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Abstract — The efficacy of nitrifying sludge existed in biological nutrient removal process was examined for pos-
sible removal of endocrine disrupting chemical(EDC) in the effluent of wastewater treatment plant. Some of ammo-
nia oxidizing bacteria causes ammonia oxidation mediated by ammonia monooxygenase(AMO) activity, which has
low substrate specificity resulting in cometablic degradation of several chemicals. In this study, the removal of three
model EDCs such as bisphenol A(BPA), nonylphenol(NP) and dibutyl phthalate(DBP) was studied in batch cultures
using nitrifying sludge, BOD-oxidizing sludge with low nitrifying activity, and sterilized sludge. Nitrifying sludge
showed higher initial removal rates in all batches of three EDCs when it was fed with ammonium as an energy
source. The acclimation time was required for the removal of EDCs in batches using BOD-oxidizing sludge or nitrite-
fed nitrifying sludge. That retardation seemed to attribute to the slow growth of cells using the EDCs while ammo-
nium-fed nitrifying sludge could degrade EDCs through simultaneous cooxidation with ammonia oxidation. Steril-
ized sludge was also tested under the same conditions in order to find the contribution of physical adsorption to the
removal of EDCs. About 10~20% of initial EDCs dose was removed when using sterilized sludge. Thus the biolog-
ical activity is likely to play major role for the degradation of BPA, NP, and DBP rather than the physical adsorption
from wastewater.
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AlZ~Elell A= BOD/N/P AlA) vlal] #4] tidella] Aelw]of Q)
Stk 18 F 2ol Uhin] Al ol (environmental disrupting
chemicals, EDCs), 9% $Fg 202 oNEH= 229 ujF,

3 93, 33 54 Sl disk A7 s ool f7]
2 AA, = GeAE Sl olojA HAF FE5-S v 9l
IS S0] PVC F0lM 71AaAIR 220]:= PAE(phthalate) 7
°] DBP(dibutyl phthalate), DOP(dioctyl phthalate), DEHP -
&t Ao o HiE, 2 d3to] Bag ul QY5 Ald
A= ARE-E] 31 913= NPnEO(nonylphenol polyethoxylate), OPnEO
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THE dEYol dHTE A EES dUAIUoR star
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Z29-8- TR} 74} (NH,),S0,, 50~300 mg N/L; NaHCO4(as CaCO;)
7.1 mg/mg N; MgSO,-7H,0 50 mg/L; CaCl,-2H,0 50 mg/L; KH,PO,
H,0 50 mg/L; FeSO,-7H,0 2 mg/L; MnSO,-H,0O 1 mg/L; yeast extract
50 mg/L. SBR WS- water jacket® 2 SeIMA] HES-ZO] 255
25~30 °CellA F-A181313L, pH controller 2 FEHARIEH(NaHCO;)
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2-2-1. BPA 4 DBP A|A A3¥

LA 9} BPAZ} AEE ek Es A% el fAshd
A AN EE AEYHE 32 FelE APsIeit). | L E8kaE 23
NE WA 500 ml, HEE 34 F5E 1,000 mgSSLE FYU
SHA| g § FPPHE Al 150 rpm, 30 °CollA] HRulatEA,
A ARk 7HA 07 AERSIN 7F EepadelA o] BAXE et
afo] ARdgto® ok vixE AAkskEe]A] wiekellx] o835k SBR
SAJHGNA (NH,),S0,, yeast extracts A|£]$H A& 713 F7]
A WA R Sk, A3 o] wEh HEe] U497 BPAE 7l
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HiX] FollA] Fost FER AEES 13t
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FoflA= NO4N 5%, (NH,),S0.5 H7Ist A9+ NH4N TEE
F71H 07 243510 F71E NaNO, = (NH,),S0, 554S 7
7¥ste] Z2kAA el NH-N 5 NO,-N 5571 5~100 mgN/L
Hel2 A =S Silth Het S04 AdeMn wiA] 231 5
o] e AY £E frlEAatst SuA Aol el FdskA star
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250 ml Z2k~ 300970l 2+ 50 mle] 7]
I L8R FEE 1,000 meSS/LE U W & ZE wljokr]e|
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Zeka ujokel Follq BPA 52 1AFEH(SPE) 2F o]
Folgleh, MIHF A 7S Aok 73 Fako 2 pH 20 W F ¢

