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1,3,5-trimethylbenzene, 1,2,4-trimethylbenzene, naphthalene™} 2,4,6-trichlorophenol-< 2+7+ 0.4, 1.9, 1.3, 0.2, 1.8,
13.0, 1.7 283 1.1 pg/L7HA] HZE = A 2.1 chlorobenzene, trichloroethylene, tetrachloroethylene, ethylbenzene,
n-butylbenzene @} dibromochloropropane®] & 22 7|7F 5ol HETA ol ks BRI o] =5
Aol AARES AR 23 RS AeAdgon AARE Aoz AU
Abstract : A gas chromatography-mass spectrometric (GC-MS) assay method was developed for the rapid and
sensitive determination of volatile- and semivolatile organic compounds in water. Two hundreds mL of water
sample was extracted in a 250 mL separatory funnel with 1 ml of pentane at pH 6.5. Fluorobenzene and
1,2-dichlorobenzene-d, as internal standards were added to water sample and the solution was mechanically shaken

for 5 min and analyzed by GC-MS (selected ion monitoring) without more any concentration or purification steps.

% Corresponding author
Phone : +82+(0)41-850-8811 Fax - (0)41-850-8810
E-mail : hshim @kongju.ac.kr

240



e

ol
=

21 > A

A W3] kg

il

3]

o,

% AR % #7184

A
A

z

k=)

=2l
H X

o

241

The peaks had good chromatographic properties and the extraction of these compounds from water also gave

relatively high recoveries with small variations. The range of detection limits of the assay was 0.5-10 ng/L.

Turnaround time for up to about 40 samples was one day. This method is simple, convenient, and can be learned

easily by relatively inexperienced personnel. This method was used to analyze 15 volatile- and semivolatile organic

compounds in water of a Lake, and raw and treated water from three Water Treatment Plants in Korea. As the

analytical results, benzene, toluene, xylene, isopropylbenzene,

1,3,5-trimethylbenzene, 1,2,4-trimethylbenzene,

naphthalene and 2,4,6-trichlorophenol were detected at concentrations of up to 0.4, 1.9, 1.3, 02, 1.8, 13.0, 1.7

and 1.1 pg/L, respectively. But chlorobenzene, trichloroethylene, tetrachloroethylene, ethylbenzene, n-butylbenzene

and dibromochloropropane levels during that period were not significant. The removal effect of the compounds

in three Water Treatment Plants was calculated. The compounds studied were generally removed during

conventional water treatment, especially during the active carbon filtration.

Key words : VOCs, GC-MS, LLE, removal effect
1. M 2 & &A= ol giet.
SPMEH-< SPE (A FEW)9 A= 2o, A

B2 Qo] Aoyl F4FQ Q40w AR B ol HA aFHW, nA}o] ofF 75.}3} E4o]
B 074 &5 A8 J1EFHeth A2 TS & AUtk 3o A% EF (VOCs)E £4 T wde
A8}, A 59 1=s), AEekAe] Wsl Fo wEl  polydimethylsiloxane/divinylbenzene (PDMS/DVB)E Ay
72t 2 9gA Yol FuleH Hih $Evee E fiberS F2 ARSI o] fiberS YHFO] &7}
EFEFY HRES ARSI say skl oEst @3 Wl ' F (8ol ¥4 ¥%F), GC injection
3k 53] o] 9e AMEEA 2AE AT T portd] HEE FY3fe] G T 7‘1"]715 ol
ae &5 FF WA vif T3 9T stu Jo  th Aol HiuH F HEFAV) ppt FELE W
W EA9 o]go] ZUIEWA A4E FFske W¥ e ARl o, fiber 3 N A2 TFsd AET)
Fav AR S FHY) A8 I AFAE ISABER o] o] Erf, HiHo] 220 Tolste )
HBZ Fe, Agst 9 3 95 5o dF 2 #7 ]%él-‘ﬂg AR & Qltke ©Xo] gl &
LAEAY F9og Qs oF Alaol wlg- FHeFslth 3 FV] T FUIERS FHASEE Fsof dith
£3] 3 FU1LAEA, AU18A, ds, Fok tE Closed-loop stirring (CLSA)H-2 QefAFH & A&
WEE B3les 5o 4F fU13Ed 93 40 Fo Vocs A FF 9 A g AMEE &
Ao QAzte] ARl 2 TS AA HEz 29gl o CLSAYS AEIA) vl$ o) Agto] vl
= A9 tiido] Hojstth o ZAH, Aol wet F5¢ S CSe AR

