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IRV, BFERICBWVWTIE, RE£100mLoi
BUOAKHELTRZ—5 C2EHERL, —8BO
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o7, RBATRALTAKTHEELEZR baifr
REERWERZAVTREZIToR. 2TORER
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6.0, BEUVRY O3XIARILT Y ¥ L TpHS.O
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LRWER, E2¥1pgLaEh TV 3%, BI TR
LEFEHA DR CEBEZH <. FHIIRun3-1L
FI# T 5. Run3-53 & URun3-6i I BEfEE {5
TORMEBRM CTHIERBIC R o L DB
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RIBIZBW=. Run3-7Tik, BRINBECOFBR
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TobDTHY, FIESIIRu3-1&FHKETHS.
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(1) FRAOBAFHE
FREREBETCOREFERRTCHBOLNEIB &
VE20%& 4 DB TAPRE (Cs ng/g-MLSS) £k
URHDPEE (Cwng/l) #AWT, UTRREH
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Bz, SVHEBRERoOBTSEREEOh
BIEMNTRERTWS., £, AR TCHBOLN-S
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© Runi-2 B8 O Runl-2 ST —FRARNR
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0.8863
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Kf
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(2) &R
(2-1) BmAFHE
LSRRI IBERT 5 ZERICBVWT Y, BERUR
BEICH TV 2TV, BEHIZ pH % 3.0 125
BL, HRARLARSLHBREL, HRABX
UK#EE+D El BET E2 #HELE. LAY
FROEREEICH U TRIAGHEE SR ITEITNIE,
ZhbOHUETF—FBBRESEBR LISy F&h
T iied. El BLU E2 OFMEER (F-2,
£-3 2R) KBTI RTOIny h2&~4H-3
WRYT. ¥Zh60RITR, BEERTHBLAE
BHRSEBRLEDETRY. ThboEEY, $<
DT — & FRFSIEBOBERBRR o5%BEAICHFE
LTHEY, £EHHRERIZBVT, EIBLVERR
EORBEEZRE LT —FIconT, BRFFE
BRYML-O>THWebDEEX LR, ZOZLhb,
B3 T AW PO BRI U TR £TS
LHBTLTH &L, ELFRENRITBE L%
ERTHOLNWEBRFSBRTRRLIBEELON
5. ¥k, TORMESERBRICLY, HAKS BOD
BEZ% 200mg/L, 8L 0.5 IREL, £P9RISHE
EDELBSaERIBWT El 8L E2 4
AR ENBNLEREBLEBEICBWT, BRYR
B LK BEENEERIBIZHD LDBLOL LR
MEREHR T LT, REBERSIKIZLA=R b
YA BEORERN E1 C 8.1%, E2 T 2.8%
LREIhE. ZABB TR El BEIW E2 04y
IRBYRFEINDOT, BRELFRECRRIGE
Blikic kB3 2 b ¥ EHRBEORERY, i
AKBDOEDOROPAHBELEX BN D, Lo

T, BEOKERIEYHRIELZbOLAMENS.

E1

RATREL: y= 0.8326x-0.0524
R*= 09727

fog GHRIBDEIV AR [ng/e-MLSSD
~N

1 2 3 4
log OK$APEI RBE (ng/LD

E2

sl o £ABER
— BRRY

log (BRBPE2AX [ng/s-MLSSD
N

AT y = 0.9704x - 0548
R?= 09376

L

1 2 3 4
log OK#AhE2RBE [ng/LD)

-3 £YSRRBEROREFER~OBEHE
(E1, E2)

