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Determination of iron, copper and lead by inductively coupled plasma mass spectrometry in wine
LI Ying, LYU Zhuoxuan
(Xuzhou Center for Disease Control and Prevention, Jiangsu Xuzhou 221000, China)

Abstract: Objective

The determination of metal content of iron, copper and heavy metal element of lead in wine by
inductively coupled plasma mass spectrometry (ICP-MS) was established. Methods The wine samples were digested by
temperature programmed microwave digestion system. Helium gas was used as reaction gas to eliminate molecular ion
interference, and the samples were determined by ICP-MS method. The influence of *Fe and *’Fe isotopes on the
determination results in collision mode and non-collision mode were verified. The differences of three pretreatment
methods, microwave digestion, dilution and electrothermic digestion were compared. Results The parameters of the
instrument were optimized and the detection limits of the three elements were 0. 003-0. 007 mg/L, precision of the method
was 0. 8%-5. 1% and the recovery was 90.4%-106.0%. It was proved that the iron content in wine can be determined
accurately by microwave digestion-"*Fe-collision mode or microwave digestion-""Fe-non-collision mode. The direct dilution
method can be used to determine elements of lead and copper quickly and accurately. Contents of iron and lead were
determined with certified reference material and results were in the specified range. Conclusion The method has the
advantages of high sensitivity, rapid and accurate detection results, and is suitable for the determination of iron, copper

and lead in wine.

Key words: Wine; inductively coupled plasma mass spectrometry ; metal determination
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it S MRS S B N AE SR 1 mg/L LR o AR AR
GB 2762—2022 FLXE , 1 45 5 H 4% 2 1 1 <0. 2 mg/kg.
TE 4 T 26 7 b B A T SR A )iz L & DR T
E (SN iR Al O o T O R
BRH VHY RO E B R

TG 2 v 4 A 0 2 5 A DR OO IS A A
SRR OB A S B R T3S 2% (Inductively
coupled plasma mass spectrometry, [CP-MS)!">"? 25
AR A8 1 4 T PR B BT R DU E O T IR O T
AT AR 2 € 42 TR OC R (1 Tk R pR e R
EARREREAT Z2 0 R RIS 20 B, 0 R AR . A% IR
(iR KD U NCIPIVE 5 E 4 aN A NTTE I e T
W SRR . BEE R G A B AR R R A W
W Ko, AR %G 1 D E b A5 28 H 2R [ 47
B0 R 2 P R 0 SR AR E A IR R
W T *Fe "Fe 28 AN [R) M 5 455 2000 A6z 00 45 2R 1) 52 )
A K 3o o L i B 08 A 12 L OIS T A i L FL R e
V2 AN [ i Ak BE D7 2045 2 Bk (Fe) (4 (Cu) A4
(Pb) & &t 19 22 5%, A 2 1CP-MS #2052 3 Floc
R AR i IV B R T %

1 #REFZE

1.1 ##
111 FEAUZR S

7700X HL AR A AF B R BT AL (FC A /NG
i R 45, 95 [ L HE ) , Mars 6 D% 71 i A (BC A
TR i 248, 25/ CEM), 09C20 H, FA R (1
B A BR A, B ), Millipore 48 21 7K A (£ [
).

IR A TC Z bR EV W (ICP-MS-QC2-1) N bR % W
(ICP-MS-200. 8-1S-1) 340y H £ [E Accustandard ; %%
4 TR (i I HL 1 A4 IR A A BR 28 W), I8 M) 5 7 4 T
BRI (QC-GW-704) , T [ K6 56 45 928 B 4 F 5% B ;
TSR (ZHRERRI AR AR EE)  maim <, &
#>99.99%. BhL AW, TR, VEHE S Vina Inigos;
LA A, TR 2P A A A A R T kA
£
1.2 Jiik
1.2.1  FRufER e

