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PR REERSIL PSR
R #a M I L R B 5T

X, wam, FoOF, 0KE, W, THE, ¥ 2, BLHE
4 (k=) BREEAT, LR 101107

W [HA AL R T AR B RZEE (ASY) AL SRR AT S 2RI, REEHIZITRE
AL KR WHIFL . REEASTO PG . Dk iE i R B R, BRI T, R A
E R bR B (GBWO08619 ) BEfTRSE . AMMJFEINIE, WSkt R Ir. (2558407, KA.
AL . KEEFLRER (LOD) HE &R (LOQ) 434°40.005 mg/kgfl0.01 mg/keg, 5 (GB 5009.12—2023
B eE bR S EIIE ) ATHEARE, DIbREMORE R A EE SR R A 70% ~ 115% (I
FR7KF0.01 ~ 0.04 mg/kg ) 5 K% B IRER /R AN I T oRE  BE 43.32%-18.59% . [£5 11 AT J7 A BB
i, REES, &H TR ERPETT A S 2, h RN NIRRT SERAR IE
Sk PHARIAE R ZEE (ASV) 5 PRHERINEAR ; FLSFLRIS; 8y JrikEiE

RGNS 1671-4393 (2025 ) 09-0129-06 DOI:10.12377/1671-4393.25.09.19

PRFAE P & bl BRI A bl L
i REEMETERENRE RS RSN R A E
T A — M S EG R T R, W

LRk, MEEFLE S HSR RSN, TR RS A RSN S N T A
LB H 2 BT . EE BTSRRI AR . KIS R FLF S BAE RN
R, ot SR ESi8y — EEEAK  EH——A90% WS TUEE R, HRZI10%HIL
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EHZ B XA (1984-)
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F OB (1991-) ,
XHKE (1985-)
BIEVEE: KNIHE (1981-) |
ZEFIZE (1989-)
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B4E (1989-)

MALERYIA, AFE, TR, WR5 A FLAR IR AT . LA TR R 5
WSS ARIEN, B, TRRIN, AR5 I AFLA T . Skl
WSS RGN, AR, TRRIW, BFT5 0 AFLaE T . STl ;
NSENFRIEN, RB}, BF0J5 6 AL Tl .

, WE SN, Wi, TR, WRra kLRt . FLA TR ;

o RHEN, ASFE, TRRW, WEFT7E LRI . FL TR
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WA B G FALMBE. ENAKE, HER
W& ARG, Gl RGBS IhRE, EEERA
GIECESE iRt/

R PAHAL (WHO ) FIEE & abrik )
XFFLH S R AR AE TSR EESR (40 (GB
2762—2022 B i LR E R bRAE BT AR R )
HUE AT AR R <0.02 mg/kg) . HAT, FLHI
i FER B S U 2 A SE ( GB 5009.12—2023 &
i Kb B SR AT E ) SRR

POt (GB 5009.268—2025 B 4 H 5 bR
#E B 2T R EOIE ) LR S R B

I (1CP-MS) PR B Gk . X BTy A s
WIS, HAAEAER B BT ATALRE 2% . i A
SEFRIBR P, A DA R L R L A A )RR s 7
Ko B HIR e (ASV) EHE (Pb) K
B 5B R, WKm s
W2 A R AV AR, BAGERERIERIE, £
DEPPOER & R 1 22 W] AP il + 10% 2 N %
e . REUES . BB, ASV
FETE 4 R AT A R4 RS
KHFFCHASV I T AR . KR FL . i)
Pl KR4 FIRESIETT, BGIERESAT A ERRIASI
e, RIS R, il AR IR . e
PR A I RN T A M S L T S, DU
AR R s L Ay, BBtk

