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G3268 RIFH R F 3543, LU 50 mmol/L A BR & 4% ik y i s Al 5 BE e B o 72 F AL E /i pH (A ZE 5 sh
T, SREE2Cr b HARY, DIFOSINE SR 1% IRAE 5~500 pg/L S L TE AT, HI5ERECH 0.9996, 3
AT 1 ISR AE 82.1% ~ 100.9%, FHXFRMEM 22N 10%, #2HBN 10 mg/kg. 45 %k
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Determination of lead chrome green in tea by liquid
chromatography-inductively coupled plasma mass spectrometry

WANG Ying’, SHI Jin-E, YANG Bo, WANG Wei, YANG Xue

(Jilin Institute for Food Control, Changchun 130103, China)

ABSTRACT: Objective To establish a method for determination of lead chrome green in tea by liquid
chromatography-inductively coupled plasma mass spectrometry. Methods After the sample was burned in an
electric furnace, the ash was stirring extracted with a mixed alkaline extract of 0.25 mol/L NaOH and 0.14 mol/L
Na,COs; at 95 °C for 10 min. The samples were separated with Agilent G3268 anion column by isocratic elution using
50 mmol/L ammonium nitrate buffer salt. The pH value was adjusted to be close to the mobile phase before the
measurement on the computer. The **Cr was collected as the target object and then determined by mass spectrometry.
Results The method had a good linearity in the range of 5-500 pg/L, and the correlation coefficient was 0.9996.
The recoveries were 82.1%-100.9%, the relative standard deviation was less than 10%, and the detection limit was 10
mg/kg. Conclusion The method for determining lead chrome green in dyed tea leaves is accurate, efficient and
applicable, and can meet the needs of market supervision.
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BAPEE SN O, b FHB O, MR, A%
P T2 P s R n T A g, sENsEA, DAk Fear,
ES S Y | I S NS S S W P TR RS =
PRI B PR L SRR B R IR BN B — A
SR/, BT IR R 1 kg FSMAR (. —FPEs T
Tolk R ARG REEIRE, HE SR & mibriT 60
% (GB 2762-20175 J % A€ - BL 16 4% /) 7 ik R Al
5 mg/kg). WA FHIXAE R 2RI AS K, AARTE i 5K 21
AKRHT, KKK, 20 A s I sk
B, % B miE . s e msE . 8. e K
HFORREREAR, Jamtot, dEANRIE E 25 PR
i, PEANRIIES | B K i ) R B A 2 o
B, PR 5l b i s & T o ik i fe
Tt SN VLR WL SRR Y E LA 2
KIESE, 2008 4F, “FE ARG 1 4 H 6 i % BT A
AT I VS Al £ R R A B R — DY ik,
BB YE<EARGE L E I, R R8T B
FEARGEN) FE RSy, BLHA RCH E A0 i g £y 35
A& FrE,

LA B ARG I e A hrg ek asheig
RO TR W s R R SR T, AL R A
FERt b AE X A A Y A AR E PR T4 S
HRIRBIE, 2B AR LRI A M TR A R, B G
P 8 S LR, Y5 A BEIR A R A, ELER TR Y EL BILAIG
F 50%, PR, ATESEm e 2 o i A R AR (Cro, ) H & i,
i 1 G B A 2SI P AR BRAR (CrO ) By 75 i, 1) 245
ZEn R O S TR A (POCrO,) S FE S i, HE T 2 2 v
RS ARG YA

HAT, B PN B A DG A I e 1 AR A W0 ) 325 6 B
Frifio {H SN/T 2210-2008  FREEE S h s il e 2+
8- HLBRI B A5 B P UATE ) Uk rp, B (i 5 LK
FRE 5 B AR ST IO A OR A S TR SN . AT
UE L SCRRE PR A s i R ST 3B T B S i

AT 5T R PR AH €633 - FL R A 55 B MR STk
254 O P e € B 3 )RR AR B R AR (CrO ) Y 75 1,
4245 2 i o 2 15 15 A B R A (PbCrOy) S H 5 i, I
W A R A ARG Y EAAEAE, WL IR S
MR, dedrsmt i B BT, IR IERE LRI AR
FE

2 MREREE

2.1 (4EE SR

PE NexION 350X 7 Jffi & %5 55 TR S (L . Alrus
A10 RURAR (%X (35 E H14: 35K BR 2 w]); BF51828C-1 7l
T s (R P A D), HIS-6 LKA R G 1 i bE 2 (4

