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Investigation of Volatile Organic Compounds in Nakdong River System
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A total of 36 volatile organic compounds in water samples collected 3 times (April, August, October) from
33 representative points along the Nakdong river and from 5 industrial complex discharge points were quan-
titated and summarized as follows. cis-1,2-Dichloroethylene was detected on the 1st, 2nd and 3rd investigations
at 4 points (Kumho6, Suyong5, Kumi and Seongseo). 1,2-Dichloroethane was detected at 0.83 pg/L on the 2nd
investigation at 1 point (Namgang4-1), and also detected at 0.08 pg/L and 1.55 pg/L on the 1st and 2nd inves-
tigations, repectively, at 1 point (Seongseo), and was detected on the 1st, 2nd and 3rd investigations at 1 point
(Jinju) at 2.27 pg/L, 9.04 pg/L and 7.22 pg/L respectively. These detected concentration values were less than
EPA and WHO drinking water guidelines. Risk assessment performed on cis-1,2-dichloroethylene revealed that
the current level of the compound is less than estimated criteria and was not risky. On the other hand, 1,2-
dichloroethane exceeded estimated criteria in the risk assessment, while its level was less than the WHO drink-
ing water guideline.

Key words: Volatile Organic Compounds, Recommended method detection limites, Risk assessment, Quality
assurance, Quality control
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Table 1. Representative points in Nakdong river system
Water system Representative points Names Investigation points NO.
Andongdam (Ia) Andong 1 (Youngrak bridge) seonggokdong andong city 1
Imhadam (Ib) Banbyencheon 2-1(Yoeungjeong bridge) yoengsangdong andong city 2
Andongdam (Ib) Yeocheon-1 (Samgang bridge) samgangri peuhngyangmyean 3
yaecheongun kyeongbukdo
Naeseong stream (Ia) Daeseongcheon 3-(Seongjeo bridge) hyangseokri yeonggungmyean 4
1 kyeongbukdo
Young river (Ia) Younggang 2-1  malwuongri youngsunmyeon kyeongbukdo 5
Byeongseong stream Byeongseong- seungcheonwon byeongseongdond sangju city 6
(Ib) cheon-1
Nakdong sangju (Ia) Sangju 2 (Jungdong bridge) ganmuldong sangju city 7
Wi stream (Ib) Wicheon 6 (Wumul bridge) wumulri jungdongmyeon sangju city 8
Nakdong gumi (Ja)  Sangok (Ilseon bridge) saenggokri seonsaneup gumi city 9
Gam stream (Ia) Gamcheon 2-1  (Namsan bridge) wonri seonsaneup gumi city 10
Nak- Nakdong weogoan Dalseong jukgokdong dasamyean dalseonggun daegu city 11
dong (Ib)
river Kumho river (III) Kumhogang 6 (Gangchang bridge) pahodong dalseogu daegu city 12
Whoi stream (Ib) Whoicheon 2-1  gaekgiri wugokmyean goryeonggun kyeonghbukdo 13
Nakdong goryeong (II)Daeam-1 (Wugok bridge) daeamri gujimyean daegu city 14
Hapcheondam (Ib) Whoanggang 1-1 Daeyari namhamyean geochanggun kyeongnamdo 15
Whoang river (Ia) Whoanggang 5  (Cheongdeok bridge) samhakri cheongdeokmyean 16
hapcheongon kyeongnamdo
Nakdong Youngsan (Bakjin bridge) youngsanri namjieup changsyeonggun 17
Nak- changnyeong (II) kyeongnamdo
dpng Namgangdam (Ib) Gyeonhogang 2  (Mukgok bridge) mukgokri danseongmyean 18
rver sancheonggun kyeongnamdo
system Nam rive (Ib) Namgang 4-1 jangamri daesanmyeun hamangun kyeongnamdo 19
Nakdong milyang(Il) Samrangjin (Samrahgjin bridge) songjiri sanrangjineup milyang city 20
Milyang river (Ib) Milyanggang 3  (Sansang bridge) whaseongri samrangjineup milyang city 21
Nakdong river duk (Ib)Gupo (Gupo bridge) gupodong bukgu pusan city 22
Hyeong
-san Hyeongsan river (I) Hyeongsangang 4 (Yeonil bridge) sangdodong namgu pohang city 23
river
Taewhoa . . .
river Taewhoa river (II) Hagseong (Hakseong bridge) sansandong namgu ulsan city 24
Whoiya rive (III) Whoiyagang 3 (Sangwhoi bridge) sampyeongri onsaneup euljugun ulsan 25
city
Suyoung river (In)  Suyounggang 5 (Milrak bridge) suyoungdong suyounggu pusan city 26
Woangpi stream(la)  Woangpicheon (Susan bridge) susanri geunnammyeon uljingun 27
kyeongbukdo
Youngdeokosip stream Youngdeok (Youngdeok bridge) namsandong youngdeokgun 28
Others (Ia) kyeonghukdo
Daejong stream (III) Daejongcheon (Gugil bridge) gugilri yangbukmyeon kyeongju city 29
Gawhoa stream (Ibp) Gonyangcheon  daejinri gonyangmyeon sacheon city 30
Nambhaedo (Ib) Nambhae (Iphyeon bridge sonsori namhaeeup namhaegun 31
bongcheon kyeongnamdo
Geojaedo (Ib) Yeonchocheon-1  (Yeuncho bridge) dagongri yeonchomyeon geojae city 32
Nakdong namhae(IV) Jinjeoncheon (Jincheon bridge) oseori jincjeonmyeon masan city 33
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Table 2. Industrial complex discharge points
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Sampling points

