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In this study, fifteen volatile organic compounds (VOCs) were analyzed by purge & trap (P&T) and gas
chromatography/mass spectrometer (GC/MS). Method detection limit (MDL) and limit of quantification
(LOQ) were determined in the range of 0.0041~0.5241 pg/L and 0.0123~1.6692 ng/L, respectively. Accuracy
and precision were controlled in the range of 78.29~124.57% and 2.95~23.41%, approximately. Five com-
pounds (bromodichloromethane, 1,2-dichloroethane, tribromomethane, cis-1,2-dichloroethene, dibromochlo-
romethane) were detected in stream waters and five compounds (cis-1,2-dichloroethene, acrylonitrile, 1,2-
dichloroethane, bromodichloromethane, dibromochloromethane) were detected in 5 discharge points of indus-
trial complex located in the Nakdong river basin. Risk assessments were performed for all of the detected com-
pounds. It was less than the EPA criteria and criteria estimated in 33 representative points. 1,2-Dichloroethane
and acrylonitrile detected in discharge points of 5 industrial complex were more than the EPA criteria.

Key words: Volatile organic compounds, Purge & trap (P&T), Nakdong river basin, Risk assessment, EPA criteria
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Table 1. Volatile organic compounds investigated in this

study
Compound CAS No. Hazardous®
1 1,1-Dichloroethene 75-35-4  Carcinogen
2 1,1,2,2-Tetrabromoethane ~ 79-27-6 -
3 1,2-Dichloroethane 107-06-2  Carcinogen
4 1,3-Dichloropropene 542-75-6 -
5 cis-1,2-Dichloroethene 156-59-2  Toxic
6 trans-1,2-Dichloroethene  156-60-5 Toxic
7 Acrolein 107-02-8  Toxic
8 Acrylonitrile 107-13-1  Carcinogen
9 Bromodichloromethane 75-27-4  Carcinogen
10 Bromomethane 74-83-9  Toxic
11 Bromoform 75-25-2  Carcinogen
12 Chloromethane 74-87-3  Carcinogen
13 Dibromochloromethane 124-48-1 Carcinogen
14 Epichlorohydrin 106-89-8  Carcinogen
15 Hexachlorobutadiene 87-68-3  Carcinogen
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Table 2. Description of sampling sites in Nakdong river

basin

Representative points

Name of industrial complex
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Andong 1
Banbyencheon 2-1
Yeocheon-1
Naeseongcheon 3-1
Younggang 2-1
Byeongseongcheon-1
Sangju 2

Wicheon 6
Sangok
Gamcheon 2-1
Dalseong
Kumhogang 6
Wicheon 2-1
Daeam-1
Whanggang 1-1
Whanggang 5
Yongsan
Gyeonhogang 2
Namgang 4-1
Samrang]Jin
Milyanggang 3
Gupo
Hyeongsangang 4
Hakseong
Wheoyagang 3
Sooyounggang 5
Wangpicheon
Youngduk
Daejongcheon
Gonyangcheon
Namhae bongcheon
Yeonchocheon-1
Jinjeoncheon

Gumi industrial
complex

Seongseo industrial
complex

Daegu 3 industrial
complex

Jinju industrial
complex

Yangsan industrial
complex
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Table 3. Instrumental conditions of P&T for the analysis

of VOCs
Parameter Condition

Trap Vocarb 3000
Purge Time 11 min
Purge Temp. Ambient
Purge Flow 40 mL/min
Desorb Time 4 min
Desorb Temp. 250°C

Bake Time 10 min
Bake Temp. 260°C
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Table 4. Instrumental conditions of GC/MS for the analysis of VOCs

Parameter

Condition

Column

Carrier gas flow
Injection temp.
Injection mode

DB-624 (60 m x 0.250 mm x 1.4 pm)
He (99.9999%) at 1.0 mL/min

220°C, 200°C

Split (10:1)

Transfer line Temp. 250°C
Ion mode EI
Group I 40°C(5 min) 8°C/min 160°C 40°C/min 220°C (6.5 min)
Oven program. - -
Group II 30°C(6 min) 5°C/min 120°C
1,1-Dichloroethene 96, 61, 63
1,1,2,2-Tetrabromoethane 265, 186
1,2-Dichloroethane 62, 98
1,3-Dichloropropene 75, 110
Group T cis-1,2-Dichloroethene 96, 61, 98
trans-1,2-Dichloroethene 96, 61, 98
Bromodichloromethane 83, 85, 127
SIM Tribromomethane 173, 175, 252
Dibromochloromethane 129, 48, 127
Hexachlorobutadiene 225, 260
Acrolein 27, 56, 55
Acrylonitrile 53, 52, 51
Group II Bromomethane 94, 96, 79
Chloromethane 50, 52, 49

Epichlorohydrin 57, 27
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Fig. 1. Chromatogram of VOCs(Group I, II).

