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2 9 &Hl Af-Aat v (hollow fiber-liquid phase microextraction, HF-LPME)=} 713 ELEE}
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Abstract: A method for the determination of trace amount of caffeine in urine and various drink samples using
hollow fiber-liquid phase microextraction (HF-LPME) and capillary gas chromatograph/nitrogen phosphorus
detector (GC/NPD) has been established. HF-LPME method has been optimized with respect to severa
experimental parameters including the effects of the hollow fiber length, extraction solvent, stirring mode, pH
and salt concentration for the determination of caffeine from agueous samples. The correlation coefficient of
caibration curve for caffeine was 0.9994. The average recovery was 102%(n=3). The established method is
feasible for the determination of trace amounts of caffeine in several aqueous sample. The limit of detection
(LOD) and the limit of quantitation (L OQ) have been found to be 2.5 and 10 ng/mL, respectively. The established
HF-LPME method for the andysis of caffeine from agueous sample can be used for the determination of
biologica, food and environmental samples.
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(b) After equilibration

Fig. 1. Two phase LPME; () Initid extraction, (b) After equilibration.

°l 2 A sk #HEAE A
T AU FEI FF el & ¢ oln

& drelME S0 ARHAE 18T QA

T FEH(LPME)S] &85 flg F24A°] 74 8

Hell disl Ao 2H& RFAY 2Ede A

A R E Hoke FRAL LA A
A 3

92 A FE2REE B & e o 7
A 2% Y 9GS S FRG F SN M
of dolsh e, wute] o)t 5% BY A7H)S2 W
FATWA B 98 HH 32 24 FYHa
A gon, Gy FEUNS olgstel 4Al 78
o AR x, A, 53, APFIA) 2§

o 712 AZvlE2HZ(GC)-E 4 - < 7E7](nitrogen-
phosphorus detecton) S AFE-3he] 719Q0S E4I 8121}
5=

2. Al FH
21. F& x| 717
To] 238 2 woke] HFE 218 (Fig. 234 2o]
FRL 99 solE Bo| 2T HF Aol 2
BAS A F 22 Ik 33 Fo v LU
£ 9L A% sol=g Bl HFe) s F3)
of WA g Fste] B2417)7]6] FAelslct.

Tip for injection and collection of acceptor solution

Screw top with silicone septum | ‘

Sample solution
(donor solution) ——— 1> e - Porous hollow fiber
(impregnated with organic solvent)
. I .
Vial ——> Acceptor solution

Fig. 2. Configuration of Rod-like HF-LPME.

AH&-9 hollow-fiber= polypropylene <41 41424
Qtx]Eo] 600 um, =577 200 um(Accure Q3/2
Membrana, Wuppertal, Germany)©] $1Th. HFS =] %] 3}
FH g AYR ) A F AFHE A =T
= 988 FAVE ¥E(21G 1 V4 TW, 0.8x32
mm,(52)o}el ], e-=)3 A =) (septa)(Advanced Green
Septa, Agilent, USA)o] AFE-EIATE F& Foll A5E
Fst7] faix e GCE mF A™A(10 uL, SGE,
Austrdig)7t AHEEI oW, EEsE AlE (AT YA
S5 AAS7) Y8te] 3mL 25§ FAL7| 9 ubg
A o] 25 mme|™ FF 02 umel A AX g A=27
(GHP membrane, Life Science, USA)ZS AF&-31) T

22. Mot A BE Y

EFEAS 5 99%e] 713 ¢)(Sigma-Aldrich, .
Louis, USA)E AME-3IAL, 74, 222X E, o9
olHE| o] E(EA), A2, tetrahydrofuran(THF), dichloro-
methane(DCM)# 72> &8 7= HPLCHE(JT. Baker,
NJ, USA)S AH&-stith A3ttER2 Alera (94,
EP, %, 99.0%°1d)= A8l or, AAk(H4d, o

