 3R 4 L FL A SE AT R I 4 BT, PEOA & HE R
12.0% (K Hi 54 0.51~1.34 pg/kg), PFOS ¥ i F Ky
8.0 (K 1.06~7.79 pg/kg) . B4 ILEFF M+
JUUZAEAE A TR TR ORI 4 9 Be i R Ak B L BOOK H T K
T A 1 7 4 L ) B b o (R DG WA B R ) B K AR
LM B i A AR R R AT W 4%, T — 25 1 Rl i A o
I 77 2= AR B (. Macheka 250 SR B8 w5 2% W0 AH (0
W E RS L (UPLC-MS/MS) 22 T 23 (3 ZE k)
A7y B4 LS T WK B 15 b PFAS B9 & fE, 15 Fb
PFAS 76 2L il & A5 L BC 5 W3 83 b 04 J5 &t vk B2 43 1 ok
0.08~15.51,0.42~5.74 ng/mL. 4% T ® (PFBA) .4
UL R (PFPeA) | & % 2% R (PFDA) . £ | IE + = ki R
(PETrDA) #1448+ — k22 (PFDoA) J2 it 3% 3 1) PFAS,
Rl Z=>96 %, 224 JLEC 5 W 4 R FL ) & PFDoA )
B R B 4y A 2.02,2.76 ng/mL, %% PFOA Hl
PFOS B # £ 5 2 BR B8 AR 0L, B K 55 Co ~Ciu 1 PFAS
W TS . R ok & FLHh PFAS & R . =
KX PFAS HHEZ R LR ITFE L (P=0.546), 38
i B LB 5 WA A EL I A AR PFAS ) EDL # 1% T &
H AT 32 B8R 4 109 422 ik 0 22 o4z fih 3k A2 1 2R RO
EANERBRN .

HHT . ¢ T2 2L o PFASs 4R E D & ATl
#R M LC-MS/MS #: (SN/T 4588—2016) # 17 4 ] 43
BT A B4 JLFLA B B4 B A, 1% T vk B R L R
B VE B R BR 45 B [ s UPLC-MS/MS % . 7 8§ )% w5 | i
TS AR 25 B oL Sk R A AL B A TR AR 5 R
IR H HPLC-MS/MS I 2 % 4y JLFL B fr PFASs, [F] B
R FH R 38 AR AR 1% 07 0 win Ak 2 17 B0, B o RO
i 8 8 1 L BE 05 R 0 B R R A BT . Ok TR B
I 36 T 24 LI 5 FLR H H R PFASs P K
3w

B ILF R A ST BEER I GEs R 3h . & S
b (PCBs. 4 4 B JHe . 0 91 9l . PEASs 48 7 2% POPs 1975
Yo JFHRE A RN T R S Y A bR T RS B 4 L
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FLBy B 2% POPs 1Y E 25 Gk I A 56 T2 47 L3 K
' POPs WA 58 AR X 4620, I AT U 9 A el 2 R, B
o ] i e X B 4y )L LA v X 5 B POPs A6 il 4 A
Fk SRR E SR, W, 2 LR 0 AR 5 n R
s — AN Tk Ak LA A6 RN BB Ak 1 & R A T, B A
WAT b B 4S5 52 B0 2 ok 8 v R B LA I R R Y TS
BT ZH, Rk TEY LM T POPs (14
TR AR LRI .

S % 3k
[1] B2 Fr A A HLIE YL 4 (POPs) WF 5% it & [1]. 34
A, 2006, 29(8): 140-143.

Bk b5 4

MU J P. Research progress on persistent organic pollutant
substances ( POPs) [J]. Environmental Science, 2006, 29 ( 8):
140-143.

[2] Stockholm Convention. All POPs listed in the stockholm convention
[EB/OL ]. (2019-08-30) [2019-08-301].
TheConvention/ThePOPs/AlIPOPs/tabid/2509/Default.aspx.

