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ICP-AES MEZL B RSB EKAHENESE
2, T

(TLIRA LA 24 5 W B B DRI B Bt 210008 )

?ﬁi% R : 25 b BBEHEFH %44&/?% F &4t Kk % (ICP-AES 3% ) M Z X &P B4 B KEMKAE ST,
Fik: B 20808 AL/ 3, R A ICP-AES &l 2 % & ¥ % éuzum,\ Bse S, HEFARE 30
remin” ,HE11I00W,F 5 FEAAZ 150 L-min 3B A AE 1.5 Lomin', BALEZIEH 200 kPa, &Z A A
B AR, A RAR R, BN A4 KA 396.152 nm, WAFRSE K 4 361.383 nm, ZER . ICP-AES
EME RO PALE, REEE A 0~25 mg- L (REWEAL 24 r=0.999 7) ; A eDk & F 3945 (n=9)
1 95.6%, RSD # 1.3%; &M Fk 4 0.6 mg-kg™'; T H M RSD 4 1.3% (n=6); &424F 0 H A 117~1 046
mg - kg, KA A FTEE K 36~367 mg-ke . G AKER TR AT RBRKREREGSEMNE, F 1
RO ZENKPLELETR G,
KB B BABEE B FIRRT L4015 % (ICP-AES ); 261 48 5 AR PEAS s OB iR
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Quantitative analysis of total aluminium and
water soluble aluminium in tea bags by ICP-AES

WU Li, WANG Yu

( Jiangsu Institute for Food and Drug Control , Nanjing 210008, China )

Abstract Objective: To establish an ICP-AES method for the quantitative analysis of total aluminium and water
soluble aluminium in tea bags. Methods: Microwave digestion was used for sample pre—treatment. The content of total
aluminium and water soluble aluminium were measured by internal standard method using ICP-AES, respectively.
The pump speed was 30 r* min~". The power was 1 100 W. The flow rate of plasma gas was 15.0 L+ min™". The flow
rate of auxiliary gas was 1.5 L+ min~". The nebulizer pressure was 200 kPa, and the carrier gas was high purity argon.
The wavelength of Al was set at 396.152 nm and the wavelength of Sc as the internal standard element was 361.383
nm. Results: The calibration curve of total aluminium in tea bags has good linearity between 0 mg * L™ and 25 mg
- L' ( calibration curve correlation coefficient r =0.999 7). The mean recovery rate ( n=9 ) was 95.6% and the RSD
was 1.3%. The detection limit of the method was 0.6 mg * kg™'. The repeatability of RSD was 1.3% (n=6). The
amount of total aluminum ranged from 117 to 1046 mg * kg™'. The amount of water soluble aluminium ranged from

36 to 367 mg - kg™'. Conclusion: This method is suitable for the quantitative analysis of total aluminium and water
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soluble aluminium in tea bags. The amount of water soluble aluminium in tea bags for the first time was higher.

Keywords: inductively coupled plasma atomic emission spectrometry ( ICP-AES ) ; tea bags; aluminium; water

soluble aluminium ; microwave digestion

st h T EREENERIGE, &K
BAELTENME TR AE AR 222 & R
ey, Hg M FE RS HAS 5 8858, — BLUR AR
ZEALW B RN, JE AR AR s . B SR 2%
BRI R A A YR BT LS A
/N 240 MR 5 a2 5 T A 4 0T 1989 4F TE 3¢
BHESHE N B s Y LAl . KRR R LAZE
- 4P R i, 2 SR R 2 L S SR AR S T
BNV O S NN UNOE - RS 2N i 8 3 S E A ]
BT AT AR SOR IO I M ARk
FIRACTE B K2 A i A FRARE S, IR IEAT T AR AL
RS, T T B A B R R R S
Ty (ICP-AES 35 ) I 254 v B iR oK s AR 1Y
B, A AL VR ORI PR SR ) ISR TR
TFE
1 B 5RF
1.1 {4

720 AU L RS A A B AR R & I O gAY
(Agilent 23 F] ), MARS % S i 3 fi# AL ( CEM 24 ] ),
BHW-09C 8 Jid 45 i #% ( 383 7] ), Arium® pro ## 4l
IKAY ( Sartorius 23 7 ), XS205DU g, F K - ( Mettler—
Toledo /A7) ), PCE-E3000 Serials JITHCEHR , B 180 %!
hafpp (FEE G ),