A
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HF-LPMES )&%

, 2 PRSI EF s,
EP —CFE. 9800/ e 5 Mz B34 ARSI =
A 27X (&2 287 eA 24, C-DISL
= 1%6‘}04 A7 Azt A5
o 7}5191S =] 5050 ug/mLO] HEE ¥
F&AS Az 413"“—% FFIel spike Al
74 1010 pg/mL7t HA & F & O] 2RSSR 34
AIA

. 35.0% o4
5

101 pg/mL, 1.01 ug/mL7]- HEE Az} A
T HE §9 o 42 W7 BU5] AR

23. EMEH|

7l AL 93 714 AR R E 2 Z(GC)R L
-1 A Z7](nitrogen phosphorus detector, NPD)= =%
QIAEZHE ()] DS 62008 2 TID-001& S At
|33 w4 ARE 47 A% As A= DsChrom
2000(=d QI=ERUE, s=)g AT} BAH
ZAY L SGEAM|(Austraia)e] BP-5(crosslinked 5%
phenyl polydimethylsiloxane) A ol& 17 m, SHA| &2
0.32 mm, X4 FAE 1.0 umsl AL A&t
2RE 71AI9 B 71Al= 99.999%2] Ak F(He)
< VICXHUsA)e] dF A 3H =] (Helium  Purifier,
HP2)oll A7 F A3 AR 7]13= 99.999%
o] 49} 715 AHESIAT

B A ge] myk @ HFe] B3-S 913 7tdwa)
2170 ComingAHUSA)2] PC-6208 & o] &
=2F g AFEA S FREY JAE A
g7l T FUZAKE)S] 55RE S A5
HFe] 7] &HE AAE A% 259 AFH7 =
L&RAHUSA)2] S1000& AHE-31ITH.

GCINPD #4718 o3 2t} 2a7)AQl dF
o] §42 10 mL/mng 2da A —“%%Hﬂ]% 31
Al EAEAT B VAl 2
100 mL/mine] =2 392 A8 /A=

E
A

Table 1. Operating parameters of GC/NPD

Column : BP-5(cross-linked 5% phenyl polydimethylsiloxane)
17 m x 0.32 mm x 1.0 um

Carrier Gas : 1.0 mL/min (He)

Fuel Gas : 4 mL/min (H), 60 mL/min(Air)

Make-up Gas : 9 mL/min (He)

Injection mode : Split ratio (3:1)

Injector temp. : 250°C

Detector Temp. : 280°C

Oven Temp. :

1 minat 100°C, up to 270°C at 50°C/min, 300°C at 10°C/min,

and finally 1 min at 300°C

Vol. 21, No. 2, 2008
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4 mL/min, &7]= 60 mL/mine.2 243t A-&31%
o Ade 2xE F X 100°CAAA 187 FAAZ]
% 50°C/minZ 270°C7+A| i“J@L/\Vﬂ o, thA] 10°C/
minZ 300°C7HA] 52A171 § 300°Co)| =dshH 1%
T EEE FAANAFLEN T BAANZE 84
SHATE ol AR FYPTFA AE7Y] RE= 77
250°Ce} 280°Co] 1™ Table 1 1 Lﬁﬂ%itk
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slof k. AAlE B34 lolA) ek Bl vjs) &)
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Suj (LA L) E HH 5] $sko
23} HolA s f7] &0 FM AwHA F&
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Table 2. Extraction conditions for HF-LPME

Parameters Conditions

Organic solvent
Hollow fiber length
Exposure time
with agitation
without agitation

3.00

2.50

2.00

1.50

area (x10 %)

1.00

0.50

0.00

0 5 10

15 20 25

exposure time(min)

3.50

3.00

2.50

area (x10 °)

1.00

0.50

0.00

3 4 5 6

exposure time(min)

