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AN ETERPELIEINC B W T 2 2R F B O 0372 ) OFE, THRKICEENDET
PEH S AL, TR TERE L 2720 S OIFEMEEINCIIKEREICAE SN D Z L2 b, ZhbHd
{EFHE O, BMETHAERICK L THAEREELZ RITTLORHEZIFEL T, ZFbIC
KD REREEDIHGIL, Z DKRZHEIKIEE LTHIAT 5 A% O, KO OKIBICHER T 5 4AE/ER D
fEEVEICR LT x B B2 b e O R B 5,

Kk x e ELFEWE O TH . WL L F%E (Endocrine disrupting chemicals; EDCs) i3, & C
BN 548 (Nuclear receptor; NR) & OfE &% 2 U CAKRD NI IMERE A #EEL L . 2SR 2 %4
FIEEZTZ ENERMIN TR Y. EDCs 12 L D KEREEDIG YT ARERICIRAN BB L KT LG5 E
RIZBREMEOOE S LFH SN TND, EDCs IFZHEEMEE L TRARBFLVE LHUOIEREZ L T-
597 I=R MEM, HDWVIERAROFRNVE Y LZRIEE OFEAZIE L, B 7R VE AR 2 K
THTUHT=A MERICL Y | ANEE Ok AR E %2 5| & Z 9 rATHEMEA & % (Colborn
etal., 1996; 7)1 5, 2003), 7D EDCs \ZRHT DHFFEIL, = A b XU ZBIKR YD AT oA RkLVE
VERRICHEG T OMEE R LICED N TE L, L L, EERRNIZIEZER NR BFELTNDH Z &
WAL E 72> TEY (B F Tk 48 FEFH D NR 23F(E(Chawla et al., 2001)), AT v A RK/LEUZHER
LIAL® NR Z{EHAIZ S D EDCs OFFFE b itk S415 XL 9 1272 - T X 7-(Janosek et al., 2006; Tabb and
Blumberg, 2006),

LT/ A F&(Retinoic acid; RA)%¥{&(Retinoic acid receptor; RAR)IX, ¥ I A OR#EWTH D
all-trans RA(atRA) 5 X 1Y 9-cis RA(9cRA) Z N[KMH: Y 77> K& 95 NR D 1 -5 T % (Chambon, 1996), RAR
XV T FOREGZE LT, FHEEMORE, JBRIEMK, A&, Mok, MikoEEER s, 2ikk
FEBE D ill4H 2 =] > Ty > % (Chambon, 1996; Kastner et al., 1995), — 5 C., RAR ¥ 7 /L 3@ FEBL S v
% & fa¥E(Herrmann, 1995; Haga et al., 2002), [#j4-%H(Degitz et al., 2000, 2003; Alsop et al., 2004), FiiFLEE
(Mulder et al., 2000; Ritchie et al., 2003)7¢ & Dk % 7 FHEEMRE I 5E LT, B IZACR HCIRER S H 72 &
DR ER 2 72 b T 2 EDNMbN TN D, T7R8DH, RO RART Z=A MIX 2D RAR ¥ 7 F
JAREESR DRELIIER % R B HERN R I S R R B2 b1 DT MR H D L 2 D,

1990 AEAHIT LIRS, KEALHERIS L O F X RV T SMBIERB R E & & DEFA T T L ASFR R VW
TH¥E HL S 7= (Gardiner and Hoppe, 1999; Vandenlangenberg et al., 2003; [ | &, 1999)(Fig. 0-1), Gardiner &
Hoppe(1999)iZ & » T, Z DR EME A RAR ¥ 7 F IRIER A BELT 2L FME TH H Z L ARIEB S,
Gardiner %(2003)I2 L > T, ZOWHAF D RAR 7 2 =& MEMNBHRHEK TR AL MM Sz

. RRPEIIREE S e o T, S 5IZ, HIE(Cao et al., 2009; Zhen et al., 2009; Wu et al., 2010)X°4—
Z ;7 U 7 (Allinson et al., 2011a, 2011b)IZF VT h, KERE L FAKLBLRICIBWT RAR 7 T =2 M D
FAEPHER SN TE TN D, TEIZBNTIE, TATOETER RAR 7 A= b3, RRU T FTH
% atRA & Z D HEME(R 13-cis RA(13cRA) DL Td 5 4-ox0-atRA & 4-0x0-13cRA T 5 Z & 73
LTSI, TS OWEDBFEDOIIOR LRI FTRAFERAELEEGD 2 & D3 R S (Zhen et

. 2009), 2D X 51T, RAR 7 =2 MEM Z /R I EITKEREE O AW DN sk RE 2 HEEL L
%*Kfl%ﬁu W7 POREREREELSEEZIFTWBENRI R 77 7 X —ThbH I BRI LN
STETWD, LL, RAR 7 A= MT X D KREREHGYICET 2 ik, R THIERICZ

. T —HEBREIFAYWELHESNL TWARNI D, A% EHIC RAR 73=% Mzot%:ﬁkf/%iﬁ
1
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BYDFEREE AL TV ZENHEERFETHD EEBEZHND,