A BARE He BN 4% WA £33 shH, LR o Boldtkes die] A
EE5S MABIE o 3k 9 54 FoXME 1A Purge & Trap< W& Hax o} IAEHo=
Sta YA Rol o]Fo] U Foll drhd da AEH  HHs AE FA Ledte o] lov HE
2] FALANAN drid AARHD A=A7E etk AT ppb FEOIH, 7€ XJH = B7Fsstd A
olg} o] AFA EES HARPIPAAE ngle] E2& AWE Fsiorithe 9] ok
B9 FHo] hedt = ARl Basith Headspace R A&l X34 33]‘?2”‘3 F7IEAS &

AA7tA B AR o A 295 (VOCs)e  Astr] sl o2 kA WS o] &5t EAEEES 3
42 dubr o7 SPMEY, closed-loop stirring (CLSA)  'FA17]= SPMEWH ¥ 92| WHol|A< vt %k SPMEY
W, purge & trap®, headspace™, solid phase extractiond] - fiberE ©]-&3to] Fdd IS EF F23HY injection
2 liquid-liquid extraction (LLE)Y 53 2-& ol ¢  portollA ZAF &23AA HEEZ A%/t o4
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1,3,5-trimethylbenzene,

A9l chlorobenzene, benzene,

toluene, ethylbenzene, o,m,p-xylene, trichloroethylene, tetra-

Table 1. Operating conditions of thermal tube desorber

oral A

chloroethylene, n-butylbenzene, isopropylbenzene, 1,2,4-
trimethylbenzene, dibromochloropropane, naphthalene, 2,4,6-
trichlorophenol ¥} W¥¥#E4 (ISTD)$] fluorobenzene %
1,2-dichlorobenzene-ds= Supelco (7]=) E+= Aldrich (U]
THAZFE A8k AT

2.2. A=A

20021 79FEH 1089704 DEFE AFE ARShe
20 A (BT 1IBehHe ek 74 dAd
Yo GHFE Y942 AHgsE 1) AFE 03
T A4 2 74 9AME A4 2 LE 6 M HCL 2-3
Hes we 24 fEddl ¥l Ik glo] ol £

A7 4 TO ol maste] AHgaich

23. E8I171 ¥ =A

Agilent 6890 gas chromatography (GC)¢l| direct interface
2 AZ4 5973-N MSDE AHE-3I4ith E AlE= HP
7673A autosamplerE A8t GCol| F95+H o™ data
system . 2= HP GG1701AA MSD chemstation ©]-8-5}

Ak A HHZAL Table 17} 2},

Parameter Conditions
Column HP-5MS (Cross-linked 5% phenylmethylsilicon)30 mx0.2 mmI.D.x0.25 ym F.T
Carrier He at 0.8 mL/min
1.5 C/min 5 C/min
Oven Temp 5 . o . o 9 .
40 C (5 min) — 55 C(@2min) — 160 C post run 300 C(5 min)
Injector type split mode 10 : 1
Injector Temp 250 C
Transfer line 280 C
Selected Ion Group Start time (min) Selected Ions, m/z
1 2.00 78, 96
2 3.50 130, 132
3 4.50 91, 92
4 6.00 164, 166
5 8.00 77, 112
Group 6 9.45 105, 120
7 13.00 91, 106
8 19.20 150, 152
9 21.30 91, 134
10 26.00 128
11 28.00 196, 198
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Fig. 1 Chromatogram of the extract from water spiked as the concentration of 100 ng/L of the compounds studied
(1:Benzene, 2:Fluorobenzene(ISTD), 3:Trichloroethylene, 4: Toluene, S5:Tetrachloroethylene, 6:Chlorobenzene,

7:Ethylbenzene, 8:m,p-Xylene, 9:0-Xylene, 10:Isopropylbenzene, 11:1,3,5-Trimethylbenzene, 12:1,2,4-Trime-
thylbenzene, 13:Dichlorobenzene-d4(ISTD), 14:n-Butylbenzene, 15:Dibromochloropropane, 16:Naphthalene,
17:2,4,6-Trichlorophenol).
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Table 2. Linear equation, linearity and detection limit of VOCs spiked in water

