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ABSTRACT: Objective To establish a method for the determination of fluoride ion in tea and tea beverages by
activated carbon purification-ion chromatography, and then to study the health risks of tea water and tea beverages.
Methods The experiment was carried out by brewing 6 kinds of tea in 2 ways respectively. Method 1: Tea was
brewed in a time gradient. Method 2: Add tea once, brew tea with several times and then collect tea. Collect tea
by brewing tea with water several times. The tea and tea beverages were purified by activated carbon, filtered by
0.45 pm microporous filter membrane, separated by AS23 ion chromatographic column (4.0 mmx250 mm) with
4.5 mmol/L Na,CO; and 0.8 mmol/L NaHCOj; solution as leach solution, and tested by ion chromatography. The
health risk was assessed by the highest tea fluoride dissolution with method 1, the total tea fluoride dissolution with
method 2 and tea fluoride content in tea beverages. Results Under the optimal analysis conditions, the limit of
detection of fluoride ions was 0.016 mg/L. In the range of 0.1-5.0 mg/L, the linear relationship was good, the
correlation coefficient (r*) was 0.9996, the recovery rates were 94.93%—105.32%, the relative standard deviations
were 1.02%-2.13% (n=6). The method detected the amount of fluoride ion dissolved in tea, and found that the
dissolution increased continuously with the extension of brewing time and reached the highest value. With the
increase of brewing times, the dissolution of fluoride ion in tea increased first, and then the decline trend gradually
slowed down. The dissolution rate of fluoride ion in the first 2 brewing times reached more than 65% of total
dissolution. Conclusion The method has high sensitivity, good accuracy, simple operation and practical value.
Daily intake of tea fluoride in tea and tea beverages obtained from 6 kinds of tea under 2 brewing methods are in line

with the daily intake limit of fluoride recommended by China and the World Health Organization. The target hazard

quotient (THQ) values are less than 1, and there is no significant health risk to human. It is recommended to reduce

tea brewing time, wash tea, and choose high-quality tea to drink tea scientifically and healthily.
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3.0 g J3 M Al 6 P4 ¢ RE BT s W B v e AT HILBR (UL IET 1) il
Vel 3.0 g AT aliis e pe, SR E G B8 07 20 b Al
(WL 2) % 18I Hralidd P peif Ak, HT 15 mL 2K & il
PEBe, ME AR B, ARSI H R A BLAR .

T P01 A 09 73 B 0 1 2 0 2 K R Ok A 3

ERTCH 22 50 . WOABIEGE SR 3.0 g 43 BT 4l 1 ke LB
SUR -2 iIP ¢
22 FEFWIE
221 ARAEMEZSEER

TEA FE B 3% 26 T, X AS TR BE A 0028 1 b o
VAT, DA 1 5 R B (X, mg/L) kR A A
EEIE ALY AR, AT oo Rl 25 R BOR
T T BITE 0.1~5.0 mg/L U NME R, FCERE
(r)H 0.9996; Lk )7 FEH: Y=0.1981X+0.0077, AHF5% LA
3 AR TR R R B YR BE (0.1 mg/L) A bR vE i 22 (n=10)
HITEER R R, A 0.016 mg/L, LA 10 £ 58 F R A

W BE (0.1 mg/L) A% fE i 22 (n=10) R 5 I B2 KR,
0.052 mg/L. ¥ HFR/NT GB 5009.18—2003 £k Fh Ay
M2 ) P -0 bk m R H PR (0.1 mg/kg).

a
2 1.00 ‘
= 0.50 F
a>r K.
4:E—O.OS
_1.00 1 1 1 1 1 1 ]
50 100 150 200 250 30.0 35.0
18] /min
b
2 1.00 | p
= 0.50
g L
= -0.05
= —-1.00 1 1 1 1 1 1 |
50 100 150 200 250 30.0 35.0
5[] /min
c
» 2.50
= 2.00
& 1.00 -
E 0 { S S N —
E
_100 1 1 1 1 1 1 J
0 50 100 150 20.0 250 300 350
A ] /min
d
w 2.50
E 2.00
1.00 #J\—/;
= iF
g 0 JLAJ
—1_00 1 1 1 1 1 1 J
0 50 100 150 20.0 250 300 350
Hf ] /min
€ 350
2 3.00
@ 2.00
B 1.00
= 0 —
—-1.00 ! !

