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2 ol AFd frEEe] S8 de He AEAF) 30 T /R FEEHE FRE
o WA, EF, A, AL A G FFEH S AHEske] FRFsTh AAEE 100 u
PDMS fiberE ©]&3159 3, A3 Lo, WHEAIZF 1200 RPM G, S2HA7F 4 B, &2A)7F | &
ot AL AT FTAYEE ARt HEd &l WAl 039 (20.04) ng/mL, SF<1 0.08 (£0.04)
ng/mL, oE€¥lAl 0.04 (£0.01) ng/mL, o-AFL#A 0.05 (£0.02) ng/mL ©]At}. 30 F2] He MERPEA
Azt WA oA BE AlFEA HEHA sk, 7<) 9= 11 718 AlgE, ogdAe
3709 AlEAA HEFHAD AER B9 727t =@ 9+ 024(+0.09)~2.95 (£0.08) ng/mL,
0.08 (£0.06)~0.93 (£0.10) ng/mL3] T}

Abstract: The amount of benzene, toluene, ethylbenzene, and o-xylene (BTEX) in 30 kinds of bottled waters
purchased from market and 9 kinds of tap waters from home were determined using headspace solid phase
microextraction (HS-SPME). The sample was stirred at 1200 RPM G for 4 min using a magnetic bar with 100
um PDMS as adsorbent for BTEX. Then it was desorbed from the fiber for 1 min at room temperature. Quantitation
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was achieved using standard calibration method. The limit of detection was determined as benzene 0.39 (£0.04)
ng/mL, toluene 0.08 (+0.04) ng/mL, ethylbenzene 0.04 (0.01) ng/mL, and o-xylene 0.05 (+0.02) ng/mL. Benzene
and o-xylene were not detected in any samples, but toluene was detected in 11 samples, and ethylbenzene was
detected just in 3 samples among 30 investigated bottled waters. The concentration range of investigated materials
for toluene and o-xylene were 0.24 (+0.09)~2.95 (+0.08) ng/mL, 0.08 (£0.06)~0.93 (+0.10) ng/mL, respectively.

Key words: BTEX, bottled water, tap water, GC/MS, SPME
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Table 1. The established criteria of BTEX  (unit: pg/mL)

Matter Korea WHO U.S. EPA
Benzene 0.01 0.01 0.005
Ethylbenzene 0.3 0.3 0.7
Xylene 0.5 0.5 10
Toluene 0.7 0.7 1

& 7]1%S 10 ngmLE F3 ot v A
SEvEtET dAA 9 = NFEHLEE
3845 MCL, maximum contaminant level)S 5
ng/mLE 731 vkt Zeuh wiAle UtEd R v
olZtw QA flAEE FVMIVIER vFdM e Hi
L HAEH3EHEF(MCLG Maximum Contaminant
Level Goal)Z 022 443} gt} s

2 EA4E7] 91 Fa AFReE e
headspace extraction’>} purge and trap™®S A}-83}<]
A 7Falm, vk 39228 SPE (solid phase extraction),’
liquid-liquid extraction®’& AR&-gHC}, 23 u} LA /4]
FFEHH0 g uk AP EAD 27k B
5o 8ol 7hssith. A | FEE 2 19805 T
9k C. L. Arthur®} 70Ut 9181F o) E+2] J. Pawliszyn
o ozl sigtE o] AA7EA] 3,000 AHE =] Ui
ol AUTh'"? Fell M T IA e S o] $H4,"
21 F,141 9]0 7)Ao o7 okl FH
a1A A= 3L ek

