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Abstract

This study was investigated twenty two hazardous chemicals compounds for effluents of nine sewage trestment plants
(STPs) and one waste water treatment plant (WWTP) in the Nakdong Ri-ver Basin. They are eleven phthalatestDMP, DEP,
DIBP, DBP, BEEP, DNPP, DHP, DCP, DEHP, DNOP, Dinonyl phthalate, seven diphatic hydrocarbons(n-Tridecane,
n-Tetradecane, n-Pentadecan-e, n-Hexadecane, n-Heptadecane, n-Octadecane, n-Nonadecane, Isoquinoline, 2-Chloropyridine,
2-N-itrophenol, and Benzophenone. The twenty two compounds were anayzed by gas chromatograp-hy mass spectrometry
(GC/MS) with liquid-liquid extraction (LLE). Twenteen of twenty two subs-tances were detected. They were DMP, DEP,
DIBP, DBP, DEHP, n-Tetradecane, n-Pentadecane, n-Heptadecane, n-Octadecane, n-Nonadecane, 1soquinoline and Benzophenone.
Among these, DEHP, DEP and Benzophenone were most frequently observed. They were obtained as ND~36.881 pg/L,
ND~0.950 yg/L, ND~2.019 pg/L, respectively. When the substances were calculated the average concentration at 10 points,
the maximum average detection concentration was investigated at the Dal seocheon STP.
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O] FEEH Y F T | ER(11F) 9 A=
S f(73) = SEEA R AccuStandardE At
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Table 1. Marketing survey for mgjor endocrine disruptors(http://stat.me.go.kr/nesisindex.jsp)

2006year 2010year
Compound CAS
poi Num. Output Imports Exports Usage Output Imports Exports Usage
(ton) (ton) (ton) (ton) (ton) (ton) (ton) (ton)
Dicyclohexyl Phthalate (DCP) 84-61-7 0.3 0 29 0 2
Diethyl phthalate (DEP) 84-66-2 29 0 71 0 27
Dibutyl phthalate (DBP) 84-74-2 7,728 6,444 1,925 6,999 7 5,469 1,534
Di-n--hexyl phthalate (DHP) 84-75-3 - 0.21 -
Di-(2-ethylhexyl) phthalate (DEHP) 117-81-7 439,307 5575 270,895 105,801 344677 12158 180908 422502
Benzophenone 119-61-9 62 135 34 155 62 100
Di-n-pentyl phthalate (DNPP) 131-18-0 0.4 - -
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Table 2. Properties of compounds used in this study
CAS Chemica Molecular Molecular
Compound Num. Structure Formula Weight
Dimethyl phthalate 131-11-3 = CHA(COOCH3)2 194.06
©oMP) e |
Diethyl phthalate 84-66-2 o 8 C6HA(COOC2HS)2 22224
(DEP)
Diisobutyl phifiaate 8695 T g >~ CBH4{COOCH2CH(CHY212  278.35
(DIBP) S
D'b”?’l'jg;)hdate 84-74-2 = C6H4[COO(CH2)3CH3]2 27835
Bis(2-ethoxyethyl) phthalate ™, =
ey 605-54-9 o, C16H2206 31014
Di-n-pentyl phthalate (DNPP) = Diamyl — o
P thlate (DAD 131-18:0 <3 COH4[COO(CH2)4CH3]2  306.40
Di-n-hexyl phthalate 5— -
(OHP, DNHD) 84-75-3 e L COH4[COO(CH2)5CH3]2  334.45
Dicyclohexyl phthalate (DCP) 84-61-7 o AL CBH4(COOCEH11)2 33042
C6H4{COOCH2CH(C2H5
Di-(2-ethylhexyl) phthalate (DEHP) ~ 117-81-7 T S = [ (C2H9) 30056
< (CH2)3CH3]2
_ R
Di(n-octyl) phthalate (DNOP)  117-84-0 s 5 CBH4[COO(CH2)7CH3]2  390.56
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Table 2. Continued

