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Characteristics of Groundwater, Sewage Water and Stream Water Con-
tamination Based on VOCs Concentration Around Ulsan, Korea

Byong-Wook Cho*, Uk-Yun, Ig-Hwan Sung, Hyun-Chul Im and Woeo-Seog Jang

Korea Institute of Geoscience and Mineral Resources, Daejeon 305-350, Korea

To investigate the characteristics of the volatile organic compounds (VOCs) concentration in the groundwater
around Ulsan, Korea, 168 groundwaters, 12 stream waters, and 6 sewage waters were analyzed for 61 VOCs.
Results showed that VOCs were not detected in stream waters and total VOCs concentration in 5 sewage waters
was in the range of ND-22.3 pg/L.. In 78 groundwater samples more than one VOCs were detected and VOCs con-
centration of the samples ranged from 0.1 pug/L to 387.1 ug/L. However, VOCs concentration of 66 samples out of
78 samples showed less than 10 g/l and that of only 6 samples exceeded Korea drinking water limit (KDWL). 42
VOCs detected from the 168 groundwaters were 14 aromatic hydrocarbons out of 25, 27 chlorinated aliphatic
hydrocarbons out of 35, and methy! tert-butyl ether (MTBE). Detection rate of each VOCs in the groundwaters was
as follows: chloroform in 43 samples (25.6%), methylene chloride in 36 samples (21.4%), TCE in 26 samples
(15.5%), 1,1-dichloroethane in 19 samples (1.3%), PCE in 16 samples (9.5%), cis-1,2-DCE in 15 samples (8.9%),
and toluene in 14 samples (8.3%). Even though VOCs concentration in the groundwaters of the study area is still
low, the city is expanding and the drinking water limit is becoming strict, and therefore continuous monitoring is
necessary.

Key words : groundwater, VOCs, sewage water, contamination
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Fig. 4. Distribution map of DTW in the study area (N=191).
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Table 1. Detected VOCs and concentrations in the 6 sewage waters.

Youngyeon sewage

Sewage water (5)

treatment Range (pg/]_,) No
Aromatic hydrocarbons
naphthalene 0.6~0.7 2
toluene 0.2~19 4
ethylbenzene 0.1 4
m-xylene 0.1~0.2 3
p-xylene 0.1~0.2 2
o-xylene 0.1 1
1.2 A-trimethylbenzene 04 1
1,3,5-trimethylbenzene 0.3 1
isopropylbenzene 04 1
1,3-dichlorobenzene 03 1
n-propylbenzene 0.1 1
n-butylbenzene 0.1 2
tert-butylbenzene 0.1 1
4-isopropyltoluene 0.1~0.2 2
2-chlorotoluene 02 1
4-chlorotoluene 0.1 1
Halogenated aliphatic hydrocarbon
methylene chloride 170.0 0.7~6.5 3
dibromomethane 0.1 I
bromochloromethane 0.1 2
chloroform 410 0.9~4.6 3
1,1,2,2-tetrachloroethane 0.4 1
1,2-dichloropropane 04
1,2,3-trichloropropane 7.5
vinylchloride 62.0
1, 1-dichloroethene (1,1-DCE) 2.0 1
trichloroethylene (TCE) 0.5

7ble Ao R Tadn, Autdo g wopd fadse
Ae)gg As ArAAd 574 3kl F VOCs &
2k ND-223 ug/Le & yhe Holt},

EAAAoAe) e Yutdes Flpe] wige
AEE s, A AREHo] B XY 3
F7F EAAS gl fYEE Sk AlEs Al
g shag Alse wsigeld T4, T34 oA
A vlFig 1), ZE 33 AZ4 VOCse A5
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A st
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37N e F 27N g0l HAEH HEE 77.1%, 1
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Table 2. Detected VOCs and concentrations in the 168 groundwaters. (unit : ng/l)
Min Max Med No

Aromatic hydrocarbon
benzene 0.1 0.2 0.15 2
naphthalene 0.3 0.3 0.30 1
styrene 0.2 45 1.00 3
toluene 0.1 1.1 0.20 14
ethylbenzene 0.1 9.8 0.20 7
m-xylene 0.1 8.2 0.20 8
p-xylene 0.2 02 0.20 t
o-xylene 0.1 03 0.10 3
1,2,4-trimethylbenzene 0.1 0.2 0.10 3
1.3,5-trimethylbenzene 0.1 0.1 0.10 2
isopropylbenzene 0.2 0.2 0.20 I
chlorobenzene 0.1 0.1 0.10 1
1.4-dichlorobenzene 0.1 0.1 0.10 1
1,3-dichlorobenzene 0.1 0.2 0.15 2

