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W OE: BM BB R - A B AT 5% 1k (inductively coupled plasma mass spectrometry,
ICP-MS) A ZRAS LM 5 A5 Bk (Hg) B & BEAR DL TrEk SR — IR i 4 718 %, 1ICP-MS A&, b
PRIEE it o 55 IR AIORANE:, JC AR ATAL B, SR E R 2, AMRdE i R eI R, &
RAYPE T f#E-ICP-MS 3 € 1) Hg 7 0~2 ng/mL Y N L 0C 2 BT, AHOCRECH 1.0000, Jrifi iRy 1 pg/ke.
DB T 40 DAEMFRM(EARL S . Sk . Bc . TEAL. Geas. 4Ess . BIESSRRSS)T He
I R, B SRR [ IR 2R AE 95.5%~106.4% Z 1], AH X F 1 i 2% (relative standard deviation, RSD)¥JAN M i
3.86%. MIZRIGEME Hg 78 0~20 ng YR AL R RAF, MXRRLCH 0.9997, Tkt Ry 0.05 pg/kg. M
ARPGEFIFEI T 40 AU He B9IIAE, B A IR [RICRTE 93.2% ~ 103.7%Z [0, RSD ANliid 6.65%. 45
PRI Jr kR D | RS . R, YRy PR i A5 b SR TR AR AT S 3 M Ty i . M SRA
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Comparison of determination of total mercury content in tea by ultra
microwave digestion-inductively coupled plasma mass spectrometry
and mercury vapourmeter method
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ABSTRACT: Objective To compare the determination of total mercury in tea by ultra microwave
digestion-inductively coupled plasma mass spectrometry(ICP-MS) and mercury vapourmeter method. Methods In
the first method, the sample was digested by ultra microwave, detected by ICP-MS and quantified by external
standard method. The second method was mercury vapourmeter method, which did not need digestion pretreatment
and injected the sample directly, with quantification by external standard method. Results Under optimal
instrument conditions, Hg had good linear relationships in the range of 0~2 ng/mL by ultra microwave
digestion-inductively coupled plasma mass spectrometry with the correlation coefficient was 1.0000, and the limit of
detection was 1 pg/kg. This method was successfully applied to the determination of Hg in 40 tea samples (including

black tea, green tea, white tea, yellow tea, flower tea, oolong tea, teabag, squeeze tea and dark tea), and the recoveries
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were between 95.5%—106.4% with the relative standard deviations no more than 3.86%. Hg elements showed good

linear relationships in the range of 0—20 ng by mercury vapourmeter method with the correlation coefficients was

0.9997, and the limit of detection was 0.05 pg/kg. This method was also used for the determination of Hg in the same

40 tea samples, and the recoveries were 93.2%-103.7% with RSD less than 6.65%. Conclusion This two

methods are simple, rapid, accurate and sensitive, which can provide effective analytical methods for the rapid

determination of total mercury in tea. Mercury vapourmete method fluctuates greatly, but it can meet the

requirements of inspection and detection.
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AT S, RAEBET AT EE SN, . AXRE
I, 3@ S IRAE O NI SR 1, 25 S 2R AR
BB, 25Oy BN AR R S, [FET R
A AT T B R IR, A RS R R RS I >
M T AW A K PR ) A 22 e, DA RAE A P n
BHEHER . HEM TR ARSEEE, YaTEH
R B ARG PSR, U E R AR . R
WHBERS BN, A BENEYEN, AEMERN
JCik AAT AR, PTG LE E PE EA T E AR, BRI 5 AR
il 5 A SR AN I A EAE T, R sk, SR AT E AR
O REF eV AN ol W L G sk A - A I N UE=ZEN G2 o
AR, AR OGNSR T B B iR X 5 - Hh B 4@ JT
FI R A S KU DN Y ) B, PR, s R
RN,