Aot AAE - oWl - 5% - W

Compound Norm St Formila Wegh
Dinonyl phthalate 84-76-4 Cf =TT C26H4204 41831
Isoquinoline 119-65-3 E{jj COH7N 129.06
Benzophenone 119-61-9 O . ~ C13H100 182.07
2-Chloropyridine 109-09-1 - C5HACIN 113.00
2-Nitrophenol 88-75-5 ['/Ej/ e C6HSNO3 139.11
n-Tridecane 629505 - C13H28 184.22
n-Tetradecane 629-59-4 — T e C14H30 198.24
n-Pentadecane 629-62-9 —_——— C15H32 212.25
n-Hexadecane 544-76-3 T T T T T T C16H34 226.27
n-Heptadecane 629787 C17H36 240.28
n-Octadecane 503-45-3 T Cl18H38 254.30
n-Nonadecane 629-92-5 e C19H40 268.31
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BA7|7|Re WAL Qs skassukE e
3(Agilent 6890N/5973, Agilent Technologies, USA)
S ARESITE A--2 AgilentAl2] 30 m long x 0.25
mm [.D. x 0.25 g film thickness®] HP-5M SE- o]&-
ShQlch L BT 2 RS 27] 2 40 Cof|A] 5E1F
ZA)Z1a 5C/minolA] 100C7H] 4-&, 3T/ming
280 C7HA] 5-& & 2 AR e EEES
MS2] SIM (selected ion monitoring) 2 =of 93] &
FA o2 FAEI B MSE 70 eV 9] 0|23}
U X]of| A El(electron ionization) 2 =2 255 %ich.
AE7124(99.999%) 9] FF2 1.0 mL/minZ U3}
Al FA8FEEE. MS transfer line 2%+ 280C= 3}

Table 3. Andytical condition of GC/MS
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HP-5MS
Column (Crosshond 5% diphenyl/95% dimethyl polysiloxane,
30mlong x 0.25mm I.D. x 0.25¢m film thickness)
Carrier gas Heat 1.0 mL/min.
Totd flow 53.7mL/min.
Split ratio Splitless
Injection port temp.  280C
Transfer line temp. 280C
initid. temp. initia. time  rate final. temp. find. time
(0) (min.)  (C/min.) (C) (min.)
Oventemp. program 40 5 50 100 0
30 280 2
post run : 300C 3min
Run Time 79.00min.
- SIM mode
- Selected ions
: 2-Chloropyridine(78, 113, 51), 2-Nitrophenol (139, 65, 109), Isoquinoling(129, 102, 51), n-Tridecane(43, 57,
Acg. Mode 71, 85), n-Tetradecane(43, 57, 71, 85), DMP(163, 77, 194), n-Pentadecane(43, 57, 71, 85), DEP(149, 177,

76), n-Hexadecane(43, 57, 71, 85), Benzophenone(105, 77, 182), n-Heptadecane(43, 57, 71, 85),

n-Octadecane(43, 57, 71, 85), DIBP(149, 57, 104), n-Nonadecane(43, 57, 71, 85), DBP(149, 29, 76, 104),
BEEP(45, 72, 149, 71), DNPP(149, 43, 237), DHP(149, 43, 29), DCP(149, 55, 167), DEHP(149, 57, 167,
279), DNOP(149, 43, 57), Dinonyl phthal ate(149, 57, 71, 293),

Solvent delay 4.0 min
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S1: Sincheon STP
S2: Seobu STP

S3: Dalseocheon STP
4 : Jsan STP

S5: Bukbu STP

S6: Ansim STP

W1 : Seongseo WWTP

S7 : Waegwan STP
S8: Gumi STP
S9: Gumi 4 danji STP

Fig. 2. Location map for three Sewage Treatment Plants in Gumi city and Waegwan-eup area of Chilgok.
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Table 4. Characteristics of the studied Sewage Treatment Plants and Waste Water Treatment Plant (http://www.konetic.or.kr)

STP Flow

Disinfectant Process , Influx Discharge
name (m'/day)
Sincheon Advanced process domestic sewage, rainwater, Geumho river
(1) NaOCl (A20) 680,000 treated food waste water — Nakdong river
Seobu Advanced process domestic sewage, rainwater, human Jincheoncheon
(82 NaoCl (A20) 520,000 waste — Nakdong river
domestic sewage, Dalseocheon
Dal s(eggc)heon O3 Advarziegop)rocas 400,000 industrial sewage, — Geumho river
human waste, leachat — Nakdong river
) Sincheon
Jsan NaOCl Advanced pr_ocesls(AZO) 45,000 domestic sewage, rainwater — Geumho river
() + sand filtration .
— Nakdong river
Bukbu Dalseocheon
() NaOCl Advanced process(A20) 170,000 domestic sewage, rainwater — Geumho river
— Nakdong river
Ansm . ! Geumho river
(S6) NaOCl Advanced process(A20) 47,000 domestic sewage, rainwater > Nakdong river
Seonaseo conventional activated daemyeongcheon
(W?L) - sludge process + sand 80,000 industrial sewage — Jincheoncheon
filtration — Nakdong river
Advanced process . . . )
Waegw(SY) an UV (CNR+A20) 42,000 domestic sewag;;la né/vater, industrial Nakdong river
+ sand filtration 9
Gumi Advanced process(DNR) 330,000 domestic sewage, rainwater industrial .
(B) w + sand filtration sewage, human waste Nakdong river
Gumi Advanced process(A20) domestic sewage, rainwater
4 danji uv proces 50,000 SIC Sewage, ’ Nakdong river
(9) + sand filtration industrial sewage