1#MEEFE
1.1 R85

FLA RIS I B | MR T CaRN R e 4
RHEIRAAIR AT B E ) WAk,

e ) =% i VO IR L B e ) | = U e R X5 P
MARAR] BKF, MR -FEM 2 ( F
W) ABRAFE]L ZOHL (=7 000 t/min) , FIfES
WAL O UESAIRAT]; ek ey, TEEIRAL
ml; FEdEy (200 WL, 1000 wL, 10 000 pL) ,
Heoupl () B ARATL
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F 1 FLmiRERIR R E A S

il ﬁi P R &I
TR 1 ; i
SLEHRIGH 2 mRER ST
AMEGARA 1 BN W pH M g
FLBENARIB 1 EERMESM W pH
ASERAC 1 GRATHE g
FLGEGAAD 1 bk MR

1.2 iR FHE

1.2.1 bl i

M1 000 pg/mLBRAERG IR, TTEBEBA
RO, 0~5 CREUIIAF; 6 AR
(5+95) FREELHIA100 wg/mLIIRER TR, NI
CIEHE, BRI S Hs 1~10 wg/mLiH]
W, 0~5 CLRFIHL A He
1.2.2 [l bR s e )

WASTL, HIFEA0.01 mg/kg: WENO.1 mLIRE N
0.30 p g/mLIEPRAEIRIR, IINZES g NERFIIYII
PIRASTLRE s Db E50.02 mg/kg: WRHN0.2 mLIk
4030 wg/mLIEWRIE IR, MINES g A SRl
EIIRASTURE s IIAR50.04 mg/kg: WRINO.4 mLik
FEN0.30 wg/mLAVEBRAERIL, MANZES g AR
WIS IR o
1.2.3 FEsmifil &

TERFEFIRFE R 2 FE v, FER TR FE R4,
s FORL ) U TS R A X SO, AR A
VAl REY RO
L.2.4 By 8 e
(1) FESHTALER

AT PRI (3.020.01) g CK5HZ0.001 g)
FERT15m LEQOEF s IS mLFL 4 BT,
R RIIFEAREA), V5 min, HRIASES HRAE AR
K5 7 000 r/minZ 05 min, B FIEH3 mL Tt
B (T FEEEY, B RIS
B, ML), RKIAT mLFLREHATIA
1 mLFLAAFIB. 200 p LELSERRFIC, AR,

)



(2) FESL_EATUR I

FTPHAER AT, 226 BRORA R AG: U T H A
ks B iRk, F M R R i 2 R
DA A PR 5 AT 0 AR DR A DU [ o T
HLAE 2R S IERE - & b, K Fl 22 18 e N A
FREOREIR N, s TRl e,
(3) giRFaR

FREER N (3.00+0.01) g, 1Z A IR
90.005 mg/kg, ERMREHF0.01 mg/kg. HIH
=1.00 mg/kg (Bimg/L) I, KMEE RIS (7
BT VO R <1.00 mg/kg (Bimg/L ) I, #)
SRR BN T

2 iIRER
2.1 # H BRIGIE

3 { GB5009.295—2023 £ 4 HEKARE 1
SEO M TSR ] ) Tr4.1.2.2.1 b HHBRIGIFER

BT, SRR, 4 LU RIS UEE /N T
PR IR, A6 HERIGUETT STEPREOR (R2) .

F2 ASV M EEST. REZL. AR, XE

AR EE BT mgkg
FESEERT  RpeFL &Rl EmIEL R4
FrBBRERIEE 0.0017  0.0017 00018  0.0017
FEFRERER 00050 00050  0.0050  0.0050

2.2 E=PRIGIE

HHEGB 5009.295—2023 H14.1.3.2.2 T HRIRIUF
ORI TR, S5, Dl REFUNAR, 3
1T T PR B IARISUE, MBI | K% B 5 T
VAT AUE RPN, WIRFSEbRE R (583)

2.3 hntREI Y EEE

HHEGB 5009.295—2023 H14.1.5.2.2 1EHAEEIGIE
BORATIRIGT, g5 REM, Ao HI0h4 2550
WAJEIEA TR . W SR R bR AR IS UE, DA
SEBRBCRIA T, SRS ERRESR (K4) o