Halogenated aliphatic hydrocarbon
chloromethane 0.1 0.1 0.10 1
bromomethane 0.7 0.7 0.70 [
methylene chloride 0.1 15.5 0.45 36
dibromochloromethane 0.3 5.5 2.60 5
bromochloromethane 0.2 0.2 0.20 1
bromodichloromethane 0.3 7.5 1.70 7
dichlorodifluoromethane 0.5 0.5 0.50 1
trichlorofluoromethane 0.1 44 0.75 10
bromoform 04 12.7 0.50 3
chloroform 0.1 330.0 0.80 43
carbon tetrachloride 0.1 140.0 1.75 10
chloroethane 0.1 1.3 0.75 4
1.1, -trichloroethane (1,1,1-TCA) 0.1 84.0 0.40 12
1.1-dichloroethane (1,1-DCA} 0.1 19.0 1.00 19
1.2-dichloroethane (1,2-DCA) 0.1 155 0.45 10
1,1.2-trichloroethane (1,1,1-TCA) 0.2 3.1 0.30 3
1.1,1,2-tetrachloroethane (1.,1,1,2-PCA) 0.1 1.7 0.20 3
1,2-dichloropropane 0.8 0.8 0.80 1
2,2-dichloropropane 0.1 0.1 0.10 I
cis-1,2-dichloroethene (cis-1,2-DCE) 0.1 16.3 0.30 15
vinylchloride (VC) 0.2 7.1 3.65 2
1, 1-dichloroethene (1,1-DCE) 0.3 39.0 1.00 7
trans-1,2-dichloroethene 0.2 26 0.20 3
tetrachloroethylene (PCE) 0.1 9.0 0.15 16
trichloroethylene (TCE) 0.1 62.0 0.30 26
1,1-dichloro-1-propene 0.1 0.1 0.10 1
cis-1,3-dichloro-1-propene 0.6 1.2 0.90 2

Ethers
methyl-tert-buthylether (MTBE) 0.1 4.1 0.40 14
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3.8%% ) A9 E3sith I FZI RGN
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84.0 pg/L, PCEAIN 620ugl 59 Hth &L Ho)
29k ol Ee] F3e 77 0.80 ugl, 175 ugl,
0.40 pug/L, 0.30 pgle E%EEO]E}(Table 2). A7A
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Fig. 5. Boxplots showing the range of 6 VOCs in the
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Fig. 6. Distribution of total VOCs in the groundwater.

Table 3. Ranking of the detected VOCs in the 168 groundwaters.

Detection frequency (n=168)

Rank Compounds Number Percent
1 chloroform 43 25.6
2 methylene chloride 36 21.4
3 TCE 26 15.5
4 1,1-dichloroethane (1,1-DCA) 19 113
5 PCE 16 9.5
6 DCE 15 8.9
7 MTBE 14 8.3
8 toluene 14 8.3
9 1,1, }-trichloroethane (1,1,1-TCA) 12 7.1
10 trichtorofluoromethane (CFC 11) 10 6.0
11 carbon tetrachloride 10 6.0
12 1,2-dichloroethane (1,2-DCA) 10 6.0
13 m-xylene 8 4.8
14 1, 1-dichloroethene (1,1-DCE) 7 4.2
15 bromodichloromethane 7 42
16 ethylbenzene 7 4.2
17 dibromochloromethane 5 3.0
18 chloroethane 4 2.4
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Table 4. Concentration range and excess rate of 12 VOCs in the 168 groundwaters.

Range No. of No. of excess Standard
) (pg/L) detection(%) KDWS(US EPA)  KDWS(US EPA)

carbon tetrachloride 0~140.0 10(6.0) 5(4) 2(5)
methylene chloride 0~15.5 36(21.4) 0(2) 2005}
1.1,1-TCA 0~84.0 12(7.1) (V)] 100200)
PCE 0~9.0 16(9.5) o 10(5)
TCE 0~62.0 26(15.5) 14) 30(5)
1,1-DCE 0~39.0 17(4.2) 1(2) 30(7)
1,2-Dibromo-3-chloropropane - 0(0.0) O(0) 3(0.2)
benzene 0~0.2 2(1.2) 0(0) 10(5)
toluene 0~1.1 14(8.3) 0(0) 700(1,000)
ethyl benzene 0~9.8 7(4.2) [1I(9)] 300(700)
chloroform 0~330.0 43(25.6) 1(1) 80(80)
xylene 0~8.2 12(7.1) o0) 5000(1,000)
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