Compounds Range (ug/L) Calibration curve 7,2 MDL (ng/L)
Trichloroethylene 05~10 y=0.0807x + 0.0066 0.9980 10
Tetrachloroethylene 05~10 y=0.1341x + 0.0335 0.9955 5.0
Chlorobenzene 05~10 y=0.1693x + 0.0378 0.9973 1.0
Benzene 05~10 y=0.1918x + 0.0354 0.9925 50
Toluene 05~10 y=0.4314x + 0.1674 0.9957 1.0
Ethylbenzene 05~10 y=0.5964x + 0.1914 0.9947 1.0
m,p-Xylene 05~10 y=0.9293x + 0.3296 0.9939 0.5
o0-Xylene 05~10 y=0.4819x + 0.1621 0.9941 1.0
n-Butylbenzene 05~10 y=0.2936x + 0.0306 0.9975 0.5
Isopropylbenzene 05~10 y=0.6628x + 0.2016 0.9938 1.0
1,3,5-Trimethylbenzene 05~10 y=0.2720x + 0.0381 0.9964 1.0
1,2,4-Trichlorobenzene 05~10 y=0.2720x + 0.0368 0.9964 1.0
Dibromochloropropane 05~10 y=0.2819x + 0.0019 0.9986 5.0
Naphthalene 05~10 y=0.5137x + 0.1072 0.9982 0.5
2,4,6-Trichlorophenol 0.5~10 y=0.0400x + 0.00017 0.9967 5.0

44 9 ukEpEy f71E2S 200 nglLe F=7)
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F2 AgRE V) 357 0359 9% 2 7
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Table 4= 2002'd 7¥€7H 10892744 ¥ 83 A3
st Alge] 4 Adelty. o EF& AT 4% 2
3} benzene> 0-0.4 pg/L, toluene 0-1.9 pg/L, xylenes
0-1.3 gL trichloroethylene 0.1-1.1 pgLY] F=Z A
259tk 71E % benzene, toluene 2 o-xylene> -3
@ A, AFA FoERH Q490 2 £ e EFE
d Az wFe 2L gi71E TR Tk
sty F2 7, 8850 dFdA SAHFUG A He
E 7|FSZE benzene 10 pg/L, toluene 700 gL,
xylene 500 ug/L, trichloroethylene 30 ugLZ FZ
L FolAM SHE FEL 7ITXEY benzene 1/10,
toluene> 1/350, xylene 1/100 Z12]3L trichloroethylene
2 13002 S| E7ISIAT £ AgellA AR

I.

X &%

(e

N

WS AYEES &7 14 A HoEA AT
Ao H3kd & Qe SHeE HuH
B ZAMIA 1,3,5-trimethylbenzene 3L 1.8 ugL

(prb)d F=7HA AL 1,2,4-trimethylbenzene-
31 130 pgL (ppb)d] TE=7HA FHHUNOH F2 7,
8EFo] AFaA SAHU oJ5L W He & 7]
To2E AAEo] A ¥e IFFEECIL 1Y o

= eSS AL FolMe FE AEFHA A3
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Table 3. Precision and accuracy of VOCs spiked in water

Compounds Spiked Conc. (ng/L) Calculated Conc. (ng/L) Mean+=SD (RSD%)
Trichloroethylene 100 88, 99, 99, 94, 95 9544 (4.6%)
Tetrachloroethylene 100 80, 83, 83, 79, 82 81+2 (2.6%)
Chlorobenzene 100 106, 103, 108, 103, 118 108+6 (5.5%)
Benzene 500 555, 475, 593, 536, 549 542+43 (7.9%)
Toluene 500 422, 495, 474, 473, 409 455+37 (8.1%)
Ethylbenzene 100 105, 111, 119, 116, 118 114+6 (5.2%)
m,p-Xylene 100 105, 118, 117, 117, 120 11546 (5.2%)
o0-Xylene 100 109, 113, 103, 107, 102 107+5 (4.3%)
n-Butylbenzene 100 116, 106, 108, 110, 109 109+5 (4.9%)
Isopropylbenzene 100 114, 110, 115, 111, 120 11444 (3.5%)
1,3,5-Trimethylbenzene 100 115, 119, 114, 116, 107 114+4 (3.8%)
1,2,4-Trimethylbenzene 100 112, 122, 112, 105, 117 1146 (5.7%)
Dibromochloropropane 100 88, 82, 80, 83, 85 83+3 (3.9%)
Naphthalene 100 114, 108, 112, 107, 105 109+3 (3.1%)
2,4,6-Trichlorophenol 50 53, 50, 50, 51, 47 50+2 (4.8%)
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Fig. 2 Chromatogram of compounds detected in a water sample from an Water Treatment Plant (1:
fluorobenzene(ISTD), 2: Toluene, 3: Ethylbenzene, 4: m,p-Xylene, 5: o-Xylene, 6: dichlorobenzene-ds).
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Table 4. Analytical results of volatile- and semivolatile organic compounds in D Lake and treated water
Comp.  Site Treatment State Concentration (1g/L)

