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Degradation and Removal of Nonylphenol Ethoxylates in Wastewater by a
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Abstract
A sequencing batch reactor (SBR) was operated to investigate the degradation and removal of non-ionic

surfactant, nonylphenol ethoxylates (NPEOs) in wastewater using lab scale experimental apparatus. About
5mg/L of NPEO was introduced and only < 0.1mg/L of NPEOs and nonylphenol(NP) in total was detected
in treated effluent. In the effluent, long chain ethoxylates (NPEO12-15) were not detected, but short chain
ethoxylates (NPEO1,2) were in relatively high concentration. NPEOs in the mixed liquor disappeared more

rapidly in anaerobic condition than in aerobic condition.
Key words: anaerobic-aerobic, non-ionic surfactant, NPEO, NP, SBR

FAHO: &@2(57| Bloj2yd AHEGH, cHHE AEAA0IENPED), THHE(NP), 153

LS (SBR)

At Aol o] 51 At (Colborn et al., 1996).

.M E ax EHA FeBdz F4H1 e AERE
dioxin, DDT, DDE, PCB, PAH, organochlorine

87 o wjEd LG EA0] A U=l vl pesticide, alkylphenol, bisphenol A, phthalate ester 5
X Z2EAY 2AEste] WRUA HAAN 715E o ¥EiA deH, olF B did A7t AU
dajste B42 4R WRYA FeiEA oM @99 JPHu o diEH HEWA Bl E

(Endocrine disruptors, EDs)o] Aj&-¢& #7AEA & 2 A2 A alkylphenol(e]d} AP)2 Hlo] &4 AHIZAA
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91 alkylphenol ethoxylate(o]3} APEQ)7} A E&A o
2 73 =Ho AAHe AR g8A den o] 7}
2 nonylphenol(°]3 NP)& 8744 Hade
E A APo|v] (Giger et al., 1987) 2 AFEA
nonylphenol ethoxylate (]38} NPEQ) & oM & A
Zao] AAts 3 9ltk. NPEO7L 743 ®o] 21451
A B AR Boiz, ZelrEyn n8a 54
A, ARA2MAA, wH, Az 0gh), FHA
A, F3A), Tl (FEAY, dAAA) T A 4
EokE & F Ao, o] Yoz A e AFAR
A S5EHE Y A S A A, FIE Mg, bt
SR AHA Fol AEH T Ao (FHERA 7Y,
1999) . NP9 log Kow(octanol-water partition
coefficient) value: 4 482X, AAFA NN EBT}=
] A (sediment) o] 2 Z )3t} (Bennie et al., 1997).
YRt o2 sediment F NP9 FX7} Zol vlsld
800~10008) & Aoz L&A 9lo}(Tyler and
Routledge, 1998), sediment”} NP€] environmental
sinkZ2A 2881 5S¢ & 4 Uth(Shang et al.,
1999), w3t AAAAE wxn 9lo N, Ay HA
A3 F8HZ VIR ER, YEH A 247] 4

[+

A FHAEN BEHL AAA " NP9
BCF(bioconcentration factor} = HE E117]dA <

300, & 7P 7)oM) 1400, ZF A& 10000 o)A
of AtH(ZTHHAATY, 1999). NP2 967
LC50(lethal concentration 50%)2 HE Exm7)9] A
$ 0.135~0.95mg/L.e] Y E 7FAH, daphniac] o}
g 48417t EC502 1.5mg/L, green algea®] 724137t
EC502 13mg/l. =9 Aoz 4A UHE7A
5 2000).

NPEO<2] A¥3] 33 AA primary biodegrada-
tdon¥} uldmate biodegradation®] F HEo & A7ty
i )t} Primary degradation®] ¢ 7] 27
ethoxy chain shorteningo] Y o{u} A nonylphenol
monoethoxylate(©] 8 NPEO1), nonylphenol diethoxy-
late(¢] 8} NPEO2)¢] del7} S| A, 7)o acid7}
£ € nonylphenol monoethoxycarboxylate (o] 3}
NPECI1), nonylphenol diethoxycarbonate(°] 3}
NPEC2)¢] #ej7t F& o] &v}h. &4, #71x=ddA
£ NPEO7} £33 o] NPEOL, NPEO2& AX F&
NP7} AAE = Aoz d# A Udri(Ahel etal,,
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1994) . Primary biodegradation 23 44} € NPEOL1 2

NPEC1,2, NP+ ultimate biodegradation& A=
CO% H,08 &d B&d ol2A4 "t 2y

primary biodegradation©] 43 W27 dojiled n)
&} uldmate biodegradation2 doju}7] ol m £r %
=g)7] W&o, Ea4HE<21 NPEOL 2 NPEC1,2, NP
7b A e £ frEY sludgeo] Ese Ante
AL B H o (Kraverz, 1981; Mann and
Boddy, 2000).

