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Sources of Alkylphenol Polyethoxylate and their Fate in the Central Nakdong River Basin

Se-Han Lee' - Shun-Hwa Lee - Chul-Hee Lee

Department of Environmental Engineering, School of Civil, Urban and Environmental Engineering, Yeungnam University

ABSTRACT : Alkylphenol polyethoxylates(APEs) and their metabolites were determined in the aquatic environment in the central Nakdong
river basin. The concentrations of APE's ranged between 0.62~11.70 pg/L. from the Nakdong and the Kumho rivers, and were 70.00~
21250 pg/L in the samples from the 3rd industrial complex stream and the Dalseo stream, which are both heavily polluted by industrial
wastewater and domestic wastewater. The APEs revealed a removal rate of more than 87% by biodegradation and adsorption etc. in the
wastewater treatment plant. Nonylphenol polyethoxylates(NPnEO) and Nonylphenol carboxylic acid®NPnEC) consisted of APE metabolites
shifted from NP(n=4~10)EO and NP(n=4~10)EC to NP(n=1~3)EO and NP(n=1~3)EC or removed by the adsorption of activated
sludge during the biological wastewater treatment process. Upper streams have a higher distributed rate of NP(n=7~10)EO than water
downstream. Continuous monitoring is necessary for non-point sources as well as point sources, such as a wastewater treatment plant. Effluent
concentrations of nonylphenol(NP) in industrial wastewater and domestic wastewater averaged about 4.33 and 1.70 pg/L, respectively. In
addition, the removal rate average was 90% in the wastewater treatment plant. NP concentrations in the rivers did not exceed 1.0 pg/L,

which are prescribed by environmental risk concentration in the USA and Europe. However, NP required continuous monitoring, which
detected over 0.1 pg/L in all river areas.
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1170 pgle) HAE Yehh 2, 3395 2 71857 95 E 32987 2AAAE 70.00~212.50 pgLE ZAE YT 3
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Fig. 1. Sampling points.
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Table 1. Analysis conditions of LC/MS/MS

HPLC MS/MS MS
- Column: Inertsil Ph - Tonization mode: Negative - Tonization mode: ESI. Positive
(150%2.1 mm, GL Science Inc) - MRM ion: m/z 219.1 for product ion - SIM ion: m/z 287.2 for NP(1-10)EO
- Oven temp: 40C - Desolvation gas: N2, 350C - Voltage: Capillary 3.0 kV,
- Eluent: Methanol-Water(70 : 30) - Collision gas: Argon Sample cone 30~50 V
- Detection: UV 210 nm - Voltage: Capillary 3.0 kV,
- Flowrate: 0.3 mL/min Sample cone 20~40 V

(bttp://www.takeda.co.jp) A F& o] &Rt AT A&
FLEEA BFAAE 27 100 pLy EFE vlo|aZE £
o|Eo] WoH EFHAT o T 200 uLF 100 uLE
Az £39 volaz SdolEd FQad, 08% 2
2NN AUSE ANFAT BFES F AZA(0
WS FAsel FAS HSAA FE PRSES AAT
= DAAGE FYste] 3083 A4 EASE
AT oF 302 ¥ dMFAAE A AistA, §F
FF=A)(UV-2101PC, Shimadzu)E ©]-£3}ed 450 nm
A FFE=E &33}A0
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2.2.3. LC/MS/MSO| 2|8t NPnEQ(n=1~10), NPnEC(n=1~
10)2t NP2 24

NPnEO(n=1~10), NPnEC(n=1~10)S} NPS =437
QA& 210 nm&] UV detectror(Waters 2487)¢} tandem mass
spectrometry(Quattro LC, Micromass)7} 223 LC/MS/MS
(Waters 2690)E o]-&3&tdth LC/MS/MSe] X ZAL Table
1o] WERASI, NPnEO ¥ NPnEC9] FZHZAL Table 29}
301 242t Bl Sk

224, AR

pHE pH meter(YSI-60)E o83ty AZlA AH &3
AT, CODwE BRAERAS) sl g8 22
3Tk UVases 1 emé] HgAdz EJRFZEAUV-2101PC,
Shimadzu)E ©]-&3ste] 3 254 nmo| A BASHA {71
gz FFEA0X)E AOX analyzer(ECS1600, EFU1000,
Euroglas Analytical Instruments)E ©]-&3}%t}

