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To assess the levels and distribution patterns of semi-volatile organic pollutants comprising 6 phenols, 3
organochlorine pesticides (OCPs), 6 organophosphorus pesticides (OPPs) and 4 other pesticides (diuron, fur-
fural, hexazinone, linuron), we analyzed river water samples collected from Nakdong river basin and effluent
samples from five industrial wastewater treatment plants (IWTP). The concentration levels of 6 phenols, 3
OCPs, 6 OPPs and 4 other pesticides in the river waters ranged from not detected (ND)~450 ng/L, ND~25.8
ng/L, ND~19.2 ng/L and ND~20.7 ng/L, respectively and the levels of those target compounds in effluent were
from ND~353 ng/L, ND~4.42 ng/L, ND~12.8 ng/LL and ND~10.1 ng/L, respectively. Among 19 target com-
pounds, four compounds (4-nitrophenol, 2-methyl-4,6-dinitrophenol, demeton-O, diuron) showed statistically
significant seasonal variations (p<<0.001). Phenols were predominant in all samples and showed increasing ten-
dency from upstream to downstream. Though no clear emission sources were identified due to the large vari-
ances of sources between sampling points but some relevant occurrence pattern was observed between IWTP
effluent and surrounding areas, suggesting potential effect of IWTP on the close regional river basin.

Key words: OPPs, OCPs, Phenols, Pesticides, SVOCs, Nakdong river basin, IWTP

LM B
Qzke] Bl ofs) WARE 4F frledRAe
TR AER SHOR WEE T Bl A &
& e 5, W, 24 EA 53 2 95 B
QA 7 - 27 ke & 5 k. 53 24
=]

2467131822 (SVOCs: Semi-Volatile Organic Com-
poundsy> FAOIA EA7E H= wokR T R4 3

ZAreed tiite 28 o & DDT & 4 &

AL ZAFAE7) 2952 (Persistent Organic Pollutant)

"To whom correspondence should be addressed.

of AYH] 2EEE Yokl A YRR Bl
5 9l

oJeld SVOCst 91 clel iAol WA
se] HHome] £9, AUTY F AE - PN
o AME B A, ARe] 27 Ayl W
Hel 8 Q2 FANAE Fpg oM S0 5
SATky. FeA Qo 4HH Tt ABE B
° FUAFE B U 42E B FPMZ f
Use] AFHOR Aol FHHAY N2e JFS

Tel: 82-51-510-3513, Fax: 82-51-514-9574, E-mail: jeoh@pusan.ac.kr



230 A3 -

N
-&
s
K
"
k]
%0,
H
i)
T
g
g
5
2
& o
e,

H bl
S ATEH e A8 - ARt 9325 59
=4, 332, 7P 7k, FRlE, Sk Alx,
= B 5A 7k, AR, Ak, A, A S0l vddt
NdollM 8T AREE R ofe} slEA|, ol FA|
A, FHEUO|ESA] o] 75 A, AEA 2,4-
D, & Al &rf, deldit 5 45 AlFe] 9
B2 o §E L Qo] FHAE ool oEe= &2
Eolt}. w2 727 54 wE f7192A, 771
M T EREM 2011d 7EeE S AlxREE
o

. R
2
(e
‘e
4
N
>,
1
S
[
o
&
o
oo
o
o
>
e
Jo 2 N o

A7 AesF 2 R s =7 2
o] UivtE ZAPE AAIE B Qo ofdd] 8 A
2 ZReM ] FE, T B AF] gk A= A
o]Foix|A] i o, 53] {71 TRl tEFE
2R 2 (dichlorvos)e} E= 23] 3E2(chlorpyrifos)2] 7
£ )] K¢kl dichlorvos XS AR 8= ¢l
AREY SE FAoR 3 FA FARE AEIE A o)
t}. &3 chlorpyrifose I 2 AaFoll thet 354
AF7E FE o1FH = 24 2
UE ] tigk A= A9 §l
SRR =

2 A7 AEAFHAYR] HEd e S Fa
47 A FAME 58] S wEt ), dl+ &
EARY FHo=E goFst TR Aol waelal <l
T7F AsEe] AL 19918
ol 14-to]S4 AT e f71=
F sk AY9er A&HAQ A=A hat A
o} #e)7t Fositkd 53] Yt A2 o8 XHe)
o, 4 5 tEA 1] F8 ATUoE AR

2 oy
e

3L Qo] fH o R wlg- RIZRRE AHo|ng YErte
AR AR AlRIEAl vAE 9 S
deotal, ASHo| a&AQl AT FAYES
A7) flete] FAR FYEE frledEde] A
£ RUEHS 53 LERAEE v 4 davt
At

44 54 5 T 2] G wo} MiEEAe) 2

! 8 S5l tses

B9 Ao W vy A7k Basht Fhels

AR A SAel WAl ta AT ol 43
€t glck?