Quality Control | TRE %4>

FImMEEFF. RED., FHE. XEFESR

IFEE
FEh IIFREESR MR MUERTE HERE R
g (mghkg) (%) B (%) (%) K (%)
0.009 90
0.009 90
_0.009 90
KEFL 7.03
0.009 90
0.008 80
0.01 100
0.009 90
0.008 80
_0.009 90
DED 0.84
0.007 70
0.009 )
0.009 90
60~120 <20
0.009 90
0.009 90
0009 90
YA 8.52
0.008 80
0.008 80
0.01 100
0.008 80
0.008 80
0011 110
) 18.59
0.009 90
0.007 70
0.011 110

2.4 IR EWIE

RPEGB 5009.295—2023 H14.1.6.1.2.2 K%
UFESRIA TG, 455K, AT RIh4 25
FURARHATAC . . Sk B b 2 B IE
KIrFaEbRESR (K5) o

3 iig
3.1 FiEERE
HIEGB 5009.295—2023 A TREG U, A4
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FAmEESFI., KEFL. BHE. KEEFUARENIGTE SR

BRI Inbrik R ZE R F¥EME SR [ENR LR
AR (mg/kg ) (mg/kg) ( mg/kg ) (%) (%)
0.01 0.009.0.009.0.009. 0.009 ., 0.008. 0.01 0.009 90.0 60~120
KIEFL 0.02 0.017.0.018.,0.018.0.019.,0.015.0.019 0.018 90.0 70~120
0.04 0.038.,0.035.,0.030.,0.033.,0.033 ,0.034 0.034 85.0 70~120
0.01 0.009.,0.008.,0.009.,0.007.,0.009,0.009 0.009 85.0 60~120
P&EN 0.02 0.019.,0.019.,0.020.,0.018.0.017.0.018 0.019 92.5 70~120
0.04 0.035.0.030.0.034..0.035.0.037.0.034 0.034 85.0 70~120
0.01 0.009., 0.009., 0.009., 0.008.0.008 ., 0.01 0.009 88.0 60~120
YA FL 0.02 0.016.,0.017.,0.017.,0.017.0.016.0.016 0.017 85.0 70~120
0.04 0.038.,0.032.,0.036.,0.036 ,0.038..0.036 0.036 90.0 70~120
0.01 0.008.0.008.0.011.0.009.0.007.0.011 0.009 90.0 60~120
A4 0.02 0.019.,0.018,0.018.,0.017.,0.020,0.017 0.018 90.0 70~120
0.04 0.038.,0.033.,0.037.,0.038.,0.042 ,0.032 0.037 92.5 70~120
RE5MEEHI., KEH., BFE. AEIIEZEGITEE
FEAnEE T R (mg/kg) R (%) FEEEER (%)
0.009, 0.009, 0.009, 0.009, 0.008, 0.010 7.03 < 20
od=) 0.017, 0.018, 0.018, 0.019, 0.015, 0.019 8.52 <15
0.038, 0.035. 0.030, 0.033. 0.033, 0.034 7.80 <15
0.009, 0.008. 0.009, 0.007. 0.009, 0.009 9.84 < 20
KIHFL 0.019. 0.019. 0.020. 0.018. 0.017. 0.018 5.67 <15
0.035. 0.030. 0.034. 0.035. 0.037. 0.034 7.50 <15
0.009, 0.009. 0.009, 0.008. 0.008, 0.010 8.52 < 20
YL 0.016, 0.017, 0.017, 0.017., 0.016, 0.016 3.32 <15
0.038, 0.032. 0.036, 0.036. 0.038, 0.036 6.09 <15
0.008, 0.008, 0.011, 0.009, 0.007, 0.011 18.59 <20
H4H 0.019, 0.018, 0.018, 0.017. 0.020, 0.017 6.44 <15
0.038, 0.033. 0.037, 0.038, 0.042, 0.032 10.01 <15

Ao KETL. AT, REILAOR R TR
DUAREIBCRIS 36 P Bk . IS KR L 5 %
(GB 2762—2022 FriiZAHZHRAE frihis i
PRAE) SPAOPRIE R, fildn, ZbrdE e 2 4h
JUBCTS g T IR A 50,08 me/kg, 24D ILETE
FRTHOBR 90,20 mg/ke, AP BOHAR R R IR
125020 mg/kge L ATITAERERI0 2 40k K

