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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. The object of this study
is to establish the database on the hazardous chemicals for the industrial wastewater and to prevent the pollutant
accident of the Nakdong river. We categorized 20 hazardous chemicals potentially discharged into the Nakdong
river. The concentrations of 20 compounds were measured in surface water samples, wastewater treatment
plants(WWTPs) influents/effluents and wastewater discharge facilities in the Nakdong River basin. One com-
pound(1,4-dioxane) was detected in surface waters and three(1,4-dioxane, perchlorate, vinyl acetate) were
detected in WWTPs. Eleven compounds(beryllium, perchlorate, 1,3-butadiene, vinyl acetate, ethyl acrylate,
styrene, hexachloroethane, 1,4-dioxane, diethyl phthalate, di-n-butyl phthalate, 4,4'-bisphenol A) were detected
in wastewater discharge facilities. 1,4-Dioxane was most frequently observed in surface waters, WWTPs and
wastewater discharge facilities.

Key words: hazardous chemicals, Nakdong river basin, wastewater discharge facilities
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2. AEYH

2.1. AleF & 7|+
41 MerckAH(Darmstadt, Germany)®] Z--52F
248 AloF 4 . T Baker(NJ, USA}] AL=ZrpE

Table 1. Investigated compounds in this study
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PPu] 55 Al olgst e, UFETFEZ (internal
standard, IS)S ¥l 715 FF=E2-S Dr Ehrens-
torferAH(Augsburg, Germany), AccuStandardAHCT,
USA), 2 SupelcorHBellefonte, PA, USA)®] I+
AloF B #7898 S| ste] ARSIt A &
W (solid phase extraction, SPE)oll A}&-3F C.4(500
mg, 6 mL) 7FEZ|A|$} vacuum manifold= Supelco
Ate] AFE ARSSIATE SRTE Milli-Q systeme
FHE 33 FRTE olgsioH, fElVlTte 33 &
FrE AR & AxAA ARSI f7lEde] &
Aol Abgshe BE frE] 719 AREE] Aol =
gikoz MFE & 180°ColA 2417F o) AxAIZ
T AREston, AR %S 9@ ZymarkARe]
TurboVap LV AAE=E71E AR-EISIT

2.2. ZAL HIMEE MA

A5 P AN ZARITADR 2 20061
e 45T 2A), 20083 WiEF ZAHY 2}
2 5ol 98 FANA AR F Aom A}
24 5 et B2 weh@4l, 7F)EE 2 W
H|A| o &2 (EDs) 1958 A B2= AAs)
HEHS20, 7 9] gl 7EEo] ol 8747

Mr ol b

No Compounds CAS No Hazard” Class Analytical method
1 Beryllium 7440-41-7 1 Inorganics ICP-MS

2 Perchlorate - - Inorganics IC

3 1,3-Butadiene 106-99-0 2A VOCs

4 Vinyl acetate 108-05-4 2B VOCs

5 Ethyl acrylate 140-88-5 2B VOCs

6  Epichlorohydrin 106-89-8 2A VOCs P&T-GCMS
7 Styrene 100-42-5 2B VOCs

8 Hexachloroethane 67-72-1 2B VOCs

9 1,4-Dioxane 123-91-1 2B SVOCs P&T(heat)-GC/MS
10 Acrylamide 79-06-1 2A SVOCs SPE-GC/MS
11 Dichlorvos 62-73-7 2B SVOCs

12 Toluene-2,4-diisocyanate 584-84-9 2B SVOCs

13 4,4-Methylenedianiline 101-77-9 2B SVOCs

14 4,4'-Methylenebis(2-chloroaniline) 101-14-4 2A SVOCs

15 D}ethyl phthalate 84-66-2 EDs SVOCs (phthalates) LLE-GC/MS
16 Di-n-butyl phthalate 84-74-2 EDs SVOCs (phthalates)

17 Butyl benzyl phthalate 85-68-7 EDs SVOCs (phthalates)

18  Bis(2-ethylhexyl)adipate 103-23-1 EDs SVOCs (phthalates)

19  Benzophenone 119-61-9 EDs SVOCs

20  4,4-Bisphenol A 80-05-7 EDs SVOCs

*JARC classifications and WWF list
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23. ZAF HiY=E 24

2.3.1. Beryllium

A2 5 045um membrane filter2 o3 F
ICP/MSZ 413159t} VarianAle] 820-MSE ARE-3}<]
EAEI o £A4132718 Table 29 YERAAT