SPME #4{l|4 a3 FE2 U+ /A8 &
ATk AR F2 A FR/E Aaor vk 324
fro] FFEE T34 PDMS9 42 Polyacrylate,
CW-DVB, CW-TPRS} F Aol % &A=
PDMS/DVB, CAR/PDMS, DVB/CAR/PDMS7} &
stElo] Ak =4, FF ARt 84 AlEe] £
A S F7HA717] 918 Ao AEA = oS-
83 AHAA7E kP g FulAlgE WS
AgoIAER F2 Al &%, A I (salt effect)Lt
F9] pH 4] Atk AA, A8 EHEREE
t 2] FAEEY o]FAZ 3l FEET
FA A BAA = ALPAZHE
, W71 AR EE S5
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HS-SPME-GC/MSE ©]8-3 9

smooth liquid coating® A& 4~ QlojA] B 9] &
A& AAY 4 3L headspacedl| X A3 7Fsstod ul-¢-
e 24olA #AE2E FEE T U B4 E
Ho| F&H ANEE U2 244 AMdE 5 Ao #12
FAET 2 Adye vla e e & ¥
Holl &7t HastA] FobA, AHEE &ufjel &gk
b o dEo] A ER FA A&8] wE

.
[e]

& 4

[\8]
(

g— _/[: g}]\t],‘_t_ 34\0]1:]_.14,]7,23—26
=&F % EFA BTEXC #3F AFA A7t
PDMS,” PDMS-DVB® CAR-PDMS,”? DVB-CAR-
PDMS,* PLAC(porous layer activated charcoal),! PA
fiber & TS AF-E AME-3le] o] Fo Rt A2t
100 pm PDMS fiberE ©]&3te] HlERR] =& =4
ZF WAle] m g S Ao n P 2 A
oAM= olF XA AT FEEol F&=a 3

e Ye AEARHT 70 THHE FEE F9

M

e rr

2 A #

2.1. B4717]|

A AR EZH ZAFEA V| ZE 17A 71 AR
vtE 2839} QP 5000 AFESAF £4] #(quadrupole)
A H 24 7] (Shumazu, Tokyo, Japan)2 A}-&3}A Tt
GCO/MS 418 93t BABZH2 DB 5 cross linked
5% phenyl methylsilicone fused-silica capillary column
(30 mx0.25 mm LD., 0.12 pum film thickness, ] & W
Scientific, USA)S AR&-3FATE 28 &= A5 70 °C
ol A 37 HEA $ F 18T 40 °C A 28 200 °C
A dsatA stlem A E T (injector)$} AE
7](detector)®] === 7+t 250 °CZE 3IATE A8 ¢
HhEe ok FAHGpline 2 B3 = 2112 3
H7)A = AF(99.9999%)S AHESIA AL fr&2 1.5
mL/min ©]$]t}. o] &3} oA = 70 eV oo XA
F o] 255 SIM (selected ion monitoring) ' H S A8
&te] stk SPME fiberol S2He EA &2
2 GC FYTolA =50 GC AMdelg] 29 HE
FYEY Table 2] F4Z2700 whet 24511t}

[e5

o

22, Aok % 717

|12l methanol (299.9%)3 £ &2 benzene
(299.9%), toluene (299.9%), ethylbenzene (>99.8%),
o-xylene (298%)-< Sigma-Aldrich (Milwaukee, USA)
Aol SAISES LGS B Aol AHgE
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Table 2. GC/MS operating conditions for determination of

BTEX
GC/MS

GC/MS — 17A Gas-Chromatography, QP 5000 Qua-
drupole Mass Spectrum (Shimadzu)

Columm —DB-5 cross-linked 5% phenly methylsili-
cone fused-silica capilary columm (30 m
x 0.25 mm LD, 0.25 pm film thickness, J&W
Scientific, USA)

Oven temp. —BTEX :70 °C (3 min) next 200°C (40 °C/min)

Injector temp. — 250 °C

Detector temp.— 250 °C

Injection type — split ratio 2:1
Carrier gas  — helium (99.9999%)
Flow rate — 1.5 mL/min
Tonization mode—- EI (70 eV)

