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i E: B FIFSKRICE, 257 HBGR A 55 B TR %% (inductively coupled plasma mass spectrometry,
ICP-MS)PREIE (I 26 PR k. FiE 456 3REE M (kinetic energy discrimination, KED)#F, &
FAANBREEIE I8 Cd. Sn, Ba, Pb, Li, B, Mg, Al, K, Ca, V. Cr, Mn, Fe, Co. Ni, Cu, Zn, As,
Rb. Sr. Mo. Sb. Na. Se fil Hg % 26 fioc R &k, I H ShRER kil T IbE . R 2 EHERRE
H0.9990~0.9999, KA 0.1~300.0 pg/L, IARENECREK 94.5%~104.4%, FHXIARHE 2 (relative standard
deviations, RSDs)N 0.1%~1.2%. A BRI W00 T AR BEAT BARDE B 2 J7 ik, ikt S84 GB
5009.295—2023 (&AL EEFIRME LA Hr RN ) 2R . SERERR A R, BB S0R D aTAb
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Determination of 26 kinds of elements content in liquor by matrix
matching-inductively coupled plasma mass spectrometry
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ABSTRACT: Objective To establish a method for rapid determination of 26 kinds of elements in liquor by
inductively coupled plasma mass spectrometry (ICP-MS) adopting matrix matching. Methods Combining with
kinetic energy discrimination (KED) and internal standard correction mode, the determination method of Cd, Sn, Ba,
Pb, Li, B, Mg, Al K, Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Rb, Sr, Mo, Sb, Na, Se and Hg in liquor had been
established though direct dilution injection, and compared with the standard test method. Results The results

showed that the correlation coefficient of standard curve was 0.9990-0.9999, the limit of determination was
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0.1-300.0 pg/L, the standard recovery rates were 94.5%—104.4%, the relative standard deviations (RSDs) were

0.1%—-1.2%. The standard recovery rate was obviously better than that without matrix matching method. The

performance parameters of the method met the requirements of GB 5009.295—2023 National food safety

standards-General rules for verification of chemical analysis methods. Compared with the standard test method, it

could effectively reduce the pre-treatment steps, shorten the pre-treatment time, and save consumables. The results of

the 2 kinds of methods showed no significant difference. Conclusion The method is simple, fast, accurate, stable

and reliable, and is suitable for the bulk detection of multielement in liquor. The method provides technical support

for ensuring liquor quality and safety.

KEY WORDS: matrix matching; liquor; multielement; inductively coupled plasma mass spectrometry
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5009.268—2016 ( &M% 2EZRRME &5 ZnR
FE ) B A 55 B F K BT 2% (inductively  coupled
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FEURVCFC-ICP-MS 38 2o VE C A i 15 b E VA WA ik
Wi A s AR MR R, W LA BAR T4, B
BRI EL T BRSO N, Bt R SR R B, MGy
P N g AR 25 T ICP-MS % JG K i
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[Z292 REcH ol NG 7 Sl SIS RS 3 o L i A 2 K
1 1 R I TO G ICP-MS 2 [ AR A 2022
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15 {53 PRUBSE WP R 1 AR b XA R T 7 s 1,
K5 B 9 45%vol ~63%vol.,

Na.K.Ca Mg Fe iR A PRI E K E 1000 mg/L).
Li. B, Al, Mn, Cu. Zn. Sr. Ba. Sn. Rb IR&FRIERE
(B E 100 mg/L), V. Cr. Co. Ni, As. Se. Mo, Cd.
Sb. Pb AR IR (BRI 10 mg/L)(bat It kit
AW B); He ArdEA R (BT 10 mg/L). Be. Ce. Fe.
In, Li. Mg, Pb. U PR (FEEE 1 peg/L)(EHE
PerkinElmer 23 F); Au AR VA R (5 R 1000 mg/L)(FE K
A 04 8 KR TR P 0); Se. Ge, Rh, In, Re,
Bi IR RIS 10 mg/L)(FF EHE LA T B
SR (L T20) . Jo/K S BE( s 2l (11 24 4 A 23t 4 B
Ao
1.2 UE5EF