IR AL ZAT IR A 7)), 2000W J7 FH HL Y (db 5URME Kk 2%
XA BRA ), PB-20 B pH (7 [ 28 £ A3 A BR A )
G3268-80001 {03%4+(30 mmx4.6 mm, 5 um, 3%[H Agilent
NGNS

W HNO;(fE %4, 1HE BT/ H]); 2 /K. NaOH,
Na,CO;(f g 4li, FEZy%ER); Cr(VI)ER (100 pg/mL, H[EH
HER S RE); Be. Ce. Fe. In, Mg, Pb, U IIRA
PRV IR (1.0 pg/L, EEHSBRRIAT);, L AKA
A,

T iEARAGAE T B G255 g vl B e 4 2% S BRAE i )
FE S S AL L A T 5 25, 83t 51 #HER, ¥ 20
AR, FEERA . BOWE . mlsE . B BAR.
B, =FHAH), WEREMBE—H . %, —HFfE
KA KMER BRI IR, MEET 200 Hif, A
T A iE T TR R ).
22 BRAECH

PRI 100 pg/mL Cr(VDREE MR (P EH R
TFFEBE), BRiH 2R 5 TR FH I 20 A 128 008 T8 i o

JFIEREH: 1.0 pg/L Be, Ce. Fe. In, Mg, Pb, U
(TR B AR VA T

B ER BOK : B 10.0 g NaOH F1 15.0 g Na,CO;, 7KiE
AZE 1L, 15%]0.25 mol/L NaOH £ 0.14 mol/L Na,CO; i
B B PRI

WA —EBAKFMA 3.4 mL AERA 3.7 mL &
K, EEEIL, ¥E5; FH 10%0BR 7% KB 10%Z K% ik
P pH fHAE 7.0~7.2 JE N, 153 50 mmol/L i iR ¥ 2%
TRV
23 FWHE

HF# R A RNE TR, BTFROER, TRE5E
AL IR BUR R PRI “RARG” Je@ A mt i iR R4 -
PbCrO, 78 2 A AL ANVE W P S A A I H AR Cro™, X
W R PbCrO,+#4NaOH=Na,[Pb(OH),]+Na,CrO,, A<
W5t 25% T EPA 3060A:1996 51 SN/T 2210-2008 12
SN/T 3821-2014 { H F Aketig i Hr 7S 46 I e ROHE (3 -
HLJER A 5 s A T i W TR O ik 45 1, IR AT T
A A, [ SR FH R AH €053 - B & 45 B AR TS
HEATAGI
231 MBEHRHK

HER RS A 5F B R T 3 {Y (inductively coupled
plasma mass spectrometry, ICP-MS)m}ﬁi%iﬁi%?ﬁXﬁS(%g
ST, AR R R . Ak, BT, 4y B
SRR TR bR s B e R, LSS ALER S5O RF &
SR 1600 W; RAM: KED; Zibat: de; Fik
FIREE: iR BB SO, SRR =T
52; A 0.94 L/min; KA R: He flffd; &S
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& 3.5 mL/min,

WAR @IS H: =W f#E: 0.6 mL/min; FFREE:
50 uL; JhAH: 50 mmol/L HFRERSE MhER AR . SFIE VI
232 HSEraE

HERMFRIBOR T8 24 5] B 28 R i 1.000 gCKE % 0.001 )
F 100 mL 3, K E T+ o0 Ry LR EITC A
BHIEZRGEIA 50 mL S 3BOR, & F1E R0k
KBS, 76 95 °CIRLE T ARRIBHFE 10 min, BUHFEE
FER, #BE 100 mL i, AaikeamFRs, M
I 1.0 mL & 50 mL /MESRH, s 45 mL, M
10%HNO; JH pH{E & 7.5~8.0, HHERE 50 mL 5=,
IS FLUERE, R FHLINE o
233 W &

TEPEAG AR 20T G000 7 Tk, RIS A bR 1fE
VW, FERRAS . BRSNS SRERSMESCHE, 8 Cr ol
W g, FERIER B AR R Cr(VDYR BT
PLFREL 2.23 381 H CrO Mk . 4 AR HE )y RS 1l
AR S R A T3 4 R e A T o

3 HER5SH

3.1 ICP-MS {{EE&HEEF
3.1.1 REFREHATFHAER
e = A CIR VA o =T S s 711

50(4.345%) . 52(83.79%). 53(9.501%). 54(2.365%), WEF
FRE R I PCr IEATINGE, REAS BRI 1 RAKE .

