314, 4100 i o 5 b i

Spectroscopy and Spectral Analysis

a4 M Vol. 31, No. 10, pp2843-2847

October, 2011

My bz T 3% A AL BB A i Bh R B -JR F 0 b iR IRET E KR E R

R, WRAE, WRE”

M B RS, BMBASEORERE AR E, 79 B8 330047

W OE WP T A S DA B4R B (UAR) -JR 28 A e A MR & R PR T % . R A Plackett-
Burman %31 M 6 AR EZ ik d 3 MR EHEE BN E S, R ERE T F1 HNO; ¢
H,O, (1 ¢ 1, ofRFR A2, JERAHCALE BRI N A SE . 45 RTRW, BB, Bt [E
6 min, St 8.1 min, T: 70.5 “C, A2: 4.4 mL, FREEH 300 mg. L GBWI10016 Z8M-NArUES Z YR, S0
THA(MAD) IR L. SRR UAE 355 GBW10016 (i 5 {5 bR AR A BT ks BDJCR 94. 200~
102.0 %, FBR 0. 007 8 pg « L1, FAME A AR HEMR 25 /N T 10% . kBT 63 A% SR S Al
TR A E . UAE 5 MAD i85 R BB 25, RE®(THETE 4.6~17.3 pg « kg ' Z ], &K

Bt NY659—2003 FREr bRt

KR HARIREG WIRNLIE ; ETPOWEHEE (AFS) s IR R

hE4SES: 0657.3 XEkFRIZAD: A

51 5

BRAK AN s 250t 0 2 s B Ok . SR T, Bl 5 BR
YR, AT EARTE I SC A8 it R i RBG 4, 5K
) AN 5 56 2R B A TH 2l 3 1 28 4 B R RIS 43 1 1
W, SRABE TR E(NY659 — 2003 2% I Hhr 45 4% s i 12 SR AL 4
FR i Y der 28 S F5 bR 2 —, SE M AS B g . (H 2SR AR TE
B SRANIR 1 117 HAR S 8 % » R xE K

e HR(GB/T 5009. 17 — 2003 £ v 3 ok KA #LR Byl
FEDs AR EBA R O RIRAE T (XS TR
BIREn  FEIN 2 o0l B R R R . Xk, AR
XTERBEFIAE PIRE i 22 1R AN R TR IR « AR 45 688 75 U
HEAT 42 B $R B R 4007 £ ( pseudo-digestion) , HTA K .
TGRS Y N R R R R L
B, ARRRIBEEE . shal B AT, R
[ A} 20 3 AR IAOR, fRTALIRIBUL IR . ARV T AR
Fem ety R e R R SR DY | SRR
KRN . Bl TR 2R, HIE I & 0% A
[Fl, THZ X EZRE——NERA, S5at 2 )y B e Xt F &
ZHAETH IEAE 2. A CE R T Plackett-Burman 3%
THI O BERZ W A5 AR B IBOR Y L BE R 2, 4k T R ) o7 T 9 %
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ERHRAAT B AR B, Tk aE . &0, AT
FEAT LRy 28 IR R B0 A2 P A3 A L At 0 Oy U
Ful i T H AR P A SRR OR I E

1 SEeERsy

L1 {UEEFK

KQ2200E R 75 e AL (R L s S A28 A IR A FD
AR 35 kHz; AFS-230E XUH BT 9606 i (b i
AU A D ;5 Milli-Q® Academic #8417k £ 4t (3£ [E Millipore
) 5 WX-4000 R Bl iph 14 f A L 0 5845 1T X A8 A BR 2
A o AXER TAERRY « B S0 B I A P il B2 35 %) 150 °C
JE S EHITE 1. 8 MPa, {R4F 4 min; 4RSI M HE N IR 5
iKF| 180 C, FEJJFEHILE 2. 4 MPa, {£%F 4 min,

BRI Sl B Y S g sl ik BHEE R 18,2 MQ) -
em, A LA ILYESE BT 100 R 48 h LI L,
SRIG B Al K e 5 L E . BT 4.

MW HNO, (1 ¢ 9,¢) : BU50 mL HNO; . 222513
A 450 mL KA, TRAD,

W J5EH KBH, v (5 g+ L) #RELS5. 0 g KBH,, AT
5.0 g+ L' KOH . JFMBER 1 000 mL, ¥85], B
FHBLAL.
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IRAFERE IR 100 mg « LY, Fi#EAR#E: GBW10016 8
M R (3.810.8)pg « kg ' W A EZARUEYI L.
1.2 HmiistE

FAEVIIEE 5 N EEZEX 11 AT E K 63 ES it 4f
A%, Horpmili Gk 300 m DL DAL 36 4>, AR (5 RIX
HIDRE 27 A5 LR A 5 22 b A 7 0 X O o R s
Fift o ZRAE 22 FORKAR NG UE - HAKIEVE 3 s THRAR 130
CARH 5 min J5 T 80 CHEF . WUhFERt. Fr A 284 L
GBWI10016 4 13 S5 AF 6 BIF 5, & o 0 2ok O, BRORE 32 <058
pmGid 250 FD R, XUZ R SRR 02 . 48922 N TR
1.3 HEHE
1.3.1 # F % % 8h 3% B (ultrasound-assisted extraction,

UAE) %
R BB R R R LOKE IR 1.