4y B AL I — 2 2 1Y 10 mg/L 7% Fe.Cu il
Ph IR S AR MEVE W E 100 mL 28, DL 1% 418 &
2% 100 mL, g il Bl BT & E o 5.10.,20.50,100,
200,400,800 pg/L b5 % W o o> B RS % =
100 pg/L R G b5 ME W, 8 19% i 1R V25 W0 A T ik
JE 4 0.1.0.2.0.5.1.2 pg/L & Fe.Cu fil Pb £ 75
PR HE T o

HERF B 100 mg/L NARIR G 1 mL, LA 1%
Tl W2 7€ 25 2 100 mL, 55 7 B 5 PN A folf I W vk 2 Ry
1 mg/L. B 10 mg/L 7% Ce.Co.Li. Y . TI i i# W
1 mL, LA 1% #5825 0 R B Ll 4 1 e/ L V898 fiff
W
1.2.2 BRI E

67 FH R W98 v A RS B 1 mL 3 40 T R G = SR Y
TR T R E T, 22 AL BB Y R EE & 60 °CL
A AR AR A 10 min, $5 KA
fn R OB A o G I A B SRR I 6 mL il
M2, 0 s 2 B R A A, H IR 1 BT BEAT IO
fife b 3 S A% SRR T O E S5 L A 2 AL s B
DL 140 CARS2 MR 1 h, DL 2 BR i 5 S IR o K 7
b I 8 A TR e RS A I R A K e A
225 mL, BAREI .

R OISR

Table 1  Parameters of microwave digestion

TR EE THRESE /min WRE/COEIREE/min O DIR /W

1 5 120 5 1200
2 5 150 10 1200
3 5 190 20 1200

TP 1R 4 T VR S RE L 43 10 me/L 42 )
JCRIRARE 0.2.0.5.1.25 mL A E 1 mL 14
AU P, A R, i RRRE S AR ) A O ik b B
JE 25 5 R O R T OT R bR Wk B 43 51 0,08,
0.20.0.50 mg/L. A~ U B o4 B 6 13 i 45 19 F
T3 IR AE A7 R 5D 25 JC R, LI E 2
(B 55 A (8 A AR 33 TR i

DA 1 g/ L IS R 15 (AR PR RR L i CeO/Ces<
1.5%, Ce”/Ce<3%, Li, Y. Tl JG & i & il I # 7&
+0. 1 amu DLW o SRALJE WAL RS 50000 « G0 1) R
1550 W, 26 B 7 i it 15 L/min, 2030 & 1. 07 L/min,
AW 4.3 mL/min, 55 E R 2 °CLRAER
JE 10 mm, N GAT (i F5 - 18 V, fE AL 5V,
SrEFIE 0.3 s, RAEHZ AL 3 K.

1.2.3 JUR AL R

P AR BB B 5 10 I OC 2 0 i B I 9 °Ge F1PBi
JLE . BELIMA T XM RIRESEAZLE, &
BT Ak A B O AR R ARG g AR E T ROt
BOE 5 A0 B bR o6 R IT B B AR AL AR L B
YV VR P AELAE R B Ak b A5 AR ME 2 . Cu TR
VE$F T i 4L 63 . Ph o0 F BE PR T 2L 208 W E . Bk
JLEHA “Fe Fe."Fe *Fe 4 ALK , £ BEME 5 N
5.85%.91.75% .2. 12%.0. 28%. *‘Fe 75 %% % NAr,
FCL 43 F (T4, Fe = B2 (B fc /I A DU R B 11K .
“Fe FA1E ArO 43 F 140, AHJ2 3= B &, 4600 2R
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e, PR PE 4 Fe VE 108 0 BT 1 450, Ay AR 2 T
o, R T HEREE , CCu 2 Ph FIl *Fe J i 00k £
(A TR EE ¥ S W N R R (R 1 & R N
ST E T TFe FEB/MA TN, H
& TFe [T A AR Al AR A AT I A2, DA e A I R
B
1.2.4  ASIA) AT AL B3 vk M3