350X HLEHR G S PR BUE (U (SEE PerkinElmer 2
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ALE AR ER A BR A F]); UPHW-11-90T {3 R 41i##
ZlK A (18.24 MQecm, PUJI G 48 2R A7 B A #).
1.3 LW F5E
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DL 2% S FRVA WOZ BAFRRE 1.1 "h & ST R AR e
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N, FHRERUHE R NP5 43 UK G E . BEbR i 2R 51
W (LA T FREERR)BR T I AGE 1 1 ZFE M OB E R 5%
Ah, Belil 5k 5K bR e a—E
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Table 1 Mass concentration of standard series solution
- B FR I W T e R
F5 WAk iPIvE
S0 S1 S2 S3 S4 S5 S6
bRk R 41— Na“, K', Ca", Mg", Fe 0 0.5 1.0 5.0 10.0 20.0 50.0
. Li, B, Al, Mn, Cu, Zn, Sr. Ba. Sn, Rb 0 5.0 10.0 50.0 100.0 200.0 500.0
FrUER S —
V. Cr. Co. Ni, As. Se. Mo, Cd. Sb. Pb 0 0.5 1.0 5.0 10.0 20.0 50.0
PR R = Hg 0 0.1 0.2 0.5 1.0 1.5 2.0

T AN mg/L, HABTCR BN pg/L, % 5~6 I,

132 AARER BH

# 1.1 H Sc. Ge. Rh, In. Re. Bi iR&NFRIERT
2%FH IR B 100 pg/L.
1.3.3 #emaras

WO iR 2R GB 5009.268—2016 55— H sk
AR, WERRSBURIAIREE 2.00 mL TRLB M maEh, 7ek
BRI I 80 °CHM#ARR 25 1%, M 7 mL fiSER, IMFEHCE 1 h,
TEEFEE, WEMIEMATIR 1600 W, 20 min IRE T
& 180 °CHR¥E 20 min PEATIHAR. WEFIUHE, ST 6
THER, W TR R AR I L, F 80 °CHnAE MR IE K
AR, HSiKERZE 25 mL, A, BRI Bz
525

BEERmRY: EEWBOATERES 5 mL, F 2%B06E R
FREEZA %2 50 mL AE 10 R, YRS, RIBHEIAR WA
25 S
1.3.4 HdmalE

DL B SRR AN R B A TR A, F KA A
BT T R 3 R L 2 T R Ak LIS R 1 AR A R G VR,
LA T ELMA NARE IR 2 M TAESE
T ICP-MS HEATIAE ; Bsbm 4% FEORE [F] A 5 12 ) T e 4 7
A IR AL AT I o E s VA VR RN 0 A [ B P
200 pg/L 4 Au IR T iRk, THBR He MICIZE0M, TAE
Wi A AR A s AL FRAR R, Zsdilbnikth g, AR
TEITEE R,

=2 ICP-MS {{ &M
Table 2 Conditions of ICP-MS

SRR SHUE SRR ZHUE
SN ZIW 1300 %%%M&ﬁﬁﬁ 18
/(L/min)
i B s It 12 FE AR T i 20
/(L/min) ' /(r/min)
Bl Wozks | FERRE oy
/(L/min)
SREHE /R LA R ReHERT Bk
CiVzR/€ 3 AR 3.5
/(mL/min) '

1.4 HaELE

{1 Excel 2019 SOl & Bt A1t K g it B0y
FESESZMGE 6 W, THEE IR 1T 3 1A X 5 i fi 22
(relative standard deviation, RSD), 73 TR 5 25 R S AR v
R Ty I AR 22, A —H 22 .