A22](5,050 g, 3)SHL A5 NS SPE 55 A7 B Hse]
o 7} AlRPHEE A E o] Bakd AEd 5 mivkeh wiRhe-S 50 pl
H]S-2 #7138F $ SPE(Solid Phase Extraction) Z& ol 5 ml/min2]
&5 A5E 5YAA BPAZL FAE S s3It SPE A H(Strata
C18-E, 500 mg/3 ml, Phenomenex)> AFd Oﬂ HekE 5 ml, 55
5 miE Avdaiglon ARE SR & dHS 2F 138k,
5 ml2] OPHEC R elutions}o] BPAE FE3ITE A& 52 BPA
E7b vt 9= SPE Adell 371 AR 9 10~30 ml
HolollM 243] SV oAIEC Z elutiondt TRl 24
37 stellx] T, 533l

NP, DBP= Holf 3o 23f] Zekial nfjokel o 2 qE 323513
o} MEHSE AIEE CH,CLS} 101 FIH|= *h shakerll 4] 200
pmOE 2AIKF o wHkste] CH,CL, Tl 54 /‘]—u—'é A8t
ark. A3 2ol whebA] NP, DBPE] 557t whe 749 dA 3
st CH,CLE 8 $5A1A 4181000
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NH,-N2] 1242 Nesslerization oIl £718F Hach Program(Hach,
USA)S 0]83131.2™, NO,-N, NO;-N2 o] 2n}E 729 (Basic
IC, Metrohm, Switzerland)E ©]83}o] 73}t DBP #4&
GC-FID(Agilent 6890N, USA)E ©] 48131 o AL capillary
column(HP-5, Agilent, USA)°]$It}t. Hes Carrier gas® ©]-2-3130
325 RS 7] SW7E 150 °Coll] AlASe] 16 °C/min®) 5%
E275°C7HA F7HAA 1027F A8kl BPA, NP 24 &
HPLC-UV(YoungLin SP930D, UV 790D, Korea)Z ©]&-t3.0m,
C,4 column(Gemini 5u, 250x4.6, Phenomenex, USA)S ©]-235}3{t}.
HPLC ©]-s%40.2+= BPAR! 7-F acetonitrile? 2555 57:43 H]
=, NP £40A= methanol?} 255 90:10 H]EE 313t 218
1 ml/min, isocratic 371 ©F ©]-83}3It}. UV detector 317> BPAS]
78-%- 280 nm, NP2] 7% 274 nmelA 243131t
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3-1. ZAESE S2{K|2] HHQL
Aol A o st Aalsl SRS A7) 94, skrEe A AolA
FH9 SUAS 34 gryol 53 T8 SBR HHT1E
olgalo] oF 47§ o)t wiekslSI). Fig. 1:> wjkE AAs} &
X]ﬂ%%i S v W A0 TA, PR ASKE 9L Eg A

e =N

S 74zt vlael] Bokth AFHE A EeiH]e] o} Akst
42 1~2 mg NH,-N/gSSh &= wj$- vigrony, oo} gt
Zdullrell -5 o] SBROIA 471€ ol AR A3 oF 20-25
mg NH,-N/gSS'h t£]9] 358 et o} 1heleh & Wit whde]
2 BOD AFsheeS Aak sl o seAe] e
AFSSE 13 mg glucose/gSS-hell B]E1e] 2~3 mg glucose/gSS+h Ui

S7HA ik AdE Bl S Yol AEkE Veow gt
7“"}?2} Ao A EulAel vlal diksl SefAellA of 20u) o

o= S7siglem 2 Akl Ve ® 3 CBOD 1M e

= qhAato], %’bmo] 7155388 9159 s A7 Aaksht
=5 THOoR MBS & 7 AUrk AAEE &Y
A1) 77l ‘2101*1+ SBR ol eFEUoR= ZAHNO;-Ny7HA]

kst o]FojR|= AdEIgloE R B Aol ARgE At
3} EelAE ol Alshta ot Abslato] 11 AR AH]
=

3-2. EME2{K|0 2|8t DBP, BPA, NP2| 25HSA H[m

ﬂow HJE AskEeA] 9l A s AE 01& o1 DBP
o] 27| F5F 20 mg/lLE FUsHA H7ket SekAAE< Fig. 291
o] 37K ZolA] ket AatslEA] 9 f7]=418) o