13t} o] EPA method 5030C™¥elE B =
1 9] oy FHOME Bo] Basold gt} 1 o]
2% acrylonitrileo] =2 Ulell 60 o] wi-$- g4
o= 3R] g RS e = - $1eHE 54

o] Aog EFWoMe Bl gt} oo A &

AsA171= HHE EPA method 5030CoA =

L
R

O

9] heated P&T method WHeol| wat
Mz w2} acrylonitrile 52 H4
To]A EPA method 524.29} heated
vl X3 Ay Fg 20049 7o)
B3 a2rlE el Wbz}

Table 5. Heated conditions of P&T for the analysis of

Acrylonitrile

Parameter Condition
Trap Vocarbh 3000
Purge Time 11 min
Purge Temp. 80°C

Purge Flow 40 mL/min
Desorb Time 4 min
Desorb Temp. 250°C

Bake Time 10 min
Bake Temp. 260°C
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Fig. 2. Effect of purging temperature on acrylonitrile.

WQC(organism only) =

10 °x 70 kg x 1,000 ug/mg
ql[kg-d/mg] % (0.002 kg/d x BCF[L/kg])

v erd =2

WQC(water+organism) =

RfD[mg/kg-d] x 70 kgx 1,000 ug/mg
21/d+(0.002 kg/d x BCF[L/kg])

WQC(organism only) =

RfD[mg/kg-d]x 70 kgx 1,000 ug/mg
0.002 kg/d x BCF[L/kg]

¥WQC : Water quality criteria (ug/L)
ql(&4A5) : Cancer slope factor (kg-d/mg)
BCF(AE353A1) : Bioconcentration factor (L/kg)
RID(7154%3) : Reference dose (mg/kg-d)
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Table 6. Calibration curve for the analysis of VOCs
Compound Cor(lflé/f)nge E;quatlon v aX+]b;) Linearity ()
1 1,1-Dichloroethene 0.01 - 0.1 2.291e+001 2.840e+002 0.999132
2 trans-1,2-Dichloroethene 0.01 - 0.1 1.149e+001 2.765e+002 0.990312
3 cis-1,2-Dichloroethene 0.01 - 0.1 9.787e+000 1.361e+002 0.998485
4 1,2-Dichloroethane 0.01 - 0.1 2.102e+001 3.129e+002 0.998837
5 Bromodichloromethane 0.01 - 0.1 2.531e+001 3.276e+002 0.998809
6 1,3-Dichloropropene 0.01 - 0.1 4.640e+000 7.220e+001 0.995674
7 Dibromochloromethane 0.01 - 0.1 9.082e+000 1.193e+002 0.998150
8 Tribromomethane 0.01 - 0.1 3.645e+000 5.255e+001 0.998314
9 1,1,2,2-Tetrabromoethane 0.01 - 0.1 2.011e+002 -2.168e+001 0.996419
10 Hexachlorobutadiene 0.01 - 0.1 2.023e+001 2.572e+002 0.999409
11 Chloromethane 05 -5 3.380e+004 2.832e+004 0.991564
12 Bromomethane 05-5 1.355e+004 5.640e+001 0.999201
13 Acrolein 1-10 1.150e+003 4.236e+002 0.999214
14 Epichlorohydrin 1-10 9.699e+001 1.592e+002 0.996117
15 Acrylonitrile 0.004 - 0.1 1.219e+001 7.665e+001 0.999657

Table 7. MDL, precision and accuracy data from 7 determinations of the method of 15 compounds

