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AFEWFRITR (5. 8. %) SEEMARFEHriGL g g, JEXFRAER (1.00, 2.00, 3.00, 4.00. 5.00,
6.00 g) . WKIRRAEMSE (20, 40, 60, 90, 120 min) SFFERAHTAE AT . HhE LIRS , FERZR
WAL . RLUE . IMAWNFRICER | B, PR BN 5 55 B T R Gk S I i A K M 1
W75k, JEMKERRE | SRS DT AT O B A R A E B . D4R Y RN FRIC R B (0 Hr
TR 224.268 nm ) Sk (ZPHTIEL 288.158 nm ) B, RIS ARG R B R IR B . R AT AL 3R R A S
PERFREERE 4.00 g WK IR SIS ] 90 min. HE 37 A H G4 55 B TR R SO - N ARk i b i e etk R 47
FIRRBART 09999, ik 7.5 pg L', K% AR bR 2 (RSD) 4 1.53%, Ff & AR Ry
99.4%~104.8%. KMRERN 10 AR, Hrbrdtrh, #)E45 44 (AR08 1, 30 7. 10 48),
PP (BOFESS) 24> (AERERFII 350 10 3 4F), 455 W 7 JE B & ARG 0y (35 K s Mk ) & i R I
A, ARG VPGS E , APy (TS ) K PERERY & B AR T HAb A . (4518 ] %
TIERE LS . RO RS, ST P oK AR & S DU E o ASTR] 28 B K e M A 5 A W X
AW SR K PERE , SRS A A DRI i B4 T A e S B

KR RERRS SR TR bR KR TERE R
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Inductively Coupled Plasma Atomic Emission Spectrometry with Internal

Standards for Water-Soluble Silicon Determination in White Tea
CHEN Bing
(Fujian Institute of Testing Technology, Fuzhou, Fujian, 350003, China)

Abstract: [ Objective] A method for determining the content of water-soluble silicon in white teas using inductively
coupled plasma atomic emission spectrometry (ICP-AES) with internal standards was developed. [Method] The ICP-
AES procedures were first optimized using the internal standards of iridium, indium, germanium, and silicon with 1.00,
2.00, 3.00, 4.00, 5.00, and 6.00 g sample weights in a boiling water bath for a 20, 40, 60, 90, or 120 m extraction. White
tea samples were ground, filtered through a 5.0 um sieve, and oven-dried at 800C for more than 4 h as a pretreatment
prior to spiking the filtrate with the internal standards and making up to volume. Water-soluble silicon was determined by

the optimized ICP-AES, and the results correlated to the standard curve. [ Result] The linearity of the silicon
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measurement curve against iridium standard showed the highest correlation coefficient of greater than 0.999 9 with a

detection limit of 7.5 ug-L™', a relative standard deviation (RSD) of 1.53%, and a recovery rate on spiked standards of

99.4%-104.8%. On the 10 white tea specimens, including 4 Baimudan and 4 Shoumei stored for one, 3, 7, and 10 years,

and 2 Paohuang Baimudan (Baimudan tea made of leaves from bushes not plucked for years) stored for one and 3 years,

the content of water-soluble silicon in Shoumei increased with increasing storage age, while Baimudan of different

ages remained relatively constant; and that in Paohuang Baimudan was significantly lower than those in the others.

[ Conclusion] The newly developed ICP-AES assay was precise and reliable in detecting water-soluble silicon in white

teas. It was considered adequate for the determination. By unveiling the differences in the content, in-depth studies on the

health effect of varied white teas and quality improvement for new products were significantly facilitaed.

