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15 volatile organic compounds (VOCs) in bottled waters, health drinks and product waters of a filtration
plant were quantitated using headspace solid-phase microextraction (HS-SPME). Two fiber types, i.e., 100 um
PDMS and 65 pm PDMS/DVB were tested to determine the optimum extraction conditions over a con-
centration 0~80 ng/ml range of VOCs. At the absorption time of 4 min and the stirring velocity of 1200 rpm,
coefficient of correlation for calibration curves of VOCs by 65 pum PDMS/DVB fiber were 0.9831~0.9993 over
a concentration range of 040 ng/ml VOCs, whereas those values by 100 um PDMS fibre were 0.9751~0.9945
over a concentration range of 080 ng/ml VOCs. Thus, 65 um PDMS/DVB fiber was used to extract VOCs
from samples with different matrixes. Quantitation was achieved using standard calibration method. Most of
VOCs were not detected in many samples. But chloroform and bromodichloromethane were detected from the
water samples of 6 different types plant. The concentration range of chloroform detected in this study was
nd~14.79 ng/ml (n=6), while that of bromodichloromethane was nd~8.74 ng/ml. In addition, dibromochlo-
romethane of nd~2.14 ng/ml and toluene of nd~41.95 ng/ml were detected from 2-type and 3-type water sam-
ples, respectively.
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Table 1o YeRATE.
3d E4g BA5] 98k AlgRoll= headspace
extraction’?} purge and trap*®S ARE-3lo] &3P,
Wsuby E2o SPE (solid phase extraction)*$}
liquid-liquid extraction*®H& AR&-&c}, 2L} SPME

Table 1. The established criteria of the VOCs for drinking
water (unit: pg/mL)

VOCs Korea WHO U.S.EPA
Benzene 0.01 0.01 0.005
Bromodichloromethane 0.03 0.06 0.1
Bromoform 0.1 0.1 0.1
Chloroform 0.08 0.2 0.1
Dibromochloromethane 0.1 0.1 0.1
Ethylbenzene 0.3 0.3 0.7
m-xylene 0.5 0.5 10
Methylene chloride 0.02 0.02 0.005
o-xylene 0.5 0.5 10
p-xylene 0.5 0.5 10
Tetrachloroethene 0.01 0.04 0.005
Toluene 0.7 0.7 1
Trichloroethylene 0.03 0.07 0.005
1,1-Dichloroethene 0.03 0.03 0.07
1,1,1-Trichloroethane 0.1 2 0.2
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A= LF(99.9999%)S AHEEHY 552 1.5 ml/min
o]t} o]&3} A= 70 eVol| o AAHE o|2E
£ SIM(selected ion monitering)* o AMg-sle] Aok

shie.

VOCS E22 Supelcorle] KDWR VOC MIX A=
A 15%2] VOCs 1.1.1-trichloroethane, 1.1-dichloro-
ethane, bromodichloromethane, dibromochloromethane,
p-xylene, o-xylene, m-xylene, trichloroethylene, tolu-
ene, tetrachloroethylene, methylene chloride, ethyl-
benzene, chloroform, bromoform, benzene®] metha-
nolel] &af=o] = 100 pg/mL FF8S AR
o}, &3t Ago) A" Al E 25 Milli-RO system
= BT 37 FRTE ARSSIITh S mEES
Sigma-Aldrich (Milwaukee, USA) SFA12FS ARSI
o, YR-EFE42! fluorobenzeneS methanolol] 83l
F 2000 ug/mL Sigma-Aldrich (Milwaukee, USA) &
T&HS ARSI vho]¥2 40mL T Hio|gF}
PTFE (polytetrafluoroethylene) A2 =2 & 2357 F74
=} Silicon "PH(AldrichyE AFR-3ITh & 3L e %
o] 7153 tAE b9} SERE ~"ul 22 mmE
AHE3IITE SPME 52 9138 fiber= Supelco (Chi-
cago, USAXIZRE 100 um PDMS, 65um PDMS/
DVBE %45t AR&-aHitt.
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Table 2. GC/MS operating conditions for determination of VOCs

17A Gas-Chromatography, QP 5000 quadrupole Mass spectrum (Shimadzu) DB 5 cross linked

5% phenly methylsilicone fused-silica capilary columm (30 m x 0.25 mm LD., 0.25 um film

