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

relatively high recoveries with small variadons. 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, 0.2, 1.8, 13.0, 1.7

and 1.1 yg/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
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trimethylbenzene, dibromochloropropane, naphthalene, 2,4,6-
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1,2-dichlorobenzene-d:. & Supelco (1]=) ¥+ Aldrich (H]
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Agilent 6890 gas chromatography (GC)ol direct interface
2 4% 5973-N MSDE AMg8lgith E A2t HP
7673A autosampler 2 A4-510] GC o] 29151901 data
system © 2+ HP GG1701AA MSD chemstationS- ©]-8-3}
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AT

Parameter Conditions
Column HP-5MS (Cross-linked 5% phenylmethylsilicon)30 mx0.2 mmLD.x0.25 yn F.T
Carrier He at 0.8 mL/min
1.5 C/min 5 {/min
Oven Temp . . 5 . . 5 .
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 Ton 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.

| 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, 5:Tetrachloroethylene, 6:Chlorobenzene,

7:Ethylbenzene, 8:m,p-Xylene, 9:0-Xylene,
thylbenzene, 13:Dichlorobenzene- d.(ISTD),
17:2,4,6-Trichlorophenol).
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10:Isopropylbenzene,
14:n-Butylbenzene,

12:1,2,4-Trime-
16:Naphthalene,

11:1,3,5-Trimethylbenzene,
15:Dibromochloropropane,
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Table 2. Linear equation, linearity and detection limit of VOCs spiked in water

Compounds Range (ug/L) Calibration curve 2 MDL (ng/L)
Trichloroethylene 0.5~10 y=0.0807x + 0.0066 0.9980 10
Tetrachloroethylene 05~10 y=0.1341x + 0.0335 0.9955 5.0
Chlorobenzene 0.5~10 y=0.1693x + 0.0378 0.9973 1.0
Benzene 0.5~10 y=0.1918x + 0.0354 0.9925 50
Toluene 0.5~10 y=0.4314x + 0.1674 0.9957 1.0
Ethylbenzene 0.5~10 y=0.5964x + 0.1914 0.9947 1.0
m,p-Xylene 0.5~10 y=0.9293x + 0.3296 0.9939 0.5
o-Xylene 0.5~10 y=0.4819x + 0.1621 0.9941 1.0
n-Butylbenzene 0.5~10 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 0.5~10 y=0.2720x + 0.0381 0.9964 1.0
1,2,4-Trichlorobenzene 0.5~10 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
3.3. g2 FR AMSE Ul A4d 04489 A5 3 4
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1,2,4-trimethylbenzene2-

SQJ ] o1}ﬂ '—%Qﬁr’} ]EL_ :'—1L]‘H \_37]
FoRyE AA=e] A ¥w FFPEEoIth A o
=3 ﬁru EES AY FolAe g 4EEA 2t