[3] AU, PR 5, I H, A5 BRES A BT SORH A LTS Y g
M8 AR WF g 2R R [0]. A9 3, 2017, 36(6): 563-579.

ZHU S, SHENG Y T, LU G H, et al. Review on the analytical

http://chm. pops. int/

methods of typical emerging organic pollutants in the environment
[J]. Rock and Mineral Analysis, 2017, 36(6): 563-579.
4] 0 B i . AR IE R A BLTG Y B b 0 B 0 I AR D). R
UEAT 29 5 IR, 20200 1) 40-42.
HE R R. Explore the environmental monitoring of persistent
organic pollutant in China [J].
Environmental Protection, 2020(1): 40-42.

[5] B 55 . A HLTS 3 i BAE 5 (9], BE 0TS 24 5 3R 4%, 2020(11):
95-96.

Resource Conservation and

ZHAI Y N. Study on remediation of soil organic pollution[J].
Resource Conservation and Environmental Protection, 2020 (11):
95-96.

[6] Wk, A= Wefif, 454, 45 GRDRE BT B KR AP AT LTS Y 43 BT
J5 16515 QAR AR W ST R 0], PRI AL 27, 2021, 40(1): 132-140.
DONG S J, LI X M, LI T, et al. Progress on analysis methods and
characteristics of emerging persistent organic pollutants in animal
feed[J]. Environmental Chemistry, 2021, 40(1): 132-140.

[7] SVEJKOVSKA B, NOVOTNY O, DIVINOVA V, et al. Esters of
3-chloropropane-1,2-diol in foodstuffs[J]. Czech Journal of Food
Sciences, 2004, 22(5): 190-196.

8] Z W, B i P S P BEER A 75 e K 7 98 4 43 A [D]. K IR

TR, 2015: 24-44.
LI S. Investigation and analysis on contamination level of
chloropropanols esters in food [D]. Wuhan: Wuhan Polytechnic
University, 2015: 24-44.

[9] PR, B 3%, B xS, A5 UM €T B IBC ST 35 1 DR R 7 A LR

K355 9y *ﬁf%ﬁ]?ﬂmﬁiéﬂﬂ. 1 i A BRI 2 4R, 2017,
8(10): 4 018-4 030.

LEES BYILARNPHFABFAMANSEINRRE RUERARFTLRAERRER

SUN S S, QIN L, ZHANG H L, et al. Fast screening method of
mineral oil index components in milk powder and chocolate by gas
chromatography-mass spectrometry[J]. Journal of Food Safety and
Quality, 2017, 8(10): 4 018-4 030.

[10] ZELINKOVA Z, DOLEZAL M, VELISEK J. Occurrence of
3-chloropropane-1, 2-diol fatty acid esters in infant and baby foods
[J]. European Food Research & Technology, 2009, 228 (4):
571-578.

(1] 3 A3 500 I HA LAORE o ™ 4 35 % 19 2 4 43 17 [D]. JE
JERURRAL K 2%, 2020: 1-2.

ZHANG S C. Quantitative analysis of mineral oil in powdered
milk and solid Beverages[D]. Beijing: Beijing Forestry University,
2020: 1-2.

[12] GUO Z, LIU X, KREBS K A. Perfluorocarboxylc acd content in
116 articles of commerce [R]. Durham: Durhan, NC U S
Environmental Protection Agency, 2009.

[13] STILL M, SCHLUMMER M, GRUBER L, et al. Impact of
industral production and packaging processes on the concentration
of per- and polyfluorinated compounds in milk and dary products
[J]. Agr Food Chem, 2013, 61: 9 052-9 062.

[14] 2R 3058 1 S DR B b RL A LTS 5 00 v 5l = A 0 5 5T
FBWFEFE[D]. )M HE R BT K 2%, 2013: 47-54.

ZHU W L. The migration research and detection of organic
contaminants in food packing plastic material [D]. Guangzhou:
South China University of Technology, 2013: 47-54.