Fig. 3. Effect of exposure time without agitation (upper layer) and with agitation (lower layer).
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1 o] Foll= Wt Al dojubA] @il HE e =g
sHlTh(Fig. 3). mheby] HH 3 FEIAH(=EA)E
I3 A FF A7HE 35802 HAST
3.13. pHe| A&t
pHE RISt IZI o ZA] EAEH ] o] 23} FHE ¥
st = 3l 2ol e el -Zr%@EC’ﬂ K
= o] F

G2 77 Ak e pHE LPME 3
S s Aol A2 XA 4L, £ 8
= HFe] 2ol 25 om, #2417+ 3580
A H91 =42 9 sﬂ 5 M 94 5 M S
&
of

==

A e o] &3t pHE FH(2 4, 7, 9, 10, 11, 12)3}

FEES H1I’L6H li"b?‘r

a4 7} 109141 7 e FEES UE

A th(Fig. 4). - }B]—(tWO phasg) & ©
7

225

200

area (x10 ©)

175

150

Fig. 4. Effect of pH changes.

pH

1200

1000

800

600

area (x10)

400

200

0.00

0 5 10 15 20

25 30 35 40 45

NaCl(w/v, %)

Fig. 5. Effect of sdting-out on extracted amount of caffeine.
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90 AXA - A - BEE
A2 A7 2 SAHALHE SASA HER S A8k 2 A3 #4242 y=0.0074x+0.0474
7180 o2 ENEAS FE3] HdlXE ol ol 3]9] Al (correlation coefficient, R?)E 0.9994¢]
AEl7) obd S E pHE Bojof 319 & A5 Uit (Fig. 6).
A Aol s FE 3 Ha A3
314, &M St Crneasured
. _ . i} - 58 (= =— x100)e o, At A
F20] g AHEAE AN 25500 A T EC o 1021, A
Q9] Fr7 o] HEE 3L A8 Hu _
e Esk 10 pgmlel | SR AR W o) ompe = 2o wehee BuEs el £
= 4mLE 3§ A7 FolA HHEF =7t o
0~43%(0, 11, 21, 25, 33, 36, 42 wi%)7} = =5 '_ ‘
T - 42 Wivsh) % QAERS AT AIEE Table 3 LheR)
7FSSATE, oluf AHEE SejE ERelollon], HFe) A . o
> AR =l Bt sHAAHERS WAL GFEE) ol
Aole 25 om, FEA7HS 350Ut N
_ . Aol BHEHY FEE FAE(FEA AR) T
A9 A 7H9le] AS NaClo] ks & 5w (42
o 2= . Aol FAEHY FEE Ve 324 101030t
W/V%)Oﬂ}\i 7]-/_8— E—%v‘: _T‘%EE L}E]—IH‘}}\E}(Flg 5)' = BAEZRo =29 = J = =o=3)
B a9 o o - - TaE= ]Tiouﬁ Foﬂ}‘i 1OOHH A =5+
B4 A5 o] 2 Al7]= LLE, SPME, LPME® A £ 912 B Ao B2 HELPME WHlo] |
QurHel 2 AAE Supolth, wHow g oo T SHOEE AELAME SRl
e B} i 3 FE&e FEAGE FHAATE FoA AR Fol
H7VeH 7874 A 8ol SAlsks =Y §a=rt -
. - S T2 FAshs BHEAE ofHA ¥ B4
71:!—5\——8}'5’— 'IQI"7] %UHEQ] 'E‘HH7]' 37'“ 60}:)2‘}5]01 T= O] 7]_1_ 510 E.cqzx__ ﬁjq_o]q_
98 72 5 A SHS HATE AAelH
HE351H|e} FEkshH
32 EEE HWIMIL =55 oX 33 dsvls B iy
. o = o LOD(Limits of detection, 7&3HA)9} LOQ(Limits
EEENS SFS5 4 mLol 100, 300, 600, 1000 o N - -
) . . of Quantification, A FeHA) = A FEx7o=2
ngmL7t S =% giker7]l & FHE FEZHOR D s = - . .
g o e NEE %23 ¥ GONPDE ol &3t A4 s AT
FZ3to] GCTID(NPD) FYstd 2FE AYFA N o . -
AE= 25 O FSH7HSN ratio)’t 3 o=+
1000
900
800
700
“Z 6.00
X 500 y =0.0074x + 0.0474
8 400 R®=0.9994
©
300
200
100
000
0 200 400 600 800 1000 1200 1400
concentration(ng/mL)
Fig. 6. Calibration curve for the measurement of standard caffeine by HF-LPME.
Table 3. Relative recovery(%) and enrichment factor of caffeine into aqueous phase-toluene phase
Initial caffeine concentration (ng/mL)
100 300 600 1000 mean (n=3)
Relative recovery(%) 110 97 99 100 102
RSD(%) 2.35 4.68 164 2.90 2.89
Enrichment factor® 110 97.0 98.7 100 101