Key words: Inductively coupled plasma atomic emission spectroscopy; internal standard method; water-soluble silicon;

white tea
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TJy, ZRZEHOCHMIN T T, MBI
e AR SRS . IS ATE ok . BLE ISR
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HRM RERHSTTTBRALSMREZ TR, A
SRI T Z2 D) AL RE AR RR SR 1 TE A7 TEK
t, SiO, H S RYW BN, (BAE— & 55 AT
DUE MoK TERERR , HA AT T K B AR TE
RERR A BEBL A AN S S A, PR B B AR
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PR 2 T A R R h B AR B 2, DR DA £ T2
SRFAEK P RERR M R AT M TT
RZ—, ARG, BARHEEHE
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o, AT LG IR BRI E TR, HRETER 1)
WA RAIA AL 10%, IR R = e R,
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A ARG B PEREXT 125 o 5T 5 Do o2 4 Ak Ak
MhEE % . [ BT ABESEHE R ] B i) A s
BB TR R Sk A th X A M i T

FRI - ARIEY, L R A B A R G
Y61 (Inductively coupled plasma atomic emission
spectrometry, ICP-AES ) HIHL JBHE A& 5 B 714 i
J&¥: (Inductively coupled plasma mass spectrometry,
ICP-MS ) & 45 Al, Ba Fil Ca %5 23 F™ o0
ZH e, SRR TR A
AT RN R R S R E, n
M%7 Cu, Fe Ml Mn FHEEECR R,
BE AT A M TEAR RN A T % b Cd. Cr,
Cu 5§ 10 FiEE & JE T2 v A X FrE S 2%
ST B A R ZEREAE X R AR K p g e, H
BT RS AACEA P A A G I 7 2k T2 2 TN /K v i ik
MR &R, tLAnERR GB/T 8538—2022 (&% 4
Il ZARIE AR R AR SRR RS vk ) 1 o e 1
JE AR R EDC L MR S CIE %, HiZ07 AR
R BB G, B 2 iR L A (B AR
T30, HARMEZRTE 15 min P9 58 AL A F0EE & A I
S, MELAE IR R AT A, B4
(E R 55 WG 7 - o (- 37 R
FNEHTE . SRR ™ ICP-AES PV 4R
WAl B HNE W R TP B I aE R & 1. [ ABESY
DI ] AR w8 1 I E 28 b 4 ik
Y ICP-AES ™, KV MErE BB T 4517 M1
SO R RS BT, T E R A K PR A RE R
WA, R ST A A R OK P R AR Y
g JI7 i, X 5 A i 98 i TR A FIA i
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HASPFATIAL , A5 HINAA R AR
N T DU SE A M KPR iR ICP-AES Jr 2,
MR | [ICREETT AT T Ik %%, Jf
R HTZIEIRE 10 A FZRFEah BRI PERE S 2= X
TIEAR AR A A T HERAG N, BN T AR SCAG U
TEm=H.

1 M5k

MR EENSESIKF

MRL: AZERM 104, HdE4trr 44 &
JE 44~ (CFEBEAE 00 43 3 LA 34F . T4F
1045), H4EPF (BIFEAS) 24 CAEBgRst Il 230
VAR, 34F), SS9 h—9%, m.

IS RS A R AR R IR (ICP-
AES, Optima2100 DV, 3¢ [# PerkinElmer 2 #) ) ;
Ak &24 (Milli-Q, E[H Millipore 24 H]); i
P (SX,-5-12, 1200°C, LVgREUFEIF RS ) ;
B AR KA (HH-6, L BAUESARRA R
HLF R (AL204-1C, SEPRAFE(H: 0.0001 g, #F
FE-FER Z A R AT .

R RECEARMEMS (1000 mg L', ERA
4 JEm S LT AR I ) 5 BT R AR

(1000 mg'L", FEZRAELEEKAHETF RSB
WAl ;s AR (99.999%)

1.1

1.2 FHix
1.2.1 #duh &
H SRR 8T e e bR 4= 8, Mridad 5.0 um bR

e, REATEEA S, I AT AL T 80°C
MT4h L, BT TERSTRHESH.
1.2.2  ARAEEIRBCH)

R Al RE T R ERE RS IRB S e, B
RAE N 0, 0.20, 0.40, 0.60, 0.80, 1.00 mg-L™",
ERINFRICEHRE N 1.00 mg- L AIAREA .