AAFE ¥ Milli-RO systems £33 331 S5
TE A& AT vol ¢S 40 mL £ Hio] &I}
PTFE (polytetrafluoroethylene) M AZ F =2 F 57
3} Silicon P (AldrichyE AH&-3F T = RPM 23
o] 7Vegk tAE WRE7|9F SERE 29ut 22 mmE
AbE-3ER o SPME FES 9§ fiber= Supelco
(Chicago, USA)AFZFE 100 pm PDMSE ¢ 3l
AHE-SFATH

23. 7|7|8A{ gk

SPME fiberol] 28 #AUGEZ S GC FY 7l
A gzkElo] Ge M
9] 717184 Aol we} #4319 . Scan modedl| A
gAER 9 WEREFEZ AFAHEHS T
, 7P AR gart 7P 2109 S0
gl3lo] Aelo] AU (SIMCE A&t

2 o
it

24. N2
BTEX £2]o] AL&% A8 A2 A= 2008
10458 119714 3zkdo] AX AFA] tiyntE, H

Table 3. Molecular weight, Characteristic masses, Retention
time of BTEX from 100 ppm standard solution

Molecular  Characteristic Retentiontime
weight masses (min)
Benzene 78.11 78 1.5
Toluene 92.14 91 1.98
Ethylbenzene 106.17 *106, 91 2.88
0-Xylene 106.17 *106, 92 3.29

*Selected masses
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251. SPME
1:]1]E4 —IH]—7]
BTEXS} WAl A& oA B 7HE 1200 RPM G
A3t WEETE 1200 RPM G2 74 e &
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F ke Uil 459
159 4 25E 2%
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252.

benzen, toluene, ethylbenzene, o-xylenes ™| &H&
ol o] 100 pg/mLe] BTEX A 4-&H-S 259t}
o1& 3A3le] 1,000 ng/mL EFENES A5t W
FEASAL I T 40 mL vialE )& SHTE A%
25 mLZ 3} Z+z+9] wvialell 0, 5, 10, 15, 20 ng/mL
o] FEE TH=3 wHk7]9] 1200 RPM GE W Hksle]

BEZY Hx o

op

4 B FANYL 1E B SN PYoR
AR At
3. Zn # n#

3.1. 100 um PDMS fiber0ll 2|8t A|Ztof| 2
Y B&Y
AFAE 7] BEE =AML vE =33 AE
WA o] w]FEA o)A 100 um PDMS fibero} 65 um
PDMS/DVB fiber®|] F2&3 JUES 543 23 F
2+ke]| 9]oJA = 65 um PDMS/DVB 7} 100 pm PDMS
fiber ¥t} wl-¢- p==steh. 2Ev AA A5 HE
HaAEo 489 At AQY Y= AFE A9
G gﬁ]aﬂ 100 um PDMS fiberS ARE-3F 73--0]] H]
o Ao} AAA A= AL ZAo = HE
L% 5 WS A s
ol E7Al# 100 um PDMS fiber
£ Abgatel A7ho] WEQE, 4%, 8%) 10 ngmL
benzene, toluene, ethylbenzene, o-xylene 8] i
H AlF 25 mLe] WHHE Fig 19 YERA T o]uj
Aelst npold W] Apaduite] wHkE == 1200 RPM
G= AE of e BIEX ¥4 A 718 2L
F&S Uil o= BuEnt Aok Fig 1914

mlo

ofN
o

—e— benzene
—O— toluene
—w— ethybenzene

—&— o-xylene
T =y
3e+6 y
2e+6 |
= Z
©
L 2e+6 -
<
1e+6
O
e P o .
0
0 2 4 6 8
Time(min)

Fig. 1. Absorption time profiles obtained for standard solutions
analysed by HS-SPME at 1200 RPMG.