X T AR i b 4 T i 0 A R Ok
B R R B AR O T R . R A 3 Fb
5 R A rh 4 I R 43 A S TR Y
5 ¥ Ab BEARE S, e A I A 4 A 8] e R RORS 5
TR 22 5 o AR RV« MEBA RS BORT A WS AR 1 mL 2
LA 1 mL AR , B AK E 2 2 50 mL, 4% 5]
FEM o DAH R 7 2% A b 1 0 2R A3 W, il A5 m
FRfE iy 2.5.12.5 wg MUFE M o H AR iR v - TR S

HOH T RE & 1 L, 502 R AROR IR I A R R
BT A 6 mL g R , T H ORI B A 200 °C L N
IERER R AR 0.5 mL, BE A A HS LU 4l K 2 2
% 25 mL. HERHFEHUR & AR HER W, &8 sz m
FREARIR N 2.5.12. 5 wg, ¥ FERE 5 A0 A £5 0F T 7
fiff I 5 25 A AR R o 0D T A A T IR T b

2 ERESW
2.1 KR

PL 1% FiF BR v VAR S B b 25 1A 22 AR08 3 i
A BRI 28 IO i R A BRI AR S R
LI 4l K 8 25 A RIS R E e 11 A [
WCHEAT I A2, S AR M IR 22, DL 3 A5 bR I 22 (30)
Sk PR, 10 A5 A5 R 22 (100) R f R o DUECHE
1 mL, SR 25 mL, 5 kSRR (X 2),

Fo o Mk R R Y BR

Table 2 Linear regression equations and detection limits

LE Il )1 5 % R MK e B /(mg/L) S HEBR/ (mg/ 1) Jr i K B /(mg/ L)
Spe ¥=0.0344x+0.0626 1.000 0.006 0.019 0.150

Fe y=0.00087821x+0.0358 0.999 0.007 0.023 0.175

Cu ¥=0.0503x+0.0405 1.000 0.003 0.010 0.075

Pb ¥=0.0057x+0.0040 0.999 0.003 0.009 0.075

2.2 (SR 223 Dk R G B

SEBRAE DU E T A A T Cu Pb & i A X Fe
AR, B X F Cu A1 Pb G E , BRAE S INAR &
2.5.12.5 pg, BEHN T 0.25. 1 wg KM B Idn ]l R
Mg, &5 R UK 3, Fe Jn AR B E Ry 94, 5%~
104. 8%, "Fe Jbx 1K K 92. 4%~104. 5%, Cu il
Fr LI K 90. 49%~98. 8%, Pb [l % Ky 101. 8%~
106. 0%, R ¥ GB/T 32465—2015¢ fk 2% 43 7 J5 1
50 TIF A AR P 8 5 k4 o RO A RS %
Yy AT SR AL TE MR BE M 1~10 pg/L, ISR
M T0%~110% . 5 EEAH KT 10 wg/L, il b5 [l
Pl AE 80%~110%, 3 Fh ot F Jinds [B1CR ¥ 45 &
2.3 fEEE

DLW I i 6 > P47 AF il 0 5 (B AR X A 7 i
2% (Relative standard deviation, RSD) 318 J5 ¥ K5 %
B, 3 /s *Fe ) RSD {H7E 1. 8%~2.2%,” Fe 1Y
RSD 15} 2.4%~2.7%,Cu ) RSD {4 0. 9%~3. 3%,
Pb ) RSD {5 N 0.8%~5.1%. #HE GB/T 32465—
2015w AR LN ORS 5 BE AT 58 B VP AN E DU, A
HBAE 1~10 mg/kg, M & RSD {8 W <7. 3%, ¥ §h & &
4 0. 1~1 mg/kg, M & RSD {H IV <11% , k& i & BN
10~100 pg/kg, M %E RSD fH i <15%. Fe.Cu.Pb JC
FAE BTG K