1.2.3 SRS

ANE AR TC R o3 Bl e 9% . PRI
6 1y [Fl — #F i 4% 5.00 g CKE 0 5 0.1 mg), Jin
i HE 2li7K 120 mL, H b 3 £ I3 i Ak A v i W
(100 mg-L™") 1.00 mL, 7K ¥ 3= $& 120 min,
o U A 250 mL =, A P BRIT R Bk
(100mg- L"), 4 (100mg- L") . 4% (100mg- L")
#% 250 mL, EAJE M ICP-AES R, 5002 45

SRR 2 B BOMbBR BICR B AR T R ) Sk
TCEMTTIEL

FREE S BE . 0 AR IR — FEd 3 03 4%
1.00, 2.00, 3.00, 4.00, 5.00, 6.00 g (A&#f%] 0.1
mg), kB HAIK 120 mL, BEKIBEIETE 120
min, AJEFEE 250 mL B &, IMANIRIGE
JEREZE, F ICP-AES Kaill o 315400 5 25 5 14 0KS %
R T A E R A

WK PERS R ERE . FRERIA]I—HE 5 3 4%
4.00 g (KEHHE] 0.1 mg), JN¥pEHLIK 120 mL, 43
SR PSR E] (20, 40, 60, 90, 120 min )
AT AR RS, IR R 250mL AN, N
AWNBRICR G EZR, H ICP-AES & . 80 &
S5 DL RS 5 B B AR AR ]

1.2.4 ICP-AES M &

IR TAER S JEREER 1.5 mL-min ', %%
Sk 0.8 L-min ', HEVR 02 L min ', BHIK
Jim 15Lomin ', BUMEE 15s, AGFDER 1300 W,
S 7 A ORI . AP AR R A 288.158 nm .
K 224.268 nm,

12,5 Hnlz

Fi IR 1.2.3 B2 A e FERRAE 12 Rk K VA IR BB
[ HEF THRER (DIMRIEERE 10 min #E8—R) . I4R5¢Ee
S BV 15 mm @ s sy aidig, % 250 mL
SHRLZS B, 129 100 mL Wi s 5 4l K ek 25 i
Bk, WERAHIZEZRE, MA 100.0 mg' L' NERIC
FERPMEIR TR 2.50 mL, fEZS, A ICP-AES %,

2 ZRE5HH

LIS HFRERE
AR E L Sk &R ek

AR ISR A MR BE 5 R A ARG TR A
BT, AT AR R AR X B S SR AR SR 1
W R AR AGUR, 1T DR G Hb A 1F — S 3
BRIER, DT 5 B 1= 20 B 45 SR 00 E I B RO 2%
FE, WARICR B EELE 100 £546 1 BRI g Fe 43200
AMFFE BRI A —FE 5 2 LAk (AT 251.611 .
288.158 nm ) SiEFH 3 NNFRICEREK (T
28 215.268, 224.268 nm) . £ (/A% 209.426
265.118 nm ) FUH ( 73p#rikZk 230.606. 325.609 nm )
KTHNEIL T, 803 M PATH AR & 3 A

2.1
2.1.1
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DA 1 7 g = < O = A 3 [ B O a ol
7£0.01 mg-L' 247, NILEEEFENFRICRWKIE N
ImgL's Z5RWE L, F2, 4587FH, EEGE

B4 HT i 2k 288.158 nm, PR IG 2 36 HUEK M 43 B
TRl 224.268 nm ISF, A6 45 5 A 25 B R [l i
Rt o

£1 AARFTERMFELHEEERRER

Table 1 Precision of ICP-AES assay using different internal standards and measurement spectra

MRXLE S Test result (mg-kg ™)

T2 N
Mk R % - e
Silicon analytical AU TR APRICER

INFRIGE BTk

Internal standard elements and analytical spectral lines

Number of tests No added internal

standard elements

spectral lines

# Ir # Ge i In

215268 nm 224.268 nm 209.426 nm  265.118 nm 230.606 nm  325.609 nm

1 31.7 24.9 27.9 26.5 27.8 27.6 21.0
2 323 23.4 26.9 26.1 26.8 27.1 20.5
251.611 nm
3 31.5 23.2 26.7 25.9 26.4 26.8 20.5
RSD (%) 1.31 3.90 2.37 1.17 2.67 1.49 1.40
1 323 22.3 25.8 24.4 25.6 25.4 15.3
2 349 21.4 259 25.3 25.7 26.2 15.8
288.158 nm
3 33.8 21.1 25.7 25.0 25.1 25.8 15.7
RSD (%) 3.88 2.89 0.39 1.84 1.26 1.55 1.70