Water River Name of industrial complex
system
Gumi industrial complex
Ni{jeorng Nakdong  Seongseo industrial complex
river Yangsan industrial complex
system

Daegu 3 industrial complex

Jinju industrial complex

Gumi facilities management coporation environmental
protection agency discharge point

Seongseo waste water disposal plant discharge point
Waste water terminal disposal plant discharge point

Dalseo river sewage treatment plant discharge point
Waste water terminal disposal plant discharge point

Table 3. Compounds of investigation

No. Compounds No. Compounds

1 Acrylonitrile 19 Chloroethane(Ethylchloride)

2 1,2-dibromo-3-chloropropane(DBCP) 20 N-butylbenzene

3 Styrene 21  Hexachloroethane

4 Xylenes 22 Nitrobenzene

5 1,2,4-trichlorobenzene 23 1,1-dichloropropene

6 1,4-dichlorobenzene 24 1,1,2,2-tetrachloroethane

7 1,2-dichlorobenzene 25  Bromobenzene

8 1,3-dichlorobenzene 26  1,2,4-trimethylbenzene

VOCs & 9 Chlorobenzene 27  1,2-Dichloroethane
Solvents 10 1,1,2-trichloroethane 28 1,3-Dichloropropylene

11  1,2-dichloropropane 29  Cis-1,2-dichloroethylene

12 Chlorodibromomethane 30 1,1-Dichloroethylene

13 Methyl bromide 31 1,3-butadiene

14  Hexachlorobutadiene 32 2-chloroethylvinylether

15 1,2-trans-dichloroethylene 33  Epichlorohydrin

16 1,1,1-trichloroethane 34  Propylene oxide

17  1,1-dichloroethane 35  Vinyl acetate

18  Methyl chloride 36 Vinyl chloride
£ EZA7IARl For wA|FEdte] EFPA  spectrometer: GC/MS)E 4 sk WHH O Fasl3d
F 5% 1 - BHA wAR 2ES A8F 7] o 7 AR BAAs6) g3 AEE P77 9
AFZrl e Z/AZH27](Gas chromatograph/Mass 1] WF-RFEZ 24 Fluorobenzeneg AREsle] £

Table 4. Conditions of purge and trap (Trap : Vocarb 3000)

Parameter Value Parameter Value
Valve Oven Temp. 150°C Sample preheat off
Transfer Line Temp. 150°C Sample preheat Time 1.00 min
Sample mount Temp. 90°C Preheat Temp. 40°C
Purge Ready Temp 35°C Purge Time 11 min
Standby Flow 10 mL/min Purge Temp. 0°C
Pre-Purge Flow 40 mL/min Purge Flow 40 mL/min
Dry Purge Time 2.00 min Desorb Temp. 250°C
Dry Purge Temp. 20°C Desorb Flow 100 mL/min
Dry Purge Flow 100 mL/min Bake Time 5 min
Desorb Preheat Temp. 245°C Bake Temp. 260°C
Desorb drain on Dryflow Bake Temp. 300°C
Desorb Time 4 min Bake Flow 400 mL/min
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Table 5. Conditions of GC/MSD