7/12 7/26 8/9 8/23 9/6 9/27 9/30 10/7

D lake Raw ND ND ND ND ND ND - ND

Raw ND 0.20 ND 0.40 ND ND ND ND

After Pre-chlorination ND 0.10 ND 0.20 ND ND ND ND

After Coagulation - 0.10 ND ND ND ND ND ND

OWTP After PAC ND ND ND ND ND ND ND ND

B After Filtration ND ND ND ND ND ND ND ND

. After GAC ND ND ND ND ND ND ND ND
After Post-chlorination ND ND ND ND ND ND ND ND

i Raw ND ND ND 040 ND  ND - ND

: After Prechlorinaton  ND ND ND ND  ND  ND - ND

n SWTP After Coagulation ND ND ND ND ND ND - ND

R After Filtration ND ND ND ND ND ND - ND
After Post-chlorination ND ND ND ND ND ND - ND

Raw 0.20 ND ND ND ND ND ND ND

WP After Pre-chlorination 0.30 ND ND ND ND ND ND ND

After Coagulation ND ND ND ND ND ND ND

After Post-Chlorination ND ND ND ND ND ND - ND

D lake Treatment State ND ND ND ND ND ND - ND

Raw ND 0.30 ND 0.50 ND ND ND ND

Raw ND 0.20 ND ND ND ND ND ND

After Pre-chlorination - 0.40 ND ND ND ND ND ND

OWTP After Coagulation ND ND ND ND ND ND ND ND

T After PAC ND ND ND ND ND ND ND ND

o After Filtration ND ND ND ND ND ND ND ND

| After GAC ND ND ND ND ND ND ND ND

u After Post-chlorination ND 1.70 ND 1.00 ND ND - ND

. Raw ND 0.70 ND 0.50 ND ND - ND

0 SWTP After Pre-chlorination ND 0.50 ND 0.30 ND ND - ND

e After Coagulation ND ND ND ND ND ND - ND
After Filtration ND ND ND ND ND ND - ND

After Post-chlorination ND 0.30 ND 1.90 ND ND - ND

IWTP Raw ND 0.50 ND ND ND ND - ND

After Pre-chlorination ND ND ND ND ND ND - ND

After Coagulation ND ND ND ND ND ND - ND

* ND : Not detected, - : Not sampled

Analytical Science & Technology
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Table 5. Continued from Table 4
Comp. Site Treatment State Concentration (/L)
7/12 7/26 8/9 8/23 9/6 9/27 9/30 10/7
D lake Raw ND ND ND 1.30 0.20 ND - ND
Raw ND ND ND ND ND ND 0.6 ND
After Pre-chlorination ND ND ND ND ND ND ND ND
After Coagulation ND ND ND ND ND ND ND ND
O WTP After PAC - - - - - - ND ND
After Filtration ND ND ND ND ND ND ND ND
x After GAC ND ND ND ND ND ND ND ND
y After Post-chlorination ND ND ND ND ND ND ND ND
1 Raw ND ND ND ND ND ND - ND
e After Pre-chlorination ND ND ND ND ND ND -
n VEI‘P After Coagulation ND ND ND ND ND ND - ND
After Filtration ND ND ND ND ND ND - ND
After Post-chlorination ND ND ND ND ND ND - ND
Raw ND ND ND ND ND ND - ND
] After Pre-chlorination ND ND ND ND ND ND - ND
WTP After Coagulation ND ND ND ND ND ND - ND
After Post-chlorination ND ND ND ND ND ND - ND
D lake Treatment State ND ND ND ND 0.2 ND - ND
Raw ND ND ND ND ND ND ND ND
: Raw ND ND ND ND ND ND ND ND
Z o After Pre-chlorination - ND ND ND ND ND ND ND
P WTP After Coagulation - - - - - - ND ND
r After PAC ND ND ND ND ND ND ND ND
o After Filtration ND ND ND ND ND ND ND ND
p After GAC ND ND ND ND ND ND ND ND
y After Post-chlorination ND ND ND ND ND ND - ND
! Raw ND ND ND ND ND ND - ND
: V\?TP After Pre-chlorination ND ND ND ND ND ND - ND
n After Coagulation ND ND ND ND ND ND - ND
z After Filtration ND ND ND ND ND ND - ND
¢ After Post-chlorination ND ND ND ND ND ND - ND
n ] Raw ND ND ND ND ND ND - ND
¢ WTP After Pre-chlorination ND ND ND ND ND ND - ND
After Coagulation ND ND ND 0.20 ND ND - ND

* ND : Not detected, - : Not sampled

Vol.17, No.3, 2004
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Table 6. Continued from Table 4

Concentration (ug/L)