ABFFETIE, AAROKREICEITS RAR 7 3= NEEOFEREREZHAT L Z L2 E LT, —##
DORMEIEEIT>T2, % 1 FETIE, RA OBFHERIC X2 AR EICET 2B LE 0D L L
2, KEREFIZHITD RAR 7 A= MEYOER L AREEIZRET B R2 I L, 2 ®HT
X, KBRFF F OEEOF)E L OVFARMLERICEW T, RAR 7 =& MEMZ A L, /55 0O30R 21
L7, 5 3 ETIL, BEREES R SN A VT, I IO FAKRFIZEEND RAR 7=
=2 NORIEERATZ, £i2, H 4 BT, FARLERICBWCHEE L RAR 7 2= hO%8h %2
T2 L b, IHHERAERERIZED, 250 RAR 7I=A MR ED LI IZBREZIND DT
DWTH Tz, #FhE 722 b ONTHT i Tld, AR THE O HARDKERERICKIT S5 RAR 7 I =R 1§
PROFERERICET 2HREZE LD, SERORIZONTELE LT,

(a) Ectromelia (b) Polydactylia

Fig. 0-1 Environmentally induced limb malformations in frogs. (2) Ectromelia, (b) Polydactylia
(University of Minnesota: http://enhs.umn.edu/5200/estrogen/mn.html)



F1E RABIURAR 7 =X M1 5 BEHFZE

TIE  LF A VBBIOVF ) A VBERERT =X M2t 3B

15 LI

IAEDIIZENS RAR 7 I = A RAVKBRETIAET D EHERY) A7 77 7 2 —ThHDH T ERH BN
\Z oo 5 (Gardiner and Hoppe, 1999; Gardiner et al., 2003; Vandenlangenberg et al., 2003), L 7> L Bl
JLCIE, RAR 7 2 =R MZ X2 KBREGROFERIZOWTIIARAZRE 1% <. RAR 7= MNEME
EHTEFHEIZONTH, ZO—EBRHLNCSNICEE RN ED, RART A=A MI X5
AREY A7 ZFHIT 272D ORI/ LN TN D ST 2 e, KETIE, RAR 7 F =2 MZ X
0 ED XD IR EREENAE LD AN H 503 % . RA OIRREHEEZ LY - 7= BEHEF R D HELR T 5
LB, TRETIZMBATWD, KEEFICEIT S RAR 7 =2 MNEYZBT 5 AT O RE
EREHL, AFREOSHE L L,

16 VF A VBROBRERIC & 2 EEEE

BANSER LT /A Rid, AN TLF ) — W (EX I A)~EREES, &6 RA ~E 1t
#f X% (Barua and Sidell, 2004;Idres et al., 2002; Kraft et al., 1994; Napoli, 1999), RA (21 atRA <% @ Fiik:
R Td 5 9cRA. 13cRA(RA #H). RA DLW TdH 5 4-hydroxy-RA JH, 4-oxo-RA FH7e & MFAET
%(Fig. 1-1), RA IZHFHEBM DLk 72 EMRE A 712 — . T OMBHBIUIZHEE KNI R T 4
W EDAE BTV S (Collins and Mao, 1999), “EWfdids L OMgER OREH - BIRIC K- T, FIRE DR
BICKVRET HHHOBEREITIRELS RoTEY, £z, BBERENERDITON, SR
RERFENARAEL, FLERLEL R DHHHNH 5 (Table 1-1), atRA 35 KT 9cRA D A7z 59 JREWE T
& % 13cRA. 4-ox0-atRA 3 L T} 4-0x0-13cRA IZ L » TH RO A K EN S SR ShD Z Enabh
TWBA, BEL CYEFIREIL atRA < 4-0x0-atRA < 9cRA < 13cRA < 4-0x0-13cRA Tdh 5 —J7, wIE D E
1% atRA > 4-0x0-atRA > 9cRA > 13cRA > 4-0x0-13cRA DIE TR E < 725, T2 5B, RAR DAKD Y H
RTH5 atRA DEANR b RE L, F72, 4-0x0-RAEHL VY & RAXE, cis & X v b trans i AR
HENRWMER RS D, L, EWFEIZE > TE, RAFED b 4-0x0-RAH TIERE L E LS\
A bR STV D (Kahn et al., 1988; Pijnappel et al., 1993; Ritchie et al., 2003),