Parameter Condition
Inlet Temp. 200°C
Detect Temp. 230°C
Column DB-5MS (60 m x 0.25 mm x 0.25)
Inlet Split (20:1)
Gas Flow 1 mL/min (He 99.9999 %)
Oven Temp. - Group I, Group IIT : 30°C(4min) 40°C/

min 110°C(1min)
- Group II : 35°C(2min) 4°C/min 130°C
30°C/min 200°C (2min)
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Fig. 1. Chromatogram of VOCs Group I.
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Fig. 3. Chromatogram of VOCs Group III.
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Table 6. Accuracy and precision of VOCs

No. Compound True conc. Mean Precision Accuracy
(ug/L) (ugL) (%) (%)
1 Chloromethane 1 1.094 5.428 109.429
2 Vinyl Chloride 1 1.073 11.077 107.286
3 Bromomethane 1 1.187 16.186 118.714
4 Chloroethane 1 1.044 7.311 104.429
5 Acrylonitrile 4 3.650 2.899 91.250
6 1,1-Dichloroethylene 0.5 0.427 15.351 85.414
7 trans-1,2-Dichloroethene 0.5 0.473 20.027 94.692
8 1,1-Dichloroethane 0.5 0.461 8.754 92.165
9 cis-1,2-Dichloroethylene 0.5 0.439 14.519 87.736
10 1,1,1-Trichloroethane 0.5 0.471 13.287 94.299
11 1,2-Dichloroethane 0.5 0.443 8.125 88.615
12 1,1-Dichloropropene 0.5 0.465 16.193 93.066
13 1,2-Dichloropropane 0.5 0.458 6.886 91.546
14 1,3-dichloropropylene 0.5 0.455 19.863 90.923
15 1,1,2-Trichloroethane 0.5 0.482 9.078 96.487
16 Dibromochloromethane 0.5 0.412 20.820 82.496
17 Chlorobenzene 1 0.884 7.775 88.376
18 Xylene m-Xylene 0.5 0.461 8.670 92.239
p-Xylene 0.5 0.461 8.689 92.257
o-Xylene 0.5 0.554 4.871 110.815
19 Styrene 0.2 0.191 3.351 95.625
20 1,1,2,2-Tetrachloroethane 0.5 0.390 4.799 78.086
21 Bromobenzene 0.5 0.670 8.533 133.927
22 1,2,4-Trimethylbenzene 0.5 0.520 8.215 103.945
23 1,3-Dichlorobenzene 0.5 0.492 12.084 98.377
24 1,4-Dichlorobenzene 0.5 0.486 12.786 97.130
25 1,2-Dichlorobenzene 0.5 0.484 11.503 96.869
26 n-Butylbenzene 0.5 0.589 7.664 117.837
27 1,2-Dibromo-3-Chloropropane 0.5 0.432 16.405 86.401
28 1,2,4-Trichlorobenzene 0.5 0.441 14.856 88.118
29 Hexachlorobutadiene 0.5 0.482 17.450 96.334
30 1,3-Butadiene 5 4.357 7.412 87.143
31 Propylene Oxide 1.5 1.517 4.079 101.111
32 Vinyl acetate 4 3.293 2.840 82.333
33 Epichlorohydrin 10 9.353 2457 93.529
34 2-Chloroethyl vinyl ether 4 3.607 1.598 90.179
35 Hexachloroethane 0.5 0.470 2.691 94.000
36 Nitrobenzene 10 9.693 2.265 96.929

2.4.3. =3 (MQL: Minimum Quantitation Limit)
ARl XN EFTER AEEE vl
2 A3 E AEse T Ee
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Table 7. Method detection limites (MDLs) and minimum quantitation limites (MQLs) of VOCs