Table 2. Quantitative conditions of NPnEO by LC/MS

Retention | Cone Parent io+n Calibration QuantitationDet.ection
NPnEO time(min)| (V) [M+Na] range limit limit
mfz) | (gl) | (egl) | (gl
NPIEO 7.0 30 287.2 5.0-500 24 0.7
NP2EO| 8.0 50 331.2 5.0-500 1.3 0.4
NP3EO| 8.8 40 375.5 5.0-500 1.9 0.6
NP4EO| 9.6 40 419.2 3.9-89 5.9 1.8
NPSEO| 104 40 463.1 11.4-114 6.0 1.8
NP6EO| 11.3 40 507.1 13.2-661 11 32
NP7EOQ| 12.1 40 551.1 14.2-710 9.4 2.8
NPSEQ| 132 40 595.1 13.6-678 8.5 25
NP9EO| 14.2 40 639.1 11.4-570 8.6 2.6
NPIOEO| 153 40 683.0 440-1800 530 160

Table 3. Quantitative conditions of NPnEC by LC/MS/MS

Canel Collision [Parent ion| Prf)duct Calibration Quantitation Det.ec%ion
NPnEC [M-H]- | ion range |, . limit
V)| (V) wz | (i) | (mell) limit{mg/L) (mglL)
NPIEC| 30 20 2772 | 219.1 | 10-2000 4.0 1.2
NP2EC| 20 20 3213 | 219.1 | 10-2000 8.9 2.7
NP3EC| 30 30 3654 | 219.1 | 10-2000 63 1.9
NP4EC| 30 30 4096 | 219.1 | 3.6-140 20 0.6
NPSEC | 30 30 4535 | 219.1 | 3.6-140 3.0 0.5
NP6EC | 40 30 4976 | 219.1 | 7.2-140 2.7 0.8
NP7EC| 40 40 5417 | 219.1 | 7.2-140 3.0 0.9
NP8EC| 40 40 585.7 | 219.1 | 7.2-140 5.7 1.7
NP9EC | 40 40 629.8 | 219.1 | 13-140 13 4.0
NPI0EC| 40 40 673.8 1 219.1 | 11-140 11 34
3. 21t & &
31. 2 KFel £
} AAel e@PEst APE @ Npetel 4@dg EAG]

94, 2+ AAo] 1014 pH, CODyn, UVasi, AOXS] &
2ES 2AEQTh 1 ATE Table 49 Fel Ak

APES] % oglez nHsE 3394 § 4B 3
F5E 2HAY CODwSEE 47 574 mg/Lsh 312 mgl
2 ZAHRT. A5AYFINE CODwAN &L FEA
H 78%, ARA 12%E GG SeAA e $H)
U8 3529 A%, FPEFETE FHA 49 me/Lol
AW Aol TR EYHEA 861 mglz Frkshe A
WEIQTh H54e) YNE 257 B - F CODuy
BEE ¥R § 379 A€ Uehiel, 370l 452
egeoz Agsw, 3349 3% H4RAZ R
29=g FHVIE 499 d A8 F9T £ 995
AOXY A$E CODw §AH8 ATE VehiQa, 53
SaAde 499 ¥E 552 $E9E 9t AE ¥
@ 4 Al

32 SHMOIMSl APE S B3}

457 A4 %@4 2%, 237 AW Adus 3%
g3 3EUAY @AY APE =5 B¥E Fig. 24 vk
N,

APES) o990 YD 3TTAT SNRY APES
X 474 AR ELISA EAZAS Hy 1437 pg/L3 847
ug/LE Jehfglth olE Table 49 CODwEESH AOXE
=5} vlis) B o, §7180] TEER 4YHE @AY

qiereta 5o x| 273 1237, 20051 12¢
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Table 4. Water qualities at sampling points