Wb B e 9] BRsh A2 A4 3344

¥ Fo Fauss 5479 1

1

)
lo
i
N,
%
jus)

Re)

=
ot
ol

2.1. =ACHY 2F

ZAINE SVOCse= #leEfF 65¢HEs 3 UERT
=; 2,4-dimethylphenol, 3-methyl-4-chlorophenol, 2,4-
dinitrophenol, 4-nitrophenol, 2-methyl-4,6-dinitrophe-
nol, dinoseb(2-sec-butyl-4,6-dinitrophenol), -f71% 44|
5°F 3% (bromoxynil, captan, chlorothalonil), 71214
5°F 6= (dichlorvos, chlorpyrifos, demeton-O, deme-
ton-S, dimethoate, EPN), 71El&%F 4= (diuron, fur-
fural, hexazinone, linuron)2.Z % 19F¢] SVOCs=

B A7 AHSE RE Aoke RAIERS 27
24 4] BBl % 9T HIAA e AL A
slgich, FRAAS 9l AT FRAREES (sodium

sulfite), ~2sF2HE(KOH), H4HHCD, F3htEHNaCl)
& WakorH(Tokyo, Japan)®] 55419k AR&-a13loH,
7187 (n-3)4Hn-Hexane), t]Z& &2 eH(dichlorome-
thane), oP4l=(acetone), HEH(pentane), #|E-=-(metha-
nol), Sl olAE|o] E(ethyl acetate), HPLCH water)=
J.T BakerAH(Phillipsherg, USA)®] Z-F5oF £48 &
)2 ARE-31T) BlER, OCPs, OPPs 2 71E} 52+
o] BAG FF=A AHE irEEEH, A9A A
7H WHEEEEZHLE AccustandardAH(New Heaven,
USA), Dr. EhrenstorferAHAugsburg, Germany), Wel-
lingtonAH(Guelph, Canada)ollx] ZFzb T£4313c}. 498
71712% 771904 5 2%, WdelE 2%, 718k SVOCs
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ko2 pHE 2 o|at2 A8 WEe 5mLE Yo
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ok
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2% (dichlorvos, chlorpyrifos)

A}

=2 TIAA

(3M Empore, St. Paul, USA)Z A X5}t WS
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@ Nakdong river basin
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B Industrial wastewater treatment plant

Fig. 1. Sampling locations of river water samples in Nakdong river basin, tributaries and industrial wastewater treatment

plants.
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wgk 11 E8-89 3mLE 23] &ste] 2 & sene-d12)S 71et TRy HSRUIEF 40gS ¥ T U
713l FZHS Ed\}g‘wﬂ (Turbo vap LV, Caliper life  EZ2WE 40mLE ¥ 1087F AlA E50] SA 0
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2.4.2. WEHE 2%(24-dimethylphenol, 3-methyl-
4-chlorophenol) #2111

A& 119 B3 ER 40mge ¥S 5 6N &
Aoz pHE 2 o|st® %4 stk SPE manifold
(Supelco, Bellefonte, USA) &=]°] ENVI-Chrom 7}&
21X (Supelco)s A=sle] TIF2Z2u|et 3mLE 33] Al
WERe 3mL, 0.056N ¥4F 3mLE 2z
7} 33] AFEIAT) ARl WREZEZ (2 4-dimethyl-
phenol-d3)& 73t TR manifoldell FHZ A3k
25 o] &3 Il oF 20 mL/min®] HEE Al

Al Ax ¥

2E HAsl A8 ¥ YRS E]ﬂiiﬂﬂﬂ 10mL=
U2sle] AEAAE FAA F 16%7 Axsect
HEEeid 3mLe gl AUl & 1:1 i
¢ Lul) ¥8% 0f Fogiegd B

A FES AASALY 559 S 2mL GC vial2 £71
F GC-MSDZ B4l Aol 258 18 99 w2
=2
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24.3. UERHE 45 (2,4-dinitrophenol, 2-methyl-4,
6-dinitrophenol, 4-nitrophenol, dinoseb) #-29=

Al 1L 32 bEF 40mgs ¥ § 2 4

o}, SPE manifold x| Oasis-HLB 7}HE2]A](Wa-
ters, Milford, USAYS AX|3}l7 WES 5mLE Yol
FIEGAZ 23] M3 & HPLC water 5mLE 33
A AsA AR WE-EEE4(2,4-dimethylphenol-
d3ys 713 thy 7HERAY] FEE AZsie] HEE o]
&3F ZRPdElollA oF 20 mL/min®] £E2 AlEE A
Astal ZFEYAE 1587 7ZsI8ith WeEkE 4mLE
33] &elat] Aol &713 FEAE I1ml/HA] &
% o 2mL GC vial2 &4t} LC-ESIMS/MSZ
EX3517] Ao 38 el 93 =52 (1,2-dime-
thyl-3-nitrobenzene)s 3 7FsIAt.