1.2 5

FRPATEEFRMEAIE 1 000 mg - L™ ( GSB 04-1713-
2004, B Z A 64 )8 X R AT o ), Bt
PAGEEFRUER W 1 000 mg - L™ ( GSB 04-1750-2004,
E XA 04 )8 i AR 3 B il e ), 50 ppm
P AL TE Wi (Agilent 23 7] ), Suprapur® 65% fif 12 (it
5 70357941538, Merk 23 H] ), #h R (I 9% 46, #it =
160202017J, 8 S AL 2 AR A FR A ] ), 30% 131 %8
A (g4l #5 20150917, E 254 k2704 B
OFE]D, AR (sl fit5 14061211307, 7 i fb#
A RAT] ), ZEFK

s R & b i BR ) B 4 BR Ak 2 B A BF 9 B
(IGGE ) il & 1Y [E ZZAREY) o 25 5% GBW 10023 ( GSB-
14) MXI2JEs GBW 10025 ( GSB-16 ),
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A IR S5 AL (HE5 20150805 ). B Jig s A 2% £,
(#5 150603.150809.151112 ). B Jii 254 (4t 5
150404 ), C FISAEASEL (415 20150116,20150819 ).
D i A 55 40 (45 AE150912, AE151019 ) F1 E J§
AR (L5 20150711 ) KUK A 4348 2.5 o, AT
2 HEE4%R
2.1 HWHE
211 NAREIR R EHEC1 000 mg - L7 HTEAICE
FRUEZEI 5 mL, B 50 mL B, I 1% RSBV
PERZZIRE 75, #1100 mg - L™ b mAE
HNBRE TR
2.1.2 FRRRUEIRI KEEEEL 1 000 mg - LT AR AT
ZHREVA TR 5 mL, B 100 mL B, 0 1% 64 R VA
VR R A 2N 850, A 50 mg - L™ AR I it
VR, K%L 000 mg - L™ 4B BATT BRI R
5 mL, ¥ 20 mL s, 0 19% A R 7 TR B 5 &
I 3550 I 250 mg + L7 ARARMEAT
2.2 AL
221 A BOSE S 48 BN AR S A
4, Bk 2 0.2 o, KB FROE , B R IR O IR TH LS
HL ISR - 30FR (2:1)5 mL, BREBRREL), i B i
o, BT AR AR B AR R A R AN B U,
PO, EE IR L 150 Chn#GErmR 2+,
VT R 2 2 50 mL S, FERG 20 A AR
W1 mL, KRB E R E 28, 357 1045 pm 3§
JE kg, LW IR MR 2 mLL, B kv DA R R
W, TR BA e, FREHERRZ= A
AV
222 PHRIBEE AL 1 g, KRB RE, B 250
mL SRR AR - SR (4:1)20 mL, 542
PB4, 15 bR, SRS A 2 HER A 25 T
B EA, 07K 5 mL RSk S 1 iUt R AT E =
KSR S S0 mL T, AR BREAR
ZIRE P50 1 0.45 pum JEMELUE , 57 W PETR 2 mL,
Fs 2 IS 5 mL & 25 mL SO, RS A
WHREIR 0.5 mL, 7K B E 28 2205 25, RSt
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AR, A SR S e o RIS PE R
25 IR

223 TIRAE BB A 1 g K FRE, & 100
mL T, FE R FAERLOM A RN B,
G0 IR bR B, A R R REPRE
M, INISE 2 BAL T S A 550 C gl b rp ik 4 h,
B, R B, INAGEIR - 2hR (2:1)2 mLA#
B, B A 50 mL s, FHOKHR B2 45 B2 20, 72
515 H 045 pum SR U, 5 WIUEWE 2 mL, A %
LD 5 mL B 25 mL S, PRSI Y AR
W 0.5 mL, FHZKH B 25 22 20 5, #257, BRAS 4 i
W, A SR S I . RIFHERR 2 A
N8

224 Rk B 148, E 150 mL BEAR T, INA
7K 100 mL, KIS0 )5, -3 R, & 30 min,
PR S K A BRI 100 mL HL 45, BIAS5E —
AP TR A 2R s I AR A DT — 150
mL BEFRF, A /K 100 mL, A FRERAE 2 ¥k, 4
TSR 30 5 = P R A AL Ay B3R 3
AR SRR T A5 00 AR AR i A A MR
FE ;R B A AT AL AL A 45 5 mL, SR E
10 mL S, PG 26 A ARSI AT 0.2 mL, JIiuK
WA 20, FE5T, BASER 1 38 i S =ty
B AW B, LB, By, PR KRR S
PFRIEINE o