Nakdong river Kumho river Industrial area Wastewater treatment plant
A B C D E F G H I I
pH 8.31 7.44 9.04 7.88 7.52 8.72 7.49 6.84 7.55 7.17
UVasy(1/em) 0.050 0.062 0.076 0.131 0.144 0.710 0.291 0.260 0.553 0.476
CODwu(mg/L) 5.1 7.6 4.9 8.61 312 57.4 51.3 14.4 117.9 25.1
AOX(mg/L) 21.8 26.7 349 54.5 60.0 2337 138.4 69.0 242.0 1199

A: Kangjung,
F: 3th industrial complex stream,

B: Koryeng,

I: Influent of industrial wastewater,

A APEE £¢& SE2 WEHE A2 3% 5 A F
57 AW AAaLs FRINY APE FEE B 53 pol
3 60 ugl® 247 Uehhgnh A3 BH5 &
Q=7] A9 AL FHFY FFINY APE SEus
7F ASl UERA 933, APEE sheAel el tie A
Agol saezd wRE A9 g Ao A9 o
5% AW 2% 1FelAY APE SEE BF 51 pgl
3 34 pgLE 27 Uthiel, 377 3FRTG YL BE
& verpgich

33. steACIZMe APESE H S|

D sAg 3L 7Mgsrd FadSE Belstd Astn
dem, Mg P 238, FAAY 13 A9 vdEE
ol&% 23 A= FAH Uk A LA M
o £3¥E APE: BHF 1032 pgLz $9), 126 pg/Lz &
Z50] ok 88%9] AT &S YepAth T B ¥
7 1140 pg/Le) APE7L 89150) §&59 557t 152 pgll
2 87%9] AZeS vehiAnh Hlo]eAMEHA APEE

E R71E9 2ol &yAd F3 T AERH s A
Afe Aoz A4dad §F 93 AAL F2 /714
E@4<8A)S AFPRhe 254718 7M. EF(APE)
ste] Bo] 9% Aoz @udAn'” APEEAE GFCE o
B F Aqdg FEae] BAsI7] Wi &4 APET]
ENPQ, A F2Y APE: 1@3x] Fdch

APE7} S5A AN B2 AALE YL AW,
JHE BTt e FEFY =7 126 pgl 9
152 pg/L2 E=A Jehtil 9lo] APEe] tid A&3<Ql 3
A7k aFEh
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[©2002.3(1sY)
200 | [2002.3(2nd)
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150 | E2002.5(4th)
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APE concentration (ug/L}

50 |-

] gz |\ T (M8 seae.

Kangjung Koryeung Seobyenkyo Kangchang Daiseost. 3thind.
Complex

Fig. 2. Variations of APE concentration in the rivers.

J. of KSEE / Vol, 27, No. 12, December, 2005

C: Sebyenkyo,
G: Influent of domestic wastewater,
I: Effluent of industrial wastewater

D: Kangchang, E: Dalseo stream,
H: Effluent of domestic wastewater,

250
012002.3(1st)
T | £12002.3(2nd)
g 2002.5(3rd)
5 7 2002.5(4th)
E 150 |
]
@
e
S 100
Q
'3
o
< ol
0

Eff. Ind. Water

inf. Dom. Water  Eff. Dom. Water  Inf. ind. Water
Fig. 3. Variations of APE concentrations in wastewater treat-
ment plant.

34. sk 2|52 NPnEO2 NPnECS| SERE!

S 2o FAd oM NP(m=1~10)E0% &=
#3812 Fig. 4¢] Yehiith NP(=1~10)EO0E #A+3l
A 093~672 pg/LE AEHAIL, 53] NPIEOS}H NP2EO7}
727+ 422 pgll, 672 pgl2 713 A Jekth #FT35
NP(n=7~10)E0OE HF-& AAHA A9 HEHA G2
W, EozEr} &3, duFez 4Esyge 7@ AYew
43z NP(n=1~4)E07} #&HE AR ZAEAS &
22=Zd)= NP2EO7} 0.96 pg/L2 7} E3on, NP2EO
(major metabolite)= NP1EO, NP3EO(minor metabolite)} 3
A b NEAQ AR dARIEE LA A% S5
A2 24& AXNEA 7 Eoxde AEEs] o8 44
2 A& U