Table 3 Results of recovery and precision

- N Jdr e (8 /% RSD/%
/(mg/L) /(mg/L) /(mg/L)
0.08 0.146 99.8 1.9
FFe 0.066 0.20 0.276 104.8 1.8
0.50 0.539 94.5 2.2
0.08 0.148 104.5 2.7
e 0.065 0.20 0.260 97.5 2.5
0.50 0.527 92.4 24
0.01 0.013 98.8 3.3
0.04 0.041 94.6 2.2
Cu 0.003 0.08 0.081 97.0 1.1
0.20 0.197 96.8 0.9
0.50 0.455 90.4 1.6
0.01 0.012 106.0 5.1
0.04 0.042 102.0 2.4
Pb <0.003 0.08 0.085 104.6 1.6
0.20 0.207 102.5 0.8
0.50 0.511 101.8 1.9

2.4 SEBREEE T HT

fifi FF A o T RE B QC-GW-704 # % T , 17
BURE 2 0y, GO R ) P SRR 5 55 B IR o i
B E Ph Fl Fe & 8 o ZEH Fe Fe PN BT i £
VEATIN 2 o AR UEERE S 1(103GW05045) , Fe $57 1 {H
5 6.105 mg/L, FEAEAE X [E] h 5. 231~6. 979 mg/L;
Pb ##AE{E N 0. 075 2 mg/L, FEAEH X 6] 4 0. 058 8~
0.091 6 mg/L. FRIERES: 2(103GW05047)Fe FFAEE
9 7.386 mg/L, FEAEAH X [0] 4 4. 998~9. 774 mg/L;
Ph $AEE A 0. 165 6 mg/L, ¥R AE{E X 8] 4 0. 109 6~
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0.221 6 mg/L. 3 4 g5 L oR, Pl e 25 SR 4 78
FEAEAA DX TR0 LY, BB 65 Tk 2 4 I 20K

T /B ] A T 4 R FC A O €238 T 4 A 1 A T
b 219 45 T DA K 2 A . e TR E T 3 R
E RN S 1 S R TR RN o = i REA G TR TR

Vina Inigo Bk £0 #0570 o FF i 28 000 T8 Ff , BEFE Fe
Jo R, B8 — 1 A A AR S S 3 R OT R AL A5 2R
WL 5, @AW T Fe & & <8 mg/L,Cu & &<1 mg/L,
Pb £ 1 <0. 075 mg/L, Fe ,Cu 7 & 7 4 # %5 W A5 o
Pb & B /N TG Qe W BRAA

Fd HETEARMERE S E 25 R (mg/L)

Table 4 Determination results of standard wine samples/(mg/L)

Pb e ke
H T w1 GR2 Al VT
FRUEFE S 103GW05045  0.084 0.081 0.082 5.973 5.774 5.874 5.935 5.940 5.937
FRifERESL 103GW05047  0.170 0.174 0.172 6.803 6.893 6.848 6.991 7.103 7.047

5 AT SR VR I E R (mg/LL)

Table 5 Concentrations of iron, copper and lead in wine

samples/(mg/L)
HR Fe Cu Pb
2 4 8 T 1.661 0.075 <0.075
REAR KR 2.847 <0.075 <0.075
ok 21 %] % 1Y 1.663 <0.075 <0.075

2.4 AL B AR R I R )

3 TN [ 30 e T 0 B A I b Wk () B Ak B 6
SEATRE A, D A A TR S IR AR A R A T R
i, TR DR A RSD. fHER 6 RT3 A Ak 3
0 Fe [RISCRAR L, S NAn & 2 g I, {50
T ISR Ry 38, 8%~55. 0%, HEL #G I fifk 1 (a1 ik