[15] 25, HUARPE, 00K, 4055 bRk i A HLTS B oy 1 [ {4
A T AT R A M (). 2 5 B ALK, 2016, 34(3):
10-14.

XUE M G, TIAN L Y, WANG S F. Study on the migration of
organic contaminants from paper packaging to solid food [J].
Packaging and Food Machinery, 2016, 34(3): 10-14.

[16] =8, MR, XA R, 55, £ 0 4 8 AR MR =Y i i
R FT R [9]. £ ok RH4, 2013(15): 380-389.

LI T, BAIJ G, LIU Z G, et al. Development of the migration of
chemicals in metal packaging materials for food[J]. Science and
Technology of Food Industry, 2013(15): 380-389.

(17 Z2ILW5 by 4 s 7 9y 3ih 2> SO W7 BRCHR S B 1Tl 25 SRk T

[EB/OL]. (2019-12-19) [2019-10-24]. http:/finance. sina.com. cn/
wm/2019-12-19/doc-iihnzahi8620603.shtml.
Can mineral oil cause cancer in baby milk powder? Here comes
the latest EU assessment! [EB/OL]. (2019-12-19) [2019-10-24].
http:/finance. sina. com. cn/wm/2019-12-19/doc-iihnzahi8620603.
shtml.

[18] WOHRLIN F, FRY H, LAHREEN-WIEDERKOLT M,
Occurrence of fatty acid esters of 3-MCPD, 2-MCPD and glycidol
in infant formula[J]. Food Addit Contam Part A Chem Anal
Control Expo Risk Assess, 2015, 32(11): 1 810-1 822.

[19] & 7, BilL, oK T . FELRBERE B G — M (3 — R B R
TEARAT A Al ik W RE R P SRR [T). 0 BT AR 2 F O i A
2015, 40(5): 678-684.

et al.

233



234

FR R ADVANCES

YI Q, MIAO H, WU Y L. Determination of chloropropanols in
food by on-line gel permeat chromatography-gas chromatography-
tandem mass spectrometry without derivatization [J]. Chinese

Journal of Analytical Chemistry, 2015, 40(5): 678-684.

[20] X1, y 1. [ {3 3 A AR — A €0 3 — o 335 vk 0 2 &)y JL

J7 LB R N B S AL A W 9], FLAL R S HOR, 2017, 4003):
11-15.

LIU Y, LU J. Simultaneous determination of chloropropanols
esters in infant formula milk powder by isotope internal standard
coupled with gas chromatography-mass spectrometry[J]. Journal of

Dairy Science and Technology, 2017, 40(3): 11-15.

[21] Fk e, Ja e, BT UL, S B4 JLTC Iy Wk S I A i R R

RSN T 3% AR 5 TS5 B B8R (D). 12 A B2, 2019, 40(10):
311-317.

ZHANG N, ZHOU J, HU S J, et al. Optimized detection and
pollution exposure of chloropropanols fatty acid esters in infant

formula[J]. Food Science, 2019, 40(10): 311-317.

[22] WSPUL, JEI#, sk Ue, S5 LR bR — O @3 — BT vk

TE Y JLICT7 LR b 4K H i s s R I A9 &5 4 (0], BALAG 56
At 40 W, 2018, 54(7): 745-751.

HU S J, ZHOU J, ZHANG N, et al. Determination of glycidic fatty
esters in infant formula milk powder by isotopic internal standard
gas chromatography mass spectrometry [J]. Physical Testing and
Chemical Analysis Part B: Chemical Analysis, 2018, 54 (7):
745-751.

[23] BEEEKMAN J K, POPOLA S, GRANVOGL M, et al. Occurrence

of 3-monochloropropane-1,2-diol (3-MCPD) esters and glycidyl
esters in infant formulas from Germany [J]. Food Additives &

Contaminants: Part A. 2021, 38(10): 1 656-1 671.