ICP-MS lE Cr(VDI T FERFIE T, SFEHIeE
HIIE R, I T FRZ, 4% ArO.ArC AN .CIO.
HCIO. CIN., ArNH, {HAPRF 2B 7 A, 2y
FREUAES 2Cr M, R F BT EERN T, AR
T R B AR, HARA AR S S TR AR T

SEE R R A SRR S, AR R R R S
— AT 5.0 mL/min, EILTE 2.0~5.0 mL/min YEE A,
Ayl 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0 mL/min {5
SIEME 1 pg/L Ce T, WEE CeO'/Ce Bl 156/140
WIECIE . Z55RRM, WA LSRRI, 2% L (i 2 4 %
%, MASFEBE 3.5 mL/min J5, ZILETTHEZ 0.5%L
T, S InEA SRR, FNOCE N RGN £,
IO R SRR S 0 3.5 mL/min AR,

312 EabEE M

A P2Cr A Cr AW TR EHERR A% HE A 52 Y
ZEFEFHTH, ket mEl 1 fE 2 Pos,
Cr(VDTE miz 52 #1 miz 53 B Ay @3 mMAZ LR
41620/4822="8.63 (s /il ol WA it ) Al 44983/5124=8.78(50
pg/L BIRRHEIR W), i 2Cr A1 BCr WAREE I
83.79%/9.50%=8.821" Hy st T A GE X 2 AU B G
Cr BF, MHEHAMZ R FEF, v W ICP-MS HRETE R 1
AR (He B2 FeA AT HEBR 22 I B8 1 R 0 ST 1% T4t .
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Fig.l Chromatogram of spiked sample
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Fig.2 Chromatogram of standard solution
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3.2 RHEEEENNEIEHEIEE

I 5 Fies A BB T 00, #e45 B HEREN 25 (4 ik
TSI H 20 pg/LAAREEBCOEATINE 6 UK, THEILARXTAR
Wi 22 (relative standard deviation, RSD), L) 5 pg/L #R#EE
WS R TS AR b

5% 1 A1 1L, TonPac AG19 BU{aRER: ({508 Lo A8 T Fr
A b e A, (R R A A e e, (AR g 2, A
XHAREIR 2SR 5 R ailit e KA. PRIEE S 5 IR AR BRI )
M. A E . REHTEIL AR, E5 Agilent G3268
R A R T T R BRI B i A

BAk, ARGIEREERNE Cr(VDEREE N 5. 10, 20,
50. 100, 200, 500 pg/L MFRIEIETR, AHIER R T 0.99,
S5 A PR fE W AR EEE, 7E1RA Agilent G3268
AR, oA RS- b o A 2 T LAURIFE Cr(VDAI Y
3.3 BIALIBEGML
331 RIRF X

2% EPA ik, ) 22k T B3 A K32 i sl
AR I B 48 TR 2 ER B T 140 5% I VR 4 PR A R o
(BRI Cr(VI)E & Bl A3 B0 E K o LR AT B A ik i 1
X PbCrO, M HEHUAE J7 L SR AR i, HL ) Bf X6 2% I i
WA RRARILRE ST, PR R, KB . &
RIS HA R FEENY R Z, WTREKZEN Cr(VDE
J5 2 Cr(IIn), [m] B 255 i Shy W BRF PR AR S A A5 i, 0 2

PEEMARER, ARG FEt S WIS Cr(VD), S5
] R AR A

THBR AT 1 0 1 TP S5 A0V 19 3 B R B T 323 4 o
i 2 SCHRUS VR Oy i A, Bk 98 R gk Y B R 4
PbCrO, TERRAAME TR, Wik, RATENMmIK R
WAk, B TEBRZR M R M 24 BT T3, T R 4
UK 53 o
332 HmxEidss

BIRZMAICE, H MBI MRS, B kI
AL R U E R A ERL . CrO TR BIER s, Bk S
HRFANEFEAE, MM F T sese bl
IS AR AL BT B T S TR AR T IR RS
BRSO K IR I, RS TP Cr(B W, &4
[F] A FRAE B8, A Cr(VD R, RN RS B IR,
Cr(I) 5] Cr(VDRHALFRAE 3%~4%, THIEIE B e
HALIZRALE 70%~80%, FULIGH I b gebe b 5%, TRty
BT TR A RIS TR, R AR AR AR ] 0 IR
(>80%, W3z 2K, VSRR A IR

L (5 R D 3R 2 SO PR R TR], 0F 1 5
PR B IR, PR ik 2 U8 S TR) 4 458 2 23 Ak 1 ) — %
Tk AR i EA T IR T S5

MR 2 ATLUE PRI R RE] 2000 W, A 6815 2
B EeR, FIEZR R R IR ik 2000 W
KA

®1 FEEEFHRIE

Table 1 Comparison of effects in different chromatographic columns

AR5 H K /(mm) U #/(mL/min) LR BRI} 8] /min 1R LE(SIN) RSD/%
Agilent G3268 30 0.6 3.05 5.8 3.48
Hamilton X100 150 1.0 8.5 4.8 3.15