Table 1 Variables and levels used for the Plackett-Burman
design and estimated effects of main variables

Wz o A 7J<f : xﬁﬂj B

ME(EE TE P

12 A] /min Pst 2 10 0.93 0.394

iER 7 A [] / min St 2 10 4.47 0.007

AR/ C T 40 80 6. 04 0.002

HNO; /mL Al 2 5 0.91  0.404

HNO; : HzO0:(1:1, ¢)/mL A2 2 5 4.59  0.006

FREEE /mg SM 200 400 0.21  0.841

R ZShRAER A 6 AFATRE, HABZS ARy 3 P
TRE, #3R 1 P B ESE O FMRE () DLRFER 2 KB
I3 PRERRAR BEASAAE T 25 mL R PUGR LA g lilp . I ABRE
W FIREM, BMAERBUE, Mgk ES 2 10 mL, 3 000
remin B0 5 ming FIEREARCHEE T —4 CRIEA
Fo TR RFAsAs 08 B G A 28 A DU AR 48 25 A A Plackett-
Burman {2056 K Wi b7 B R0 IS 19 26 AT UAE JLALRE,
1.3.2  ##% %% B K 3 (microwave-assisted digestion, MAD)

*

KM GB/T 5009. 17—2003 Hf R0 i 07 15 A bR
HEX IR . S IRI2H UAE 125 BRI A 5 A i TSR P &
I RS EES, vk HNO, 4 mL, 8 | h 5, #M0%
THIRACRE Y 43 B BOF % Y2 200, JFENS R 0 (sl ik s (37
B, ) HNO; (1 2 9. @ @R E 10 mL, RFlll, [[lH)
2 G RR
1.4 FEFRAREEITREE

AR A DG B R 280 V., ATHLER 30 mA,
JEFAC AR BE 200 °C, R B B 8 mm, 2R B 400
mL « min™', FE#CRAE 1 000 mL ¢ min~', EEFE] 10 s,
FEIRE] 2 s, FEXRE 3 W, TEAR 1.0 mL, WEER
Pt i, BBy O T A . ARt 2 pC R Oy KR
T LA

e B A2 ok 0..000, 0.025, 0. 050, 0.100, 0. 200, 0.400
H10.800 pug » L7 RFRUE RSNV, M FEOGHREE, Lxhilbn

WML SCHR A A A R (L TR 2
2 giR5The

2.1 Plackett-Burman (PB)iR I iZ it EZSEAEZNETENMN

PB R 56 15 32 2 T 0 v B v R, iR ik
TERMESE R 1 MR 2, 3% 2 b 1~ 12 4R 2R
(extraction rate of mercury, ERM) %34k 6 A EATAhREE
FELERAEIE . FIA Minitab 15 042k B .

RIZBER ERM(Y0) =[ UAE 45K R & & /[ MAD
PR R TR i ] <100 %

P<C0. 05 BLWI R M @2, P<<0. 01 1 W2 i & i i
o Hh T, A2 0 Stix 3 AP R X R BB 1K) 820 2 i 2
. 1M Pst Al SMUGEMAR % . 455 Pareto [ (ILIE
DFRRA LA 1, 0 RIRECR A B 2 HEZ M H PRI R
T>A2>St, i, B Ty A2 F1 St X 3 4P ER2E— 25
RLT 04T, LAfE EA TR

Table 2 Plackett-Burman design for the significant
variable determination(n=6)

75 Pst St T Al A2 SM  RIBEER « /%
1 + - + - — — 42.5+1.4
2 + + - + - - 40.07+2.0
3 — + + — + — 91.7+1.6
4 + - + + — + 60.8+1.5
5 + + - + + — 72.6+2.0
6 + + + - + + 89.0+2.5
7 — + + + — + 73.5+1.7
8 — - + + + - 64.0+£1.7
9 - - — + + + 38.8+1.1
10 + - - - + + 45.1+1.8
11 — + — - — + 32.7+£1.9
12 — — — — — — 23.2+1.0

* - = FR A 25 (mean==SD)
Response is extraction rate of mercury
2.5I71
T 2
ax [T
St
& Pst :
Al !
SM :
0 1 2 . 3 4 S 6
Standardized effect

Fig. 1 Pareto chart of the standardized effect on

extraction rate of mercury(a=0. 05)

2.2 MEERERRIEITRERSH

MR A 0 4 & i 3T (central composite design, CCD) J5i
1, 254 PBIfiIERY 3 AR ERER(Se, T, A2), #4700 L 1
ARG 3k 20 2350 . AR W25 P AR T4 1Y I
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WL BB SRR . Pst=6 min, SM=300 mg,
CCD B2 . AT BEE R 14 3.