No. Compound RMDL (ug/L) MDL (ug'L) MQL (ugL)
1st 2nd 3rd 1st 2nd 3rd
1 Chloromethane 1.1433 0.187 0.414 0.219 0.594 1.319 0.697
2 Vinyl Chloride 0.4018 0.244 0.352 0.221 0.776 1.121 0.704
3 Bromomethane 9.7634 0.240 0.178 0.142 0.765 0.568 0.453
4 Chloroethane - 0.127 0.118 0.115 0.404 0.376 0.367
5 Acrylonitrile 0.0126 0.332 0.926 0.104 1.058 2.948 0.330
6 1,1-Dichloroethylene 0.0116 0.058 0.067 0.022 0.184 0.214 0.069
7 trans-1,2-Dichloroethene 139.7791 0.038 0.041 0.031 0.120 0.129 0.098
8 1,1-Dichloroethane 1.2089 0.039 0.051 0.034 0.123 0.162 0.107
9 cis-1,2-Dichloroethylene 14.465 0.045 0.053 0.031 0.143 0.168 0.098
10 1,1,1-Trichloroethane 139222.0366  0.038 0.022 0.028 0.121 0.069 0.090
11 1,2-Dichloroethane 0.0768 0.025 0.050 0.025 0.080 0.160 0.079
12 1,1-Dichloropropene - 0.029 0.047 0.028 0.094 0.151 0.090
13 1,2-Dichloropropane 0.1041 0.022 0.036 0.026 0.070 0.113 0.082
14 1,3-dichloropropylene - 0.013 0.044 0.028 0.043 0.140 0.090
15 1,1,2-Trichloroethane 0.0966 0.054 0.059 0.017 0.173 0.189 0.053
16 Dibromochloromethane 0.0830 0.094 0.047 0.018 0.299 0.151 0.058
17 Chlorobenzene 138.5727 0.014 0.040 0.064 0.044 0.127 0.204
18 Xylene m-Xylene 1398.3639 0.004 0.036 0.034 0.014 0.113 0.107
p-Xylene 1398.3639 0.007 0.036 0.022 0.021 0.113 0.069
0-Xylene 1398.3639 0.015 0.040 0.026 0.048 0.127 0.082
19 Styrene 1360.2270 0.020 0.071 0.024 0.064 0.227 0.076
20 1,1,2,2-Tetrachloroethane - 0.041 0.076 0.054 0.132 0.243 0.173
21 Bromobenzene - 0.009 0.059 0.073 0.030 0.186 0.234
22 1,2,4-Trimethylbenzene - 0.010 0.063 0.036 0.033 0.200 0.113
23 1,3-Dichlorobenzene 88.8594 0.013 0.025 0.022 0.041 0.079 0.069
24 1,4-Dichlorobenzene 1.2280 0.015 0.028 0.025 0.048 0.090 0.079
25 1,2-Dichlorobenzene 596.8170 0.021 0.031 0.022 0.067 0.098 0.069
26 n-Butylbenzene - 0.018 0.044 0.028 0.056 0.140 0.090
27 1,2-Dibromo-3-Chloropropane - 0.015 0.160 0.079 0.049 0.509 0.252
28 1,2,4-Trichlorobenzene 1.7465 0.023 0.074 0.015 0.073 0.236 0.049
29 Hexachlorobutadiene - 0.013 0.081 0.039 0.041 0.258 0.125
30 1,3-Butadiene 0.0020 1.014 1.014 0.067 3.229 3.229 0.215
31 Propylene Oxide - 0.194 0.194 0.138 0.619 0.619 0.439
32 Vinyl acetate - 0.294 0.294 0.632 0.935 0.935 2.014
33 Epichlorohydrin 0.7068 0.722 0.204 0.127 2.298 0.649 0.406
34 2-Chloroethyl vinyl ether - 0.181 0.110 0.219 0.577 0.351 0.697
35 Hexachloroethane 0.4600 0.040 0.067 0.046 0.126 0.215 0.146
36 Nitrobenzene 3.4899 0.689 0.729 0.123 2.195 2.321 0.390

RMDL : Recommended method detection limites.
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Table 9. Detected results and risk assessment from 33 representative points in Nakdong river system
Mini- Maxi- Sum of Average Risk Assessment EPA EPA EPA Criteria
Compounds mum mum detection detection MXiml.lm Average water+
conc.  conc. conc. conc.  detection dectection . (w+0)/5 (w+0)/10 w+o
(ugl) (gl) (gl) (Wgl)  conc. conc.
_ asL2 ND 3.30E-01 7.40E-01 7.47E-03 7.00E+01 1.40E+01 7.00E+00 7.23E+01
Dichloroethylene

1,2-Dichloroethane  ND 8.30E-01 8.30E-01 8.38E-03

O 3.80E-01 1.53E-02 7.68E-03 3.84E-01

@®: EPA (water + organism) National recommended water quality criteria < Safety factor 1

O: EPA < Safety factor 10
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Table 10. Detected results and risk assessment from 5 industrial complex discharge points

Mini- Maxi- Sum of Average Risk Assessment EPA EPA EPA  Criteria
Compounds mum mum detection detection Max1mum Average water+
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(ugl) (ug/l) (ug/L) (ug/L) conc. conc. orgarusm
. Cis-12- ND 130E-01 1.80E-01 1.20E-02 7.00E+01 1.40E+01 7.00E+00 7.23E+01
dichloroethylene
1,2-Dichloroethane ND 9.04E+00 2.02E+01 1.34E+00 @ ) 3.80E-01 1.53E-02 7.68E-03 3.84E-01
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