Analytical Science & Technology



o

g g SRy frEdE

o
=
it
e
£
i
N
ol
-
Ach
RV
e
i3
2l
<
o
oY

245

= N8 F

Table 3. Precision and accuracy of VOCs spiked in water

Compounds Spiked Conc. (ng/L) Calculated Conc. (ng/L) MeantSD (RSD%)
Trichloroethylene 100 88, 99, 99, 94, 95 9514 (4.6%)
Tetrachloroethylene 100 80, 83, 83, 79, 82 812 (2.6%)
Chlorobenzene 100 106, 103, 108, 103, 118 1086 (5.5%)
Benzene 500 555, 475, 593, 536, 549 54243 (7.9%)
Toluene 500 422, 495, 474, 473, 409 45537 (8.1%)
Ethylbenzene 100 105, 111, 119, 116, 118 11416 (5.2%)
m,p-Xylene 100 105, 118, 117, 117, 120 11516 (5.2%)
o-Xylene 100 109, 113, 103, 107, 102 1075 (4.3%)
n-Butylbenzene 100 116, 106, 108, 110, 109 1095 (4.9%)
Tsopropylbenzene 100 114, 110, 115, 111, 120 11414 (3.5%)
1,3,5-Trimethylbenzene 100 115, 119, 114, 116, 107 11414 (3.8%)
1,2,4-Trimethylbenzene 100 112, 122, 112, 105, 117 11416 (5.7%)
Dibromochloropropane 100 88, 82, 80, 83, 85 8313 (3.9%)
Naphthalene 100 114, 108, 112, 107, 105 10943 (3.1%)
2,4,6-Trichlorophenol 50 53, 50, 50, 51, 47 502 (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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Chlorobenzene, trichloroethylene, tetrachloroethylene, 33}Eo] Holgle Aoz Hol HlAZESe] A
ethylbenzene, m,p-xylene and n-butylbenzene, dibromo- o 93] <FAE-S ®oljFu Q).
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Table 4. Analytical results of volatile- and semivolatile organic compounds in D Lake and treated water
Concentration ( ug/L)

Comp. Site Treatment. State 72 726 89 823 96 921 930  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 Postchlorination  ND ND ND ND D ND ND ND
! Raw ND ND ND 040  ND ND - D
Z Afer Pre-chlorinaton XD  ND  ND  ND  ND D - ND
0 SWTP After Coagulation ND ND ND ND ND ND - ND
¢ After Filtration ND ND ND ND ND ND 5 ND
After Post-chlorination ND ND ND ND ND ND - ND

Raw 0.20 ND ND ND ND ND ND ND

Wit 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
After Post-chlorination ND 1.70 ND 1.00 ND ND - ND

: Raw ND 0.70 ND 0.50 ND ND - ND
1 SWTP After Pre-chlorination ND 0.50 ND 0.30 ND ND - ND
¢ 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 ( sg/L)
712 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
v 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 ND
n VSTP 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
WIP 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
(S) o After Pre-chlorination ND ND ND ND ND ND ND
p WTP After Coagulation ND ND
t After PAC ND ND ND ND ND ND ND ND
0 After Filtration ND ND ND ND ND ND ND ND
p After GAC ND 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
: VSTP After Pre-chlorination ND ND ND ND ND ND ND
1 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 M2 76 89§23 96 9 930  10f7
D lake Raw 0.5 0.7 1.0 1.8 ND ND - ND
135 Raw L7 0.4 0.9 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
" owrp After PAC : : : : : : ND ND
IL 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
3 Raw ND 0.4 0.3 ND ND ND - ND
1 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
: After Pre-chlorination ND ND ND ND ND ND - ND
. Raw 2.6 0.4 0.4 0.3 ND ND - ND
n ] 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 3.7 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
! 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' . Raw ND ND ND ND ND ND - ND
b WTp 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 I 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

Concentration ( ug/L)

Comp. - Site Treatment. State M2 76 89§23 96 9 930  10f7

D lake Raw ND ND ND 0.6 0.8 ND - ND

Raw ND ND ND ND ND ND 0.6 ND

Afiter Pre-chlorination ND ND ND 0.0 ND 1.3 ND ND

After Coagulation - ND ND ND ND 1.7 ND ND

N O WP 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

1t1 Raw ND ND ND ND ND ND - ND

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

! 5 After Coagulation ND ND ND ND ND ND - ND
. WTP

. 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 0.2 ND ND - ND

I Afiter Pre-chlorination ND ND ND ND ND ND - ND

WTP After Coagulation ND ND ND ND ND 0.2 - 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

T Raw ND ND ND ND ND ND ND ND

i Afiter Pre-chlorination - ND ND ND ND ND ND ND

lcl WOTP After Coagulation - ; ; ; - - ND I\:D

| 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

o After Post-chlorination ND ND ND 0.1 ND ND - ND

i : Raw ND ND ND ND ND ND : ND

W WTp Afiter 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

¢ After Post-chlorination ND ND ND 0.3 ND ND - ND

: I 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

Vol.17, No.3, 2004
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