&Rl &gk DBP A7 5735 v|walSitt. DBPE PVC Alx
g o] 71aAlZ g o] €-%:= phthalic acid esters(PAEs) 714 2]
t)3 5224, DBP, DEP, DOP 5 PAE A¥2] 452 A
A FelEAe] shubE F7E AL lok. 71E A7AE 29 F)
gl g4 £ejA| S o]4-3t PAE F ¥-5) 23lell A DEP, DBP
9] Ealle oF 3~8Y &<t 90% W2]e] AAEE K3la, DOPS] 7
$= Bairt mil - = 8 Bk oF 20%7) EalPtky Bad vf
= 9915].[5] B Qi:ﬁoﬂ/ﬂ% DBPLM j=AC)] %]]E /ﬂ;ﬂ ]_oﬂ o:q ol-m
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Fig. 1. Comparison of specific glucose/ammonium oxidation rate
between sewage sludge and nitrifying sludge.
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Fig. 2. Removal of dibutyl phthalate (DBP) for the dose of 20 mgDBP/L

in the 1st and 3rd-batch treatment affected by different bio-
logical activity of sludge (sewage sludge fed with NO;-N,
nitrifying sludge fed with NH,-N, nitrifying sludge fed with
NO,-N).

¥ Aaksl2e] A (N-sludge), DAHNO;)©] H7HE sk5-&2] (8-
sludgey’} HjoFs]= Sk oA 12417F 50 25+ DBP 555 =
el AA &8-S vwsigitt. AAkslEe A Skl ok
}\]_O] 27}E A9 eljo} Abslato] opd o}ﬂ*} Abglrale] &
J& frEs7] sliMolH, skr&el Aol At 352 Aalshar
o] A4S o AlsPHA FL0doktel] I Qs éi%—% e
It} whebs Z4zbe] Eeface AAsat(QER Yot Alslat
Shet AA| m g o] fie v

& AlL] gk vgEe] Aol sl 221, Aakslt

]3 A9k u] 3594 7o) SEEHE= 3l

AF }\]—ﬂ_ﬂ)& 3k

Zolgka st
dEYgo] T Faksl &eyA|e
el go] A i% o thE 7 7] el & o]
HEdol] Al HA) 32 Aol BE 499
DBP i3l &40l & Ao]7} YeR A 2kgktt. o= DBPell 434
7] o]HQl A WA 3|4 A3 oAM= Yo} Akslre] FAkst
@/Jo] DBP H#allel| 2-8-3hE SeapH, wiwel DBP w37} HIE]
W BE ZglATol|A DBPol| ASHE ngE FHo gAjlow B
3l &Aoo yepdriar & 5 Qloh
Fig. 3 22> A8 = 535k 100 mg/Le] BPA A|A A3}
5 HolF=al Qlth. BPAT gram negative 717 HrElEolel] ]3]
lE TR ARdo] ofu] Barg bl Qlo, - ATtellAi= Hlw A =
& F%°] BPAE o]&3to] BPA alloll Ailst £elx|9 FAtks)
(co-oxidation) B/Jo] o= = 7|98t 4= Ql=X]E HuJst Wz}
k. o] Aol Al A A A el AdelA= kot
sbshate] @AJo] BPA allel] 7]ojehs aaprt vhE T 3ol
H|3)] F55F xlolE Holal §lom Whdel Al WA 334 a8jad
FojlM= A2 2jo]& HolA] ¢ko} BPAY| H-5H = nAE 39|
A= Qlekar shekec
Fig. 4= NPl thgt 23l 23 Azolch NP 49+ & tigt
=7} 10 mg/L oJ3k=A] mll- S ARSI i) s Flow
oLqu% 01,‘—_ ] :rLoﬂ}ﬂl—_ 27] lr:.E 5 mg/LC’ﬂ l’ﬂ?‘f}' EL{SH /K]fﬂ
3 Bokth w57} srol Aizke] x}o]7} DBP, BPA A&
271z sHAIRE, 3 RA B2 ARdelA kEuUEe] 37} o
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sletgst Ml47H Hl6= 2009 128

o=

4 - fele
mmmm S-sludge w/ NO,
gm 150 —= N-sludge w/ NH,
E mmmm N-sludge w/ NO,
>
=
<
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=
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Fig. 3. Removal of bisphenol-A (BPA) for the dose of 100 mgBPA/L
in the 1st and 3rd-batch treatment affected by different bio-
logical activity of sludge (sewage sludge fed with NO;-N,
nitrifying sludge fed with NH,-N, nitrifying sludge fed with

NO,-N).
6 -
2 st Initial NP = 5 mg/L
)
E
% 4 mmmm S-sludge w/ NO,
: == N-sludge w/ NH,
g 3+ mmm N-sludge w/ NO,
=
g
g7
]
-9
Z 1t
0

1st batch 3rd batch

Fig. 4. Removal of Nonylphenol (NP) for the dose of S mgNP/L in
the 1st and 3rd-batch treatment affected by different biolog-
ical activity of sludge (sewage sludge fed with NO;-N, nitrify-
ing sludge fed with NH,-N, nitrifying sludge fed with NO,-N).