2.3 sE

231 ICP-AES{UAF TAEZH HE 55 A3 30
remin” IR 1100 W, 255 7 < i 150 L min',
WA 1.5 Lemin™', k48 JE 71 200 kPa, #E
FEREFIE] O s, (LA AR E SERT 30 s, 1 UCEAUATIA] 3 s,
BEBOREL 3 IR, A = 2 <

232 FEMBIME AR L AL B 50 ppm ICP-
AES I KA 1 WA BB 5 ppm LERALES , F T A
TE AR I A R A o L, AR R Pk L R
JE R B AR ARk B R, g i, 1P

FRMST R MANFRITER . FEAR i M Zm 0 25
VSR RE S 5 ) AL 7R 4R 396.152 nm M BT
361.383 nm P K N2 bR ph £k ARG L [ 5 5 7
TR A TR I S i
24 4
241 &I DL 1% 6l R R R 50 mg - L
ERPRERE A VA, LR BT S v B 43 0.0.5.2.5
5.10.25 mg L™ X NFRBURREKE N 2 mg- L' By
FRIWRHEIM R . 1040 S ARSI R (L,
FNARE T AR I R

Y=62 388.1X+5 058.2 r=0.999 7

gh LR, FEAR LR ME TR 0~25 mg - L

B, £ 5 M g 5 8 5 ol e 3 I R AP IR ME G &R
242 [FICRIRE  BE AL SR GRS RN
1 046 mg - kg™ ) MUFESLATRY 24 0.2 ¢, K HE B2, 3L 9
By, 3 By A—4, 4y BIKE %L 250 mg - L AR AR HERS
W 1.2.1.0.0.8 mL,#% “2.2.17 W F )5k, H “B RN
IR A T AR HETT I R BT AR TR R
2 100 mL I, A E A AR 2 mL, K
Wi B E A B2, 72505 1 0.45 wm BB 08, 5725
WIUET 2 mLL, B U8 RIAS LA, I v L IR
W O 1 TR A TR %, SE343 4k 95.6% , RSD
K 1.3%.
243 KPR R A A TR CBRAS ke
fh AN, A HVE R “2.2.17 T, BIAR ) #E4T 11 ROF
T 5E , ¥ Bm 1 A 22 B9 3 A5 1158, 40 o0 25 46 I BR vk
JE 47 0.002 4 mg - L7, FF i HER 0 2K T B vk Ry
0.6 mg - kg,
244 HEVERE K HREUE A3t 6 4y,
Fie “2.2.17 TR I il S AR, R TIE , RSD
(n=6)41.3%.
245 MESRMERE  HIE 2.2 TR 5 kA BEARIE

F 232 GBW10023 ( GSB-14 ) M M2 7 GBW 10025
(GSB-16), M ELE R I 1, B & (8 A 252y,
Wi 2 (A JGHA G 240

x1 REFERNELER( %)

Tab.1 Results of the quantitative analysis in standard samples

BRIERE 44 R HLIH
('standard sample ) (real value )
3% (laver , GSB-14) 0.49 +0.08
H25E 3 (spirulina , GSB-16) 0.033 +0.007

AR PIRINES

(internal standard method ) (external standard method )
0.47 0.42
0.030 0.027
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2.4.6 SHEIELEE IR R SR S, R AR T, 25 R
FEHR “2.2.17 TR IR EAN R 5 AN R 104 2, 2 hAKIETER S EKIK AR B, B, B,
FE S TEER IR 396.152 nm S PIARETIE K 361.383 nm  AKIAPEAS S5 F0 3 WKW i
®2 HSMNUEER

Tab.2 Quantitative analysis for 10 commercial samples

s 2 EliRZs TR JsXiihes s
(No.) ( name ) (‘batch No. ) ( content of water soluble aluminium )/ (mg + kg™ ) ( content of total aluminium )/( mg * kg™ )
1 A FEUSAEAS (A brand slimming tea ) 20150805 282, 64,21(367) 1046
2 BUEIEZE (B brand slimming tea) 150603 99,22,11(132) 395
3 150809 94,20, 11(125) 343
4 151112 88,20,4(112) 319
5 CJUBAEZE (C brand slimming tea) 20150116 102,21,7(130) 427
6 20150819 103,22, 10( 135) 413
7 D FE A% (D brand detox tea ) AE150912 102,23, 10(135) 367
8 AE151019 89,17,6(112) 331
9  EMUEZ (E brand slimming tea) 20150711 28,6,2(36) 117
10 B HEAS (B brand detox tea ) 150404 82,19,3(104) 300
3 it 520150805 ), 7F £ % 1< 396.152 nm ., N A5 4T I K
3.1 A[ERE AR TT LR 361.383 nm N FEATHEAN PR A S S E , R AR

