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Abstract: There are many industrial factories in the central Nakdong river basin and have been occurred water
pollution accidents by hazardous chemicals such as phenol, 1,4-dioxane and perchlorate. In this study, ten compounds
of semi-volatile organic compounds (SVOCs) (dichlorvos, toluene-2 4-diisocyanate, 4,4'-methylenedianiline, 4,4'-
methylenebis (2-chloroaniline), diethyl phthalate, di-n-butyl phthalate, butyl benzyl phthaltate, bis (2-ethylhexyl)
adipate, benzophenone, 4,4'-bisphenol A) of hazardous chemicals which may be potentially discharged into the
Nakdong river, were determined by gas chromatography-mass spectrometry (GC-MS) with disk-type solid-phase
extraction. Accuracy and precision were in the range of 75.6~110.5%, and 4.6~12.7%, respectively and recovery
was in the range of 72.4~127.9%. Three compounds (bis (2-ethylhexyl)adipate, benzophenone, 4,4'-bisphenol
A) were detected in industrial wastewater such as wastewater treatment plants (WWTPs) and wastewater
discharge facilities in the Nakdong River basin.
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Table 1. Compounds investigated in this study
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Compounds CAS No Hazard" Class
Dichlorvos 62-73-7 2B SVOCs
Toluene-2,4-diisocyanate 584-84-9 2B SVOCs
4,4'-Methylenedianiline 101-77-9 2B SVOCs
4,4'-Methylenebis(2-chloroaniline) 101-14-4 2A SVOCs

. SVOCs
Diethyl phthalate 84-66-2 EDs (phthalates)
. SVOCs
Di-n-butyl phthalate 84-74-2 EDs (phthalates)

SVOCs
Butyl benzyl phthalate 85-68-7 EDs (phthalates)
. . SVOCs
Bis(2-ethylhexyl)adipate 103-23-1 EDs (phthalates)
Benzophenone 119-61-9 EDs SVOCs
4,4'-Bisphenol A 80-05-7 EDs SVOCs

*IARC classifications and WWF list
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23. A& Hxz|
ARE CyTIEIAE o83 AFFEHLE HA

23t} Ci Bl = methanol 10 mLe} S/
10 mLZ Al # g 7 U F3EFEZA(S, phenanthrene-
d10, fluoranthene-d10)S X7}t AJ&E 100 mLE &
IANA EHEEE FHNAT S/ 10 mLE ¢
235 HojF F Zd U methanol 5 mLE &&
Al A, 40 °ColA TurboVap LV AAFH7|2 W&
g4 100 pL2 FFAIZ T

24. GC/MS 24

GC/MS+= Agilent TechnologiesA} (USA)2] 7890A
GCe} 5975C MSDE AH&-3k3lth. 2 H2 VF-5MS
(30 m x 0.25 mm x 0.25 pm)=S AFE3INOH | 2ul7)
Ae €5 99.999% Hes AHESAL, 452 1.0
mL/min= AASA FA AT AR split (20:1)
mode® FYSFAOH, FYF 2=+ 250 °C, A
QELEE 100 °ColA 5¥ &t FAAZ F 5 °C/
min® 2 F&AA 280 °CollA] S& B9 FAAA &
215} T} scan =9} SIM (selected ion monitoring)
oA EAo] FAd o] FoIA =S o] scanE =
oM 7+ =] AFLAEL S ST v SIME
=2 AR sk A FEA o AHEE SIMel 2
© 2+ dichlorvos (m/z 109, 185), diethyl phthalate
(m/z 149, 177), benzophenone (m/z 182, 105), toluene-
2,4-diisocyanate (m/z 174, 145), di-n-butyl phthalate
(m/z 149, 150), 4,4-methylenedianiline (m/z 198, 197),
4,4-bisphenol A (m/z 213, 228), butyl benzyl phthaltate
(m/z 149, 91), bis(2-ethylhexyl)adipate (m/z 129, 147),
4,4-methylenebis (2-chloroaniline)(m/z 231, 266)S AF-&
stRom, WEEFEZZE  phenanthrene-d10 (m/z
188)32} fluoranthene-d10 (m/z 212y AME-3F31 BH&Fig. 1).