ZeA A 9ol NP(n=1~10)ECS] HE=™WstE Fig. 50
Uehi itk NPnECS} ZA-$E NPnEOSt 5YU3HA #4455
dJ= NP(n=1~14EC7} 212 A&HYT 53] EC1
7} &L NP(=1~4)ECY $lol ¥43, NP2EC7} 33
Lz M4 BA F999% #5559 NP(n=8~10)EC
= Az2¥x g4, NP(n=5~7ECE 0.01~0.1 pg/L=E
Aaw gt olo] Hs] ECiEst &2 NPIECS} NP4ECH]
A, o 40% Ax9 AAES UERAAIL, NP2EC ¥ NP3EC
= 10% "ge] AALL vehldh o1#d dhe ECe
7t He54E AEEAT} oE@e ok 4, ECE7} 2
Z A AERH s8] ECaE7t 2 HLo2 o5 st
A es NP(n=1~4ECS =7} A AEE ZAo=2
g



UE7 25 279 Qo)A Alkylphenol Polyethoxylates] @ 39% AREx 1281

ONP10EO
EINP9EO
NPSEO
NP7EQ
MNP6EC
BNPSEC
BNP4EO
SNP3EO
NP2EO
ENP1EO

6.0 |

4.0

20

NPEO concentration (ugiL}

0.0

inf. Ind. Wastewater
Fig. 4. Variations of NPnEO concentration in the effluent of
industrial wastewater treatment plant.
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Fig. 5. Variations of NPnEC concentration in the effluent of
industrial wastewater treatment plant.
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1.95 2 0.57 pgL2 S4= o], 42 NPIEO, NP2EO ¥
NP3EO: Z+2 021, 028 2 023 pgLE Jengo 2
dA A S} NP(n=1~3)EOS] AAL&TH /PEAAMS AA
oA ztol7t A7E ol AEAY ZF, 7 EOXE Y
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Fig. 6. Variations of NPnEO concentration in the effluent of
domestic wastewater treatment plant.
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Fig. 7. Variations of NPnEC concentration in the effluent of
domestic wastewater treatment plant.
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B Zo] dutdoly™Y 2 dFeA Az A& NPIEO
Bt} NP2EOY =71 ¥/ vehbe 2%E Jehidia
NPnECH] 9lo}A}= NP2EC7} NPIECRT %2 %EE 1}
E}Lﬂﬂt} ol2 3 AFe] PUozE B ATlA tﬂ’e}"i
2332 Aol A NPnEO ¥ NPnEC/} $+43] 4182
53 AR oA F5& st :LEM
2287 Qojux @2 NP2EO ¥ NP2ECE: &
AE FAZAA &84 Bl F& AARNE AR AR

3.5, SHAM0UIAI2) NPIEO2H NPRECS| S EtH 3}
_SEGS AR FEGAAS) NPaEOS) NPaECS] 5
€ Fig. 83} Fig. 0 heEhisich. 359 A
A 2RAY Aol SeA B FHF FUTT
v, 9aAR RS FHE HAN AAE FBE AU
& Qe Adoz Adagth AeANT TR K9]
A9 Mo A= NPTEOS A ¢lslas 0.01~0.05 pg/L
o 3z Bxz AEAGT deAEF FEL AYE F
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9] A3 = NPTEOE A& 0.01~0.05 pgLE 1E
BX2 AZHYch 28U AMaEg sid gle 43
A BEESIE ALY dojuiAl ¥ NPIOEOY %7 &
A AEFAch AEnet 239 NPnEOS E¥& d5A
A7 IRTY L2 FFdA NP(h < 3)E09] F&E7}
¥, NP(n > HE09 S=E AHFHLR UE ALR 4
Ao, 2388 sRAFAA FERIANT A Lot
NP(n > 8)EO9] B/t 2 ALRE FAEO] stz 2y
BEF7E 38 Ag9olErl Boe wAR R Mg F
o] sHFAIGe] AR FYIAY, HIHLHYoZRE S APE
7t fFgHeIR = Aom F55 07t o|#d A NPnEC
9] AFAM= 2L FFE Vel FRAF) Adn
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AEHAT
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