24.4. 71E} SVOCs 11% 24
AE 1LE Ea7zu7)el] FHslx HFEa=22 (chry-

w4t xﬂzzg 98l AlE 1Lo] 1IN Fbsld& 2

mLZ pH 1022 22 & fZF==2d9E 40mLE ¥
31087 AA BB g2 2HA FE5T o
3027 WAEIITE THA] F EE]7E o] Folxl &, off
< WA FE3 2 KA
%:?r} s T ESC] &
FE AA F 1m7HA 53150 559
2mL GC vial2 &7 & FAA8 AXANI|I tEFER
Wk 100 uL2 283214 insert(Agilent, Santa Clara,
USA)l| 24th. GC-MSDZ #4317] A9 348 &
oS 93t B=E4 (p-terphenyl-d14)S H7FsIA

25. HEaal
A BEPEEEAE v 999 At

L0 H'He =

A4A
]—:—X] (water quality criteria, WQC)2] 1/10°1 s3s}
|

N

= oz A ].011;]..10) ZAEIE o] BEFHPHAZE)
I3l RS A8 Signal/NoiseZt 3~57F
cxl oAFE FRISITE ATl theh A=A
(method detection limit, MDL)YE 2F4317] &) 24
AlE A Aol E48E0] HEHA ¥= AET 1L
& e R FFEAS FUlsle 73] ol FEAIR
< AAEIGITE MDLS #443e] 3t 99% 4l
Bl t el 3145 wE oE it AEEe
ZAke] JURETHAR ALslE o BE AR
o|A 25% olUlZ Yelsth 7104 5<F 2% (dichlo-
rvos, chlorpyrifos)?] 382 2tz 109.7%, 92.7%=
Uepton WgHlERe 3982 844%= LRt
Dinoseb®] 3|48 925%, YA YEZIHEF 3%
(2,4-dinitrophenol, 2-methyl-4,6-dinitrophenol, 4-nitro-
phenol)9] 3&L 103.7%, 71E} SVOCs 1152
109.9%= Yelstth, 24 A8 dAAg Al WiEsE
AL o83 37 A A, {71 SR 64.9

=

~105.7%, W2 =2 61.3~89.7%, UEZH =S 742
~103.4%, 71e} SVOCs 1152 44.51~51%% ‘hebst
=3
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Table 1. Monitoring results of SVOCs in the water samples during sampling campaign

Detection

Concentration(ng/L)

Group Compound MDL Frequency per . .. . wacr
(ng/L) period (%) Maximum Minimum  Median (ug/L)
2,4-Dimethylphenol 12.0 0~74 220 15.0 117 380
3-Methyl-4-
chlorophenol 52.0 0 ) ) ) 3000
2,4-Dinitrophenol 0.18 95~100 451 0.49 225 70
Phenols 4-Nitrophenol 0.75 100 309 0.81 155 60
2-.1\/.Iethy1-4,6- 0.23 63~100 231 0.53 116 13
dinitrophenol
Dinoseb(2-sec-butyl-
4,6-dinitrophenol) 0.05 13~95 0.78 0.05 0.42 7.0
Bromoxynil 1.92 0~8 2.78 2.04 241 5.0
OCPs Captan 3.43 0~71 25.8 3.57 14.7 250
Chlorothalonil 1.99 3~18 4.75 2.17 2.54 1.4
Dichlorvos 11.0 0~5 162 45.0 103 17
Chlorpyrifos 4.00 0 - - - 20
OPPs Demeton-O 1.66 0~100 133 1.67 7.12 -
Demeton-S 2.30 0~100 10.0 2.33 6.18 -
Dimethoate 2.56 10~100 12.8 2.56 7.68 1.0
EPN 2.74 0~76 193 291 11.1 0.2
Diuron 1.87 3~42 6.79 1.96 438 10
other Furfural 1.14 3~55 153 1.15 8.20 105
pesticides Hexazinone 2.94 0~95 8.95 3.05 5.64 230
Linuron 2.23 3~95 20.7 2.26 115 1.0