[24] JAIE NG, B/NmH, 7 AR, S, OO (01— BB I i vk

SE W B rh SR R RN R AR #R (1], 3%, 2019, 37(10): 1 064-
1 070.

ZHOU X Q, LU X L, WAN J C, et al. Determination of chlorate
and perchlorate in milk power by high-performance liquid
chromatography-tandem mass spectrometry[J]. Chinese Journal of

Chromatography, 2019, 37(10): 1 064-1 070.

[25] 3k 7 A, W, SCH#R, % . UPLC-MS/MS [a] i 460 32 &) )L 77 5L

b SURR 5 R SRR 5 7R B[] b I R 3, 2021, 40 (6):
162-166.

ZHANG L J, HU X, WEN J, et al. Simultaneous determination of
chlorate and perchlorate residues in infant milk powder by UPLC-

MS/MS[J]. China Brewing, 2021, 40(6): 162-166.

[26] X0, Ef e, 3% o [, 4. 2018 4F v [ B2 4 JLIE 7 FLB & A

FR L AR #h 5 e (7). TAEBFSY, 2022, 51C1): 124-127.
LIU Q, MAO W F, JIANG D G, et al. Content of perchlorate and
chlorate in Chinese infant formula in 2018[J]. Journal of Hygiene

Research, 2022, 51(1): 124-127.

[27] Wy 48, KU/NTT, XUSK, A5 164 W0 23 H IX 2R 0 Hh 2 SO

1) 5 Y oK 7R 58 43 A (9], of B & AR AR, 2018, 30(2):
172-176.

BE s # | 2023 F 2 B | RSN

YUD Z, LIU X F, LIU X, et al. The study on pollution levels and
exposure of polychlorinated biphenyls in milk in some areas of
hubei province[J]. Chinese Journal of Food Hyglene, 2018, 30(2):
172-176.

[28] T WeHE, £, HKAZ . BOAR €038 — D 106 B A A6 900 222 4y JL 3L

3 T P TS (0. IR FL S T, 2019, 47(5): 50-64.
YU X J, WANG H, ZHANG S, et al. Determination of acrylamide
in infant milk powder by liquid chromatography-mass

spectrometry[J]. China Dairy Industry, 2019, 47(5): 50-64.

[29] BR3e ==, i B, W9 A, 4. UM 3t — R B BT 7k D E 2 40

JUBC Ty FLA v 89 D9 s T8t I [0, B i 2 4 Bk AG N 2 4, 2021,
12C17): 6 924-6 928.

CHEN K Y, LI H X, JU X, et al. Determination of acrylamide in
infant formula milk podwer by gas chromatography-tandem mass
spectrometry[J]. Journal of Food Safety and Quality, 2021, 12(17):
6 924-6 928.

[30] A, BRI, XU, 2. i O A (0 35— 85 15k o 33 vk 0 52

BLTC T3 LA H DN A T I 1) 5% B (D). £ RHEE, 2019, 44(3):
309-312.

WANG M Y, LU Y P, LIU H, et al. Determination of acrylamide
residues in infant formula milk powder by high performance liquid
chromatography-tandem mass spectrometry[J]. Food Science and

Technology, 2019, 44(3): 309-312.

[31] GHIASI R, MOHAMMADI R, KAMANKESH M, et al. Risk

evaluation of acrylamide in powder infant formula based on
ingredient and formulation in three critical age groups of children
below 2 years old: Efficient microextraction followed by GC-MS
analysis based on CCD[J]. Food Analytical Methods, 2022, 15(1):
45-55.

[32] XI% ¥, 5k 01, 220K, 5F. B§Zk SPE-LVI-GC-FID % 43 #7 %

JUBL T Wk b B AR AT S 57 Wl 9], & B2, 2017, 38(22):
303-308.