2 HREDH

EERBRERUERE
HENFESREANBANSSHEE FAREL R
Jak, Al SRR A oL R HEFLIE OB, 35 s S A
R s G M 542, FEXT (I8 P os 30 R i L O W
FERAR 2 5% LR o M Tak PO 5% Ry £ Bk BE A T oAk
VL, ICP-MS/MS xR IE il H 14 #hocER, Tk
HBRAG . VER G | R M RORE 5 . AT e 5%
1) B B A SEARDE L, ] BRI N 5% AR R 41
W, TR L S0%E A T2, B e —
FH 2% AR AR R 10 £ 2 IRORG BE 290 5%, AN S5 hm ik R 51
VETRSERDURT . O Bk R R R R UIE 5 5 110 22 A0 36 A 4
BrEesR, NGB .
22 EARCEGZE

PR S CBEE ALY, RS FIRmIRAET
SRR Z RIESE, HAF KED A= R AT S
iR ICP-MS JlZEH C. Ar, O, N, Cl, S &Z TP,
MR AR G 2 o -5 o T 2R 190 I 2 A L 88 B A2 30 T )
HiERE Sc. Ge. Rh. Bi fEINFRICE, REAREMNEIAT
P LA R D Sh 25220 filt P KBS RIS 43591 0 2 4
T R v A B IRSAE, REL rf — AN R AR (B S 5
RIS . oL 3 BRI IR SE S, AR IR
FFINSE 6 ¥R, S-S5 bR BISCR, SCBG45 8 W% 3.

8 FH KRR A T4 S I v [l 328 81.9%~399.6%,
26 FOC R MICREE AR 228K, ot B As #il Se [Hir5
ISR EAE, 28K F] 162.7% . 399.6%F1 324.1%, 1H 6 1%
S50 RSD<0.5%, HA I MEBE, MBS H
50 RE SRR B AL B AT AT & At SRS A LY, 2R

GrATRE R, X B TR, BHAUN T AR MU H B R
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R, RAEAE M2 AT T BH B, SEURIE T
P, HRHSR RN, 5 2 SRRV o TR L
JEUATRENGSR T As FI Se TR MIMUL o IX LR H Heal i)
e T IS B As il Se AUHTSRABON, H M AR bR
455 KED MLl NFRELIEIF A RESE 42iH B L AT P i

A% 4 T 5 AT, FERVTE ICP-MS I E I 26 AT
ZMHES IS GB 5009.295—2023 B3k,

x4 26 MTEARR. HXRY KUER. EERFI RSDs
Table 4 Internal standard, correlation coefficient, limits of
detection, limits of quantitative and RSDs of 26 kinds of elements