NPEOE E¢e 8 - 47} 22149 9xxiels
57 229 HEHY oANIS AE wEa
g A oA e NPEOS A% Brown et
al.(1986), Brunner et al.(1988), Ahel et al.(1994)
Jones and Westmoreland (1998), Hawrelak et al. (1999)
Jonkers et al.(2001) o) oldle] Ao sl
Ao FYdgrell £gE NPEO oligomere] X &
AYA ARLEA) EE} Al Wste], n=90)
NV ge ¥EE ZE ATEEY FBE u9)
o 224 AYE A2 FIE NPEOS] F3e 1
& #a3A| %t oligomere] ¥ & W) gloy
714 4B A2 ol F25 n=3 o]y
ethoxy chain& zZt= NPEOQ w%7} 23 7443}
1, NP, NPEO1, NPEO27} FHFZ& o] %1 NPECI
3 NPEC2= vepdrian 424 sld. A% 24
olA NPEO Eaj4H&el HE <l deje NPECI 9
NPEC2¢! o & A7HSon, oL NPECY &
of g &al=7t NPETE 953 ¥7] wj#el e
2 33 HAH(Tyler and Routledge, 1998). ¥hH A
=34 A A7 WiEs e #£8x 9 NPEO £
AHg& NP7} 2 2o]5 NPEO1# NPEO2% 7
Exil=y
W, oY 37 2P YETH Huhe A
€ ¥iH MelF3 e NPEOY B taide
AF7F v o] RojH ot A4 9 AAE AT
A 2M AMEEE E71-3719 4B X
8% NPEO 3 A% dalxe A <A
A gem, Az ¥ NPEOS EitEd) ez
A7E upl 28T gEbd 2 d7lM e AdAT
2o} FAE o] &t AR SteAH Ao o] 8"
T %= SBR g9 ¥rl-37] AEFH 93
NPEOS9] &3¢t NPo] A4 & Agel sl AE

30 ol K
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Fig 1. HPLC calibration curve of NP and NPE-8.

a3z} skt

2. HEYH

2.1 NPEO2t NP2l 24

AN gEA kA NPet NPEOS B ZFE A
HPLCe] &g AA3tdct. NPo B4 #&€3d
ZA] AldrichAle] NP& AM&3tglen, o]R& 0.01,
0.05, 0.1, 0.5, 1, 5, 10, 50, 100, 250, 500mg/L7}
| =& n-hexane/2-propanol(9/1, viv)dl &&|A1A ¥
At 443 NP9 Fx=9 HPLCS| peak area
A#AS R7E 0997121 v @A E B AHFig.

L.

L.

1).

NPEO9] 7% oligomer& Z}tzpol| thgh EEE 3 o)
ABE D A geng Aoz AbgE 1 9l
Hlo] 24 AHGYAE 98t (NPE-8, HEEA)
BEFEAY AJ82 AHEEEY. HPLC E423 15
Mol peak7t ZAEHo] NPE-8¢] &J#] oligomere] &
FEYE ¢ F AMen, Z4zte] peaks] & odle
LC-CE-MSE& A+£3tdch. NPE-8& LC-CE-MS&
BEA% A¥A 9 mass specrum-S Fig. 29} Zsko,
ethoxy chain ¢ F7}e] wel NPEO oligomer?|
peako] A& o2 JehdE & YUt NPE-89
A2 % ¥%7405, 1,5, 10, 50, 100, 250, S00mg/L
7} 5| =% n-hexane/2-propanol(9/1, v/v)ol &A1 A
M8l E& W 5x9) peak arear} W BHAE ES
th & ddie A4 AlE B4 Al 459 §E5F
o] A% AA S FFATE 10022, mixed liquor

L
p

682

110803 8 ) O ey F—

LAAL D P *

RELELCLLLLLLS S 333

FEEEEEEEL L L EEEE
Oligomers

I S IR IUIICIC

Fig. 3. % composition of NPE-8.