GC/MS columm
thickness, J&W Scientific, USA)
Oven temp. VOC: 60°C (4 min) next 200°C (40°C/min)
Injector temp. 250°C
Detector temp. 250°C

split ration 2:1
helium (99.999%)
1.5 ml/min

EI (70 €V)

Injection type
Carrier gas
Flow rate

Tonization mode
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Fig. 1914 2% 100 um PDMS fibere] 79 A&
A7F 28-S 71Fe® 28 Ao el 1,1-dichloro-
ethene, methylene chloride, chloroform, 1,1,1-trich-
loroethane, benzene, trichloroethylene, bromodichlo-
romethane W2 )lo] ERFYslar 89271 &7
sl YeRga, 28 $9 toluene, tetrachloroethy-
lene, ethylbenzene, o-, p-, m-xyleneS vj-$- A% 37
vephdtt &3 dibromochloromethane (peak No. 11),
bromoform (peak No. 15)& o}F & H-¢g]5 et
o] FFA% 2M3 Al ojEigol U AR o
At

QAo Fig, 20A= 4&EA fiberdd
DVB fiber= 573441 ofue} ¥4 22704 &3t
7] wjitoll Zzhe] BAEA tisfe] A7k wE A
sk B9g A7IE 4 F YRS scan A|7HE 580
ok 28} o] Z9-o%= dibromochloromethane (peak
No. 9), bromoform (peak No. 13)2] &% A7l=
w9~ oF31A LyeRsttl, 3 1,1-dichloroethene®}t me-
thylene chloride (peak No. 1)Y= HF-E A|7to] Z}z+
11983 122802 27} v o2, p-xylenest
m-xylene F 20| FXof wj-9- Al &-9-2|(peak No.
12)= Elsit.

o] i fiberoll F2F F YHAIZ] FFAIRS ARRPE
IS v waj B ekS wl 100 um PDMS fibere] 732
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_4

Table 3. Molecular weight, characteristic masses, retention time for 100 ng/mL of VOCs standard solution

Molecular weight

Characteristic masses Retention time (min)

1,1-Dichloroethene 96.00
Methylene chloride 84.00
Chloroform 119.39
1,1,1-Trichloroethane 133
Benzene 78.00
Fluorobenzene(ISTD) 96.00
Trichloroethylene 130.00
Bromodichloromethane 163
Toluene 91.15
Dibromochloromethane 208
Tetrachloroethylene 166.00
Ethylbenzene 106.00
p, m-Xylene 106.00
Bromoform 173.00
0-Xylene 106.00

*96, 61. 1.19
*84, 49 1.22
*83., 47 1.40
*117, 97, 61 1.49
78 1.56

*96, 70 1.63
*130, 95, 60.15 1.73
*83, 47, 163 1.78
*91.15 2.23
*129, 79 2.54
*166, 129, 94 2.72
*106, 91 3.56
*106, 91 3.73
*173, 92, 79 4.06
*106, 91 4.23

*selected masses.
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Fig. 1. GC/MS-SIM total ion chromatogram for 10 ng/mL VOCs on 100 um PDMS fiber.
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Fig. 2. GC/MS-SIM total ion chromatogram for 10 ng/mL VOCs on 65 um PDMS/ DVB fiber.
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Fig. 3. Absorption time profiles obtained for a standard
solution analysed by HS-SPME using 65 um

PDMS/DVB fiber at 1200 rpm.
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Fig. 4. Absorption time profiles obtained for a standard

solution analysed by HS-SPME using 100 um
PDMS fiber at 1200 rpm.
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PDMS/DVB fiberZ2 SAEES vS4EEE I &
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Table 4. Summary of some physical constants for VOCs

ARl YA FAFS Hole A 2 (el <3t
g o] o FoAl= Ml =27 IHEU (o)

3

9] 9= tetrachloroethane, ethylbenzene, m.p-xy-
lene, o-xylene® 2 FHof F2=F 1200 rpmol| 4] e}
Wk L % 1700 rpmellA = ks 42 VER]
=t o] 22 A2 Bl =1, F7I%e] w2 3}
- (Table 3)¢] WRISET} WETS gL Uy
272 o] PDMS/DVB fiberel| 7}33}A
yehdith, 1700 rpmell A o] 748
o] BEAS Bl 71X fiber2 A
o Yloju= A2 ek

