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2 ok A AlsellA] A=A Qs vERI="A AF T 2000AF 3170 AlEe] MAl S headspace-
solid phase microextraction(HS-SPME)¥-2 ©]&-3}] GC/MS-SIME. 2 #4128 31t} SPME fibere 100
um PDMSE ARE-8ISATh B3 A7 FEE37PHE ARESI1e™ 40 mL vialol &< 25 mLE 3]
1L 1 Qtoll AAAANE Hol 1200 rpmoll A WHIAIZ] AL 4% 59k FHAZ T 18 FF GCollA] 23
AA BFAFFAE Adsidinh o] o) Aol AT 3 09990132 VeIt A&l
A BEE B8 gt} AEslEt] Hagke] 0.56 ng/ml(+043)0]9.0H 37 2o] EAehs FEo 8
= 0~40 ng/mL3AT. 2 23} A5 T WAl S nd~47.35 ngmLe] F=o] WML AA Al
= 15709] AFelA wiAlo] HEENem 2 F 7] AlFAME wiAle] ehgo] B & F4712< 10
ng/mLE 9= 27 16.99 ng/ml, 35.14 ng/mL, 16.03 ng/mL, 4735 ng/mL, 1428 ng/mL7} &= ST}
Abstract: The presence of benzene in 31 products of vitamin drinks purchased from 20 retail outlets was
determined using headspace solid phase microextraction (HS-SPME) and gas chromatography-mass spectrometry
(GC-MS). The sample (25 ml) was stirred at 1200 rpm for 4 min using a magnetic bar with a 100 um SPME
fiber as an adsorbent for benzene which was then desorbed from the fiber for 1 min in the GC injector.
Quantitation was achieved using the standard addition method. The limit of detection was determined as 0.56
ng/ml and over a concentration range 0-40 ng/ml the coefficient of correlation was greater than 0.999. The
concentration of benzene in the drinks examined was in the range not detectable to 47.35 ng/ml. Benzene was
detected in 15 of the drinks with concentration in 5 of them greater than 10 ng/ml which is the limit set for
the presence of benzene in the Drinking Water Regulations. The concentrations of benzene in the 5 drinks
which exceeded the limit of 10 ng/ml were 16.99, 35.14, 16.03, 47.35 and 14.28 ng/ml respectively.
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HS-SPME/GC-MSZ ©]-8-3+ BIE}1 = 8] 513 Benzene®] 7] 254 239

Table 1. Molecular weight, characteristic mass, retention
time, boiling point of benzene 100 ppm standard

solution
Name Molecular Characteristic Retention  Boiling
weight mass time (min) point (°C)
Benzene  78.11 78.15 1.5(1.3~1.71)  80.1
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Fig. 1. Modes of SPME operation.
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Fig. 2. Analytical procedure of benzene in vitamin drinks by HS-SPME-GC/MS.
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Fig. 3. Bar grape according to concentration of benzene by
HS-SPME using PDMS 100 um fiber and PDMS/
DVB 65 um fiber.

Table 2. Area counts according to concentration of benzene by HS-SPME using PDMS 100 um fiber and PDMS/DVB 65
um fiber (n=4%)

PDMS 100 pm PDMS/DVB 65 um
Mean Area (STD) Ratio( STD , %) Mean Area (STD) Ratio( STD , %)
MA M

Oppb 4985(%615) 12.3 14003(#2088) 14.9
5ppb 49507(+2086) 4.2 817218(£95671) 11.7
10ppb 98476(+2095) 2.1 1357615(£113132) 83
20ppb 195156(+9319) 4.7 2447803(£210100) 8.5
40ppb 387958(+ 14323) 3.6 4191442(+313396) 7.4

*replicated 4 times for standard calibration curve
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HS-SPME/GC-MSE °©]§
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Fig 4. Standard calibration curve for benzene at 1200 rpm;
(a) PDMS/DVB 65 pm fiber, (b) PDMS 100 pm

fiber.
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Fig 5. Standard calibration curve for benzene at 1200 rpm
for PDMS 100 um fiber.
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Fig. 6. Absorption time profiles obtained for a standard solution analysed by HS-SPME using 100 pm PDMS fiber at 1200
rpm; (a) 0 ng/mL, (b) 5 ng/mL, (c) 10 ng/mL, (d) 20 ng/mL, (e) 40 ng/mL.

Vol. 20, No. 3, 2007



242 AEE - 0173w
—+—2min —e—4min ——8min — - - ¥ (2min) HE (4min) — — ¥ (8min)
4.5E405
4.0E405 y =9523.8x + 1474.8
R2=0.9% <+ (2min)
3.5E405
v = 9612.5x +3028.8 )
3.0E405 | R = 0.9999 <—(4min)
@ 256405 1y - 979660 +4030.7 _
= R = 0.9992 «—(8min)
<2 0E405 | :
1.5E405 |
1.0E405 |
5.0E+04
0.0E+00 - s - - K . . .
0 5 10 15 20 25 30 3 20 5
Concenfration{ngfmL)

Fig 7. Standard calibration curve for benzene obtained by HS-SPME-GC/MS.
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Fig. 8. Calibration curve of standard addition method for vitamin drinks; (a) sample, (b) standard calibration curve.