wWQC (ug/L) Working Spike

MDL LOQ Precision  Accuracy

Compound vater - wacno o Geh Geh @ @)
Acrylonitrile 0.051 0.0051 0.005 0.0041 0.0123 2341 110.91
1,1-Dichloroethene 0.057 0.0057 0.02 0.0038 0.0121 5.25 114.89
1,2-Dichloroethane 0.38 0.038 0.02 0.0051 0.0161 7.03 114.91
Bromodichloromethane 0.55 0.055 0.02 0.0048 0.0154 6.67 115.01
Dibromochloromethane 04 0.04 0.02 0.0049 0.0156 6.75 115.84
Tribromomethane 4.3 0.43 0.02 0.0043 0.0136 6.04 112.51
Hexachlorobutadiene 0.44 0.044 0.02 0.0043 0.0137 6.16 111.51
cis-1,2-Dichloroethene 70 7 0.08 0.0135 0.0430 5.59 96.04
1,3-Dichloropropene 10 1 0.08 0.0149 0.0476 6.43 92.59
trans-1,2-Dichloroethene 700 70 0.08 0.0257 0.0817 10.26 99.59
Chloromethane 30 3 1 0.0883 0.2812 3.59 78.29
Bromomethane 47 4.7 1 0.0922 0.2936 2.95 99.43
Acrolein 190 19 1 0.2724 0.8677 9.37 92.57
Epichlorohydrin 30 3 1 0.3201 1.0196 8.18 124.57
1,1,2,2-Tetrabromoethane - - 1 0.5241 1.6692 17.28 96.57

MDL : method detection limit (SD*3.14) LOQ : limit of quantification (SD*10)
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Table 8. Detected concentration and risk assessment in 33 representative points.

Detected concentration Risk EPA Risk Estimated
Compound Ndl\e]‘e“ed/ frqu;e)ncy (ng/L) Assessment! Criteria (ug/L) Assessment? Criteria (ug/L) Hazadous*
total 0 Min. Max. Mean Max. Mean w+0® (w+0)5 Max. Mean w+o (w+0)/5

Bromodichloromethane  8/198 4.04 1.69E-02 4.09E-01 4.39E-03 @©) 550E-01 1.10E-01 @ 5.62E-01 1.12E-01 carcinogen
Dibromochloromethane ~ 7/198 3.54 8.30E-03 3.75E-01 4.22E-03 @©) 4.00E-01 8.00E-02 @ 4.15E-01 8.30E-02 carcinogen
cis-1,2-Dichloroethene 7/198 3.54 1.55E-02 9.24E-01 7.77E-03 7.00E+01 1.40E+01 723E+01 145E+01 toxic
Tribromomethane 5/198 2.53 1.65E-01 1.50E+00 1.49E-02 © 430E+00 8.60E-01 @ 441E+00 8.82E-01 carcinogen
1,2-Dichloroethane 4/198 2.02 190E-02 2.37E-01 1.66E-03 O 3.80E-01 7.60E-02 @ 3.84E-01 7.68E-02 carcinogen

Risk Assessment!

@ : EPA Criteria - Safety factor 1
© : EPA Criteria/5 - Safety factor 5

w+0° : water + organism

Risk Assessment?

@ : Estimated Criteria - Safety factor 1
@ : Estimated Criteria/5 - Safety factor 5

Hazadous* : Carcinogen - State of California Environmental Protection Agency Office of Environmental Health Hazard Assessment Safe Drinking Water and Toxic
Enforcement Act of 1986

Toxic - State of California Environmental Protection Agency Office of Environmental Health Hazard Assessment Safe Drinking Water and Toxic Enforcement

Act of 1986

Table 9. Detected concentration and risk assessment in 5 industrial complex discharge points.

EPA

Risk

Estimated

Compound Ndl\?te“ed/ fre%;e)ncy Detected concentration (ng/L) Assessment! Criteria (ng/L) Assessment? Criteria (ng/L) Hazadous
total 0 Min. Max. Mean  Max. Mean w+o (w+0)5 Max. Mean w+o (w+0)/5
1,2-Dichloroethane 13/30 43.33 1.30E-02 1.01E+01 1.29E+00 @ ® 3.80E-01 760E-02 ¢ ¢ 3.84E-01 7.68E-02 carcinogen
Bromodichloromethane 8/30 26.37 1.26E-02 891E-02 1.19E-02 5.50E-01 1.10E-01 5.62E-01 1.12E-01 carcinogen
Acrylonitrile 4/30 13.33 2.30E-02 1.04E+00 3.85E-02 @ © 5.10E-02 1.02E-02 ¢ & k6.29E-02 1.26E-02 carcinogen
Dibromochloromethane 3/30 10.00 1.23E-02 5.94E-02 3.06E-03 4.00E-01 8.00E-02 4.15E-01 8.30E-02 carcinogen
cis-1,2-Dichloroethene 1/30 333 2.70E-02  2.70E-02 9.00E-04 7.00E+01 1.40E+01 7.23E+01 1.45E+01  toxic

Risk Assessment!

@ : EPA Criteria - Safety factor 1
© : EPA Criteria/5 - Safety factor 5

w+0° : water + organism

% Risk Assessment?

@ : Estimated Criteria - Safety factor 1
@ : Estimated Criteria/5 - Safety factor 5

{<fe Rllels & lahE &

Y61
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