HH 2 oA Al Aek Ao Bl Ao] 4 £7 8
7] A&EE Hola At o]Ae ol EH &
2ol A 2 woll AlZete] Ao 4 £3 8 £7b
2 A&Enta Akt mEbs] &AM s b
A3 A7 Aokl 918l 2 #3 8 #o] T 537
AZFE 4 o2 3lon WSS 1200 RPM G
2 3t

o9} e A HWOR 0,5, 10, 15, 20 ng/mL
°] BTEX &3l 23€ F4H 340l Fig.
20]3L 7}7}e] &2 (benzene, toluene, ethylbenzene, o-
xylene)ell w2 3| Al )8t AFBA (R w2 7t
7} 0.9911, 0.9940, 0.9962, 0.9945°] 3] T}.

benzene
toluene
ethybenzene
o-xylene

1.2e+6

p4O0 @

1.0e+6 - y = 37469.4x + 9682.2

R” = 0.9962
8.0e+5 [

y = 49670.3x + 1032.5

b
6.00+5 |- Ri=0:9945

Area

4.0e+5 | y= 141334x +4541.4

R’ = 0.9940
2.0e+5

Y= 6897.4x +4043.6
R®=0.9911

o 5 10 15 20 25

0.0

Concentration(ng/mL)

Fig. 2. Standard calibration curve for BTEX obtained by HS-
SPME-GC/MS.
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HS-SPME-GC/MSE °] &3 H= A& 5

“Ea)standard Oppb

(b)Standard 5ppb

(c)Standard 10ppb

- K

i
{ (d)Standard 15ppb

1a%6/1 18150

| -
)

Tie
(e)Standard 20ppb

1956278133

~Lasana1263

T 3aR63|
286272262 |

Tic
(f)Sample:BW23

11242018 -

fi=

Fig. 3. GC/MS-SIM chromatogram of a) blank, b) 5, c) 10,
d) 15, e) 20 ug/mL BTEX standard solution, and f)
samples (BW23).

3289515

WA, B, of Al zpd @] A = 123

ATk ¥ Table 3°1= BTEX 100 ppm<] standard
solution2 ©]83}4] scan mode®Z A characteristic
masses, retention time &2 FAE XS A3 2 FE
SIM mode A< A 83 BTEX Z2H2H9] molecular
weight, characteristic masses, retention time2 EMJ]
Atk
‘21% A& F BTEX®| A#wA 223, Tauble 29
o)Ly} HEE A7 HEsle] AL BTEXS &
T8 ARMEIAR} NE F %:_‘-:_7} =

®
EZ o NE(BW23)S ARvEITHNLS Fig 33}

L
o

e o 1 r_u

4 0

EEHRTAH 93t A5 HREAL A
nit} BTEX £3-& L
2448 R3S, ol 2AR AT

>

&sto] skt A& AR SN 7}

HRE oo BAY AR 7197 1i LFFEG s/m)
A27% Vs 5 GOR ANSYTS 42 AR
o ek AP Az A, 8714, wﬁw A&
£ Table 49 JeRT},

Table 4°1A ZF3FAFR?) 7S Z+7ZF benzene
0.9846 ~0.9934, toluene 0.9876 ~0.9940, ethylbenzene
0.9888 ~0.9945, o-xylene 0.9866~0.9962 H o)™ ujf
T+ F2 A4S vebdh AE 34 32 benzene
0.34 ~0.42 ng/mL, toluene 0.04 ~0.14 ng/mL, ethylbenzene
0.03 ~0.05 ng/mL, o-xylene 0.03 ~0.07 ng/mL <] ¥
A9 Hge zHzE 039 (+0.04) ng/mL, 0.08 (+0.04)
ng/mL, 0.04 (£0.01) ng/mL, 0.05 (=0.02) ng/mL= ppt