(2-2) FREEH T COERKE

B FITE R K 2 GF/BT %18 L7=R/KIZELH
SWIEEE2ZHEML, BEALEER (Run2-l) KB
WY, AiRi323°CTDOIER (8.0mg/L) TORP
1X150~200mV D HEIZ 3 - 7= 23, RBRAMIRI D480
SOMIZEIB L UVER20BEEIZR O o T,
hiy, BEOHEAKROHE L OILERLAL Y
BN LRERINE.
FRAERMET COE2B & CE1 D ARsE 2 iu8
T 5T, RPCERBIEHAICE2% Spg/LEmM L
THEBEEESREOHRL AV TREEET T
728 (Run2-2) TODO, pH, MyEMEZEHR LDOC
ROTIE2LEIDBECEL*E-4IZTT. 2l
t=0DE1H L CE20{Hi, El, R2ZHFEMT 580 F
ARLBBTHRBRL TEEFEESRPICTLAETENRT
WiEHTHY, UTORRERIZBOWTLRKTH
5. pHIX7.5~8DfHEEIZ3H Y, DORMMIZIL3me/L
Bk ChHol=b DR, 24090555 LR Lik»H400sy
Erofafmeizofs. ZhixL#20mgC/LéH - 7=
DOCO S AER30mgN/LREDT =T HEROM
{ERELCDdTHD. EABEIIFREAIHILES
SRBRFICAKBTTIS2ng/LBH &N, BHRBCIX
250ng/LESR L, EHELISHRBEICHKICLEAL
7K$8C1,880ng/Ls & U5 T4 5 T1,080ng/LAS KR HY
k., TRREBME20—SBRICRT S,
I REREREABLEShEIREREhEZ L 2R
LTW3., FORIIE2EIT TRLEILARICET
LTHY, FRELBMEI20BBEICIX, BN
L 7-5,000ng/LOE2IXIE & A P2 TRENCEMEE h,
EHILENBIZLAYBEIT. BRIZLESE
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(2-3) R —-BRE (BEBR) FETCOERE
):3

B ORCRR T HAKICE22 Spg/LE M L, EHEs
BREOHFREZAVC2FMRE%KIC, BRAESET
100 R & 37 et T 10RER] & DB M U7 28
(Run3-1) T®DO, ORP, NOx&DOC7 & TRIZEL
LE2OERELREZR-5IRY. 2, pHIZEEN
FUEDORTIIETEL 6.5HE CFRIELBEORT
375~8DWHEAICH Y (BFRITLTWARW) , 1=
PR RE T Crimess, $KESRECRIBERR
ZoTWe. DORBRR & #R L% Cik2~Tmg/L
OEWEIZH Y, EPFLLBKEIEDR T, EHS
{Z0mg/L & 72 Y ORPHOmMVELT & 72 ¥ -300mV ¥ TIE
F L7, #H0L725,000ng/LOE2TEFKAELIRD 120
FETCREEIMEN, kBPBICHERHESD
EIBXUVER204HBE X TngLECETLE. *
D, BFIEZHRFLIERTIXIZEA B2
o7, BRELEDDORKB LR CIZBENE
AL, R (ERR) RE o308 E%KIC
¥, E1BIUE204 FHREE200ng/LIZ /2 o 7=,
Run3-10ERCiX, BRELE2DOXRTCIBED
PHOENAE LK. ZObpHOEBIZ>WTF =
v 7 %f7o7% (Run3-2) . #DO&EEXE-BITET.
BRERE L LR MBI, pHEHEESR & KERL T

MY OATCa ba—ARICH L TLL0ER S &7,

B (BEER) KRB LEIBLUVE20A e

DO (mg02/L)
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[} 200 400 600 800
B3R (min)
300 250
200 200
100 3
z %
E 150 E
&
O -100 100 §
-200
50
-300
-400 . 0
0 200 400 800 800
$:A85R (min)
FRSAMM

@ BRAPE
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[sp &L
200 BKHDE2
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, .
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FEFLFELTEEE S
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& \\ & P E S
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0 omm ams
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+rund
8o o 4 +
A
0 s
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X
6 x X X
5 s N
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d s
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3
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00 A, BEREPBE
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a5 REPE2 300 : 360
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&
FFFS L L LSS LS
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(Run3-2)

43";5’4‘#

I
S
®
-

TERL, $XpHOEBIRZ I FIC09 T
200ng/LRBEE C LA L.

XM (EER) RECOLRIR, 4Kk 3R
PYROBT (REEDOBBALEL) KX3L0H,
FEREIORREYNLOBTIZEIIBFERTH
B3O ERMTHDICITFomER (Run3-3) D
RE2E-TIORY. 2k, £RHICBIT3EOBIIE
EHEMLIR P> ROERE, HAOBIXE2%5pg/L
BML=RCOBREENENFT. BEEIEEIC
BESCICHKYE (BRBR) Lok, ELTHEAH
ST TR AL U (E8BR) &4ETTRk
BREXELE (BRIZLTVRY) | K (S
R) ZHYTCokiEs LCBEREDE2S X UVEID
AHBEOLERIX, R2YUGBECHRMLERTY
BMUHho=RTHLERRWNWI LEAREATVS.
zhix, ERROEEHCRRL I, BRPICH
FLTWHREHE - BIBHHAOBRTILELZHLDOTH
BT EERLTWA.