2to]E HrERje] NP 23l oA ekny
?ﬂ‘?(%?fL A5 o] g3t AFo| =z o}
5 Uthel FAksl GAdo] 7]ofsta
& Sl-2] AddelM= 2 Aol & 2t
£ o)A g A8 oF AT FARFTE NP nonylphenol
polyethoxylate(NPnEO)7} 7] /850l 2J3fl el tirbiba 52 shte
2] 42| 31 I} NPnEO2} 72 APnEO(alkylphenol polyethoxylate)
7 BAES 2GA o ® gy 2roli= H|o]/d AAEIARA A
w400 E<t o] 8-Eo] gLom, 53] NPnEO= A ARE-H=
APnEO FollA] 80%%E 8kl Sl 7 T8k E4o|t}h. dA)
7HA] NPi= NOnEO?] A3l #7gellx] == 71 st Je)
o] pREERA A T RO F FRE I QSolE Bt
A eld, BEFelr o] Npe| el At vl Ao w Bl
=3 QU & Aol 2] NP 3l A Tanghe 5[14]9] 7]&

= =

A7 A} vdE= IR 39S BolFaL Itk Tanghe &
[14]19] Aol slralelde] A& ol8sto] NP el HEs
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33, 28 °CY] Lo A= 0.7 NP/gVSS-de] 5% NP7} A)A
H3.0m 8] Foll 23HE COD A 0.25~0.33 gCOD/gVSS-de]
F/M oA 86~98% UI2]2 NP} SAlo| AASIL =, 97 &
Aks} 2] BOD AlAd F7H o2 NP 2387 dojwkrha Az}
g ¢ QlEd), 2 Aol XS 10~15 °CE HHS u= NP
o] AAEC] 55% UAZE A= qleh & AolA= NP AlA &
TE 297X 9 AdAnE J|Fo® Aty oF 1.7 NP/
gVss-d?] £=E B3It} Ahel 5[6]9] BT wHl4=A 23
SRTE 24 48 v APnEO 49 Fa&f7} #Zehi &8s
dl, FeA e gellA SRTE AAl AAE ¢ 44557 =9 o
5, g8 o®z Aaks) o] A4S FANAE ¢ denE
ATelx] Akl i) el <5k NP AIAE o]9} vl @7
o7 FdEct,

3-3. BosEiX|o 22t BPA &2 HA

kel S=eggt 213ellx, BPA, NP, DBPS] AAE =84
o] ol AT AR ATk AM S8R F2ol gt A4 av)
£ FAIE 7 gl o] 7158 BE Aol BauE AT A
739 7] s AeAed EuAel dF 24 5 Q]
wizolth. et SatE So] Aol o8| Ao )=
A 52 Ao 53 $olls 24 &3A] wastingell SJaiAEE A
AH=AE ek 2 AS] itk o= FAE 249
Sl met B oAl F2 AR sAlel dold TS
/go] 7] wiFolrt. ueb W AFAEE o)F Tedlete] A
B3l 7S Qlols WS 2 dead biomasss ©]-8-3F 52 AEs
7= et 12 o] W 9A] live biomass?} dead biomass
Aolelli= 222 SAe Afol7t & o 7] wiEell ©Wilo] Q)
S = Atk o] 2 WA Wang S[151> AA|Z Pseudomonas
9] live biomass?} B dead biomassE ©]-&3}] DBP2] A
F2ol ot vl AES eieh v Qi ofuf Wit Eeix|9} A&
HA9] Fasol EokE xlol7t flgler S3HE SS sk VE
S =R sPH @8] Hat £EXe 250l Y FrhaL Hasgitt
wEba] 2 ATl it SEAIE olg3ste] SkellA AERA 3
7] 24 FolA BPAE oz S3 o o= Hr AAH
A HA} FIo}. Fig. 5ol4 2R 59 52Fe] vjek Sl &4 4
Absl A vial Hat £2iA]2] A9 20% H|Wo] AAE =

EE Autoclave N-sludge
150 —= N-sludge w/ NH,
=
=
E
X! 100 - Initial BPA = 100 mg/L
g
Q
<
A
m 50 -
0 &
after 1 day after 5 day

Fig. 5. Removal of bisphenol-A (BPA) for the dose of 100 mgBPA/L
by nitrifying sludge and autoclaved sludge.
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