T W2 =7 AEo] 7heskiith

Table 4. Simple linear regression results for standard calibration

Coefficient of  Detection limit

Analysis date Matter Regression eqn. correlation (R?) (ng/mL) Sample name
Benzene y = 8166.1x + 4836.2 0.9846 0.34
16. Oct. 2008 Toluene = 15752 + 11830 0.9876 0.07 TWI-GW1
» Db Ethylbenzene y = 53535x + 28999 0.9888 0.05 -
0-Xylene y = 39052x + 33445 0.9866 0.07
Benzene y = 7029.8x + 5783.4 0.9934 0.42
30, Oct. 2008 Toluene = 14118x + 8430.4 0.9915 0.14 BWI-BW23
» D Ethylbenzene y =45761x + 17715 0.9921 0.03 -
o-Xylene y = 33609x + 17450 0.9912 0.03
Benzene y = 6776.2x + 5861.6 0.9911 0.42
Toluene y = 14133x + 4541.5 0.9940 0.04 BW24-BW30
7, Nov 2008 Ethylbenzene y = 496709x + 1032.5 0.9945 0.05 -
o-Xylene y = 37469x + 9682.1 0.9962 0.06

Vol. 24, No. 2, 2011
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33. He= MEMs) & BTEX sk
He AE 5 BTEXS JHEINE Table 59 YER]

t} o] AZE2 2008 109 ~11¥ Alolo] AFAY
NAFulE, HolH T3 FHMsiA &HEH =
25 WAL 30 F2] FAHAE25 MY FARSFG NHE
FH3te] EFS AR A A9 He AE
30 7} A& FollA benzened} o-xyleneS R A&l
A 3] AZHA AL toluene 11 7 A|FollA 7
=501 gh5-2Fo] nd~295 ngmL 9] FE HIS
Y STl 28] 3, ethylbenzene2 3 7l 2] A3 of A
shf-ko] nd ~0.93 ngmLe] F= B9E Vet

B FUAEL A FLE U] B
= ME A4S AA 5 FF F AlE BW23

2
i

Table 5. Analysis results of various bottled water (n=3%)

ofN
o

< toluene, ethylbenzene©] A HAEFANSH o] |
& A% 4 F74 AlEolH e BTEX7H A& HA
ottt HANES] 925 TR/ F 10 712] AFNA
toluene¥} ethylbenzene®] 7 & = +=dl th¥-Ho] vk
9] toluene®| 2™ W 9= nd~227 ngmLe] TEE
eIt AlE BW299lA & toluene, ethylbenzene©]
7 AEE AT A Al BW23Z 4F A S BW29
27112] AF-E toluene, ethylbenzene©] FAol &= S
=l o] AFES ARk = AEo] ofd gHito]
E9] A= AlFoIA. 13 toluened} ethylbenzene>
Ayt 9= E 42 7159l toluene 700 ng/mL,
ethylbenzene 300 ng/mL3} H]wal £ wj A|Zo] &
FTEA JE 30 T He AE AFS BTEX §F

AT m=

(uint : ng/mL)

Sample name Company Benzene Toluene Ethylbenzene o-Xylene
BW1 NSAH nd nd nd nd
BW2 CKA} nd 1.39(%£0.08) nd nd
BW3 DWA} nd 0.24(+£0.09) nd nd
BW4 SIAH nd 1.11(£0.05) nd nd
BW5 HCAF nd nd nd nd
BW6 LDA} nd nd nd nd
BW7 SCA nd 2.95(+0.08) nd nd
BWS HTA} nd 0.65(%0.09) nd nd
BW9 SSAF nd nd 0.93(£0.10) nd
BW10 KHA} nd nd nd nd
BWI11 HTA} nd 2.27(£0.09) nd nd
BwWI12 PMA} nd nd nd nd
BWI13 DMA} nd nd nd nd
BW14 SPA} nd 1.75(%£0.06) nd nd
BW15 YRA} nd nd nd nd
BW16 HIA} nd nd nd nd
SBW17 LDAF nd nd nd nd
SBW18 HSA} nd nd nd nd
BW19 LDA} nd nd nd nd
SBW20 YBA} nd nd nd nd
BW21 SFA} nd nd nd nd
BW22 YHA} nd 0.71(£0.10) nd nd
SBW23 SEA} nd 1.21(£0.05) 0.31(£0.04) nd
BW24 NYA} nd 0.67(+0.11) nd nd
BW25 PRA} nd nd nd nd
BW26 KYA} nd nd nd nd
BW27 DHA} nd nd nd nd
BW28 DYA} nd nd nd nd
BW29 YHAF nd 1.74(%0.06) 0.08(£0.04) nd
BW30 MHA} nd nd nd nd

