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polyphenols by headspace-gas chromatography (HS-GC), and conduct risk analysis. Methods A method for
simultaneous determination of 7 kinds of organic solvent residues (n-hexane, methanol, dichloromethane, acetone,
ethanol, trichloromethane and ethyl acetate) in tea polyphenols was established using a 50% N,N-dimethylacetamide
solution as the matrix, separated by a DB-23 capillary column (60 mx0.32 mm, 0.25 um), and detected by a flame
ionization detector (FID). Results HS-GC could effectively separate 7 kinds of solvents to be tested, with good
intra day and inter day precision. The standard curve showed a good linear relationship within the concentration range
under investigation, with limit of detection of 0.03—1.71 pg/g and limit of quantitation of 0.12-5.77 pg/g. At the same
time, residue testing and risk analysis were conducted on 27 batches of tea polyphenol samples in the market.
According to the regulations of Chinese Pharmacopoeia, methanol, ethyl acetate, n-hexane and ethanol were detected
in some tea polyphenol samples. Among them, 33.33% of the samples had n-hexane and 14.81% of the samples had
ethanol exceeding the standard. However, through the analysis of permissible daily exposure (PDE), the health risks

caused by n-hexane and ethanol were relatively low. Conclusion This research method is simple, accurate, and

suitable for the determination of 7 kinds of residual organic solvents in tea polyphenols.

KEY WORDS: organic solvent residue; tea polyphenols; headspace-gas chromatography; risk analysis
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FRE ., 50 mg S F %, 100 mg AEH . 250 mg ZF% ., 75 mg
LR R 125 mg =W HET 100 mL AR, WiE
2 B, T DMF 3808 A BB & A, 153045
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Fig.l HS-GC diagrams of 7 kinds of organic solvents
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ng/mL) A KT AL AR, TR BL(Y) PN bR, BEAT Lk (el I,
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K, MISERBEEEHN 0.9990~0.9997, LIfEWE:H.(S/N)
240 3 IS B ARG B VRS LODs, LA S/N 297 10 i %
FRG I /E 8 LOQs. LODs F LOQs(F% [EAS 2 By 3L i 5
WE) ILZE 1, 7 AIEFIAY LODs 4 0.03~1.71 pg/g, LOQs K
0.12~5.77 nglg, BEREIH 2 2% 22 B vh i 371 5% B 1) == Ao il
TR, HEIER HS-GC ML, BRZBEZMR(0.065 ng/g.
0.36 pg/g)sh, A1) LODs Bk T3k B GE C bt
0.119 pg/g; PAIH: 0.19 pg/g; —SF%E 027 ng/g. 0.5 pgg)"™ >,
232 WEHE

H PRS2 3 38 3 % (] — R P9 B A 2K TR B s T
WATHNHERE 3 YORFEEE, H A% B o W% Sk 3 d )
P KFIR G R OR S 5. (RERRSTA] H PIRE#5 5 RSDs 3
Flk 0.05%~0.37%, HIaKEZRE RSDs TEFIH 0.15%~0.58%;
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Fig.2 Effects of different equilibrium temperatures (A) and different equilibrium time (B) on peak areas of 7 kinds of organic solvents

F1 SENBFINEMEEESTE. HXHRH. LODs #1 LOQs

Table 1 Linear regression equations, correlation coefficients, LODs and LOQs of various organic solvents

el e MVl /(ng/mL) LKPEHT AHIC R B LODs/(ug/g) LOQs/(ng/g)
ECBE 0.010~18.750 Y=83747.6X-301.5 0.9991 0.03 0.12
e 0.500~500.000 ¥=623.1X+689.3 0.9994 1.71 577
AN 0.038~50.000 Y=5854.8X+7.6 0.9995 0.26 0.57
T ) 0.050~75.000 Y=3433.3X+1245.3 0.9994 0.17 0.75
7 0.125~250.000 Y=962.5X+2054.5 0.9993 0.46 1.41
R LT 0.050~75.000 Y=6225.4X-214.1 0.9990 0.15 0.65
= b 0.060~125.000 Y=2677.3X-136.6 0.9997 0.23 0.72

7 Kt BR (limits of detection, LODs); & £ BR (limits of quantitation, LOQs).

£ RSDs JG[E N 0.47%~4.79%, ¥HE 5%LAN . DA EZ5RE PRUEVE BRI TIARA FUAR . FUEh 1 ISR S0,

WIZOT TERE R R, TRETERL S KT VHVINT 153 ARSI O] 2 R AR 38 588 200 38 2
233 ERaE I B 3A~G Al 1 7 R HURRIZEA A28 2 s in e S A

FE TR S £ i S A AR AR R 1 B 2kt R A [ T LAY . MR MIEHR 0.5 g i, HILFAL
M s 7= AL 2w, 53043 BT 0 A i g 1 AR o, A REPESR35 4 0.972, 0954, 0.968. 0.984, 0.970. 0.932,
E 2 LA (5 FERR AU 24200 I, WS P S R 0.918, BT A HE RN 35T 0.9, fe kPR
JHE T AONE PR S, JE e R SRS Ay R i s VR e T R BT, PRSI ARV P AR T

A IR R (0.5 pg/mL) B E IR (10 pg/mL) C B VR B (1 pg/mL)
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Fig.3 Matrix effects of different quality tea polyphenols on organic reagents



184 B 24 iR AR I 2 4l

175

E I e (2 pg/mL)

D R >
L2 5 B (32 /L)
1.0
1 08
0.6
i
04
0.2
0
01 02 05 07
FL Wi t/g
F | IR R (1.5 pg/mL)