%2 FARFTERSTELELERRER

Table 2 Recovery rates of ICP-AES assay using different internal standards and measurement spectra

M4 5 Test result (% )

REAT BTG LR S YA
Silicon analytical AR TCAS MM ARTCR

WATRTEER ST

Internal standard elements and analytical spectral lines

Number of tests No added internal

standard elements

spectral lines

HIr

£ Ge #H In

215268 nm 224268 nm 209.426 nm  265.118 nm  230.606 nm  325.609 nm

1 117.7 82.9 98.1 94.9 93.3 98.7 73.3
2 118.6 89.1 102.0 87.4 94.1 97.1 80.2

251.611 nm
3 120.0 75.4 97.5 81.8 93.5 101.2 76.8
FIH 118.8 82.5 99.2 88.0 93.6 99.0 76.8
1 118.4 80.9 99.0 93.7 93.1 99.7 74.4
2 119.6 87.4 103.0 83.9 93.1 96.6 81.1

288.158 nm
3 125.2 73.1 100.3 79.6 95.4 105.0 79.1
A 121.1 80.5 100.8 85.7 93.9 100.4 78.2

2,12 MHFHEZFoHkF

FRAE S 1) 22 /025 52 M) S 360 3 7 1 i G
SEAMMETTE . FRAE K 2 S K IR B AL 12 3
J A U RS T] 5 A R D S filT R P U
TCRMMREE KNS, 552N T . A5
A3 BIFRER [ —Ff 5 1.00, 2.00, 3.00, 4.00, 5.00,

6.00 g, FASEEHKGHE] 0.1 mg, I s 4K
120 mL, WK FERTE] 120 min, &R 1% 3
APATRE A TR B S, 5 E 3. WK 3 F
W, FREEE KT 4.00 g ORI ZE R L fae, M
FREEm AL, b UE Rt DN A e A AR
FEHREA 4.00 g (Z5KIE 12 30),
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Table 3 Precision of assay using varied sample weights
MR MHRSER (mg-kg') Test result
Number of tests 1.00 g 2.00 g 3.00 g 4.00¢g 5.00¢g 6.00 g
1 29.0 29.7 29.1 299 30.0 29.8
2 26.5 283 28.9 30.0 29.7 30.0
3 28.5 28.0 29.8 30.2 30.0 29.7
RSD (%) 4.72 3.17 1.61 0.51 0.58 0.51

2.1.3  HhRBE AR 6 ik

WK IR AR ) 3228 H A0 SRR T K
Pk e 2 ok, IR SR [ 2R 2R 7T
FRYEER, H SO RE R AR 11 52 ) 3 A SIS R
A FE 43 530 X AS [R) 3= $ sk [E) (20, 40, 60, 90,

120 min ) S4TSR, BEA IR 4R I ] PR R — 4
4.00 g CKEBAE) 0.1 mg) 1 3 D PATRET SRR B
ZERNEL 4. WK AFL, B 90 min J5 YK
g T RGE, RSD AR, PN ILHh R Sk
R AR 24 90 min.

R4 RERAHDRE EETERRER

Table 4 Precision of assay under varied extraction time in boiling water bath

MV MERGEH (mg-kg) Test result
Number of tests 20 min 40 min 60 min 90 min 120 min
1 24.8 25.2 27.0 29.6 29.6
2 22.1 239 26.33 292 314
3 22.6 235 25.8 30.8 30.1
RSD (%) 6.20 3.67 3.28 2.79 3.06

22 HRETEMZ& R H R

FHBCHI B RV, 16 R e i & T
BEATAGER 00T o LAREROVR BEME MR AR AR, RERYRAIE
S HTIGER B 5 AR TR B AIE 73 Hr i 4o B L
B bRl brEr 2. I HoA s w4l
E1LIR, 3mSR R, 25503 5.
% 5 W LIE MPREI AR AMOCR REF, R BRI,