9] AL 1002 gtx glc}, watd Y459 K&
739 NP 0.001mg/L, 3 NPEO 0.05mg/L7}#], mixed
ligour®) 7 $-o& NP 0.0lmg/L, & NPEO 0.5mg/L
A A o] 7bestATHCEN DT o] A ¥, 2002).

Ago Al23 NPEOS EEEZHQ NPE-82
Fig. 30]4 MSo| g Ba9 ERTolnz 7}
oligomer2] % (w/w)& F3] FoloF% oligomerE 7zt
7o 72 & ¢ 4 It wEbx NPEO oligomers
27te F=E To7] AL NPE-8e) 24
% (wiw)E Tote Zgol Adgsojok ATt Ahel
and Giger(1985)¢) 2|3 NPEOn oligomers] <
(mn) & oh& 2]& AME-8ted 78 4 Slt.

Air ”,

RF RF,A,m,
n- An m; n" Au

= m
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714, RF,: Response factor of the oligomer
NPEOn
A,, A;: Peak area of the oligomer NPEOn
and internal standard
m,, m;. Amount of oligomer NPEOn and
internal standard

ojdf RF,& EA9 EAgd wddvn <A
9l o . 2 (Scarlett et al., 1994), t}&3} o] Folg
= STt

B|®
HE

o]7] A, RF: Response Factor
M: Molecular weight

%] & o] &3 HPLC IS (Internal Standard) 9
response factor® 12 3}31, 2+ NPEO oligomerE 2|
response factor & A|4Hsled ZF NPEO oligomer2] %<&
T8 1oy, o]ES §AHe NPE-89] % F
7 oligomerge] ARAE %(wwE FE + U
th. o|2RE A4td NPE-8] % Z4 (ww)E Fig.
3% 2stvh NPE-8o) NP& ZA\shx ahgkon,
NPEO7¢] 714 ®eo] ¥38 NPEOI-15¢] E8EY
< ¢ 5 AN

g9 §2F 59 NP NPEOS £ djs)
Me 8z A Az glo] Cl8 cartridge$t methanol
& Al-83ko] solid phase extraction(SPE)H o & 3
Z3le] HPLCZ #4431t} (Shang et al., 1999). &,
49 24 25 100mle) sample S FZ58lo Iml
A FESET. dH, w22 HE AFH 3 mixed
lquord £ <) NPsh NPEOe] 3%& 24220
g nAEY § 043 JHo R o] 247t Y3t
At &, 10mle] sample-g # 8t} 1087 YAEe
o F, AL d, FEFY FYE PHe
SPE¥ oz % gyt 1y AMEL AR d47t
28 Az 3 Fo Na,SO,& 73l F8& AA
3+1 F 30mle] n-hexane/2-propanol(6/4, v/iv)E 23}
d 44 #H7}8t sonication] 98 F&&4r). o
& A d4EEYeed AEY S Bo} rotary
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evaporator2 ¢} Iml7}A] &8 § A4z Aqnsn
10ml n-hexane/dichloromethane (9/1, viv) 2 A} &35}
o A ATt F A+ 10ml dichloromethane (o] 3}
DCM) 3} 10ml n-hexane & 2 conditioning@ CN
cartridge©] sample® $H}A|71 ¥ acetoneS o] & &
FAAH . E3d 892 rotary evaporator 2 9F 1m]
7HA &5 F 442 A33tn 2mg/L9] Internal
standard(°] 3} IS)& ¥ &3t n-hexane/2-propanol
971, yw)Z A& 3te] HPLCR ¥A3sgc}. n-
hexane, DCM, acetone, 2-propanol, toluene,
methanol, water 25 HPLCH &v& Al&3lg o
o, ¥4& 9% EFEZIEAM NP+ Nonylphenol
(Aldrich) €, NPEO+ NPE-8(4td E4H & AH&-819
th. HPLC #4& 9% ISt 4-fluoro—4' -hydroxyl-
benzophenone(Aldrich) & A}8-80 28, SPE«| 2]
323 HA o= Cl18 Sep-Pak cartridge(Waters) ¢}
CN Sep-Pak cartridge (Waters) & AH-8-3t]t}.