Table 3 Design and results of central composite
design for St, T and A2(n=6)

Fe St/min T/C A2/mL TRILBE « /o
1 2 40 2 49.0+1.7
2 10 40 2 58.74+2.0
3 2 80 2 61.5+1.9
1 10 80 2 75.3+1.5
5 2 40 5 60.6+2.1
6 10 40 5 73.5+1.8
7 2 80 5 81.8%+2.0
8 10 80 5 98.5+1.1
9 —0.727 2 60 3.5 66.7+1.0
10 12.727 2 60 3.5 88.24+1.2
11 6 26. 364 1 3.5 51.0+1.9
12 6 93.635 9 3.5 83.6+1.5
13 6 60 0.977 3 57.441.3
14 6 60 6.022 7 88.7+1.3
15 6 60 3.5 96.84+1.6
16 6 60 3.5 96.74+1.4
17 6 60 3.5 95.1+1.5
18 6 60 3.5 97.1£1.2
19 6 60 3.5 95.5+1.0
20 6 60 3.5 97.24+1.1

x S8 {H = FRUENR 22 (mean+ SD)
2.2.1 BMANEIALZFHAR
VISRIR B o B {H, R4E 3% 3 Bikge g5 R, 8
Minitab 15 8T EIA 0T, & BRBEE, &R
FF M S AEL A 52 0 AT RGN T MR R -
Y=—97.98+5.68 St+3.32 T+27. 48 A2—0. 436 St* —
0.03 T:—3.79 A2240.01 St X T+0.07 TXA2
A Y RIBBCER BUNE ; T, St, A2 43308 % A IR
MAE.
E— 25 AT 7 25 43 AT R 36 AIE [E] VA AR AR K 4% 2 401 i
BE o ST PAE R 0. 272, KT 0.05, LI RIFHIA R R
Wor. BANFFER St T, A2, St?, T°, A22, StXT, TXA2
XY B B34 v B 2 F WA DR 2T i 7 4 5 M AN
SRR PEIC R, 38 IR I R ARG 5
2.2.2 RFEBFm g @I
A FIR B, 33 Minitab 15 B4R Lz i i
& 2>, Ffxtma g IO AT A 5047, 153 UAE B3 BUR

HET %M R St=8.1 min, T=70.5 °C, A2=4.4 mL;
Pst 24 6 min, SM 300 mg i}, 7R $#2 R 1) H 8 & KRE N
103.5 %.

i 0.:
HHHIL &,
AR TIII TTN
;,’;,‘n",’,':nlnn.',"o,'
,/,:I,,nnun",,".
P ey

ERM/%

Lag ik
"‘t’""""'l.
0

¥
BRI T
(5l
14 ¥

ERM/%

Fig. 2 Response surface showing the interactive
effect of variables on ERM
(a): A2 and St; (b): A2 and T

2.2.3 RFBEGHRIEXE

KM R Ee AR A 7 S P i B 4R B GBW10016
TR, FHRRIEER K 100. 0% (WL 4, FIEHUE 552
DB H B3, XM ZE 3. 500, GBI 2 (% —y Bl T B Y
EEARE, SREGIERATSE, BAMRANE.
2.3 UVAEERWHR, £HE. BBE

14 LR IR e 26, BIRJT Ry y=1275. 22
—16. 37, tARZEL r=0.999 5, KM:VEHAE 0~5 pg - L',
454G H BR (limit of detection, LOD) 2 0.007 8 pg « L',
(LOD=3 s » m ', Ht s Fi#ELE 11 IREFEF 2 FHR R
HEdm2s, m b il R A RER) . NFR 4 B 20 i R
GBW10016 Z5rt, SPATIIE 6 ¥R, M H SARUEEAT & R AT,
W2 (A AR bR AER 228 7. 7% . REFAS 5 8 % RE B b4
Fr eS8, [mICRAE 94. 2% ~102. 0 %, AT IR
TEE AR

Table 4 Determination of mercury in standard reference materials tea leaves (GBW 10016) (pg + kg™') (n=6)

Al
St bRl MAD

UAE

T fE

MR RE/

S SRR /
W T ST SRAR R/ Vo

K 3.840.8 3.9+0.4 2.6

3.940.3 2.6 100. 0

* SEIA(H = FRUE(R 25 (mean= SD)