B, SRICR MR AR, dh sk
OO B EEZARME GB 5009.17-2014 (£dh %4 H K w
HE B RS MR A 2 ) VR DL RF 5O 6% 4
BTV RS TR F W O 1 0 8 B A i BOR, AnifE GB
5009.268-2016 { B i A E ZARME B AP 20 R IIE )
(8T e 55— R FH PR BRI 5 2 B AR R T SR e R .
b R o SR PR S OB A TR A, I R 2 AN, A
2 B AR RS . R 2T & O
fif R R, SR R I B R T A A2 1 R R A SN 2R, )
I I f = ATk 280 °C, He ATk 200 Bar, [R) 48 HURE &1
BUT, BEFEAESh T A Y SIS o RGO i R R TR
T i A 1B 1 L N T 3 S Y N [ QUi

AR5 R FH R A0 T i - PR SRR 5 45 B AR i 1
(inductively coupled plasma-mass spectrometry, ICP-MS) . il
SRAEM 78 A5 1 R B ik, IFXT 2 AN 5 i A TR
P, BAEE N BORS RATGE L HERR ARSI Tk, IR
A5 R A T I 3T

2 MRERE

2.1 X5

Agilent 7900 HLIEAR 5 55 2 IR BTG (ICP-MS, %
[ Agilent 2 w]); Ultra Clave #8228 & (AR
Milestone A F]); DMA-80 4= H sl5R X (G K F] Milestone
oAl); ALl BOBPRHLGEE IKA A F]); Milli-Q B FKE
A (T8 E Millipore 24 F)o

Hg FrofEEm (R EE 1000 mg/L, 5K 18A010-3,
FA 4R K AR T e ), 8 Atk (B
18.2 MQ-em) ALK = [ il; AHER(BV-IIZL, dbaifb#i]
THFEIT)-

40 A TTEE SRR S G S TS TR 275 .
22 ZEWHE
221 ARBEEREAF

T Hg JCRATERTRAICAZBY, A T RS
Yo Sz Hg FRUEIR IR 1000 mg/L, % AT BN 5%
) HNO; & 0 B A IR BT Wk & 0~2 ng/mL #3ifE R 51,
222 HonaraE

AL -ICP MS IR S HTAL BB MERR AR L2 K
PEIRAIE BIZRI RS 0.5 gOFHIZE 0.0001 gy FHIEEH,
filA 8 mL B2 /K IE R (HNO;:H,0=1:1.25, V:V), T
TR T R P A T I A, TH AR W BRI K ER 2
25mL, i ICP-MS W . [FIAHfl 2528 AR bl o

W FRA AL S AT AL B AR IR HER PRI IR S
BIZEHAESS 0.1 gOREHAZE 0.0001 @) TAREM A, ARG
1UF% B shik AR, 2 —T 0% —m iR A AL o i,
IYIETEE AL, SR R R B ik A 4R 55
i, X Hg TG R IEA TR LEPE LI, AT 4R S ifb A7 iR
SRR, (o LR B SR BRI R, SR 2K AR A i R i
fth, 7E 253.7 nm ZbiE Hg R, MR HORSE

TIBRAE S A B B P I A 8 ViR J3E 1) SR A o T T
RAIAIG, $ B8 A RE A By 2 A 7 A BRI 2
223 MBELEH

BEMPEAETFERFAESE: 25 |, BE
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110 °C, FHii 10 min; 3K 2, #HEE 200 °C, FHif 15 min; 4
B3, YR 220 °C, FHE 5 min; B 4, IR 220 °C, R4F
10 min,

ICP-MS {U#§SH0: S 2 1550 W, [R.C [ L7e,
MERZCN He A0, RAEIRIE 8.0 mm, B FARRAISH
W 15.0 L/min, #S7% 1.0 L/min, #MESFHE 0.7 L/min,
PG S RFEHEFRIIRIE, WATTE BRI 0.3 s, FAMK
03 Ko il RE, SRS IERMERE i B SN FE S
W%, ¥ 185 Re fENTEL NFF .