A4 o] 43 HPLCE SHIMADZUA}S Ao
CTO-10A column oven, DGU-14A degasser, LC-
10AD liquid chromatography, SCL-10A system
controller, SPD-10A UV-VIS detector 2 FA St}
M2 71EA(Ahel and Giger, 1985; Shang et
al., 1999)2 vleto 2 AR s}

2.2 MyE=x ¥ X

Fig. 4 & 4% A1 &8 w2 MEre 33
A Yellz g dheRe A45324ue7)
(SBR)®] He2 $HE & Y=E olagA 952
2 A Fstgl o whgzo| dplo] 74X 9 £
HEs A WeTE X8y, uhexe g4
8LZ, i cycle #lt} 2L7F #9), fEEEE 244
Aok EAH7LE B HEE YR 2EE 20~
28°C, MLSSE 1800~4800mg/L 9]¢} e UeR)
ATk VSS7F TSS) ok 80% 5 AA8txn Qe Aoz
vehgon, whex o pHE ¢ 72 A=A
TR oF 1009 o4 A&HAoH, whgrlst ¢y
¥ X o 25YUHS NPEOo] it 887zt
ARstgct. whgze AT dhr/cycde2 &7
deycleo] SAEHRoH, 317 dFFUdF LS LR
HRTE 15A1Zke)Qith, $AREE §9 308, 7]
JE 1208, 371786 1202, AW 608, 7% 308
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Fig. 4. Experimental set-up.

o2 st AYPH 1A &
(Fig. 5). £8Al & 249 §% Ao w&=Act.
Bgzo fdde dFe ATIHFE AHEEHA
o BHAaYoR glucose s} yeastE, ArfPoRE
NH,Cl2, 21 KH,PO,Z A} &80 COD 200mg/L,
T-N 30mg/L, T-P Smg/LL7} §]=& 33 NaHCO,
2 u|Ze] mineral S H7lste] A YT NPEO=

SBR2A &dareich

oy

.
e

A8 A EQ NPE-8-% methanold] 3o o] &5l
on, ALt B FAR HF T FEE FUH
AFon, SAMA 15U o]Boe Y% F9 = ¢

£} o Smg/LE WeZo] $UNEE gt

3. Z3 ¢ 1%
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Fig. 5. DO concentration in an operation cycle.

100 o] Ao, LHMA T 144
NPEO©] g #-g7|tee HdAsigct. 2Lt
< 94 5 NPEOY] Fh& M8 Z7IAH 51
T2 Smg/Lef o]2A o, £ 15Y o|F2

HE A4 £AVtez Azhslge. £A7) 7 S0t
129 AAE CODE &3 235908, COD
Wt 266.1mg/Le] AR5l diste] #Ho
10.5mg/Le] ¢t A0l A g4Ae vehfo], 47
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B S e MeEsS JeniY. E3#
AL vk xe] ¢S RUE Y] g8t &47]
7 B T-N, T-Po ¥iglx: 2333 edl Y59
FE2F 59 T-N B3 27 298mg/Ls} 9.0

mg/LZ Jeht} Hi o 70%9 AAEE HF9e
H, T-Pe] A% AAEL o 50%2 Axsldon,

=

At &7 S0 2 FH 59mg/Let 2.9
mg/L.o} gl T},
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Fig. 62 ¥4 #¢3 NPEOQ oligomer £ 2
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o) FeE stz 9lev, NPE &Astx sttt &
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EAu 7 A FelAdEEA NPE HEHH,
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Fig. 6. NP and NPEOs distribution in the influent.