3 River : Nakdong river, Geumho river
Stream : Sincheon, Jincheoncheon, Dal seocheon
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HA B gt SuljEgRAE A
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Table 5. LOD and LOQ of the compounds (unit : yg/L)

Compound LOD LOQ RSD(%)
2-Chloropyridine 0.076 0.241 26.7
2-Nitrophenol 0.034 0.107 24.8
Isoquinoline 0.100 0.318 25.3
n-Tridecane 0.012 0.039 3.6
n-Tetradecane 0.015 0.048 44
DMP 0.023 0.072 6.6
n-Pentadecane 0.019 0.060 58
DEP 0.024 0.077 8.7
n-Hexadecane 0.011 0.034 31
Benzophenone 0.031 0.100 85
n-Heptadecane 0.018 0.059 5.4
n-Octadecane 0.024 0.075 6.8
DIBP 0.017 0.055 53
n-Nonadecane 0.019 0.061 6.3
DBP 0.019 0.059 6.4
BEEP 0.018 0.058 5.2
DNPP 0.028 0.090 9.1
DHP 0.020 0.065 6.6
DCP 0.038 0.120 125
DEHP 0.047 0.150 104
DNOP 0.021 0.067 5.7
Dinonyl phthalate 0.037 0.118 10.7

- B WY

ALA(LOQ)= FE=HAR] 10u[o] sfigsh= gre
= oiylch 2 Atda AlERRE 99% HejollA
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phenone?] AZ31AI= 0.031~0.076 gL, A3
+= 0.100~0.241 pgl 2 ZALERICE TEHO|ER=
AE3%HA 0.017~0.047 pgll, #7F5HAl 0.055~0.150
rgLolqie). eelpaie HE3H 0.011~0.024 pg
/L, A=FsHA 0.034~0.075 pgl = LeRich(Table 5.
%) 3k Fulge) BAEES R AR(GES
AE ol8st] HE=(% o8)et HU=(RSD)
£ AR &2 Ax 0.5 pgl 9] sEofA] 66.2~134.3%
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gl= 371E(not classifiable as to its human)o&
Benzophenone <ItollA| ®el7s7do] = 2B 15
(possibly carcinogenic to human)o]] x|A=lo] itk
(WHO IARC, 2011). %3t DEP, DBP, DEHP,
Benzophenone WEH|APgolEA(SHd o= E4)
2 oplE= 2R oduA qlom Yan| AR k= 5
oflA] @17He] A HAAEAR Ak Ao Halkal
QIti(Hong =, 2002; Ministry of Environment, 2000).
ZERO|E= thE URAPGolE ol Hlste] A]<57d
o] wo} AEAY SA7 At o= A1, 54 Egh
2 Aog duA glovt w2 o eEE A A
ol A2IeE FRke vxle= Ao=m HarEar QIeHKim
5, 2004; Suzuki 5, 2001). $HA AHE gk i =
7RER, BAIEH), 21 Aeshed 5o AR
ool ARGE Wl o) A= gl A o= ARG
™ Isoquinoline 9J°FE, d=, H45A] 59 &&= °]
S} o] Hioky AhE7} Qs 24 Bla 4= ASich
(KOSHA, 2011).

HA| ZEHo|ER 5 DMP2| F=H9l= E4E0l
A 0.954 gL 71A], 7E-8-2- 47.4%3 .01 DEP2] 7
L EAS04] 0.950 pgL7HA], HEE-L 94.7%=2 XA}
=|%ch DIBPY| FrH9= E4E0l4 4.088 pgL gl
I HEES 52.6%E Ve e DBP= E3EA
3.396 ug/l, AEE-2 68.4%%t}t. DEHPY] ==
EE0lA 36.881 /L 2 ZEO|ER F FEHT
7 =on HEEE DEPLL 5UT 94.7%= =2
Ho|Qe). by o ER0] AZulEL DEHP,
DEP > DBP > DIBP > DMP2] &A1& vepich &
A3 DEHP?| Hitste= 4o 7.340 pgll, 740
5.622 gl 2 4| 35 oA Bat HESEIL 7P
=7 ARSI T H50 2 DIBP7E A Balse
1.025 pg/L 2 =9Fom DBP7} AA| H+-s-= 0.708 ug
ILE T A= ARl ZEo|ER 5 A 3
TEE7F 7Y 2 52 DMPR 0.086 g/l o]t
B3 57) S0 A Hatstes 1722 pgl O] Pk
Hioh

AHE EslaAd 2 n-Heptadecane®} n-Nonadecane
o] AA| HEE0] 15.8%=2 FUsI e A= ©st
ot 5 WETF 7P A 2AE IS AA Bhs