LEROSHBEMEL, E-RAEK - MEBHHOH
REFEIDILBEHD. £ZC, KR X o ¥

8
| 3 oE2mMBL
5
28 g OE2in
o 47
§ol
8 2t
' b
) 1 oo 0o -5
0 100 200 300 400 500
800 (min)
& 2Bl BE2EM @ BFRAPE
400 axfdEr -

B HREPE2

NS

S\
FE S LS ST
22850 (min)
B-7 R2ELVEIOERNICRIFTIE2EMOER
(Run3-3)

8

7
a8 s
S 5 )
% 4
o 3
e,

1

0

0 50 100 150 200 250 300
A6 (min)
1200 EENDH. T RURBERMAAH BEEGE
2 5RHDE2

1000 | KHRE2
a |
S 800 ¢
s
& 600
A 400

200

r ’ -
3 S\
& & & & &F ¢é"\

gr@ A A R A I
£:B6H (min)
H-8 AILIERFETOHE2E KUE1DH#B) (Run3-
4)

VEEORLFERVWALTACHRLEEREA
W, QAILTA, @QALTAKICE2% 1pg/LEmML 7=
BK, ORMULBRMEHAL ALITAZRALER
KEXHBLE LAEER (Run34d) 2T7-7=. FOKE
2E-8ILF Y. HICIIOAITADOR COKRITT
LTH6T, ERMIZHITZEOHIIOATTAIC
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E2Z1ngLBM LR COERE, FOBIIOR
TILBRFHA L ATTKEZRE L=RATOER
ENEThRT. ALTTKORTCRERZEHEL TS
KRR R bafrigiEnzhofz. ALTK
KER2EZHEMLARADOFR CIX, REAMBESHER
EMOHRMERGER L UHRME (FER) £42E
LT, RRxRA b FfrBERENRED
1,000ngLCHo7=. L L, FRERETIIE2D
El~DObiitEd, Fl-hxiERE TCOEINGE2
~DFTFELCTWE, T, BRNCEMIEHAL
ALTARDBAKDETHLRATR ba ¥ ORE
1$200ng/LCE/ Lo, ThbDERNMNS
ALFERIBEIORBEHEZFET, Thiokd
EIDB{LOREHOFER~OERUTENT, FL
THERRERINHEE - MBHTIIEE LS
21bDEFILND. FLTHAKDPIZEENS
HMREHBEOER~OERLERL S B, HIWITA
IHERIINBROBEIMEAZA LTV R LY
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Removal characteristics of natural estrogens in biological treatment process

Yugo TAKABE', Hiroshi TSUNO', Fumitake NISHIMURA',
Masanori SAKAMOTO', Yuichi TERASOMA

'Department of Environmental Engineering, Kyoto University

Focusing on the adsorption on the sludge and biodegradation, removal characteristics of E1 and E2
from the activated sludge process were discussed based on results of batch experiments. Adsoprtion
experiments showed that the adsorption of E1 and E2 could be expressed by the Freundlich adsorption
isotherm. In addition, it was suggested that the adsorption isotherm could be applied to experiments for
comprehension of biodegradation characteristics. It was found that E2 was oxidized to E1 under aerobic
condition, and E1 was also oxidized. Consequently, the concentrations of E1 and E2 sharply decreased.
However, it was cleared that the concentrations of E1 and E2 increased after the conditions were changed
from aerobic to anaercbic. Decomposition rate constants of E1 (k;) and E2 (k;) under aerobic condition
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and a increase rate constant of sum of E1 and E2 (k,) under anaerobic condition were obtained as
following: k,=0.0430 (L/g-MLSS/min), k,=0.1015 (L/g-MLSS/min) and k,=0.0105 (L/g-MLSS/min),
basing on the assumption that each reaction rate would be expressed as the first-order reaction of E1 and
E2 and potential conjugates and precursors in the sludge. '
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