132

2025/9 NO.285 HEZLL

R e, A RES 3 EEERPRERTEE o FR IR
WEHL (EC No 1881/2006 ) " A IAELT SB[ &1
Commission Regulation ( EU) 2023/915]", KRG
B4y ) LIC T B d R PR PR v R A%, AR 2R %) L
5 E N0.01 me/kg, FEMARZES) ) LRCJ5 £00h
HIEN0.02 mg/kgs A T-28piilih, HPREE N
0.20 mg/kgo MWIFEEEAIIL, RITTASVA I &5,



YO, AR R FEPREREOREOR, A5
PR RO RIERAME , I TRt 7 KRS o

3.2 ASV i BiFEEm

TEN FHASVIS TN E G w75 m i i bt
FrE AR ORI TR, - ASVIRTHURAR IR
AU, JCHOE PRI R, HASE M S5
SV H A RAGHERAIE . AR FTr
WA I — R MEREN , Bl e SR AN Frad P

A, B P FRORE R 3 A7 A 22 b3 A7 B
(@iFe’™, cu™, Cl%) , AT aEEL Ik &
G SO s R AR R B4 S T AR
BIBHPUR ST N DI T, AT
Y AR (AR . Bk SUEYIEEDTA
&) WEVERETIE T, it m s gk B
FIUERAE o FESCBRR I, R &5 Sk TR AR
AR M &, A0 AR 5 s

3.3 SERTENILRLS

3.3. 1 ARG I s

A7 SR AP A IR O i R B R S AT AR PR (AT
b, R ) MR EBHER, FBAFERRSIZTES he
ZITRBARIZ T R, AAERE S BEA
i, Bk, Tl i =g, XMERU s
== AT IR

HUBHRE S 5 B TS (1CP-MS) NI
fr GBI TR . SR BUE TR, H e A
AR, FEMATAATRER 4, A5 A,
HARAEN RS, M BER A B

KAWL REERAR, FAR T
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W, EE ARG, AACCRRoT R,
MR A R, AR R BN BB,

PEICHBE T AR E T, E AR R B
AL, LU R ES BN TR R
STk, AR Ko AR 1SS, i AGE T
WREREE, PULR TR IR (K6) o
3.3.2 ASVIRE3A

MRG0T, ASVAELAN T I EBLH B im0
WK — e R, BHARIA H AR 2 5 A2
iR, JCRR R AR UL R, AREL RS
AR, AT SCI B BV A I . ASVIH RS FRAE IR
B EETE TERRELR, RIEE TR
WS RN s, BIRTR N E ¢ B &, B
TR RV, AR TR (A < 30 min.
TR Al Z T R I AR I o BAAR I HEAR Lk AT ]
1R iRl 27 I el -~ R S o =10 ol €2 SN 19 Al
AR o BT Rl — BBk AL T 22 P e 4 BB el s A T ) D'
S AL R A, BRI AN R L T PR B
AT BB R S MR E S, S H—
WU A I 2 41y AR e R, =2 %%
FEAEPE AT . DR 2L A G /N . SRR
IR R, HET A R ) F 4 A M AR
NIRRT, RIS N R A T LS I
W, BRI B EAS I & 37 BT Al T 1E

4 &5

ABFFEIAE T 5T ASV I TR 4 B PastRe: B R
FERAS U I AR R o 85 5RRYT, 12074
AL KEFL . AL MR LA A SRR A

% 6 ASV 5 HE M7 ERIXT L

o T S

Haris KRN (h) el R (mgke) T E“ﬁfgﬂﬁ*
ASV 0.33 A 0.005 P )
TR S TR 2.00 ~ 8.00 B2 0.005 o R
HEL R B S5 B TR 2.00 ~ 8.00 P 0.002 2 2=
AR RO G 2.00 ~ 8.00 b 0.400 b b
PENIE BT 0.50 E e 0.030 P 75

133

2025/9 NO.285 FEZL



RERE
Quality Control

WERE, Hog RS HRAEEIGB 5009.12—2023 SREIIITOIRD) i SRR, 2015, 51.(6) : 86-90
FARAEER M E bR ] i 22 5 55 1 754 GB 21 AT, Elsh, HEEAINTTIRTCER .

