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There are many industrial factories in the central Nakdong river basin and have been occurred water pol-
lution accidents by hazardous chemicals such as phenol, 1,4-dioxane and perchlorate. In this study, seven vol-
atile organic compounds, VOCs(1,3-butadiene, vinyl acetate, ethyl acrylate, epichlorohydrin, styrene,
hexachloroethane, 1,4-dioxane) potentially discharged into the Nakdong river were determined by purge & trap
and gas chromatography-mass spectrometry(GC-MS). Method detection limit(MDL) and limit of quanti-
tation(LOQ) were in the range 0.14~0.38 pg/L and 0.44~1.22 pg/L, respectively. Six compounds(1,3-buta-
diene, vinyl acetate, ethyl acrylate, epichlorohydrin, styrene, 1,4-dioxane) were detected in wastewater
treatment plants(WWTPs) and wastewater discharge facilities from the Nakdong River basin. 1,4-Dioxane was
most frequently observed in WWTPs and wastewater discharge facilities.

Key words: VOCs, Nakdong river basin, WWTPs, wastewater discharge facilities
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99 oS FUNG 24} - 4771 Bagk 4ol

SRBAAGANN S ol ATIAE 20064
= SR A5G 24 20083 HEF 2 AR
o

S Fot It AR 2Rl A vIAHA
2052 AAE v} QEkEY B Ao o]
S 2059 v+A FEEE T ARSI ER
(volatile organic compounds, VOCs) 75l tff 3}¢
HAE (purge & trap)? 7|ATZvFE 1/ A R
297](gas chromatograph/mass spectrometer, GC/MS)
£ ol &3 A S FYsn M git - AE - A
Aol 91X =8 FAFuiEHa B e - A
< W2 mESdHE A
1,4-Dioxane2 #+=3 101.1°C, 571 3.9kPaz Wt
3)9rA 67131 8He- 2 (semi-volatile organic compounds,
SVOCs)Z ERFE7= A5, AR EFY-GC/MSE
Ao] 7¥ssi, 57t FAlNA 2004 ©]of 2009
Wol| I ThA] AZEo] AEA AV § E4=E, £
o ZE|E AZPA WY ol SIjHE ARA] HHeE
i £8 5O2 FHLsHA ARSEIL Qo] B AT
o] Aol EFAZTH(Table 1).3%

2. Mg

2.1. A 2 7|7

2= Merck*H(Darmstadt, Germany)] 2ok
A48 A1 9 J. T Baker(N], USAQ}E] A=mED
#9] T57 AloFS ol&sislom, WF-#FE4 (internal
standard, ISy *3Fsl 75 ¥FE2S AccuStandard
AHCT, USA), ¥ SupelcorHBellefonte, PA, USA)Q]

Table 1. Target compounds in this study

Compounds CAS No Hazard* Class
1,3-Butadiene 106-99-0 2A VOCs
Vinyl acetate 108-05-4 2B VOCs
Ethyl acrylate 140-88-5 2B VOCs
Epichlorohydrin 106-89-8 2A VOCs
Styrene 100-42-5 2B VOCs
Hexachloroethane 67-72-1 2B VOCs
1,4-Dioxane 123-91-1 2B SVOCs

*JARC classifications and WWF list
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2.3. HX|EY-GCMS &Y

2.3.1. 32 7715tg== (VOCs)

1,3-butadiene, vinyl acetate, ethyl acrylate, epi-
chlorohydrin, styrene, hexachloroethane % 671
VOCs £2& X EfF GC/MSE 2431t #1%]
EfWo 2= Teledyne TekmarAHUSA)S] STRATUM
purge & trapS AMESISITE. Vocarb 3000 EfS A}
fa30H, 40°ColA 118 <k HAAZ &, 250°C
oA 2%7F B, 265°ColA 44E7F bakerlFHTh GC/
MS+= VarianAHUSA)9] 450-GC/300-MSDE A3}
of. 28L& VESMS(60 m x 0.25 mm x 0.25 um)E A}
L3160, 97Al= = 99.999% HeS ARE-31S
3, 452 1.0ml/minZ s AT AR
FTE split(20:1) modeE HAsIPoH, FUTL &
TE 240°C, B QELE=E 35°ColM 3% Fet &
AAZ1 F 8°C/mineE 100°C7HA] 52, ©HA] 15°C/
min® 2 270°C7H] 52, 5t 53 FAAA 2481
t}. scan ¥4]3} SIM(selected ion monitoring) ¥4
o] FAlel o] FARAES st scan® =04 7t EH O
A ERS 3013 R SIMEER FHRa 59
o}, AgEA] A3 SIMel° 2= 1.3-butadiene
(m/z 54, 50), vinyl acetate(m/z 43, 42), ethyl acryl-
ate(m/z 55, 99, 73), epichlorohydrin(m/z 57, 49, 62),
styrene(m/z 104, 78, 51), hexachloroethane(m/z 117,
201, 166) AMgsior, WERFEZ 2= fluoroben-
zene(m/z 96, 50)S ARE-sIAtH(Fig. 1).