S BCL R B T RE R BR O AR T A ez WRREOEDE R ERR o
Ry ~, — N - x \”
94.5%~104.4%, FURAETH AT AhR IO 1. AR e el
Na *Sc 0.9991 50.0 170.0 0.7
3 26 T RKERFEARN E AR BN L B(%) K 45g¢ 0.9995 20.0 270.0 0.7
Table 3 Comparison of recovery rates of 26 kinds of elements "
by water and alcohol standards (%) Ca Sc 0.9997 300.0 1000.0 0.6
- R IR N R IR Mg *Sc 0.9996 50.0 170.0 0.7
JUHR JUHR 45
Kk AT Kk T Fe Sc 0.9996 50.0 170.0 0.1
Na 92.8 95.9 Sn 85.4 99.5 Li ¥Se 0.9998 0.6 2.0 1.2
K 932 98.8 Rb 952 995 B *Sc 0.9992 10.0 33.0 0.7
Ca 922 97.9 \Y 104.9 101.3 Al *Sc 0.9995 20.0 67.0 0.4
Mg 81.9 99.8 Cr 98.6 100.4 Mn 8¢ 0.9992 0.5 1.7 1.0
Fe 101.4 101.0 Co 110.4 104.4 Cu 7Ge 0.9995 0.4 1.4 0.6
Li 86.2 100.6 Ni 115.6 103.4 7n 7Ge 0.9994 30.0 100.0 0.6
B 162.7 102.6 A 399.6 100.1
5 Sr %Rh 0.9999 0.8 2.7 0.2
Al 90.5 94.6 Se 324.1 99.5
Ba 1%Rh 0.9996 0.8 2.7 0.3
Mn 110.4 101.2 Mo 100.4 101.4
Cu 94.9 97.9 cd 87.0 102.2 Sn “Rh 0.9998 0.3 10 05
103
Zn 1121 973 Sb 136.9 100.4 Rb Rh  0.9999 0.3 1.0 02
Sr 86.1 99.0 Pb 823 102.1 \% “sc 0.9996 0.1 0.3 0.1
Ba 90.3 101.1 Hg 89.8 94.5 Cr ¢ 0.9996 0.6 2.0 0.1
Co Ge 0.9997 0.1 0.3 0.6
2.3 FREIE Ni “Ge  0.9997 1.0 3.4 0.4
PL1.3.1 R BEAR, WAL 2% ASERAE 10 £ As "Ge 0.9998 0.2 0.7 1.1
B, LA 2 (UERSAMERRIE, H/ GB 5009.295—2023 Se 7Ge 0.9997 3.0 10.0 0.3
CEM L EEFARUE ALF N R BEE N ) 1580k Mo '“Rh 0.9997 0.2 0.7 0.3
R B . R . RS FUINAR ENACR, 25 (R b 265 Cd '%Rh 0.9997 0.1 0.3 0.4
ZEME 20 YITEARER 2, UL 3 R5PRiER 2213 H R, Sb '%Rh 0.9997 0.2 0.7 0.8
PL10 fisbriEdm 2 5 =, 2.2 5 DAREARI E i s Pb *PBi 0.9996 0.2 0.7 0.5
FASEAFIGE 6 Yk, 155 RSDs, 452 4, 26 Ao £ He  ""Bi 09990 0.3 1.0 0.1

BT RN 0.9990~0.9999, JikR kX RIF . Jrikk
R 0.1~300.0 pg/L, RSD 4y 0.1%~1.2%, i35 P4 25
=, BRI,

W 4 AWK OB RS, 4 LGB
5009.268—2016 25—k R FEIRVC LRI E FL 26 FionEIF
VEGE IR RS, MBS R IR 5. NI BAREECE /N, AR5
PR BT AS H BRICER 43 L bm 7 R I EAIE, SR bR o
g B, B ZMITRM T H kbR, £ 5,
DA A DG E 0000 2 15 o 00 2 1 22 2 Bk AR v
WEE, A BTSRRI AN RE RS R 26 FonE
A2, SAREDT AR H Cudt R K i B —4.7%, V
TEENFKRIEME 6.7%, PR T E g REAR—5, #
i R TR G B (45%~63% ) W I 8 25 SR LTI A . 45