2.3.2. Perchlorate
A|EE 0.45um membrane filter2 o333+ ¥ H,
Ag, Ba 7tEZIAE 717} THAIA HdolS AAT

Table 2. Conditions of ICP/MS for the analysis of Be

Parameter Condition
Plasma gas flow 15.0 L/min
Auxiliary gas flow 1.7 L/min
Nubulizer gas flow 1.0 L/min

Nebulizer Concentric type
Spray chamber Peltier Cooled type
Torch Demountable
Be/Mass 9 amu

Li(IS)/Mass 6 amu

o=

T A FtEYA = ARES] el SR 30
mLE AEE F AEE AFson, ojnf X< 6
mL= WY § U] ool s ZAEIIT A=
DionexAke] ICS-3000 System ©]2I2ZrtE2)Z(C)
S ARSI on, BAZ2AE Table 3o YeRf ST

233. 3¢ 718=4 (VOCs)

1,3-Butadiene, vinyl acetate, ethyl acrylate, epi-
chlorohydrin, styrene, hexachloroethane 5 671 VOCs
E48 A5 240 AREg 7171 TEKMAR
Aol STRATUM purge & trap} VarianAlte] 450-
GC/300-MSD & A18sl9lon, BAz2A 9 B4 I8
ulE78-8 Table 49+ Fig. 1] YeRiA

Table 3. Conditions of IC for the analysis of perchlorate ion

Condition

Dionex IonPac AS16 (4x250 mm)
Dionex IonPac AG16 (4x50 mm)

Parameter

Column
Column Guard

Eluent 50.0 mM KOH
Injection loop size 1mL
Flow rate 1.5 mL/min

Column heater Temp. 30°C

Cell heater Temp. 35°C

Detector Conductivity Detector
Suppressor ASRS-Ultra 4 mm

Table 4. Conditions of purge&trap-GC/MS for the analysis of VOCs

Parameter Condition
Purge & trap
Trap Vocarb 3000
Purge Temp. 40°C
Dry Purge Temp. 40°C
Desorb Temp. 250°C
Bake Temp. 265°C
GC/MS
Column VF-5MS (60 m x 0.25 mm x 0.25 pm)

Carrier Gas flow
Injection mode

Injection temp. 240°C
Transferline temp. 240°C
Ion Souce temp. 200°C
Oven temp.

Ion mode EI

He at 1.0 mL/min
Split (20:1)

35°C(83 min) = 8°C/min — 100°C — 15°C/min — 270°C(5 min)

SIM(mv/e)

1,3-Butadiene : 54, 50
Vinyl Acetate : 43, 42
Ethyl Acrylate : 55, 99, 73
Epichlorohydrin : 57, 49, 62
Styrene : 104, 78, 51

Hexachloroethane :

117, 201, 166

Fluorobenzene(ISTD) : 96, 50




Table 5. Conditions of purge&trap-GC/MS for the an-
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Table 6. Conditions of GC/MS for the analysis of Acryl-

alysis of 1,4-Dioxane amide
Parameter Condition Parameter Condition

Purge & trap Column HP-5MS (30 m x 0.25 mm x 0.25 pm)
Trap Vocarb 3000 Carrier Gas flow He at 1.0 mL/min

Sample Temp. 60°C Injection mode  Split (20:1)

Purge Temp. 40°C Injection temp.  220°C

Dry Purge Temp. 40°C Transferline temp. 280°C

Desorb Temp. 250°C Oven temp. 40°C(5 min) — 15°C/min — 150°C(2 min)
Bake Temp. 265°C Ion mode EI
GC/MS SIM(m/e) Acrylamide : 71, 55

Column VE-5MS (60 m x 0.25 mm x 0.25 pum)

He at 1.0 mL/min
Split (20:1)

Carrier Gas flow
Injection mode

Injection temp. 250°C
Transferline temp. 250°C
Oven temp. 50°C(3 min) — 10°C/min — 150°C
Ion mode El
1,4-Dioxane : 88, 58
SIM(/e) 1,4-Dioxane-d8(IS) : 96, 64

2.3.4. 1,4-Dioxane

EAof| ARE3l 7]7]+= TEKMARAF] STRATUM
purge & trap?} AgilentAle] 6890N GC/5973i MSD
E ARgsislon, EAxd B A ARvEIdS

Table 59} Fig. 19 YFeERASAT).