i R <2.27 TN RO AR vk P AGR R TR TR, OB R AR T 4 B SRR AR X I E 4
i 3 Tl b BRARE 5 BT R DT IR, SO IR SRR A ORI AR AR 3,
6 ) — L UCRE il (A RO 2S£ B4R 2.5 g, it
x3 FAEHEBLETENUNESER

Tab.3 Results of the quantitative analysis with different treatment methods

AbFR 5 vk Fg A AT o
( treatment method ) (experimental condition ) ( content of aluminium )/( mg - kg™ )
T T A5 ( microwave digestion ) 120 “CHEER ( heating acid at 120 °C) 1049
135 “CAFRA ( heating acid at 135 C ) 1034
150 “CH#R ( heating acid at 150 °C ) 1046
SEHRIR I (plant heating ) TR ( digestion solution ) Lo1s

TR (HNO; ) - 52 (HC1)(2:1)
T ( digestion solution )

fiffi2 (HNO; ) - #5582 (HC10, )(4:1) HO%

FIRAE: (dry ashing) IRACHRBE (pyrolysis temperature ) 500 °C 1017
TRAGIRE ( pyrolysis temperature ) 550 C. 1037

TRALTRE ( pyrolysis temperature ) 600 °C 1027

12107% (boiling water immersion ) 12 - 55— (immersion—first ) 282
12 - 55 7 (immersion-second ) 64

12 - 55— (immersion—third ) 21

AR 2 FERER [ AR - ERAER (2: 1) FOfS S, I EES R 1035 mg - kg™ 1 1015 mg - kg™
2 - AR (4: 1) )X RE LRI A TAL B, T ot 4 BRI ELSYE 1 046 mg - kg™, IR R FHIR IR
JETH SR — = AR (4: 1) UAMIRR - $hIR (2:1)  fiFlR — (iR (4 1) KRR AT EE

hhiHE i
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RO EHBEZ ALY, AR T AT
FE b AT AL B B B R T — o E ek e 42, IF
AN AR B, 2o B BHR B 1) K 23 T 43 IR
G112 5 3 I AN 58 4 5 #E 3 P
FBIEE 500,550,600 C R BEIRFE S, 550 CL5 RN
1037 mg-kg ', 5 ELIMH 1 046 mg - kg AW A,
Sk BARL, 2ok A B o 1 K Ak ek B T Ak BB T
O3 — A R, PR O 6T R Ak L ) s o A S
B,

SR FH WA IBE 1 A v 5, X i O RN 2
TH TR AR DL B EE BRI B ¥ 30647 T 18R, T
il OO A, R it A B RS B W R 58 4, 7R SR
ZAFAHF BB LT BRSNS 0.5 g IR MR A 19

JINFTORE, T RN T 4 AR S R 0.2 ¢ BT AR ROGTT
TE VBT B, WP TR RE 0.2 g BENANE, WK 4.
TH ARV %) T A X AR B I ) R 8 R M AR K, 403l o
FHIRFRIA R AR — i AL (5: 1) iR - W5 L=
(5:2) il - $hmR(2:1) K AHmR - 2R 1R (3:1) 7H
ff A i, SIC I R IR R A 1R — 4 ST SR R SRR
i ANTE A, UUVE , I 2 25 SR R AIC, A AR — $h R
TR R TCUTTE , 45 R v 55, e BR MR - $hR (2: 1) (KR
FONZ Y WL 4, IR R 5~8 mL {5 Bl
X 45 SR M AN 5 A FEE R 1 0 22 465 S 2 AR R AT, DL
4, TEEBRIRE ST 120,135,150 CH, 255441
ZEAK A7 BRI [ M SE I R0R , 2 150 <C
FRERR IR HLe A 28, WLk 3.