2.3.2. 1,4-Dioxane
HRAEP O 2= Teledyne TekmarAH(USA)S] STRA-
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Fig. 1. GC-MS selected ion chromatograms of VOCs for (a) water samples spiked in the concentration of 5 to 50 pg/L

and (b) wastewater samples.

TUM purge & trapS AME-3ITE. Vocarb 3000 E
S AR, 60°CollA 113 &<t HAAAZ §,
250°ColA] 287+ &2}, 265°Collx] 457k bake AlZith.
GC/MSE Agilent Technologies’HUSA)2] 6890N GC/
5973i MSDE A3ttt ZE-2 VE5MS(60 m x
0.25 mm x 0.25 pm)E ARSI o, 9 Al= o=
99.999% HeS AME38l Y, 42 1.0 mL/minZ 473

= split(20:1) mode=
AH OJ:_'%]_,:_T‘E

=1 I

Al FAIBIATE AR Y
Agsiglon, FUT- == 250°C,
50°CellA 3% &<t FAAZ1 F 10°C/min®-= 150°C
A SLAA EA48199 Tk scan 413 SIM(selected
ion monitoring) A10] FAlY] O] FARAE=E 3o
scanB =4 7} EZo] AFAAELS gRIgh v
SIMEEZR HHEA a9t Aol ARE-g SIM
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Fig. 2. GC-MS selected ion chromatograms of 1,4-dioxane for (a) water samples spiked in the concentration of 20 pg/

L and (b) wastewater samples.
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Table 2. Calibration data of VOCs

Conc. Calibration curve
Compounds range (Y=aX+b) 2

(ng/l) a b
1,3-Butadiene 1~50  0.0031 0.0047 0.9967
Vinyl acetate 1-50  0.0044 0.0021 0.9977
Ethyl acrylate 1-50  0.0150 -0.0071 0.9990
Epichlorohydrin 5~250 0.0013 -0.0006 0.9997
Styrene 0.5~25 0.0105 -0.0111 0.9966
Hexachloroethane ~ 1~50  0.0029 -0.0019 0.9993
1,4-Dioxane 2~50  1.5378 -0.0069 0.9998

= 75~125%, FEE 25%°H G
Z3IATH(Table 4). 5 A5 FFeHA o] 108
A=t H=E J—Zv%élé A7k 3 AlsEAEAet 5
AalA 2A4sle] 35S 2AE A7 954~102.2%2)
oz L AFE AL 4 AYTHTable 5).

3.3. 5t - HlX2lE =ARED

W 3 - AR 4904 8 YRSE BaE
Table 3. MDL and LOQ of VOCs (n=7)
Spiked Conc. MDL LOQ
C d
OmPOunes (ng/L) wgl)  (ugl)
1,3-Butadiene 1 0.26 0.81
Vinyl acetate 1 0.21 0.67
Ethyl acrylate 1 0.14 0.45
Epichlorohydrin 5 0.38 1.22
Styrene 0.5 0.14 0.44
Hexachloroethane 1 0.22 0.71
1,4-Dioxane 2 0.35 1.17

MDL : method detection limit (SD*3.14)
LOQ : limit of quantitation (SD*10)

Table 4. Accuracy and precision for the analysis of VOCs

(n=5)
Compounds Spiked Conc. Accuracy Precision
(ng/L) (%) (RSD, %)
1,3-Butadiene 5 99.8 44
Vinyl acetate 5 107.8 4.0
Ethyl acrylate 5 95.0 4.3
Epichlorohydrin 25 101.8 1.1
Styrene 2.5 101.6 1.4
Hexachloroethane 5 95.2 3.3
1,4-Dioxane 4 100.5 3.1
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Table 5. Recovery for the analysis of VOCs in industrial
wastewater (n=>5)

Spiked Conc.