DMA-80 MSRAVEE P FHE S5 FHE 0 ~ 200 °C, €T+
10 s; THRIRE 200 °C, {55 60 s; /M @iEE 200 ~ 650 °C,
SrfERTIE] 90 s; FFALIREE 650 °C, 4% 90 s,

DMA-80 Ml SRAXUAL#7 S8 A NAR, diEH
99.95%L |, #HSFHE N 200 mL/min, [ 74 0.4 Mbar,
R g A ARSI 8% AT 253.7 nm; FEAR G
100 pL.

3 HBR50H

3.1 TEshZ 5K HR

A SEB T E MRS, SR A ICP-MS W& R4 i
VR BE 0~2 ng/mL 19 Hg bRy, DA R {5 X JH o vk
BE AT S I, SRR, AHXRECH 1.0000, 4%
FESZS R SR I 113k, TR S 25 BRI PRHE R 22,

3 A5 A o O 22 0T 6 R A U RE B Ry Hg B AN R i RR
(instrument limit of detection, ILOD), %4 Rirkb 37 % FlfG
P55, 1145 3 7 246 H R (method limit of detection,
MLOD), 5453 W Rz ki iR R 1 pg/kg o R
TRAI 7 He FE 0~20 ng (Y Hg bRl A ikt 2, AHC R AL
9 0.9997 . AR S PR IRE I E 11 R, DL 3 F5 (1L
(SINYTf E K HH PR, AR AR S A AT AC B A, ISRAY Hg 1Y
Ji Kk 0.05 negkg,

PR 1 34 2 WAL A N ST vk TS L I, Hg A4
Wi )07 5 o o VA B e 1 6 R AT, A BRARAIR, FRHA MR
Tk R R, YA TRE Hg oo AR 4T
3.2 AREEMERE

SR B UE AT 1k B R M AT SR, 7RISR IR 4%
X 9 R AR S A IS IS v K- He AR T
VEWR, i BRSO -ICP-MS J5 BeiE AT R A BRFOAS I, -
AFGE 3 W, T RN FIREH R . A FZE 0 AR m R
T 95.5%~106.4% 2 [A], #1475 M fR 2 (relative standard
deviation, RSD) A1t 3.86%. K M RAL L [RIAEXT 9 FhiAk
A T P BRI R A T AR R S5, IR A 93.2% ~
103.7%22 1], FHXS AR 22 AL 6.65%. HAKEE 3% 1.

G5 L 32 B W IS DU 7 T8 4 B A, SR AN T (TR
Rt B MO W % -ICP-MS 7L, 2 (R 50 17 s M R vt
B, VAT R A R BRI R R

Fz 1 FMMFREUE(n=3)
Table 1 Recoveries of tea sample (n=3)
B b0 2 {8/ (ng/kg)
Ik FEGh 2 FK RSD/% s/ %
EER Bl by e TR -4

RS 6.96 10 17.6 12 106.4

ESEN 1.13 5 6.09 232 99.2

EPS 1.98 5 6.87 2.45 97.8

LIPS 1.12 5 6.04 2.65 98.4

ICP-MS 7% VIS 0.32 5 5.15 3.56 96.6
1EY% 3 0.81 5 5.98 3.21 103.4

ENHUP S 10.4 20 29.5 3.86 95.5

BIER 4.66 10 15.1 3.33 104.4

P S 0.86 10 10.7 2.45 98.4

EAR S 2.23 10 12.6 6.65 103.7

S 1.09 5 6.05 4.54 99.2

SPS 2.05 5 6.89 3.67 96.8

W 1.09 5 6.02 4.57 98.6

WSRAL Vi 0.31 5 5.43 3.9 102.4
=% S 2.34 10 12.4 2.34 100.6

EIP S 3.18 20 23.1 4.16 99.6

B 2.98 10 12.3 428 93.2

P S 0.83 5 5.91 1.33 101.6
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3.3 HEEVMIRKSGERE