) ) FE#2008, 36 (19) : 8255-8256, 8262
5009.295—2023 FE" . ABRIZ OB T HE 3] e ARSERIEE R PA R RS, R B g,
BB, i ATALEE S AR A I R 1 JF3.GB 2762-2022 LA AR bl ErhhHi S U RS )
TR . AN A T4, R iRy W T EARITMEES AR R R DS, a2

s o . NN WBHETEMUR).GB 5000.12—2023 £ 24 bR 25
BT, BEA B A FTAE25 minPy 52, i BRI fei
LR PR TR AT R e SR, IUF AR [5) e ISR AR, R R OB
WY YA e s iR T4, VARG 0k 5000.268-2025 ELi a4 E ZbRE Qb 2 e R IIES].
I ZE T Y R e Sk S sk PR A 22 35 T (6] WL BHARA AR 2RI E M & Cu, Pb, CA[T] FILIE

N . R . . AR CEHARBEERR ) L 1995 (S1) ¢ 1-4.
NIRRT AR . SRS, ASVA U#

(71 e NRIEFIE E R AR sy, BRI SR
P TAEGI M TIERT ARG A4 . SRS . RN K5 J5.GB 5009.205-2023 ol A ERTE Wi 7 AR
N N N - - o |
TR, DAL S BUE | ARAERERIR M (ESENE, MIS)

= — NN o [8]  EUR-Lex.COMMISSION REGULATION (EC) No 1881/2006[EB/

JF AT TS *rYjL/\’ilE'j_t. = g 3
jj ?L DD ITTJ“E ke E/ ’ *E r}j H}E{ T iFEP e X&PL ):H i OL].https://eur—lex.europa.eu/legal—content/EN/TXT/?uri=CELE
ﬁﬁg%jj ES /E\“% EE?CEE/‘:] 7F 4 i'ﬁl\@i% BN Ejé%" Mo X%3A32006R1881&qid=1758849705563, 2006—12-20.

[9]  EUR-Lex.COMMISSION REGULATION (EU) 2023/9159[EB/
S ETHE OL].https://eur—lex.europa.eu/legal-content/EN/TXT/?uri=CE
(1] W, JEHs, 25 o R B AR LEX%3A32023R0015&qid=1758851289505, 2023-05-05.

Application of Anodic Stripping Voltammetry for Rapid Detection of
Lead Content in Liquid Milk

LIU Yanling, DUAN Hongli, YU Ze, LIU Changyu, LIU Jiangmei , LI Lifen’,
ZHANG Hao", HOU Lingqin’
Mengniu Dairy ( Beijing) Co., Ltd., Beijing 101107

Abstract: [Objective]To establish a method for detecting lead content in milk and dairy products based on anodic
stripping voltammetry ( ASV ) , and systematically evaluated the applicability of this method in raw milk,
sterilized milk, modified milk, and fermented milk matrices.[Method]By optimizing the pre-treatment conditions,
matrix interference was significantly reduced.A systematic and comprehensive method validation was conducted
using the national standard substance ( GBW08619 ) confirming that the method had good accuracy.[Result]
The detection limit (LOD ) and quantification limit ( LOQ ) of raw milk, sterilized milk, modified milk and
fermented milk were 0.005 mg/kg and 0.01 mg/kg, respectively, which were at the same level as “GB 5009.12-
2023 National Food Safety Standard - Determination of Lead in Foods”.The spiked recovery experiment showed
that the recovery rate in different matrices were 70% ~ 115% ( spiked level of 0.01~0.04 mg/kg ) .The precision test
showed that the precision in different matrices ranged from 3.32% to 18.59%.[Conclusion]This method was easy to
operate and highly sensitive, and was suitable for the rapid screening and quantitative analysis of trace lead in dairy
products, providing reliable technical support for food safety risk monitoring.

Keywords: anodic stripping voltammetry ( ASV ) ; rapid detection technology; milk and dairy product; lead;

method validation
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