LIU L L, ZHANG Z X, LT B N, et al. Offline solid phase
extraction-large  volume injection-gas chromatography-flame
ionization detection ( SPE-LVI-GC-FID) for the analysis of
mineral oil saturated hydrocarbons (MOSH) in Infant formula[J].

Food Science, 2017, 38(22): 303-308.

[33] # 3k, LA, 2000, 45 18 i T & 4= 0% b 2 AL & W B LT

R BT AT D). TP E TR B2 24 A, 2015, 49(6): 524-528.
YANG L, WANG M, LI J G, et al. Analysis of fluorocarbon and its
precursors in 18 samples of milk[J]. Chinese Preventive Medicine,

2015, 49(6): 524-528.

[34] E0, BRHILE, BTUHHG, 5. WA (3% — &5 65T 5 ok A i 0 52

B4 JLTC 7 SLB P 4 G0 R A T BE R RR L U AL A
T3 5% B8 [J]. fa.3%, 2018, 36(12): 1 279-1 283.

WANG H, SHAO M Y, JIAO J Y, et al. Simultaneous
determination of perfluoric acid, perfluorooctane sulfonic acid,
bisphenol A, nonylphenol in infant milk powder by high
performance liquid chromatography-tandem mass spectrometry[J].

Chinese Journal of Chromatograply, 2018, 36(12): 1 279-1 283.



F&M | Vol.39, No.2

[35] A N RIEFINE E K TAE R A& & 02, EE R G2
WE MBS, B R EZARME B & SN B R G Wi
P Tif & HE A9 T3 GB 5009.191—2016[S]. db5t: o (= b5k th iR
#t, 2016.
National Health and Family Planning Commission of the People’s
Republic of China, China Food and Drug Administration. National
food safety standards determination of chloropropanols and its
fatty acid esters in foods: GB 5009. 191—2016 [S].
Standards Press of China, 2016.

[36] HAKME E, HERRMANN S S, POULSEN M E. Chlorate and

Beijing:

perchlorate residues in food products on the Danish market[J].
Food Additives & Contaminants: Part A, 2021, 39(3): 551-559.
[37) FE MR, ki, A, 45 R v AR (03— o I B 9k U
LY LBC 7 Sk b R A R AR R 0], B A AR, 2022, 47
(1): 312-318.
ZHAN S Q, ZHANG H, ZHOU Y, et al. Determination of chlorate
and perchlorate in infant formula milk powder by UPLC-MS/MS
[J]. Food Science and Technology, 2022, 47(1): 312-318.
B8] T ARIEMEREE DAEMTHMETFZRA S EMELEEARK
FRifE Brdh AR R P 2 UK & 1 I GB 5009.190—
2014[S]. dbat: v E AR E T, 2014,

LEES BYILARNPHFABFAMANSEINRRE RUERARFTLRAERRER

National Health and Family Planning Commission of the People’s
Republic of China. National Food Safety Standards determination
of indicative polychlorinated biphenyls in foods: GB 5009.190—
2014[S]. Beijing: Standards Press of China, 2014.

[39] P ANRIEFEEZ DARITREFTFREA S BHEEERK

BRiE £ P BE R 2 - GB 5009.204-—2014[S]. b At
T o A, 2014,
National Health and Family Planning Commission of the People’s
Republic of China. National food safety standards determination of
acrylamide in food: GB 5009.204—2014[S]. Beijing: Standards
Press of China, 2014.

[40] # ¥k, TR, E5F, 55 b E 12404 0 87 b 2 5L S YRl
PR 5 23 (9] AR BT BE 22 4k, 2015, 49(6): 529-535.
YANG L, YU X P, WANG M, et al. Analysis of perfluoroalkyl
substances precursors in buman milk from 12 provinces of china
[J]. Chinese Preventive Medicine, 2015, 49(6): 529-535.