T3 Fig. 6& 100 um PDMS fibere] 32#-s 1}
ERd Zlojn % (s AT &3l JUAE
Z =22 1,1-dichloroethylene®] <%+ 600 rpmel|A ]
o) &3S Hol7|% 3tk 22y dibromochlorome-
thane, bromoform2] 7%= 0, 600, 1200, 1700 rpm
o] A FoAelM A9l 2 FERFS Ye=H o5l
ol EH9| W2 FeAd W2 F7ISE Wil AR
Ho} (b)) 7% flurobenzene, trichloroethlyne, 1,1,1-
trichloroethane 52 1200 rpmellA] Hoh E3S B
3L o]% ZhAslAiT). o)A Fig 59 (09 "S- fAkg
7S YeRAY riR A2 Fig. 52 (o 600 rpmell
A A F2EE Uepd F 1700 pm7A] 9AE S
#F2 H9+=d °lE Fg 52 (¢) 65 um PDMS/DVB

ox
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=
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Formular/MW B.P (C) VP. (mmHg, 20C)
1,1-Dichloroethene C,H,Cl,/99 57.3 87
Methylene chloride CH,Cl,/84 40.5 353
Chloroform CHCly/119 61.7 160
1,1,1-Trichloroethane C,H,Cly/133 74.1 100
Benzene CeHy/78 80.1 75
Fluorobenzene (ISTD) CsH5F/96 84.7 63
Trichloroethylene C,HCl14/130 86.7 61
Bromodichloromethane CHBrCl,/163 90.1 117
Toluene C;Hy92 110.6 21
Dibromochloromethane CHCIBr,/208 120.0 76
Tetrachloroethylene C,Cl/166 121.1 13
Ethylbenzene CgH, /106 136.2 7
p-Xylene CgH, /106 138.3 9
o-Xylene CgH, /106 140.0 7
m-Xylene CgH, /106 139.1 9
Bromoform CHBr4/253 149.5 5
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Fig. 5. Effect of agitation velocity on the amount of VOCs
adsorbed by HS-SPME using 65 um PDMS/DVB
fiber.
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Fig. 6. Effect of agitation velocity on the amount of VOCs
adsorbed by HS-SPME using 100 um PDMS fiber.
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Table 5. Summary of regression equation, coefficient of correlation and detection limit for VOCs

Coefficient of

Coefficient of

Regression eqn. determination Regression eqn. determination D et'ec.tion
VOCs ) @) limit
. . (ng/ml)
first analysis second analysis
ﬁelgﬁ;ggzo‘étﬁf;‘fd: y=4390x +29887 0.9967 y=12488x+118102 0.9908 0.53
Chloroform y=5686x+50909 0.9941 y=16415x+179698 0.9894 0.11
1,1,1-Trichloroethane y=9706x+97976 0.9878 y=31024x+225561 0.9906 0.08
Benzene y=15753x+167577 0.9889 y=51384x+419494 0.9899 0.11
Fluorobenzene y=10360x+159247 0.9984 y=33198x+348713 0.9612 0.08
Trichloroethylene y=16301x+128477 0.9926 y=43357x+300312 0.9900 0.10
Bromodichloromethane y=6679x+52323 0.9973 y=14247x+124433 0.9831 0.10
Toluene y=30607x+195493 0.9870 y=61734x+376877 0.9938 0.21
Dibromochloromethane y=3402x+17777 0.9972 y=5330x+34141 0.9912 0.51
Tetrachloroethylene y=21413x+102104 0.9953 y=39064x+169041 0.9969 0.32
Ethylbenzene y=84689x+193724 0.9993 y=122955x+475099 0.9939 0.05
p, m-Xylene y=140251x+431191 0.9993 y=196954x+907090 0.9929 0.05
Bromoform y=3428x+13941 0.9972 y=4896x+21463 0.9951 0.55
o-Xylene y=54000x+ 155985 0.9990 y=83158x+293868 0.9951 0.07
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2 9] EHES HAEHA &9it o] EHEC] HER
FEo HYES B9 chloroforme 6572 AlFolA
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ZHNA nd~8.74ng/mL W<$|Z, dibromochlorome-
thane 2FFolA nd~2.14 ng/mL WS, tolueneS
3ZFolA nd~41.95 ngmLe] W92 HAEEJt. 18]
I o] 2AEY He E 7 7152 77 80ng/mlL,
30ng/mL, 100 ng/mL, 700 ng/mLE AFA7S +2
713 vlasl 2 Ay 74 7ES 28e AEe
gllom vl ke Fr4Eo|QiT), ESE chloroform,
bromodichloromethane, dibromochloromethanes =
Ade] FATo AEEJeH ol Aol 4
e A A7 AEFLE 98] AAE Ao,
toluene®] 7% vlrlE H3F EF0IA 1.38~41.95ng/
mLE &% AZHUA= oA AN FYd
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Table 6. Analysis results of variety drinking waters (n=3*) (Unit: ng/mL)