a: concentration of caffeine in organic solvent / concentration of caffeine in agueous solution

Analytical Science & Technology



HF-LPMES ©]8-3t 89 Al 552 791 4 91
Table 4. Quantitative andysis of caffeinein urine and beverage AEE 50 MLE sl YARE7|E o] L83l 4500
Concentration(ppm) RPMOZ 404 1087F 52 A% & A5HE Hst
sample 1 2 3 aeae A B ARS @ 3 el A S At
urine 2.16 2.07 2.07 2.10 =e JJ4HH B8, V1o, =3 g 250
mixed tea 493 479 515 496 oW AL 1508, 7T = 15008 345k H A e
reen tea (1)* 274 277 27.6 27.6 == ]
green ted(Z)l* 247 217 27 230 T dgf‘ TELT B EHSIH. .
coffee 526 524 445 498 APEEel Sell = 210 pgml, EHAF FE= 496
*1st brew-up green tea ug/mi, =2b Bl S 13} 2 Wl S A =
**2nd brew-up green tea 27.6 pg/mL2} 23.0 pg/mL 713 G7golnt Zol Al g
= 498 ugmLe] F=& AT 4 U3 }(rable 4).
FTEE AR, A5 o FeH7HSN raio)7t 10 34 Aol FA 8 7}7e] A 5¢] ARrETHLS Fig.
o] ol HUE(RDS)7F 20% oM FL& FH3t 7o YERA AT
A= Atk L A3 7Rl AE A= 25 ng/
mLo| 2 A% 1E 10.0 ng/mLol ATt 4. 2 B
34. dXNA=o 24 S HRLPMES ol&-sfo] 7Hslal a84o=
AV e 19 33 (o1, A4, A9) ATE A 7ZHR1E A8 918 Ao 21A& F¥etaxtst
Els 1o AlEE AHASIAIL, SE= ¥t A Atk HF-LPMES o] &3 715l 430 glojx &g
FoAAM T = EFA S EE %3}"13’— = H FE 0 g 208 R E AMEY &, F3
2k Bl S H47] 25(¢F 80°C) 140 mLol| 1% 1 AT = A= IS B SRS W =2
HA GFd gt 3027 $EW F ARES SAEY AMAGS AT & e g3 22 488 o
< e ol & oA o] FEHlEit 13] At
I AF &7dolE wEegt & 100 mLol| 15 g& & LT AEERE FHIJES FEs] Qg 7
T AYA HHE o] &8t AE7E AT 7#74—4 |Ao AAS HEIA A= /7] SuliEd Wik 7
10.00 30.00
25.00
8.00
5 s 20.00
% 600 69 caffeine %15_00 _ 69 caffeine
% % 10.00
I 500
2.00 0.00
0] 2 4 6 8 10 12 0 2 4 6 8 10 12
time (min) time(min)
(a) urine (b) mixed tea
100 1 150.00
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Fig. 7. Chromatograms of various samples by GC-NPD after HF-LPME extraction.
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