*WQC=U.S. EPA water quality criterial®, *-

: Not detected.
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Fig. 2. Concentrations of SVOCs in Nakdong river basin, tributaries and effluents of industrial wastewater treatment

plants.
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FTHNETAA Aolelle F51gk zlelxde] vehtA] &
At

71944 &< 3l F=(bromoxynil, captan, chlo-
rothalonil}> th7l] BE ZAKENAN HESHR] LAY
AR AEHughe vjEo® yepdtt ol oA
POPs 22% E2 5 Yl 5aEol 3] sz
W Tl oal ARE-S FXIste] fkow SufjollA Ak
g oA FYE Al gle EEQL olfE wd
Hokd) T3k I AFelal JB f7190A sk 3
T WS 2 FeE dHA oy, FEAE <
717} 4= 3 E #o 2 2 (bromoxynil: 9~17Y)
AL F, B ABAFHARANE BSEA] 2 A

Sk 2

7104 &< 670 FE(dichlorvos, chlorpyrifos,
demeton-O, demeton-S, dimethoate, EPN)= =& %
AR AEEA] @AY PlEe R UERTE. Chlor-
pyrifos®] 739~ 63] ZAF T BE AN HEHA &
%t} Dichlorvose &9 ND~0.116 ng/L, 8++7
5% 0.104 pg/l, AENE 2%2 YeERtoy, oA
e v 334 WQCAT7 ug/L)el 11000 sigshe
HETE BE AZA gropr] 8] Mg o R
UERATHY Demeton-02] 7% tl-38wollA] Th 2 3¢

_'@ o o

o

BT} =7 AEHALL dimethoate?] 79 XF3ThollA]
128 ngLE 7§ o} ngo =z Yepyith

o] 3¢ olakgt sjroll A dichlorvose] FHF5iE
%ol 200593 200839) zkzF H3 127 pg/L# 028
pgl7iA] AEEe] £ Ao A3 En 52 5%
2 BYuY F99 A gAFoz 1 g/l ol
5 £FS Hol: Zog uvehdrh 39 Jiulong
River Estuary®} Pearl River Estuaryol*& dichlor-
vos7t 22} 6.67~49.8 ng/Le}t 0.17~5.80 ng/Le] %=
FEo7 7EHJem ¥ Tahu Laked| M= 31~95.1
ng/Le] G0 Ak B3k vl 7370 Aol SH e
dichlorvos®] F%& B5% 1pg/L Rtk e ~E
gdz]ole] Tweed RiverdlX= 3L 6ng/le] =2
AZHJTEY Chlorpyrifose] 73 0= glAlsg} 7z
FuolollA zkzt H32 0.70 pg/L, 0.35 ug/L7t AZE=A
3,17 2#|¢] Ebro river basinolXE 3 031 pg/L
AE2 AZHAT oprJofe] 74, wo]x|ololA
20.8~929ngLE HEE Ho| Ytk wahr o)ige]
A AR ule) 7ro] B AR 9] dichlorvos}
chlorpyrifos®] =il % T2 7]E00] =9of|x] Har
ARt Hlaste] ARV W Eo R BRI
JH 7AE% dimethoate®} EPNO| HEFLE =19
el Ed FAFA71EH sl 2 dimethoate= A
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F13) oA =Folgta BHETE Demeton H+  Table 20 YeRloH, AEA W3l ule} &
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< T=dS & F Ak ol B9 T 3 ZXo] dinitrophenol®] 79, 713} ARl ZHaxdhe 20104
A RIS e old AFelM FFFL AF 8YRH 20114 297K SIS} 71 Aol vt
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ENUPGER S tiFEe] X-ollA HESHA vinke] 7k AAE Fg. 39] (C) demeton-02] 73-%-, 201249 6
S HOAY AEER] QU Wl /1S =] S ol 11YE Z5E moxle BEE B 71
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Table 2. Information of temperature and precipitation during sampling periods

Order 1 2 3 4 5 6 1 2 3 4
Month 2010.8. 2010.10. 2010.12. 2011.2. 2011.4. 2011.7. 2012.6. 2012.8. 2012.10. 2012.11.
Average Tem- 271 19.1 6.2 5.8 15 24.5 24.0 27.0 18.6 11.8

perature* (°C)*® (23~30) (17~23) (2~11) (2~12) (11.5~18) (16~28) (18~28.2)(19.8~30) (16~21) (8.4~16)
Precipitation (mm) 710.0%¥ 4232  29.7%Y  66.82Y 11092 4915% 74729 4085 56429 5552
*Average temperature = average temperature of all sites(range of temperature in each site)
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