IonPac AS19 250 1.0 18.0 33 3.67

IonPac AG19 50 0.6 0.94 7.2 5.87

IonPac AS7 250 1.0 11.1 33 1.76

#2 FEDEEPLIBENEEROEEN=3)
Table 2 Recoveries of the measured results after different power furnace treatment (n=3)
B RS RIE S FNTIES) WSINE R /(mg/kg) %€ % 7t/(mg/kg) SR I % RSD/%
500/1000 123 50.2 4.36
700/1000 149 60.8 4.23
1000/1000 169 69.0 3.84
245
1000/2000 137 55.9 4.02
1500/2000 186 75.9 3.58
2000/2000 236 96.3 3.71




1462 T e T 0 =

5510 &

333 BERIRE

PbCrO, $REUE M K 3 EPA J5 1 & A AL AN G K B
MR A TR A 1), A Ok AR I B R 4 o T
TASBFFE R L 2% A LC-ICP-MS ¥k, 7EARIE SRR
PIRTER S, A BB [ IRk 5 BBV 179 &k Wk 32 LU R
TS 1) 77 Ay 1 AR AR AR 4 DA Eh TR, B =R
6 PR AS [i) e Rt B RR Ak 4L ] — 9% o 1 B i 2R 4 7
P Il g S 56

H12¢ 3 AT LUE TG NayCO; I HMAIME FH, $RBOR 1 =l
WA BRI, BEHT NapyCOs 2 b SRR IBUR AL, 0.25
mol/L NaOH #1 0.14 mol/L Na,CO; 4R BOR 24 1A e
T3k B4 B I I 28, AH G EPA 7 7T REAR — f 0 R Mk B
DR I B T A OB A AR A 5T T 0 52 A i R T

*3 FERIARHEWEEN=3)

Table 3 Recoveries of different extraction solvents (n=3)

TP P R A 1 B %/% RSD/%
0.5 mol/L NaOH+0.28 mol/L Na,CO; 84.6 1.48
0.25 mol/L NaOH+0.14 mol/L Na,CO; 84.2 2.32
0.1 mol/L NaOH+0.056 mol/L Na,COs 78.7 3.29
0.05 mol/L NaOH-+0.028 mol/L Na,CO; 80.4 3.60
0.5 mol/L NaOH 74.8 2.27
0.05 mol/L NaOH 592 434

3.3.4 RBURE AR BT 8]

ST BRATIR AL A 1 g/kg RSN RERL T HE 2.3.2 925
BRIEATAE AL B, AR BOR T, AR IR A TR
W 3%, R 4 T LLE I BEE RBOR TS, SRImReTH
WA, HNECRAEREE, RS, b
W 3R R Pt B A, e W E T kA S AR B IO
95 °C,,

F4 TERBUREMEUE(=3)

Table 4 Recoveries of different extraction temperatures (N=3)

PRBGRE/°C B 45 /% RSD/%
40 75.2~80.2 3.38
50 76.8~83.2 4.09
65 80.5~81.9 0.89
80 81.3~84.2 1.75
95 83.6~86.3 1.62

XPERBRETA N 1 g/kg BUZEIHAE LR IR 2.3.2 1920
DRAEATRE SR AL PR, AU R ORI, A S BT [ 47 46
W3 k. W 5 Al LI BEFE SR HUR RIS, BRI
IR ICT R T, WATREIFRAR AR T 1B, A

T3 A E AL SR U] 10 min.

5 T EVEENATE AT EIYER (n=3)

Table 5 Recovery of different extraction time (n=3)

P HA ] /min Il /% RSD/%
10 83.6~86.3 1.62
20 82.8~86.7 2.47
30 83.2~88.0 2.83
60 83.6~87.9 2.51

3.3.5 fFmlisig pH A

PR P 0 A P 0P B2 IOV, 2 S 181 35 o 0 8 W 1Y
pH A, HMBE AR pH [E¥ KT 11, M si pH
R 7.0~7.2, HEKZ, Hyilk G Xl E g5 87 5,
TE M TR 25 LS D 7 2 5 95 2498 1Y pH (E#EAT 6 “FAT
L.