24 HRWNESERSW

J5 W HAT e i R AR, 15 153 P vh 5 Se AT Hg ]
SELERCT ik B, A& e R IR, I 2 R
W3 6, GB 2762—2022¢ & M Z & EFRE & fMmHPis 4y
PR Y B BRER(LL Pb 31 0.5 mg/kg, ASKIISE Pb i
B 0.018 mg/L, 48 50 FHEBELAN 0.9 kgL,
0.018 mg/L () Pb 2 fE AT #34 0.02 mg/kg, /N T FIH R &
P, AN RN S GB 5749—2022 {ATE KK
TERRIEY , A 5 YR AL SR, 2 YR Fe Sttt
A TR K AR ERRE, ELJE O E I TArERE, &
AT 5 A L X I AR 26 FlocE IS Rk, A0k
TR B 2 A KU A8/ 1N o
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Table 5 Comparison of the results of determination of 26 kinds of elements in samples by 2 kinds of methods
=% 45%vol WHEEE 50%vol TH £ 55%vol TH 63%vol
- FEARDEFT Bt Jy 12 SEARIERAD i Jy 12 FEARDEFT [aRiR7S FEARDEFT FRiE Ty 2%
Na 2.9 3.0 4.8 5.0 23.6 23.8 2.8 2.7
K’ 1.4 1.4 1.3 1.3 1.4 1.4 33 3.4
Ca" 4.8 4.9 7.5 7.5 28.8 28.7 6.2 6.3
Mg’ 0.9 0.9 3.6 3.7 4.8 4.9 1.0 1.0
Fe’ 0.1 ND 0.2 ND 0.5 0.5 0.7 0.7
Li 4.4 ND 5.4 ND 21.0 20.5 34.2 33.6
B 14.2 ND 23.7 ND 39.4 ND 36.3 ND
Al 143.0 ND 175.0 ND 687.0 698.0 1270.0 1293.0
Mn 8.3 8.3 69.5 68.3 61.0 61.5 62.8 61.2
Cu 10.2 10.7 37.2 38.4 8.1 8.2 20.5 19.6
Zn ND ND 101.0 ND ND ND 39.5 ND
Sr 35.2 359 429 43.6 298.0 306.0 44.8 44.1
Ba 2.3 ND 8.6 8.5 1.4 ND 0.8 ND
Sn 8.7 8.8 7.9 8.1 2.2 ND 6.6 6.7
Rb 1.6 ND 1.8 ND 4.7 4.7 8.6 8.7
\% 0.4 ND 1.3 1.3 1.6 1.5 1.8 1.8
Cr 1.1 ND 4.5 ND 17.1 16.5 23.8 22.9
Co ND ND 0.7 ND 0.6 ND 0.9 0.9
Ni ND ND 13.0 12.6 14.8 14.3 18.6 18.1
As 0.2 ND 2.2 2.2 0.5 ND 2.0 2.0
Se ND ND ND ND ND ND ND ND
Mo 0.4 ND 1.1 ND 1.2 ND 1.6 ND
Cd ND ND 1.2 1.2 0.1 ND 1.0 1.0
Sb 1.2 ND 1.2 ND 0.9 ND 0.7 ND
Pb 1.9 ND 15.2 14.6 1.5 ND 8.1 8.0
Hg ND ND ND ND ND ND ND ND

TE: ND NI SR TR T R I IR, TR

=6

R 26 FITRMESR
Table 6 Determination resuts of 26 kinds of elements in
wine samples

JLE O MELR | ok WG | oE WELR
Li 5~35 Mn 8~70 Sr 30~330
B 15~45 Fe"  0.06~0.80 | Mo 0.4~1.8
Na’ 3~40 Co ND~1 cd ND~1.3
Mg 0.5~5.0 Ni ND~24 Sn 2~9
Al 50~1300| Cu 8~43 Sb 0.7~1.3
K’ 0.5~3.5 Zn ND~135 | Ba 0.8~10.0
Ca 5~32 As 0.2~3.0 Hg ND
\Y 0.5~2.0 Se ND Pb 1.3~18.0
Cr 1~25 Rb 1.5~10.0
3 % ®
G NARRIE . KED BRIV SRR IR 1A IC fic

ICP-MS 257 FIF H 26 FPoC R MIE ik, 26 FioaxE
FR 0.1~300.0 pg/L, MARMEIBCE Ny 94.5%~104.4%, AHK
ZECH 0.9990~0.9999, RSD H 0.1%~1.2%, 455 @R )5

HATBGR 0 RAGUZFUERRE, RLAF A7 2R M AR %
SRS Y 5 1 LU R — B, 45 R 22 7E-4.7%~6.7%,
(EA LUAR W7 125, ARSI 7 % REAR 4 et i Ak R i, 9
AT F I, AT DU ROk S AT AL B AR B 2
(95 e ROLERI, BEI R IEEZ o0 R ME, IH
29 114 MBS U B (A PR AT R AR S

SE Mk
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