*Repeated 3 times for standard calibration method
SImported bottled waters

Analytical Science & Technology



HS-SPME-GC/MSE ©]4-3 &= M E F lAl, 57, o 2w, Al o] g & 125
Table 6. Analysis results of tap water & ground water (n=3%) (uint : ng/mL)
Sample name Sampling location Benzene Toluene Ethylbenzene O-xylene
TWI Jungnosong-dong 2street 1.18(£0.04) nd nd nd
TW2 Hyoja-dong 3street nd nd nd nd
TW3 Songcheon-dong 1street 0.35(£0.08) nd nd nd
TwW4 Samchun-dong 1street 2.71(£0.07) 1.30(£.04) nd nd
TWS5 Seoseohak-dong nd nd nd nd
TW6 Gim-je sinkog-dong nd nd nd nd
TW7 Im-sil kwanchon nd nd nd nd
TW8 Jungnosong-dong 1street nd nd nd nd
TW9 Hyoja-dong 3street nd nd nd nd
GW1 Pyeonghwa-dong 1street nd nd nd nd
*Repeated 3 times for standard calibration method
< F&F VIR 2 X A F A L T FREWS, FU5)t AFA FEE 9 X, VIEER
ANt X] 34 1 328 AE3se] 100 um PDMS fiberE ©]
gate] WE3 s R FE WA BTEX
34. %2 ¥ A&+ & BTEX Sk & ZAbsRlH
=87 T He e A s AsiM A 2. 100 um PDMS fiberg ©|&-3ted 524 §lol

FEREH AstrE AFste] 4 ‘%kO]'M
t} o] 59| BTEX & ¥4 3= Tuble 69 UEFATE E
AN B uiel o] FxEE 9 N, AdrAAME
ethylbenzene¥} o-xylene©] AZEH A &t} 22}

benzene©] 3 3LollA], 2] 3L toluene 1 Lol HEF
Aow 1 FEHL= 7+ nd~1.18 ng/mL, nd ~ 1.30

ng/mLe] At} Ed ~5&E 5 benzene, toluene®] & A
ol A&EE AN BT TW4 olth. FAXJ 2 Aty =
Aekr 1 X5 gt 4% 23 BTEX7 A&
A o} ol & 7 BEE Atk HeE AEdA =
wiAdlo] Hs HAEHA ke /M FxEdAe
°él'?— Al F oA Jﬂol v A= sid=t O]h
FHAANN FYE AR FSEY = 9 X

7‘] sk 1 X2 He e TR E sEve 2
7% 3 94 %ol BTEX HellM e F8&FE Hl s
ATFAL Pt

= /‘“%-‘% TE=, 1]3]"/?01]/*194 BTE

toluene, ethylbenzeneO] el FEEIAAE

benzeneol AZEYPo o5 A8 B57t 285 &

7152 d3lske AF 292 sldith

%F»b-

1__

L&A Aol Alasa 9le e e

Vol. 24, No. 2, 2011

ZAGANL o] g3t ATHA 7} BA o]
H#7ZE 37 = benzene 0.39 (£0.04) ng/mL, toluene
0.08 (£0.04) ng/mL, ethylbenzene 0.04 (+0.01) ng/mL,
o-xylene 0.05 (£0.02) ng/mL ©] At}

3. BTEX7} A 5=l 4= toluene®] nd ~2.95 ng/mL
55 HYE 7AZE =AU ethylbenzeneS nd~0.93
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EYHe A

A AEEE 5AHL 2
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=9 & 775 T80 AL U5 ¢
F AATH
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