R 6 AI%, M FHLETIESY pH {8, ¥ nl
FE M Z G i, BRIk 5.4%, PR OCAE D e i oA
pH B ER LR BR

# 6 A [E pH HIEILE(N=3)
Table 6 Recoveries of different pH (n=3)

A pH ¥4 pH
F5 RSD/% RSD/%
T e © R o
1 79.8 80.6
2 86.0 88.9
3 82.5 83.2
3.62 4.99
4 777 77.7
5 81.7 87.1
6 79.2 81.9

34 FFEEWIE
341 BpEGA

Y HIE Cr(VDUE 5. 10, 20, 50, 100, 200,
500 pg/L bR AHERE I, HAHE TR Y =7.62x10° X —2.31x
10°(r=0.9996), W7 AR E TR R AT
342 FiEHEBEAEKE

X AR SR AR BRET AT 3 A AKOE B i [l i
5, FIEEAAKE#T 6 WOPATER . M 7 ATLIE
3 NGB8 18] i R AE 82.1%~100.9%2 1], RSD /M TF
10%, T ALK, [ SR AR % R AT
343 FiEARETR

it BR4% 3 A 4 M B T 7= A 14 555 i g Xef g 114 R
WITC R B RIR o W25 VA R A A R s e 2
pg/L Cr(VIbREA O™ A AR R 5 20 e 1Y 3 A%, O
BRARAG TR LT E R 2 pg/Lo $EFEMALBR TV, HFRFE
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HHh 1 g, EARRBUN 100 mL J5FFE 50 50, Cr(VDKEH SRR A5 ST AR E A PR T4

PR 10 mg/kg, EHREFRH 30 mg/kg.
#®7 BEEMEWEN=6)

35 ?zﬂ:ﬂﬂ?:ﬁ’:;ﬂﬂi Table 7 Precision and recoveries(n=6)
K GB 5009.268-20161% K A 5 i 2 1 5% BRAH 6 IR/ (mg/kg) [T 55 PR/ % RSD/%
T A BT E ST G260 RE B b 5% K2 S R 1 7 it " 2 11009 S 16
4 8 ALATRE oo B AAE 0.54~3.74 me/kg BRI, V4% 0 t6.5.084 <4
1N 1.49 mg/kg; PbCrO, A AG H, RUJGRHMERE 5 o 2 45
300 88.2~96.3 4.37

ST I e B AR SEPRAG I IR, 2 A A A R (E T 228, A

®8 LPrEmINESER
Table 8 Results of practical samples

e FE i 27k & /(mg/kg) PbCrO4/(mg/kg) e FE 27 & /(mg/kg) PbCrO4/(mg/kg)
1 BRI 0.54 — 27 Eg 1.34 —
2 ER 1.45 — 28 5 S 1.07 —
3 R 0.76 — 29 Je Itk 1.79 —
4 SR 1.03 — 30 Mg 1.48 —
5 ES S 1.76 — 31 B 1.20 —
6 B 1.74 — 32 ES S 1.36 —
7 HIRE 1.27 — 33 ER 1.66 —
8 £ 1.72 — 34 HIRH 2.06 —
9 ER 1.48 — 35 5 S 2.54 —
10 5 S 1.23 — 36 Elg 1.17 —
11 SN 1.66 — 37 BLR 1.34 —
12 Mg 1.51 — 38 SN 3.39 —
13 EBR 2.56 39 HIBFH 0.88 —
14 ES S 1.63 — 40 B 1.02 —
15 eI 3.74 — 41 S 1.92 —
16 HIRE 1.34 — 42 S 1.22 —
17 ER 1.28 — 43 ER 1.59 —
18 HIgE 1.94 — 44 5 S 1.68 —
19 BR 1.06 — 45 SN 0.89 —
20 BLR 1.35 — 46 SN 0.94 —
21 eI 2.01 — 47 EBR 1.77 —
22 ES S 0.94 — 48 ES S 0.97 —
23 S 1.21 — 49 HIBH 0.76 —
24 S 1.39 — 50 ER 1.11 —
25 5 S 2.13 — 51 5 S 0.87 —
26 ES P 1.31 —
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ASCIM S e 255 I HR A TR A R S 56 s Wh}ﬁﬂ@%i&'ﬁﬁ&
H: T AAZE S A 0.25 mol/L NaOH #1 0.14 mol/L

Na,CO; HIR G

TRPESRIOE 95 °CHiHEEEBUK Y 10 min, 7E

ML E R pH (2 S W SRR, RE Cr A HARY

RIEINE Qe ORI TP BB IR B, TR R

iR, 7R

5~500 pg/L JEFEl N RIF, 3 AR AY [l iR 7E
82.1% ~ 100.9%, RSD < 10%, #HiFEH 10 mg/kg., i it
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