Compounds Recovery  RSD

(ng/L) %) %)
1,3-Butadiene 10 100.2 4.5
Vinyl acetate 10 98.3 32
Ethyl acrylate 10 95.7 3.8
Epichlorohydrin 50 101.0 1.1
Styrene 5 102.2 1.2
Hexachloroethane 10 96.3 49
1,4-Dioxane 20 94.5 79

=

A3}, 14-dioxane, ethyl acrylate, vinyl acetate 5 3
7N Edo] HEFAH(Table 6).

1,4-Dioxane 7P A& =7F 52 =42 671 A
ZFoM AEEIoH, FYold 2.24~16.52 pg/L,
ol A 1.35~10.21 pg/le] 552 A=A 4
ZF57F 5 BHeE 747180 50 pg/l o= v
FolA vk HEWE7F srhe MM skle g f&
7Fsdel 58 Fa ) Qlth. Ethyl acrylate= H2HA|
U ol A 7] TRAIR v AR EE
AR vl AededM HAEHASH, Fdolr 587
ug/L, WOl 2.74~19.62 pg/le] SRR AZHS
t}. Vinyl acetate:= Ze]Z2AMd 5 G 987
2 AEEE BEE §Y5 U AlEelAM 42,76 pg/lel
FEE AEHAT Vinyl acetates EE7(bp)ol
72°Ce] 3 f7IsIRHEAR s Eld frdgrellA
= AEel HAoY sEEA gl i 3y

A AFERAE des

WIS wieds 24t 201

o] ol HEHA B2 Aoz Helnh

34. U4&Z SFXNY H HiEHL 2440

T Ol AF, 367 WiEHAE AR s
3970, R 27 5 F 65l AEE EAS A
1,3-butadiene, vinyl acetate, ethyl acrylate, epichlo-
rohydrin, styrene, 14-dioxane 5 67/ E%o| 7A&H
A tHTable 7).

14-Dioxane H|:%] =& AENEE YeR|AE],
A Aol A8 29%914 1.70~36.01 pg/le] F%
2 HEHoH, HFEF AlEY 41%°14 1.40~38.04
ng/Le] % HIE AZHAUTE 28t EEozEH=
FAY GAE Aakel= JAlolA ethylene glycol(EG)
7} telephthalic acid(TPA)?] E3a14e] BAER IF
%9] 14-dioxanec] A== o2 LA T8 wiE
Yo F FHuko} 9kor} 1 4-dioxane 3FEE A A
WS- B8 o8 HsH AREAL e =
A2 2 AN E o] f4F, dAlAM HEEL 9L
o] B} Zyle A7t sttt & 4 vtk Ethyl
acrylate= A3 Qo4 A5 5%°4 3.03~168.16
ngle] s== AZFEACH, WHT A8 26%°lA
2.11~32090 pg/Le] = W= AZH). Yoll5r
o AR HENE B HEsEr o =4 vE
wom, oo wt A Agol ey % A
8 HE T A 8% o= Helth 1 9] 13-
butadiene, vinyl acetate, epichlorohydrin, styrene

Table 6. Concentrations found in WWTPs from the Nakdong river basin (ug/L)

Infuents Effluents
Compounds Nyetected Frequency Concentration Nyetected/ ~ Frequency Concentration
Niotal (%) (Median) Niotal (%) (Median)
Ethyl acrylate 1/12 8 5.87 5/11 45 2.74~19.62 (6.89)
Vinyl acetate 1/12 8 42.76 0/11 0 -
1,4-Dioxane 6/12 50 2.24~16.52 (12.30) 6/11 55 1.35~10.21 (3.52)

Table 7. Concentrations found in wastewater discharge facilities (ug/L)

Raw wastewater

Treated wastewater

Compounds Ngetectedd ~ Frequency Concentration Ngetected ~ Frequency Concentration
Niotal (%) (Median) I\ (%) (Median)

1,3-Butadiene 1/38 3 89.33 1/27 4 15.29

Vinyl acetate 2/38 5 6.60~19.83 (13.22) 1/27 4 3.54

Ethyl acrylate 2/38 5 3.03~168.16 (85.60) 7/27 26 2.11~32090 (4.12)
Epichlorohydrin 1/38 3 17.76 0/27 0 -

Styrene 3/38 8 3.11~1953 (53.23) 1/27 4 11.99
1,4-Dioxane 11/38 29 1.70~36.01 (7.87) 11/27 41 1.40~38.04 (8.38)
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