3. &3 ¢ o

3.1. EMutHol |ESlH(method validation)

A8 o] §8 3}(method validation)2 913+ AA
34, HAESHA, AFSHA, A=, AL E 3
& AP FAHFNA AT FALATHA G
9 AERS/A =T (QA/QC) Wil wet 3 st
Aok Al grel] BAEAEE 2200 pg/L AW
TE/F HEE EFEES IS e AEE F
vt A7 FgS AR F 71712 EAste] 1A
I4& Ao, A FEA Pko] 0.99 o]
o] AN Yehilth(Table 2). Aol 8 FEA
F29 FEUt HEE RFEHS YA Hke
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Fig. 1. GC-MS selected ion chromatograms for (a) water samples spiked in the concentration of 10 to 100 pg/L and (b) industrial

T T T
20.00 30.00 40.00

wastewater samples.

Table 2. Calibration curve data of SVOCs

Conc. range

Calibration curves (Y=aX+b)

2
Compounds (ug/L) ) " r

Dichlorvos 10 ~ 200 0.0426 -0.0294 0.9994
Toluene-2,4-diisocyanate 20 ~ 400 0.0198 -0.0640 0.9951
4,4'-Methylenedianiline 10 ~ 200 0.4365 -0.1124 0.9944
4,4'-Methylenebis(2-chloroaniline) 5~ 100 0.3844 -0.0667 0.9987
Diethyl phthalate 5~ 100 0.6016 -0.3175 0.9834
Di-n-butyl phthalate 2 ~40 0.9170 0.1907 0.9940
Butyl benzyl phthalate 2 ~40 0.6059 -0.0613 0.9995
Bis(2-ethylhexyl)adipate 5~ 100 0.4483 0.1160 0.9972
Benzophenone 2 ~40 0.3522 -0.0003 0.9993
4,4'-Bisphenol A 5~100 0.6643 -0.3951 0.9942
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Table 3. MDL and LOQ of SVOCs in water (n=7)

Spiked

Compounds Conc. MDL — LOQ

) (L) (gl)

Dichlorvos 10 237 7.55
Toluene-2,4-diisocyanate 20 2.12 6.76
4,4'-Methylenedianiline 10 2.24 7.14
4,4'-Methylenebis(2-chloroaniline) 5 0.86 2.72
Diethyl phthalate 5 0.67 2.13
Di-n-butyl phthalate 2 0.33 1.06
Butyl benzyl phthalate 2 0.25 0.80
Bis(2-ethylhexyl)adipate 5 2.45 7.80
Benzophenone 2 0.35 1.11
4,4'-Bisphenol A 5 0.30 0.95

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

h AEE AA 2 §F B st xE8A 3. 14(7
99% A7kl A 2] t FhHE

T A PRAEIAL, 108 3 e 3 qganz

4 A A ESHA 0.25~2.45 pe/L, A @S

71] 0.80~7. 80 pg/Lel TS 78 4 A At (Table 3).

B AN BAE A} dle A BEE RgE"ol &

T, o el o] EAlae $ASE s

U g o] o] vl ARG ARE ¥
43 thE Aasel vs) FReA7t B ol

AR A B AIRe S4S AEste] 4
GAE o RHFA Lokeh GA Sl AFAA
o 10 AErt HES RF2ERS Avkee AR
Ao} S 2] AW - ABES ZA}

A4 AT 75.6~110.5%, IEE 4.6~12.7%°]

qt- 8

&

=

7=

s

Hoz AL 75-125%, AUE 25%°1W FEdE
E R3S D= At Table 4). B A Bl G FHEA
%E*/l H;gt:ﬂ,gti iL‘_ZD/ﬂE ;(47}{5]_—?7
A EREAEAe} T S8 3FES AN
AT 72.4~127.9%2] FHOZ 70~130%2] =T
XS W 3]-91131-(Table 5). 34T A58} o]
Tedo] Wil vjER 2yt B39 A5 Cy &3
£ o] &3t 3—%‘%‘%@% A8t A9 e, U=,
g oA vl 2 A9E 4 5 S

32 3&WHT AME EMZ
1174 8t - Al fda 2 URTF AEE
st A3}, 4,4 -bisphenol A7} i B R
JrelA 12290 pg/Le] TEZ HEEHAUATE F 9l
%, 3671 J‘“THHE‘?:}J—TE‘ e g A 3871,