N TR A S5 gk i o A M A AT SE R, R R
bz ) 7 5 0 o 5 o ) I 4% 45 (GBW10052)Hg TG &
o ARVEY A UE P E A (E UL R 2, WA R
SRR MEAELE BRI, D6 132 9k 10 ofie s R o Bk 3 4 0
AR H R S AR A H 8 i 0 I R
3.4 SEPRHEMBVNE

B UE IR SR, SR P FPAS ] 6 AT
ISR 40 DASHFE S TIUE o FESREBIFRLIZR 8 ).
GERT N AFEG ). BEQ A ARG BREG

A, BEOZEG ) BIERG MFEE@E ), 40 DEE
YU (L) ICP-MS BdEnfil): £17% 1.64~7.29 pg/ke
7K 1.13~2.46 ng/kg. XS 1.98~2.28 ngkg. #7% 1.12~
1.56 png/kg. #£45 0.32~0.34 png/kg. ZIE2% 0.81~3.18 pg/kg.
ARA 0.31~14.3 pgkg, BIER 2.26~4.62 pg/kg FMIEAE
0.86~2.52 nglkg, # 3 4 40 NEEES: He & 09I 2 25
REETE, B AR 5 B s o B 22 5, AR A bR
#E NY 659-2003 ( ZShTdsk | . ok, i K g e it ) 1)
XFAS it R E I B AR AR 0.3 mg/kg, Z5ERAIL, At
HORM S EEYR T IR AR ARE, 5 R8BIk, JA 2 =
FREER

#2 FEEYRINEERN=3)
Table 2 Analytical results of standard material GBW10052(n=3)
R WE A/ (ng/kg) ICP-MS ¥%/(ug/kg) RSD/% WAL/ (ng/kg) RSD/%
GBW 10052 8.1£1.5 8.16 3.72 8.24 6.67
*3 FHmED Hg 52 (=3, pg/kg)
Table 3 Hg content in tea samples(n=3, pg/kg)
FEf AR ICP-MS % WAL FE 2 TR ICP-MS M SRAL FE 2R ICP-MS % WA
2% 1 2.31 2.23 215 1.78 1.82 Bp7% 29 2.18 2.17
2% 2 2.46 2.48 %5 16 1.98 1.96 4225 30 5.56 5.61
753 3.25 3.31 %517 2.01 2.05 4% 31 321 3.18
21k 4 1.64 1.64 H%5 18 2.28 2.32 48 7% 32 0.31 0.28
2155 5.35 5.46 WA 19 1.12 1.09 4SS 33 143 14.1
a6 4.98 5.05 B4 20 1.56 1.55 B 34 2.26 2.32
AR 7.29 7.16 1k 21 0.33 0.32 BEA 35 2.34 2.33
4175 8 6.78 6.71 1625 22 0.32 0.31 IR 36 4.62 4.57
5259 2.29 2.25 1% 23 0.32 0.34 A 37 1.23 1.21
2% 10 1.26 1.22 15 24 0.34 0.33 A 38 221 2.19
5 11 1.13 1.09 5% 25 231 2.34 B39 2.52 2.45
55 12 1.45 1.34 5 k%% 26 0.81 0.83 B 40 0.86 0.83
55513 2.46 2.34 5pgk 27 3.04 3.11
G 14 2.21 2.25 LIp7% 28 3.18 3.12
PRPTENNN T ORHE FE PR A SR 15 Y B A AR, A R T A
=A

ABFGTELAE T TCP-MS 32 R SR A8 3 I a2 2 o o
Ko MIRNITILAES AMKIEF N LM RAF, RibBR. %
BE L SR A RE AT EK . ICP-MS AL IR 2 h
B s, R b B TOSRAYL, B TS ioR IR bR
A 0.3 mg/ke, ZEMHERER—MHA 0.010 mgkg LI,
ICP-MS 46 H B BT S A I 23R 0 SR A S vk BRUARE: £ 4 %
b RO B M AR X AR, (F ARG D AL 3 R A, 35

Ko GERERM, PR R MER PR, 85 T A AR
IR BRI, ] Ay i 2R R R R I E
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