. 1,1-dichloro
Bromo Dibromo Tetra . 1,1,1-
. Ethyl m,p- Trichloro  Bromo . ethene +
Water types Chloroform dichloro chloro Toluene  Benzene o-xylene chloro trichloro
benzene xylene ethylene form methylene
methane  methane ethylene ethane .
chloride
Raw water  14.79 8.74 0.54 nd nd nd nd nd nd nd nd nd nd
Floccu-
lation 11.07 6.74 nd nd nd nd nd nd nd nd nd nd nd
water
Sgﬁlrilvzrtlgm nd 1.33 nd nd nd nd nd nd nd nd nd nd nd
Filtration
water 6.23 3.3 nd nd nd nd nd nd nd nd nd nd nd
%gtl;lf nd 0.24 nd nd nd nd nd nd nd nd nd nd nd
DVZVIa(tl;(;t)tle nd nd nd nd nd nd nd nd nd nd nd nd nd
DVi/VZa(tbe(;t)tle nd nd nd nd nd nd nd nd nd nd nd nd nd
D\R\i}?;(tt;c;t)tle 0.42 nd nd 41.95 nd nd nd nd nd nd nd nd nd
szv‘izort)ﬂe 0.39 0.24 nd 138 nd nd nd nd nd nd nd nd nd
Dvyvi(tbeort)ﬂe nd nd nd 15.52 nd nd nd nd nd nd nd nd nd
DW(;(Z;tam nd nd nd nd nd nd nd nd nd nd nd nd nd
DVZZ;?:SM nd nd nd nd nd nd nd nd nd nd nd nd nd
DWS8(juice) nd nd nd nd nd nd nd nd nd nd nd nd nd
DW9(@uice) 12.95 nd nd nd nd nd nd nd nd nd nd nd nd
Dvglﬁgg“a nd nd 4.88 nd nd nd nd nd nd nd nd nd nd
Dvgllilllglta nd nd 2.14 nd nd nd nd nd nd nd nd nd nd

*replicated 3 times for standard calibration method
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Table 7. Analysis results of waters of filteration plant (n=3%) (Unit: ng/mL)

Chloro Bromo Dibromo
Water types dichloro chloro Benzene Tolune m,p-xylene  o-xylene
form
methane methane
Raw water nd nd nd nd nd nd nd
Flocculation water 9.14 5.72 1.12 nd nd nd nd
Sedimentation water 8.86 7.61 1.26 nd nd nd nd
Filtration Water 13.29 7.16 0.43 nd nd nd nd
Spring water nd nd nd nd nd nd nd
Tetrachloro Trichloro Dibromo 1,1,1-tri 1,1-dichloroethane
Water types chloro Bromroform +methylene
ethylene ethylene chloroethane g
methane chloride
Raw water nd nd nd nd nd nd
Flocculation water nd nd nd nd nd nd
Sedimentation water nd nd nd nd nd nd
Filtration Water nd nd nd nd nd nd
Spring water nd nd nd nd nd nd

TG PRI T TR AmR
E<21 chloroform, bromodichloromethane, dibromoch-
loromethane & 3572 E2W AZFo] HYY 2 F=
B9+ 2 nd~13.29 ng/mL, nd~7.61 ng/mL, nd~
1.26 ng/mLellom RE o] HeE 7% 1/10~1/
100 =0t} A =xjollA toluene©] 1.38~41.95
ngmlLE &% AZFEHJoH ole 3774 7Iedd

70 ng/mLE 23R LUt

m
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