Table 7. Conditions of GC/MS for the analysis of SVOCs

2.3.5 Acrylamide
Alg—t— C15(500 mg, 6 mL) 7IEZAE ©]& f‘z
H(solid phase extraction, SPE)2.Z

A}, Cy FHEAAE WE-E 10mLet %
Z MAES F AE 100mLE S3AA & 2
ot S/ 10 mLE 7FEZRE HojE F T
o2 Wek2 10mLE 8FAA, 40°CollA] TurboVap
LV 45572 §uE 99 1mlE $5AH &
Aol AHg3E 7]171% AgilentAte] 7890A GC/5975C
MSDE ARSI o, BzA U B I2nfeTy
S Table 634 Fig. 1o YepASITE Scan #4934} SIM
(selected ion monitoring) ¥-4]0] FA]o| o]Fox| ==
slo] Scan HEolA 7 EHo] AFAAERDS IRIg
o SIMEER G #4819

g FE

;<L/\]

Parameter

Condition

Column

Carrier Gas flow
Injection mode
Injection temp.
Transferline temp.
Oven temp.

Ton mode EI

HP-5MS (30 m x 0.25 mm x 0.25 pm)

He at 1.0 mL/min

Split (20:1)

250°C

280°C

100°C(5 min) — 5°C/min — 280°C(5 min)

Dichlorvos :
Diethyl phthalate :
Benzophenone :
Toluene-2,4-diisocyanate :
Di-n-butyl phthalate :
4,4'-Methylenedianiline : 198, 197, 182

SIM(m/e)

109, 185, 79

149, 177, 150

182, 105, 77

174, 145, 173
149, 150, 104

4,4'-Bisphenol A : 213, 228, 119

Butyl benzyl phthalate :
Bis(2-ethylhexyl)adipate :
4,4'-Methylenebis(2-chloroaniline)
Phenanthrene D10 (IS) :
Fluoranthene D10 (S) :

149, 91, 206

129, 147, 112

: 231, 266, 268
188, 94, 80

212, 106, 92
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Fig. 1. GC-MS selected ion chromatograms for spiked treated standards and raw wastewater samples of (a) VOCs (b)
1,4-Dioxane, (c) Acrylamide, and (d) SVOCs. Concentrations of standard peaks are ranged from 10 to 100 pg/L.
Analytical conditions are different in each compounds and given in Table 4~7.

2.3.6. RIS

f7131eH=4 (SVOCs)

Dichlorvos, toluene-2,4-diisocyanate, 4,4-methylene-

dianiline, 4,4'-methylene-his(2-chloroaniline), diethyl

phthalate, di-n-butyl phthalate, butyl benzyl phthalate,
bis(2-ethylhexyl)adipate, benzophenone, 4,4-bisphenol
A5 107] E4& 24351 A1F 100 mLE 272
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Fig. 2.Description of surface water and WWTP sampling
sites in the Nakdong River basin.
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Table 8. Method quality data for the quantification of investgated compounds

. 0]3_4

Compound c Linearity MDLY  LOQY Accuracy®? Precision? Recovery”
e e 2 b b B RSDB) ()
(ng/L)

Beryllium 0.05~100 0.9999 0.002 0.006 102.9 2.8 99.0
Perchlorate 2.0~50 0.9981 0.58 1.9 97.7 2.7 85.7
1,3-Butadiene 1.0~50 0.9997 0.02 0.05 100.9 9.8 91.9
Vinyl acetate 1.0~50 0.9999 0.02 0.05 93.8 44 95.9
Ethyl acrylate 1.0~50 0.9999 0.06 0.18 99.1 4.3 104.2
Epichlorohydrin 5.0~250 0.9999 0.28 0.88 894 4.9 102.7
Styrene 0.5~25 0.9994 0.01 0.03 110.5 15 97.7
Hexachloroethane 1.0~50 0.9997 0.02 0.05 115.3 7.8 101.1
1,4-Dioxane 2.0~50 0.9992 0.35 1.1 101.5 4.0 91.5
Acrylamide 10~100 0.9948 2.0 6.2 85.9 10.4 86.6
Dichlorvos 25~250 0.9996 11 36 119.8 6.9 111.7
Toluene-2,4-diisocyanate 50~500 0.9901 32 100 92.6 55 84.9
4,4'-Methylenedianiline 50~500 0.9827 5.9 19 84.6 4.7 78.8
4,4'-Methylenebis(2-chloroaniline) 50~500 0.9920 6.1 19 87.3 6.3 72.4
Diethyl phthalate 10~100 0.9980 0.98 3.1 106.0 3.4 94.2
Di-n-butyl phthalate 10~100 0.9850 7.1 23 104.4 2.6 106.3
Butyl benzyl phthalate 25~250 09885 19 6.0 89.0 6.5 70.6
Bis(2-ethylhexyl)adipate 25~250 09847 14 45 94.1 43 85.2
Benzophenone 5.0~50 0.9996 0.69 2.2 106.7 29 121.6
4,4'-Bisphenol A 50~500 0.9991 7.9 25 80.3 2.9 88.0