23 FBEEREKERIE

PRIUR —FEdh 10 3, Hofr s fpFArillse, 3t
AR AR ENR 22 5 J39h 5 Oy BOINARSE 5, A6 S om
N B e K I S b VAR A PR R
ZPRWAEL 6, MIPCRIAEATRIE 7. WNEK6, £7
A, R B O 2 A0 DSR4 R AR AL
YLHZ T R . ATHE

&5 EEFFEMEXRHREEHR

Table 5 Regression equation, correlation coefficient, and detection limit

e Ry RFRER K HBR (n=11) (pg'L™)
Linear regression equation Correlation coefficient R Detection limit
1=9.616 3x+1.961 9 0.9999 7.5
xo6 BEERK

Table 6 Assay precision

A5 EYIHRSE R (mgkg ')
The results of five repeated tests

FA{E (mgkg)

1 2 3 4

0,
Average RSD (%)

40.0 39.2 40.4 39.4

40.6 39.9 1.53
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Table 7 Recovery rates on standards

M (%)

Recovery rate

e B (pg)
Determination of the total amount

R i = JikER (pg) bt (pg)
Sample number Original sample amount Added standard amount
1 160.5 150.0
2 160.4 150.0
3 160.4 150.0
4 160.5 150.0
5 160.6 150.0

309.6 99.4
317.6 104.8
315.7 103.5
311.3 100.5
314.8 102.8

24 BEHEARPKARURAORNERRESEE
Rtk

R 1.2.5 i, XiglsEny 10 A A4k
AT KV AR S AR, IR ROKIE AR A
BES RS M, SR E 8. WEREH,
10 A A ASFE AL I K i P ik B 10~35 mgkg

ZESRROR, o 73 JE A B HLREE AR 03 95 n
BT EE S, AN FAFGY PR b SR 5 AR X
T, PSR ah ] AR T oAb a8 . K
Pt o5 RN 2 S AR AR O 22 AL B4 B
AOARSC L s (AR ERE, A E A & ok
LRV SIS s o AN K107 5 2\

®8 BEERHKRMEE.EELIERETEIE

Table 8 The contents of water-soluble silicon and total silicon in white tea samples and their ratios

FEah 2 FR Ktk ® (mgkeg ') SR (mgkg') IKIEPERE S ARERE A (%)
Sample name Water-soluble silicon content Total silicon content The percentage of water-soluble silicon in total silicon
4 1 AR 27.0+£0.23 250+3.4 10.8
FH4FE 3 4R 24.4+0.32 193+2.4 12.6
4 7 47 23.7+0.44 212412 11.2
HELFE 10 48 23.8+0.40 297+1.1 8.0
F7IE 14 28.240.51 14442.1 19.6
#A 3 4F 31.240.26 11942.0 26.2
F7IE 74 33.0£0.13 178+3.1 18.5
I 10 4F 34.640.52 196+2.9 17.7
HEFF (5SS ) 1 4R 10.4+0.30 214435 49
HHPF (9548 ) 3 4F 19.040.20 191%1.1 9.9

3 ik

=1

W 2SR SRS KEE 12 30 ki R R
90 min, JEACHUENS, FFLL ICP-AES-PI ARkl &
IKEPERER B, TR bR R M R AT, A
KRBKT 0.9999; KRNz 7.5 ng L, KERE
A XF 5 E i 22 (RSD) A 1.52%,  [9] e R Hy
99.4%~104.8%, KIUZITERG L. Klgh R
AR RIS T A oK M R B BT A
W2 H, A ESMEF IR T s, MoRE

GONSP R EAE SRIUELE S S LU SR R = A
B HLBEE AF O 98 i 2 BT %, A [ 4R
Ty FHPHRE S DR FF XA E , PSR AR A
WART A AL E s MOKIEPERE & 4 1Y 1 0 LR
A, FEPE&ET AP RIS ik R A7
T2 R T IF G SR TR, 0 R k8 AT 4
AE7,SNT R A VR R H B R 2 —

SE 3k
[1] FEbE bt h 0 55564 10 WT5E (D). L. 182
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