2

K

#HoZ B0 RL ), Fig 6014
PME fibers 28 A 57} 5H vlo|& 4o] Hl
A3 BYE olFo] 2 F 4%, 87 A&
AT =L FEAAME F B &%
t e vEhd
ol A 2Hd €

g

wn o

PR to o
ot r‘-ﬁ:

T
£

(¢}

]

N

2
DY

o

kil
=]
=

ks

&)
2o 7
ol
bt rlo

0~40 ng/mL<]
HAIMo] Fig 79|
ol w2 3] 249

B

¥

AN
R
N
=
1o

[e)

o

™
%
4

A vds

1

M B S odle XN o2 opob o 48 N

o

F

ATR?) Bkel

o
r

0.9999, 0.9999, 0.9992= ©j-$- ZF3 S ASUTH
wEtA] A5 A= 48 B 5 A7 T &

Zsto] NFE HPFstaal sl

MEEYSAEY FE AR E 7]
AW AR M= AF o
WAL A EFEAPES 22tel AR
&3] Fig 8% 2ol AYdtel FEE

1) v AP 2H5E ol g5t
2 Ay Arhge

]

o

A= a=|
ST

Analytical Science & Technology



HS-SPME/GC-MSE °©]§
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Fig. 9. Calibration curve of standard addition method for
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22 A3} VT1, VT14, VT18, VT312] A|89] thate]
7}7} 030 ng/mL, 35.45 ng/mL, 44.33 ng/mL, 18.03
ng/mL & YERAT VT19 A FL 23 43
kol 1&pol] vlate] w9 ol ¥ o2 AFE Bl
g A7 A VTI o] Yolxl olf-& Hlel=
YA A FoA DA s WA FARS A A
© 2 AR ¥ETh wEbA Alz‘f’ﬂ fFrE=E

=g AFS] WAl ghgo] ol F & S8 TFE
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Table 3. Summary of regression equation, coefficient of correlation and detection limit for benzene analysis in vitamin drinks

Coefficient of correlation Detection limit

Analysis date Regression eqn.

Sample name

(R (ng/mL)

6, June, 2006y = 16073x + 21503 0.9996 0.26 VT4, VT30, VT1, VT8

19, July, 2006 v = 7949x + 5336 0.9962 0.14 VT10, VT12, VT2
21, July, 2006 v = 9337x + 13793 0.9978 0.32 VT28, VT3, VT20, VT5, VT6
24, July, 2006 v = 11600x + 22378 0.9856 0.37 VT7, VT27, VT9, VT11

26, July, 2006  y = 9779x + 36762 0.9951 1.51 VT31, VT25, VT24, VTI13

28, July, 2006y = 9922x + 22387 0.9967 0.6 VTI19, VT15, VT14, VT17

1, Aug, 2006y = 10013x + 17147 0.9881 0.59 VT26, VT22, VT16, VT29, VTIS
4, Aug, 2006y = 8917x + 19709 0.9960 0.69 VT23, VT21
27, Aug, 2006y = 8691x + 5246 0.9930 0.18 VT31, VT, VT14, VTI8
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Table 4. 1st analysis results of various vitamin drinks (n=4%)

(Unit : ng/mL)

Sample Samplin, Concentration
name dwe Compny g
VT 1 5, June, 2006  DFE  16.99(+3.31)
VT 2 19, July, 2006  DOFE  0.74(£0.37)
VT 3 19, July, 2006  H2= nd

VT 4 5,June, 2006 H2E  1.10(£0.60)
VT 5 19, July, 2006  H2=E nd

VT 6 19, July, 2006 DA} 2.71(£0.26)
VT 7 23, July, 2006 DA} nd

VT 8 5, June, 2006 DA} nd

VT 9 23, July, 2006 KA <k nd

VT 10 19, July, 2006 K=<k nd

VT 11 23, July, 2006 KA ¥ 1.15(£0.16)
VT 12 19, July, 2006 DAk nd

VT 13 24, July, 2006 S|k nd

VT 14 27, July, 2006  Sz|°F  35.14(£3.15)
VT 15 25, July, 2006 YA} nd

VT 16 31, July, 2006 YA} 16.03(+0.51)
VI17 27, July, 2006  YORE  1.12(%0.45)
VT 18 31,July, 2006  YOHE  47.35(£4.13)
VT 19 25, July, 2006  Y<oFE nd

VT 20 19, July, 2006 NAIF  1.67(£0.37)
VT 21 31, July, 2006 ASkE nd

VT 22 31, July, 2006  JA} nd

VT 23 31, July, 2006 SA} nd

VT 24 24, July, 2006  DYA|SF 1.77(£0.29)
VT 25 24, July, 2006 YDA} nd

VT 26 31, July, 2006  YYA} nd

VT 27 23, July, 2006  DSA} 1.70(£0.18)
VT 28 19, July, 2006  CA} 0.73(+£0.37)
VT 29 31, July, 2006  YHA} 1.62(%0.13)
VT 30 5, June, 2006 LA} nd

VT 31 24, July, 2006  DHAF  14.28(%1.49)

*replicated 4 times for standard addition method

Table 5. 2nd analysis results of various vitamin drinks (n=4%*)

(Unit : ng/mL)
Sample Sampling Concentration
name date Company (STD)
VT 1 27, Aug, 2006 DeFE 0.30(£0.15)
VT 14 27, Aug, 2006  SA|SF  35.45(+1.72)
VT 18 27, Aug, 2006  YOFE  44.33(+1.70)
VT 31 27, Aug, 2006  DHA}F 18.03(x£0.97)

*replicated 4 times for standard addition method
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