Dpn=7, MDL: method detection limit (SD*3.14), LOQ: limit of quantitation (SD*10), ?n=5, ¥n=3.

& N s ARl B AEEeH i
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Fig. 3. Concentrations found in surface waters from the

Nakdong river basin.
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Fig. 4. Concentrations found in the influent and effluent of

WWTPs from the Nakdong river basin.
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A9 D akRRolA Zzt 45,72, 2022 pg/llel FE

Vinyl acetate= E2]|2AMd T FATA] 5=
U AR EE 227 B 2ARIME A, 8 &
Aol FAgolM 47 86.60, 4.85 ug/le] FE=
AZE At} Vinyl acetates= &3 (bp)ol 72°Ce] 3
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34. HE5Z SFXY O uiEds S440
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7P AENETE A4 JERd E42 14-dioxane>
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AR tEF AAEE Ao dEA o A A9
T A8 39%°A 9.76~595,400 ug/Le] == 7
ZE9lon, WRSIME 44%2] AFoIAM 11.61~705
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Perchlorate= H]234 =& ZAEHE=E YepiEd,
A dHg A5 19%0A4 12.08~7,098 ug/Le] &
T2 AEEoH, R E 19%2] AE0lM 7.04
~411 pg/le] w5 ¥R AZF AT}, Perchloratew=
vl= EPA ¥ sudA] HeE A 3ECE A4
AR AEE Y HFAIRAN HeE AR
5 7lEs 2% o Sk

Vinyl acetate = A A5 A 52 32%14 2.80
~96,220 pg/Le] == AZHAoH, WHTF Ui Al
BollA 1.21 ug/Lel T2 vF HEEATh dul<o|
Me e TR YERIO Y HlA R I ellA o
B2 AgEe Ao® Hoth Vinyl acetate?] 7%
A =, =9 25 FEHd $77]Fe] A E
UA] e FHoZ WRFAME HEHA ZUAITH
Al AlBolA HlwA HERETE =4 vERd Ao
2 Kol #g¢] Feo] vkl & Uk

2 9] diethyl phthalate, di-n-butyl phthalate, 4,4‘-
bisphenol A 5 37l =& A5} HFSF d¥AF
ol e AERIEE AEECH, Be, 1,3-butadi-
ene, ethyl acrylate, styrene, hexachloroethane 5 5
N FES dHg AlFoARt B ASNER HEE
Rom, WF{TF AR = HEEA] FUTH

HEA2olA g EFE Hlg) vwd HEWE

7} =7 tehd B450] sh4(1 d-dioxane) 2 5 -

Table 9. Concentrations found in wastewater discharge facilities surveyed in this study (ng/L)

Raw wastewater

Treated wastewater

Compounds Nyetected  Frequency Conc. Nyetecteda ~ Frequency Conc.
Niotar (%) (Median) Niotal (%) (Median)

Beryllium 7/64 11 0.016~0.467 (0.048) 0/32 0 -
Perchlorate 12/64 19 12.48~7098 (67.57) 6/32 19 7.04~411 (17.99)
1,3-Butadiene 1/64 2 50.20 0/32 0 -
Vinyl acetate 17/64 27 2.80~96220 (151.32) 1/32 3 1.21
Ethyl acrylate 4/64 6 10.80~228900 (30.82) 0/32 0 -
Styrene 4/64 6 2.77~1730 (12.39) 0/32 0 -
Hexachloroethane 1/64 2 5.08 0/32 0 -
1,4-Dioxane 25/64 39 9.76~595400 (60.14) 14/32 44 11.61~705 (37.46)
Diethyl phthalate 4/64 6 706.0~712.0 (708.0) 1/32 3 76.50
Di-n-butyl phthalate 3/64 5 770.0~987.0 (815.0) 2/32 6 142.9~234.9 (188.9)
4,4'-Bisphenol A 8/64 13 4684~46620 (4804) 2/32 6 558.4~681.4 (619.9)
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