R4 TEIEMBSEERIERE

Tab. 4 Selections of different digestion conditions

Bk L LA R KA
('sampling ) /g ( digestion system ) (heating acid )/(mg- kg™ ) (no heating acid )/(mg-kg")

0.2 fili#2 (HNO; ) — #hi2 (HC1)(2:1) 1046 1026
fifii2 (HNO; ) — 52 (HC1)(3:1) 1025 1017

fif§if ( HNO, ) - i % b (H,0,)(5:1) 987 965

fif§ifR ( HNO, ) - % b (H,0, )(5:2) 981 966

0.5 Tl (HNO, ) - i %Ak (H,0,)(5:1) 961 954
{2 (HNO; ) - £hi2 (HC1)(2:1) 1014 998

OO T i i AR LT R AR X 3 A
i BT AR B 7 2%, SRR 6 A R AR TR VR B, FER
K, IR G, R R AR, A 5], Ay
PE2E T A BORE i /D FE R D T R e 4, T R
AT IVR AT LS, 25 FHEAR, A ik 07, 0F Bl
IREEIG Y, U HGE F T RHE R S A I TR,
FHARCIE T s T AR i B B3
32 S SAR R

ARS8 43 3 R FH AR 2 S P A 125 D0 2 s 1A
i 48 5% GBW 10023 ( GSB-14 ) F1 12 i 3 GBW 10025
(GSB-16 ), Z5 5 UL 1, b AR 7 AL Mis vk 2
ZEILAS SR AR R e S R . AR F
A7 B HE A BT AR PR T L HE 1 T 2EHE L 167.019 nm
LRMEVEIEIZE , 237.312 nm RAGFEAK, 309.271,394.401
nm W 2%, % 396.152 nm 5 308.215 nm PEAT HL4L,
S5 7R 396.152 nm {55 A W AE TR, SR B T
HIBIEXTHR, eVt Bl v, i AAS SCi%E T 396.152 nm
R HrE . R, X R BRI I A AT Tk

$&,335.372 nm T8 5 22, 363.074 nm R ¥ AL,
e 361.383 nm.,
33 A ARRMGE

REUHA T R R RAR T L2580, R
RS EIFAE TR A SRR, ASUHlKE
W24, 3 YK, 2R 0 L0k (A B (0, I =
WA AR ST I H 0 282,64 1 21 mg - kg,
W 3, LIRS R I, KRR AR kIR &
FRaE R, M 3 AR IR 75%; 55 =i An A
L ARAK; AS B R AR T R BT R B 12 T B
B Z MG R R KIS RS AR AT I h E a5 AR
o

AR 3 A KA T A8 & 2 A O B4R
i 30%. LA A IS 25 A S ), 25 N B H R
1A A 25 2.5 ¢, 2K 300 mL, X & 58 B2k
3mg- L7 TR E RS KK R R AR E 0.2 mg - L'
[ 15 4855 1989 4F, BX A [ M A 20 LR 5 T AR 4
Z1(FAO/WHO ) 8 & B Ji a8 A B i (PTWI) iy

AR S
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7 mg - kg, G FAO/WHO Z UK E e TITT
2006 AEHDH AR R ASERFEAE T 1 mg- kg7,
FIT MR 2R i 22 sk 5 s IE B SR AP AR T AR G G
TE H 8PS R T, F UG4S, AR i [l A
HaHS R A A AR AR e
34 AREJFHARHEI E S5 500 7 b

AR BUREN T 7 A A, 52 12
RAEEEE W LG A 5 WRRS A
FLA MM s e A GE RS IR A S, HRETAS
ARG 2, BT WARSE A ST, AHEAEMN
FEERE, USRS E R R e . &
B LM SRR R B, R R i
2R 7 1l g R R i S AR IR SRR R A
Ko TETTI L BENLAMEL 5 AT 3L 10 AR S5
SE, BERET ELEY 117~1 046 mg - kg™, KRR &
BN 36~367 mg - kg, W 2, iR ER, K
FAE T AL Z B AR B A 25 AR K, 0 A Y 1) L3
B, e SRR AT 10 %, R, H H A T
YRR IR A Fh 40 2 A WD R 7, 45 A I
i A E Y
4 #Hit

AR T ICP-AES 5 FIA [R) A b Ay A 2 5 7%
AL AR I B e R AT HR A, A3 AT T O T B 9
TR b DU 1 5 T, 455 SR b s SR PR R0 00 e 1k Ak
FEAE i ICP-AES ¥R 2 , 43 Hr sl 2R, 40/, R
R, A5 SRR, B I LR A SR BRIk )
15, SR K ol 2560, AR A9 20 — R e s K
BRI Rt T 92 EE A A AR 1
JHA
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