2.4 UAE &, MAD ZEFHE MR LR
X132 5 i UAE 3 K& MAD i P81%d)s » & Minit-

ab 15 H1*one-way ANOVA” #4705 25087 ZiRExw, &l
HENEAE, P=0.000<20. 05, AEEHERSE L2
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Table 5 Determination of mercury in fresh tea leaves and pro- RE(E A3 S . ASEENT 41 (8. 443. 2 pg » kg ' SR M A4

cessed tea leaves by MAD method and UAE method (11.2+£4. Dpg « kg 'y P=0.087>>0. 05, K& & ANFLER
AR b UAE (i MAD WZEfEe R/ % HFS . R R PORM B EOR R A AT N T R
Ztegn il 4.645.0 4.645.5 100.0£2.2 YHH AN B i, UAE 3 K MAD ¥ H g, P=0.989>
YN-SUR 10.9+11.2  10.8+11.0  100.9+1.3 0.05, Z2] UAE #: 5 E A7 MAD 3 58 45 5 6 i 25 2% 5,
B RIS 1L.740.7  11.6+0.8  100.9+1.2 UAE 277 DL S 26095 it 0l T
e 9.240.5 9.140.7  10L.1£1.7
Y He 7.040.5 6.940.5 101.4£2.0 PR
Bl 10.540.6 10609  99.140.9 3 & 18
Rl AL e 215411 2L7+1.3  99.1+0.8
S 17.3£1L0 171404 1012415 ARSI AR 75 e B R I — R T o e itk ik A F A5
ML B2k 7.440.5 7.540. 4 98. 6=+1. 4 IR R E, Tk, Peml, TEFE D, &R
HOKAl - A 7.840.6 7.7£0.7  101.3%1.4 WIE . B R 22 R a0 5 1 B e o 1T 32 LA 48 20 1 38 vk
MRS 91R0.8 0 1E0T 000510 et TR AR A T BRI 70.5 °C | I 8. 1
ERIEES 10.440.9 10.34£0.7  101.0%1.1 min. HNO, ¢ HLO,(1 ¢ 1. @) 4. 4 mL. B 6 min, F
g kgt PSRRI (mean £ SD) s RIS BRIERIE (mean et 300 mg, HCP AT AN %Ol BB 2. UAE 2R
8Dy s G2l SR FUL PG4 PP 72 X (2 S A A i

N o W W G M NYE59 — 2003 IR HE(<0.3
Freligl, F£H. A#ﬁ@%ﬂﬁ*ﬁ%%ﬁgfﬁ%(ﬁnﬁ1t (&) pg + kg DI, UAE 85 EFR MOk s 45 0 B 595 5,
YRR N A M F 505 e 4 KO T L5 | e s fif i 5R A
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Optimization of Ultrasound-Assisted Extraction Combined with AFS by
Response Surface Methodology for Rapid Determination of Trace Mercury
in Tea Leaves

XIONG Chun-hong., PENG Kang-nian, XIE Ming-yong*
State Key Laboratory of Food Science and Technology, Nanchang University, Nanchang 330047, China

Abstract A rapid ultrasound-assisted extraction (UAE) procedure was developed for the determination of trace mercury (Hg)
in tea leaves combined with atomic fluorescence spectrometry. Three variables including sonication time (St), ultrasonic bath
temperature (T) and HNO; @ H;O, (1 : 1,¢)volume (A2) showed the significant effect on extraction rate of total Hg evaluated
by a Plackett-Burman design, and they were further optimized by a central composite design and response surface methodology.

The results showed that the optimum extraction conditions were as follows: presonication time 6 min, St 8.1 min, T 70.5 °C,
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A2 4.4 mL, and sample mass 300 mg. GBW10016 (tea leaves) was used as certified reference material; for comparative purpo-
ses, a microwave-assisted digestion (MAD) was used. The result obtained by optimized UAE method showed good agreement
with the certified values. Under optimal conditions, recovery was evaluated to be 94. 2% ~102.0% and the limit of detection
0.007 8 pg + L1, The relative standard deviation (RSD) of replicate measurements was generally less than 10%. The proposed
UAE method was successfully applied to the determination of Hg in 63 samples of fresh tea leaves and 10 different branded tea
samples. No significant differences were established between the analytical results of UAE method and MAD method. The Hg

1

concentrations of them were found in the range of 4. 6~17. 3 g + kg™ ' on a dried basis, which were within the permissible limit

of the NY659-2003.

Keywords Ultrasound-assisted extraction; Response surface methodology; Atomic fluorescence spectrometry (AFS); Trace

mercury; Tea leaves
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