150 200 250 30.0 350
A} 8] /min

0 50 100

T a. K EEAIERE b, BEYE Fe;0/MWCNTSs & A 94 K 4 kHI
c. WimE S E; d. SPE-GAC /MERLUE;
e. 3.0 g S MrativE st k. FAUERE T
BT Foka e o m ek

Fig.1 Chromatogram of fluoride ion content in tea

e

8 "3-

T a IEE 5 EADEATI 5 b, 2K BORYOR B I8
K2 2R SRR B flad

Fig.2 Adsorption purification process of tea and tea beverages



48 B 2 4 R I 2 4l

%16 &

A Aok

FEIKANN(CE TR 25%) F1 SR T G 55 (B ARORE) H 40 S e
FEAKE AR L v BE Y SRS AR R W, RS
(R Bt A v A B S, A RE L S DN E 6 YR, iEAT IR
WORSEE, GEHILE 1, SCIRE R B ARRARER RN
AT, ST RN 94.93%~105.32%, RSDs H
1.02%~2.13%. UaHHIZ 7 35348 F T 20K RSOk il s
i AR
23 TRIMERMHMESESH
23.1 FARGEBTEAHAMNX A

PAASTIF 5T £ 7 009 T35 8 i v A - 18— €00 33 0 ARG 3 5
TRFEN IR A0k Bk BIEAR . AR AR R

222

T B A TR, SEER A TR A R U I
57 e [ ) S A AN DRI 1 ik B e A, S R A 3
B E AR, fE 20 min R E5 5 Fl—F2ERE b
PSR UE th i 2= S BR, Hh S p s im i m, Joit
DL R , ARSI 3). FLJE R Al R & A0
AR Ab S TRI3E N, 50 s SR, B RS
ANFREI. Bl EEERA TR, AATRERASTH H B AR
APk, HARIOPERS R A T ASTR SR, (A — A%
e RSB, B R SRR 2 RN )
(1. 5. 10, 20, 30, 40. 60 min)BJA[FIFPAEZEM- 25K HITH
WA B B2 F(F=6.482. 6.685. 6.792 . 8.130. 6.660.
5401, 6.407; P=0.003, 0.002., 0.002, 0.001. 0.002, 0.006,
0.003<0.05).,

=1 ERERRELER(n=6)
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Fig.3 Effects of different brewing times on fluoride ion mass concentration in tea soup by adding tea once and water once
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Fig.4 Fluoride ion concentration in tea soup brewed by adding
water for 10 min at a time

R TR E A A DA A SHER R H AR,

AsTa] oy A R THQ<1, ZSP0KHP 9 THQ<I,
of N A B S At R XU (L3R 2 TR 3) o AN TRIZS I e
WHAMZFE B, R HEARM THQ KA SPSS
27.0 AT REA t R I 25 G E R SL(P>0.05) (L3R 2).

R2 ARFEMHARMELFREREREE
Table 2 Health hazards of tea fluoride in different tea brewing different methods

Jr— KR
PRI IES AR FH AR FH

& /(mg/kg) A= /mg THQ & /(mg/kg) A E/mg THQ
T iz 2R 1A 76.36 0.61 0.16 56.80 0.45 0.12
JT AR 79.49 0.64 0.16 56.78 0.45 0.12
(521 L AR 55.16 0.44 0.11 61.00 0.49 0.13
PNERISES 44.43 0.36 0.09 49.04 0.39 0.10
J il = 5% 64.89 0.52 0.13 71.56 0.57 0.15
e AR 4497 0.36 0.09 35.78 0.29 0.07
e il F 119.83 0.96 0.25 145.65 1.17 0.30
EREAR 115.95 0.93 0.24 82.61 0.66 0.17
IE /Nl 76.23 0.61 0.16 97.65 0.78 0.20
AR 1A /INFh 122.84 0.98 0.25 124.87 1.00 0.26
4 IRE 104.71 0.84 0.22 114.62 0.92 0.24
KA 70.06 0.56 0.15 45.01 0.36 0.09
KAl 211.80 1.69 0.44 262.29 2.10 0.54
5 Jp 2 KELLH 141.00 1.13 0.29 109.65 0.88 0.23
: A 312.02 2.50 0.65 314.41 2.52 0.65
BRI 118.92 0.95 0.25 145.35 1.16 0.30
rize FIR e 3k 67.38 0.54 0.14 88.96 0.71 0.18
B [CLEE S 75.57 0.60 0.16 72.68 0.58 0.15
o WAL 36.66 0.29 0.08 25.13 0.20 0.05
FEAE 18.75 0.15 0.04 20.30 0.16 0.04

F 0.003

t —0.052

P 0.959
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Table 3 Health hazards of fluoride in tea beverages

FELL ] G e BE P S E=1
SRR AR R ZRUCRR H A = THQ

/(mg/kg) /mg

SRATERTE 0.65 0.08 0.02
SRANE I 1.00 0.13 0.03
HHFLRTR 0.67 0.09 0.02
5 1.05 0.13 0.03
S 1.44 0.18 0.05

£ 23 0.64 0.08 0.02
FA 0.77 0.10 0.03
(AR ERAR:S 0.60 0.08 0.02
A 0.59 0.08 0.02
VEES 1.00 0.13 0.03
i Bz 2 0 1.39 0.18 0.05
EGS 0.72 0.09 0.02
LSV S 1.92 0.25 0.06
HitG 0.81 0.10 0.03
G AEy)) 0.67 0.09 0.02
ES S 0.65 0.08 0.02
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HESL TG T R - B T A I A K S A Ok R R
FERMIE, ZEA RIS, A, R
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FHEEAE SO R, oA SCRME . ARURR T 3K K
AR ST HLIR (0 0 X 43 B I IR R, SRR T 0 A =
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AR RS AP . R E
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