.|:-_|

o Mz

Table 4. Accuracy and precision of SVOCs by proposed

method (n=5)
Spiked Accu- Precision
Compound Conc. racy (RSD,

wy ) %)
Dichlorvos 50 972 127
Toluene-2,4-diisocyanate 100 756 10.2
4,4'-Methylenedianiline 50 101.6 5.3
4.4'-Methylenebis(2-chloroaniline) 25 973 5.8
Diethyl phthalate 25 86.6 8.2
Di-n-butyl phthalate 10 104.6 9.8
Butyl benzyl phthalate 10 96.8 4.6
Bis (2-ethylhexyl)adipate 25 110.5 109
Benzophenone 10 94.6 9.6
4,4'-Bisphenol A 25 76.6 6.4

A 2770 & F 65/ AEE A% A bis (2-
ethylhexyl)adipate, benzophenone, 4,4'-bisphenol A &
370 &2 o] AZEH AT} 44-Bisphenol AR A U
I A9 13%A 625.0~1618 pg/Le] L2 HAEE
Rod, WHE AE 11%1A4 61.90~69.30 ug/Le]
TE HAE HEHAHTable 6). 44'-Bisphenol A&
ZYTIRY|OE, dFA| 4] F FEFA S dEE
AHEEE Z‘i ArgE g Hrto] olugl FetiE
|71V FxE 22 ALEES HES oy EoF
X HEH =] HI o, A Slldlxe
franstet=d e gor #FAEd= Gkl AUt
Bis (2-ethylhexyl)adipate= 7 A|ZE A W& HIE
2 AEFERe, FEL5 ZASHIEPVOAF
ol 7HAR H7EE EZE v EPAYAM HieE
TA7IF(400 pgl) FE0 2 A A skl AEStal e
H, HZ FUM = HeE IAGE o2 A3 T

Table 5. Recovery of SVOCs in industrial wastewater by
proposed method (n=5)

Spiked Recovery RSD
Compound Conc %) %)
(/L)

Dichlorvos 100 1279 111
Toluene-2,4-diisocyanate 200 1203 145
4,4'-Methylenedianiline 100 95.4 12.6
4.4'-Methylenebis(2-chloroaniline) 50 96.7 12.1
Diethyl phthalate 50 77.4 5.1
Di-n-butyl phthalate 20 94.2 7.7
Butyl benzyl phthalate 20 91.7 114
Bis(2-ethylhexyl)adipate 50 960 134
Benzophenone 20 94.3 3.6
4,4'-Bisphenol A 50 724 9.6
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Table 6. Concentrations found in industrial wastewater (pg/L)

Raw wastewater

Treated wastewater

Compounds Neewee!  Frequency Conc. Naetected/ Frequency Conc.
Nlotal (%) (Medlan) leal (%) (Medlan)
Bis(2-ethylhexyl)adipate 1/38 3 17830 0/27 0 -
Benzophenone 0/38 0 1/27 4 6.30
4,4'-Bisphenol A 5/38 13 63 ?i%lsi 18 3127 11 o1 '(96(?163)'3 0

Benzophenone 523+ AFA|Fo|A] BHe WL S5
A, FE, HF Foll AAAGEE R AR5
3L ATk B AFo|A HEH 4,4-bisphenol A, bis
2- ethylhexyl)adlpate benzophenone 5 371 &2 A7l
O FE R 5 7] (world wildlife fund, WWF)ol| W] &H]
A Zel=d R SAE o, A flside] A
oA H Aol Bl thFE L Ut

=
Hegk Z*P*H‘Lﬂ g3k AA 01E}.

& Aol ded FAel #F 7ol dde
A fEEE 2 SVOCs 10E9) tste) t)2ay

4 FEHF GOMSE o] &3 2ANEE gyt
3, A EAER Gl X g milEd A E & - A
A 5o AT AEE B8 e 22
AES 4 F Ul

1. 349G A8} o] FRELo] BiL o8 714
WalEdo] EAlsks A8 MAF | Cy HEIE 9]
L3 7AFEHS AL43 @y)r, AL 75.6~110.5%,
AUE 4.6~12.7%, 3|F& 724~127.9% T2 =&
AFE 4 5 UL

2. A EAEA G AX S AFiEda ¢

=
& - A2 T2 HFAIES BT A3 bis 2-
ethylhexyl)adipate <} benzophenone = 47 Ul AR
o] 4 17830 pg/L, 630 pg/Le] FE2 HAEHJoH,
4,4'-bisphenol AE 61.90~1618 ug/L«l FTEE HAE
= A

3. &% bis(2-ethylhexyl)adipate, benzophenone,
4.4-bisphenol A 5 37 EF2 AAlFER T
= (world wildlife fund WWF)ol]| W8] A o &2

2 SAE] e B4R A E AA v A=
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