N 73, 8%~96. 9% , T T it 1k IR Sl 96. 3%~
110. 0% , T 18 ff 15 16 Fe IS RN AE 2% BE 7 1) H
B B E AR R B A Fe o0 & MR I
Tt R Fe 70 2 LM B2 1F T BAK MR B B, 4 U 1
PEH T, B 25 o0 s W 2 10 385 om0 s v 0 2 RIORS %5
A5 30 B3 {FL ] g 2 25 HL At 9 R 7 R IR A . g it
12,5 g B, HL AR A I T ISOR B E 120% , RSD
(B T 10% , & B HL B fiff 2% 2 0 Gl e 908 fie % 1 L
B AN RIS VR BE S5 AR, W08 T A b BN 22 Fe JT
FAENE B MU0 8 B0 T I vk . e 7
[ Bk 0 A7 3 ol o 2200 s, 7 32 B D 9 i ok A R
A

F o ANIE AL IR A [ e A N 2 B 2 S

Table 6  Differences of recovery rate and precision under different treatment conditions

o - LIRS Fi HA ik [SL RS
Jbz &/ (g) JLH — — —
w1 5%/ % RSD/% 1%/ % RSD/% R/ % RSD/%

SFe 38.8~52.5 16.0 90.6~96.9 3.3 96.3~105.0 1.9

5 e 40.0~55.0 16.3 73.8~86.3 8.8 97.5~110.0 2.7
Cu 91.1~93.8 1.4 90.0~95.0 2.8 93.8~96.3 1.1
Ph 93.8~95.0 0.8 94.4~~98.1 22 102.5~106.3 1.6
Fe 79.5~87.0 4.7 96.3~113.3 8.2 100.0~106.0 1.8

5 Fe 77.0~84.5 4.8 88.0~109.5 11.2 94.5~102.0 2.5
Cu 96.0~99.0 1.8 96.5~101.0 2.3 96.0~98.5 0.9
Pb 96.0~98.5 1.4 88.3~103.3 7.8 101.5~104.0 0.8
Fe 82.6~87.2 2.7 98.0~133.5 153 90.5~97.5 2.2

125 Fe 81.0~83.0 1.2 100.9~127.4 11.6 88.4~95.4 2.4
Cu 91.8~95.8 22 98.6~101.1 1.3 88.6~91.8 1.6
Ph 92.2~98.0 3.1 96.2~97.7 0.9 98.6~104.4 1.9

TE Cu M1 Pb JCZ M A2 b, 7 BTk [l IBOR AR 3 it

91.1%~99. 0% , RSD 4 0. 8%~3. 1% H ¥ I fi# 5
P75, Pb FI Cu SAK [ 05 #8 88.3%~103. 3%, RSD K
0.9%~7. 8% WHPALFRZEATT ,Pb Al Cu S Ml 4
J7 88.6%~106.3% ,RSD 4 0. 8%~1.9%. 3 Flifi4b
HLZAF T Ph R Cu il 2 25 R A5 A GB/T 32465—
2015 brifE, W Cu FI Ph JG 2 AS [ Hif 4b #1414 F
FE T PRE /N B B s R AR . AE DU
AW Cu mk Pb 7 it B, R R 1 B2 A0 Rk A BEAE
it , 30 B0 52 2 T Ak P AR

67 FH R0 T R -TCP-MS 253 22 A &5 75 P Fe \Cu,
Pb JCE & i, 8 2 50 3E 55 T L L °Fe \“Cu . *Pb
J3 i BCAE S AR A ST 43 ) I A A T P Fe
Cu.Pb & &, ffi F Fe JEflf 1545 X T 0 22 48] 451 Fe
B A A 25 R . AT R 3 R OR TR i A
BT, e BT FH i TR VS R R R % o 1 0
BRIV oG 2R i, RE L AT L4 S 43 B B TRD Tk R
VEWRR . AR TR 4245l A 0 260 00 P 420 o s
TS R Vs VL JS AT L 2 A 45 90 v Cu AT P TN
NI TS I 18 S R R AR SR = S
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