B T (24.0 pg/mL)

0.1 0.2 0.5 0.7
KL F/g

Fig.3 Matrix effects of different quality tea polyphenols on organic reagents
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CHp L 2 L )i ) 0861 5% BA VA R 2 vk MR, 1E O be(BR
FEH 2.9 pg/e) . FEE(FREE N 30 pg/e))@ T FR i 4 i g« —
KR, CIE(BREE N 50 ng/g). LR ZEE(FREH 50 ng/g)
J& Tt AR A E B 1 = 2 R0 7 27 HEAS 2B FE A
H, A9 HERR AL IE sk B L T 2020 AR C HELZS
W) BBREEE, HANGHEN 33.33%. A 4 AL LES i
T 2020 4ERRC T E 2T NIBR B, NEHEEN 14.81%.
B P OIE COBE RN AR R ELA A0 v B KU, LR TE 4%
A S Z2 B A v R 3G X IE O b A B R hl . A 1
HURE SRS BB, (HRA T 2020 4ERR (R EZGUL ) AORR
FEAE, AR N HA BRI
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B 04}
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Table 2 Spike recovery rates of 7 kinds of residual solvents (n=3)

sl A /(ng/g) SR EICR /% RSDs/%
25 4.30
EC b 25.0 98.35 5.50
80.0 3.10
50 3.80
FH 500 96.30 2.00
1600 3.40
5 2.30
A 50 93.10 4.90
160 2.30
10 2.40
PR TR 100 97.04 1.50
30 2.40
25 2.60
L E 250 100.70 2.20
800 4.10
7.5 4.20
TR 2T 75.0 94.63 2.20
240.0 1.90
12.5 3.30
=& 125.0 91.15 5.60
400.0 2.70
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®3 TREFEZH-~RBHEZREXFNSTENUELER (ng/e)
Table 3 Determination results of residual reagent content in
different tea polyphenol products (ng/g)

gj;i EC ke HEE M b TR 2B M2 MR =AW b
FE 1 / / / / 290.43 / /
) / / / / / / /
FE3 / / / / / / /
B 4 a / / / / / /
FES / / / / 34214 a /
¥ 6 / / / / 26033  / /
¥ 7 433/ / / / / /
¥ 8 / / / / / / /
F9 / / / / 349.68  / /
FE 10 / / / / / / /
FE11 12,09/ / / / / /
Fe12 1184/ / / / / /
¥ 13 / / / / / / /
K14 462 / / / / a /
FE15 333 2554/ / / / /
¥t 16 / / / / / / /
¥ 17 / / / / / / /
FE 18 / / / / / / /
¥ 19 / / / / / / /
¥ 20 a a / /' a / /
FE 21 484 / / / a / /
ke 22 a / / / a / /
23 1183/ / / / / /
¥ 24 / / / / / / /
FE 25 / / / / / / /
¥E26 401 / /' a / /
¥27 536/ / /I / /
FHFRE 6.93 2554  / / 31065

TE:a. B THES LOD, IR THEM LOQ; /. KA&ih .

Hk, AW 5% A2 5 FOR ZOR E B R
£3(ICH) Q3C (FREAW IR ) , WIgfh T AR & H
FVF-EFE i (permissible daily exposure, PDE): 1EC%¢ 2.9 mg/d.,
HEE 30 mg/d, ZB% 50 mg/d, ZFRZMER 50 mg/d. AL
LA ETERR M ALE th i ey H B AR/ T 800 meg,
HHE BEET G20 FEE N LZE R L SR ERA
AT REXT I A0t 3 i RURS: o SEIH IR 4 H AS 2 B 3R A
BB A 250 mgl 0 ABHF ST AR HE 2 2 B IR A N B
H 250 mg(H [E)H1 800 mg(RRER)THEF 1 7 Mok B ¥ 7 1) i
H A A G (AR5 B e i R AR sk B IE 2 S
Bkt HEA LS 3.02 pg(th FE)F1 9.67 pg(WH); FEh T

5% B H B A B R A HAR AR 6.39 pg(HH AT 20.43 pg(Rk
W), FEATPERE OB RRE HIBA RN 87.35 pg(thE)
F1279.5 ng(BR ¥, IEC%e . HBER Z BB H 8 A SRE
/NFIL PDE, AIIACHZE SRR Sy SR R KU 5 AI% . |
WEEH T, ECkE. WECH TP ESHER, CiE. RS
BE AR F . RSB R EZ MR E, B4R
T R W

3 & 1

AT T EERT 7 R HLEE AR B 1Y HS-GC ik,
FE T2 - (]2 20 min, PR R 80 °CHIAT HL5%
VI 53 B R S A ITRCR BT o %07 TR HRR U i 4 e i %
FR (10 R 0 PRl P P0G R R A LA A v 1 R R A
LODs 4 0.03~1.71 pg/g, LOQs N 0.12~5.77 ug/g. JiEH
PUKG % B A0 H ARS8 B AT, 76 3 ANARTFRS KSR, F
kR 3 91.15%~100.70%, #8408 TR . ABF5E
TR T . bR 5L ATRE, RERERTIEZ W
i RILVE SR 58 B8 1 AU W s e, HLas AP S 1. A
SR EMTTIGRENLRAEM 27 AL WREA, Sk
B RS VA, RTLUETEIA K HURE . TR £ ek R TG XRS5
IECBERI IR 5% B ARl 1L PDE 43k A=A R Y
TR R XU IS, (RIL S B T BREE {H (2020 4R HR(
258 ) ) FLR R . BRI, FEAS 2 I i WA s
TE OB g% B 1 M HoA A B e i
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