+ n-Heptadecaneo] 0.023 ug/L, n-Nonadecaneo|

0.012 pgl = ZAPE It 71 9 AU Tdlpdfe
HEE80] 10%oJ5l95o Hi==% 0.002~0.010
pgl W= SwEelich AR AE Hslea
Fo A} Bwrt BA ARSI 212al 570
AL ofepa] AA| BabsEs 0011 pgl= 5
7N ZEHo|E9] HA| Balee(1722 pgl) v oF
0.6%¢] sigsk= ghom FAREC] ANk ow R
Gl 28l HEsEs o umgh AoR T
T A

71 9] Isoquinolinex} Benzophenone?] Zof A=
el ZW7 1.262 pgl, 2.019 pglgomn HAELL
Z}7} 15.8%%} 89.5%% Benzophenoned] HEH ==
Isoquinolineo]] B} o} =A] UERIT] Iso-quinoline
o] A Hlsr 0111 pgL 2 571 ZeEeo]EQ]
A Bswel vk oF 6.4%e] s ol
¢lo1} Benzophenone2 A Hw-s=7} 0.723 gl
2 57| ZEio|Eo] A Hibseat vlwd uf of
22.0%E AR|FE= AoE eR} Isoquinolineo] H]
o Adem w2 s HEHL USS E +
Qlct. ESF Benzophenone2 DBPS} HE8-2 2jol7}
WA Fabses HlsRtt A o' ARSI

A= Hong 5(2002)2 th+2|%1e] F57tolA19]
ZeR]jo| B A4 7&41%7} DBP> DEHP> DEP
> BBP2Q] $:A12 el om DBPL] =%+7}10.28 pg/l
2 HIXE Btk Fgskack FUsAnsty
(NIER, 2007)2] WulApgolad 37 % AR ez
AV of| 4] 23t -85 A H T of, 2AR A, i
Al - ekt 670 SR 0] T, &, EAE, EYA
=oA] 200583} 2006e] DBP, DEHP, DEP,
Benzophenone(t}7] Al& Ale))o] AZE|ITtL 519
t}. A&332 DBP7} 247} 3.64~42.32 ng/Sm’®, 7
E~2.48 gL, EHE-191.67 pgke, E35-481.20 g
kg9 o] DEHPX 77} 4.37~ 198.37 ng/Sm®, &
AE4.94 pgl, BHE-34942.373 ugks, =4
£~1975.33ugkeditr. DEP= 21zt E7%-378
ng/S’, BA%-034 pgl, BUE-1830 ugke E4
£~160.70 pgkgo & R 1siglrt. Benzophenone 7}
7t EHE023 gL, E4H5-310 ugks ==~
17.40 pgke= ZARERICAL SIgick E3F Song &
(2011)-& =) A7 1A} Aol S At a2t
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Table 6. Monitoring results of compounds(unit : zg/L)

Yo NS - oY - 7B - WY

April July
&= Detected Detected
concentration Detected point concentration Detected point
" a " S1, 82, S3, 4,
DMP ND~0.040 A ND-~0.954 5. S7. 9, W1
Sl1, S2,S3, 4, S1,S2,S3,4, S5,
DEP ND~0.305 S5.58, 59, W1 0.103~0.950 % 57 58,50, W1
S1, 2, S3, A4, S5,
DIBP ND-~0.159 3 ND~4.088 6, S7. S8, W1
S1, 32, S3, 4,
DBP ND~0.271 S1,S3,$4,55,S8 ND~3.396 S5, 6, 57, SO
S1,S2,S3, 4, S1,32,S3,$4, S5,
DEHP ND~36.881 S5, 58,59, W1 0.098~12.293 % 57 8,59, Wi
Isoquinoline ND~0.477 2 ND~1.262 2,55
S1,S2,S3, 4, Sl1, 82, S3, 4, S5,
Benzophenone ND~1.009 S5, 58,50, W1 ND~2.019 S5, S7, S8, W1
n-Tetradecane ND - ND~0.142 S1
n-Pentadecane ND - ND~0.108 S3, W1
n-Heptadecane ND~0.037 3 ND~0.340 S7, W1
n-Octadecane ND - ND~0.038* S7
n-Nonadecane ND~0.026" S4 ND~0.176 S8, W1

BEEP ND - ND -

DNPP ND - ND -

DHP ND - ND -
DCP ND - ND -

DNOP ND - ND -
Dinonyl phthalate ND - ND -
2-Chloropyridine ND - ND -

2-Nitrophenol ND - ND -
n-Tridecane ND - ND -

% ND : Not Detected, a: Below limit of quantitation

S1~S9(STP) : S1-Sincheon, S2-Seobu, S3-Dalseocheon, $4-Jisan, S5-Bukbu, S6-Ansim, S7-Waegwan, S8-Gumi, S9-Gumi 4 danji

WL(WWTP) : Seongseo
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Fig. 5. Monitoring results of compoundsin April and July.
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Fig. 6. Average detected concentrations of sampling sites.
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Fig. 8. Concentration distribution rate of sampling sitesin April and July.
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