Ae AL BoFEcH(Giger etal., 1987; Kravetz et al.,
1991: Ahel et al., 1994: Jones and Westmoreland,

1998; Hawrelak et al., 1999), £3] NP, NPEOI,
NPEO2 9] v]go] 64%E 27|58k short ethoxy chain
NPEO7F g2 &EE& x| atact. stA Al A
APEOE Al golA & NP9} NPEO!I, NPEO2
2 23 o], NPEOS o] 22 H&HA Furin &
= 7189 ATFENET FA Aol £ AT
AME NPEO12 ©]439] oligomere A9 &A18lx] &
E AozRy Jeyd &, 372de] A%
Z, 725 &S A Add o3 ndEd

=5, TET
SEEE

Ao ¥hg71 9] mixed liquorE # st YAE
HGA R F2] NPEO oligomerE 9]

st A
I fEF F9 B2 FA18 FolAnt

Fig. 82 95 9 NPEO =& 34 728l
£g8g o] & oligomerEe 3oz HYPslo] <k 5
mg/Le] Mol e, whgzo] frEF Fol
A&te NPEOY oligomerE3 NP9 &3& AL

AMA F oF 0.lmg/L o822 HEEo FHE 7|

Lo
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M

rhy
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F

=
R

o o A ALL 9% o]Ao|Art. o]AF YA
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ey 1) AEEA kg 93 chain shortening 7}
$715ke} 2) wkg-2 9 SRl 29 At 23 A
22 YAHU.

=

3.3 212 Uie] NPEO ¥ NP HE
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Fig. 9. Total NPEO concentration of mixed liquor in reactor.

Z e vAE F(VSS)d H#Hdtta st
NPEO9| £ & =28 th&3 Zo] ZH] 14 Y %
ol &3t EAHEEE Adbsted 3714 SBR et
712 &A% d3s} v maint.

4
£=—Ie.VSS-C
dt

o714, C: NPEO9| %% (mg)
t: Al ZF(min)

Vss: uhgzu) VSS(kg)

E719rg 7|17kl dsi M= 0.28~0. 33min‘lkg']
7198 7174t e 0.07~0.17min"'kg? 2] ¥
9 && @312‘4 oA Hxe] WA E 374
SBR EWE7E 4GS wf dojzl a7}
#* %X]ﬁ}t Aol Az G 3 o} " 2002) §717]

7Hl NPEOs7} E-al=o] NP&E H¥& R Schroder
(2001)2] A7l &) A% RuHUR olg &
H2RE A48 vz $HA F71F 2AAA
A& o2 NPEO2] 278l oj2: B o &
Agdctn Agsi}.

Fig 102 22 Algd disjy nds 44 F9
NPEO¢ NPo| £X2 & Uehllx qlth. A4 Fof &
At NPEO= #7|wg7]3t F9td long chain
oligomers& 408 FHaA #ida glond 3z
712 Fdodle & ¥ JehiA ¥x gl
£ ’é} FoAe NP7} 7bd ®o] A&Ha o
9, Te ¥71 2 37] whg7I3t Bl Al
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4. 84

olge ATARERE R Te AEL FY
g+ Aad

1) SBRe| AEHA 2] FH o8l NPEO= ¥
A, Hel4¢ Sl chain shorting reaction]
9#) 4" NPEO oligomerE3 NP7} 2 725
At

2) 95 ¥9 NPEOY FY¥% Smg/LE 3}o
HRT 15hrs, %< 308, 7148 1208, 3714
1208, AA 60%, #% 30822 2AsYS 9 ut
2 o) MLSS 1800 4800mg/Lol 2, S 9% 2
o Smg/LE 313 NPEO+ A $Fd & 9%°]4
o] AAE FEHAUL.

3) ¥r-&71We] mixed liquor <] NPEO oligomer
€3 NP& diftfo] nde] &84 Fo EA13
th E, 1 cylece A Zo|& mixed liquor $9 F ko]
Zidte FARAYE 1yon, B3 g@rue 24
MM T2 Boh wE Z4E Jehid,

4) @rivtg 2AqME A42F9 long chain
NPEO oligomer £9] 747l FE A | $7)uh-g7)
t Betde 14 59 NPo| 7art S22 A%
< e

AL AL
€ 97 F3HgAE 5371 2A 7 (R01-1999-

000-00295-0)¢] A Qo] ofa S eH, ole] 7
AR

o2

rgk

e

SHPAETE (199) HEH A GHEH 2] oaf ¢} of-§.

BAY, oMY (2002) 2714 SBRIFH &3 H]o| 24
ABEA NPEOS AA. H3+=8287, 16(5),
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BAEF (2000) JEHAGFAEL (BF2EE) ZAF I7E
.
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