Comp.  Site Treatment State 712 726 89 823 96 927 930 107
D lake Raw 0.5 0.7 1.0 1.8 ND ND - ND
135 Raw 1.7 0.4 09 ND ND ND 1.4 ND
’|, After Pre-chlorination ND ND ND ND ND ND ND ND
T After Coagulation ND ND ND ND ND ND ND ND
" o wrp After PAC ; ; - - ; ; ND ND
111 After Filtration ND ND ND ND ND ND ND ND
e After GAC ND ND ND ND ND ND ND ND
t After Pre-chlorination ND ND ND ND ND ND ND ND
h Raw ND 0.4 0.3 ND ND ND - ND
}11 After Pre-chlorination ND ND ND ND ND ND - ND
b VSTP After Coagulation ND ND ND ND ND ND - ND
€ After Filtration ND ND ND ND ND ND - ND
IZI After Pre-chlorination ND ND ND ND ND ND - ND
e Raw 2.6 0.4 04 0.3 ND ND - ND
n J After Pre-chlorination ND ND ND ND ND ND - ND
€ WTP After Coagulation ND ND ND ND ND ND - ND
After Post-chlorination ND ND ND ND ND ND - ND
D lake Treatment State 2.3 2.7 3.7 8.0 13.0 ND - ND
124 Raw 22 1.7 37 0.1 ND ND 6.9 ND
| Raw ND ND ND ND ND ND ND ND
T After Pre-chlorination ND ND ND ND ND ND ND ND
T 0 After Coagulation - - - - - - ND ND
i WTP
m After PAC ND ND ND ND ND ND ND ND
e After Filtration ND ND ND ND ND ND ND ND
t After GAC ND ND ND ND ND ND ND ND
h After Post-chlorination 5.7 1.9 0.9 0.2 ND ND - ND
}1] S Raw ND ND ND ND ND ND - ND
b WP After Pre-chlorination ND ND ND ND ND ND - ND
e After Coagulation ND ND ND ND ND ND - ND
n After Filtration ND ND ND ND ND ND - ND
Z After Post-chlorination 10.6 1.7 1.6 1.5 ND ND - ND
n ] Raw ND ND ND ND ND ND - ND
€ WTP  After Pre-chlorination ND ND ND ND ND ND - ND
After Coagulation ND ND ND ND ND ND - ND

* ND : Not detected, - : Not sampled

Analytical Science & Technology
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Table 7. Continued from Table 4
Comp. Site Treatment State Concentration (144/L)
7/12 7/26 8/9 8/23 9/6 9/27 9/30 10/7
D lake Raw ND ND ND 0.6 0.8 ND - ND
Raw ND ND ND ND ND ND 0.6 ND
After Pre-chlorination ND ND ND 0.0 ND 1.3 ND ND
After Coagulation - ND ND ND ND 1.7 ND ND
N O WIP After PAC - - - - - - ND ND
a After Filtration ND ND ND ND ND ND ND ND
p After GAC ND ND ND ND ND ND ND ND
h After Post-chlorination ND ND ND ND ND ND ND ND
}tl Raw ND ND ND ND ND ND - ND
a After Pre-chlorination ND ND ND ND ND ND - ND
1 VSTP After Coagulation ND ND ND ND ND ND - ND
:1 After Filtration ND ND ND ND ND 0.1 - ND
e After Post-chlorination ND ND ND ND ND 0.1 - ND
Raw ND ND ND 02 ND ND - ND
T After Pre-chlorination ND ND ND ND ND ND - ND
WTP After Coagulation ND ND ND ND ND 02 - ND
After Post-chlorination ND ND ND ND ND ND - ND
D lake Treatment State ND ND ND ND 0.1 ND - ND
Raw ND ND ND ND ND ND 1.1 ND
f Raw ND ND ND ND ND ND ND ND
i After Pre-chlorination - ND ND ND ND ND ND ND
}Cl VE’)TP After Coagulation - - - - - - ND ND
| After PAC ND ND ND ND ND ND 0.2 ND
o After Filtration ND ND ND ND ND ND ND ND
T After GAC ND ND ND ND ND ND ND ND
0 After Post-chlorination ND ND ND 0.1 ND ND - ND
(: s Raw ND ND ND ND ND ND - ND
h WTP After Pre-chlorination ND ND ND ND ND ND - ND
y After Coagulation ND ND ND ND ND ND - ND
1 After Filtration ND ND ND ND ND ND - ND
e After Post-chlorination ND ND ND 0.3 ND ND - ND
2 J Raw ND ND ND ND ND ND - ND
WTP  After Pre-chlorination ND ND ND ND ND ND - ND
After Coagulation ND ND ND ND ND ND - ND

* ND : Not detected, - : Not sampled
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