[41] MACHEKA L R, OLOWOYO J O, MUGIVHISA L L,et al.
Determination and assessment of human dietary intake of per and
polyfluoroalkyl substances in retail dairy milk and infant formula
from South Africa[J]. Science of the Total Environment: Part 2,

2021, 755(10): 142697.

(E#E% 220 )

[52] WAESE, W= 5, 5k I5, . 7 Ab B 65 40 UL R 4T 4 8 A

S5 AN RE B R R I (D] B/ A Tl B, 2022, 43 (17):
95-103.
FENG J W, ZHENG Y F, ZHANG F, et al. Effects of ultrasonic
treatment on structural and functional properties of myofibrillar
protein in sea bass[J]. Science and Technology of Food Industry,
2022, 43(17): 95-103.

[53] DENG S, LU L, YANG W, et al. Effect of electron irradiation on
the gel properties of Collichthys lucidus surimi [J]. Radiation
Physics & Chemistry, 2017, 130(1): 316-320.

[54] B by, phis, i AL, S, FL 7 SRR ROk A £0 fn B N IR TR A
Miip I 1 K R R B TT I S R [T). B R, 2019, 40(9): 23-28.
LUO H B, LIN L, GAO X, et al. Effect of electron beam

irradiation on the activity and conformational unit of endogenous
proteases from hairtail surimi[J]. Food Science, 2019, 40 (9):
23-28.

[55] skiE, s 2, B AL S%, &, W AR Bxl 6 £ PR LT 4k 2
FEAR R RO 2 [T]. B A BL2E, 2019, 40€13): 81-86.
ZHANG H, GAO X, XUAN S F, et al. Effect of electron beam
irradiation on biochemical properties and structure of myofibrillar
protein from Lateolabrax japonicus meat[J]. Food Science, 2019,
40(13): 81-86.

[56] 251, 8 5%, 3 3 Hiv, & . ey i Xof i £ PR JBE - Mg Cl 35 47 1 Y
O[T A TR, 2021, 42(16): 53-58.

LI Z, QIN R, YUAN X R, et al. Effects of high pressure processing
on gel properties of carp surimi containing magnesium chloride[J].

Science and Technology of Food Industry, 2021, 42(16): 53-58.

(E#% 226 )

[42] FEIKIC, Bk, S/NER, 45 X 20 L AR PR A 0 IR 3 b FL IR
B IR ()] R 2 A R AR I A 4R, 2017, 8(T): 2 810-2 814
DU G J, JIN Z, WU X H, et al. Determination the content of lactic
acid bacteria in yogurt by flow cytometry [J]. Journal of Food
Safety and Quality, 2017, 8(7): 2 810-2 814.

[43] 745, KIRAE, 228, 4. LR WA THECSS R LB SR (0], i
VIS A 25 24 4l CHARBLAE /D, 2018, 47€6): 713-718.
WANG J, ZHENG Y Z, JIANG K, et al. Comparative study on
counting results in Lactobacillus counting method [J]. Journal of
Shanghai Normal University (Natural Sciences), 2018, 47(6): 713-718.

[44] CHIRON C, TOMPKINS T A, BURGUIERE P. Flow cytometry: A

versatile technology for specific quantification and viability
assessment of microorganisms in muti-strain probiotic products[J].
Journal of Applied Microbiology, 2018, 124(2): 572-584.

[45] BARROS C, FULAZ S, VITALE S, et al. Interactions between
functionalised silica nanoparticles and Pseudomonas fluorescens
biofilm matrix: A focus on the protein corona[J]. PLoS One, 2020,
15(7): €0236441.

[46] Tk 2, XBME. WA T IR AT 187 A= 00 I8 114 TE i B HL 7 0 2R &R it 24 o
AR 0. B s 25 TR R4, 2020, 26(22): 3 375-3 378.
ZHANG Y, DENG B. Biofilm formation by Helicobacter pylori
and its role in antibiotic resistance[J]. International Medicine and

Health Guidance News, 2020, 26(22): 3 375-3 378.

235