17 ARBREPICBITDVF ) A VEERBFET =R MR L EERRE
131 dEKRDOAREFICEIT S RAR 7 I=X MEREB LI AV OFREBRE

1995 4EIT, SKE T 1 Y N THEIRE T 2 b DB ED T VRS EFE R SN TG 2=, KE TR
ERBOERBHFEIMT O R, T 2Btk O IR s C i A B O SN IE B R 23 st S v
(Gardiner and Hoppe, 1999; Vandenlangenberg et al., 2003; 41 %, 1999), = O JF K 4EIHF%E D H ¢, Burkhart
©(1998) 1%, A = URFE L ST WIKOIRERIZ L - T, BARFCTBU S N 7= S0 BRI B &
o Z Ll L, SMBIERER T ORR AT OFWEICH D Z L2 602 LTz, £72. Gardiner
& Hoppe(1999)D#FHz L v . T DOFRKMWEN. RAR Z/ LT RAR ¥ 7 T IUURER ZBELT DLW
BHThHhDHIEWRBINTZ, &5I2, Gardiner 5(2003)I2 k> T, H/kH® RAR 7 2 =2 MEMEN B
HeRTIERWZ E2VRIB S, RAR 7 I =X MEWZ R ITLFWE OS5I sl b 7o kiR, JRINYE
DRFEIITE SR b DD BB TERIERE AT DEMWENFAET D52 & &2 R LT,



F1E RABIURAR 7 =X M1 5 BEHFZE

1.32 HEOKBERIZEITE RAR 7 T=X MERBIUADFERAEY

HFEALRTIE, FARLBKICIRE SN MIHINTRERFE N EC D Z LR AINT, 22T, 20
TAKAERIK A A X T DINIFFE S ET2 & 2 A, BHED 90 % & S HPHEFEN 30~40 %IZIKFL, 56
(2, R B BB ISR L, ML L2 A XD D 80 WICR DO IINEMT 22 EORENELDZ LN
BRI N (e HTR, 2008), = B2, FEFFFPL, bRy, 2B, KIRRFOILFFE 7 LV —7
. AERHN O FAKLERE > 5 8- E L 72 2 ALK & FIVC 2 TR O in vitro 35S L OVin vivo iR &
IToTAER, WBKF 2D RAR 7 A=A MEMZMM L, FIRIEEENE, BEHEE ~0 arkErE
EHL, AXTORREAEICHBHERERELZ KITTZ L2500 Liz(Caoetal, 2009), L5 DR
HEIZIZI RAR 7= MG L TWD Z Epbic/o, FRKRTEHZ KA REORKR, bt
WD 7 &EFTO TR D4 TOMRBEIK) S RAR 7 2= A MEMAKH & (Zhen et al., 2009), fa~0D
BN TKFO RAR 73 =A MIEK L TWAHZ ERK VB RBEND L Eeolz, DI,
TARRHEAK DGR A ZHE L= L 2 A, £TOHEMSE T RAR 7 3= MEMSAHE S, Tk
LRI D T ¢ L F-4 A8 b #ER S 7=, £72. Zhen 5(2009)12 L - T, FAPICE £ 5 %72 RAR
7 I =A R, atRA 3 L OV 13cRA OIRLARHIP TH 5 4-ox0-atRA 35 K TN 4-0x0-13cRA TH 5 = L %1
DM SINTZ, EHIT, Wu 5H(2010)1F, B HIE & i AWK H O RA $H35 L OY 4-oxo-RA FAZFHA L 7=
fEAL, MK G RA FE LY 4-0x0-RA FUFMH Sz ooy, WK 61T atRA, 13cRA,
4-0x0-atRA 3 L TN 4-0x0-13cRA M EN7=Z &6, RA XK FUTIESFEL TS Z ENHS
mERolz, LrL, WTAORAE TS, RA I KON 4-0x0-RA FHD i IR I IBEM O A (R ER BL L
NIVZHRTED ST 2 e D, 2O OWE L AICERD DT AREE L OBEMEIIRZIA LIS
TR,

133 FA—R T YT OKBREFICEITS RAR T T=2 MEG

Allinson % (2011a)i%, A—A R Z U 7O ¢ 7 b U THND 39 fEETO FRUERE > S EEL L 7= T /KL
BK®D RAR 7 =& MEMZ A LR, 20 900%LL EOREIN O HERIEES R Sz, &
7oy AR 7 V—""13, A=AV T7DOT 427 U TMANOFNIKEFHEL, $IRE L 6 HimD D
H 1R TRAR 7 I = A MEMES IR 7z & LTS (Allinson et al., 2011b), L2rL., ZO—
OFATIL, RAR 7 A=A MEMZ R THEORIES, BT 2 M ~OEEBIZ O TTIE RSN T
WU,

1.8 E#

ARETIE, RA DWMBHERN 72 b T AR EAL BT 2 & & HI2, RAR 7 T =2 M K 5 /KEEES
Yl L CAT oV I B SE A B B L T,

atRA 35 LTV 9cRA 1L RAR & DA AT LT, FHEEM OWRRECIRERAL. F4E, Mldab, EHFME
DOMEFFICEE 2% EIZ R LT %, LA L, RAKX 4-0x0-RA FHOMEHERUL, AR EMFEICK L
T, BRIBARRE 213 Cofie REREELFI SR T MmO TV, I, RSP EICB W
T. RAR 7 A=A h3 A & HER S5 B AR A ~DIERE N A T TR0 |, bk, HE, A—A TV
7 Lo I HIE BN 72 U D KBRS C RAR 7 A = A MEERER SN TS, 2D L. RAR
T a= A MEYEMIRRETH D Z L ERE LTV D, FEO FAF, &5 0L FARLEKF O

Hi7p RAR 7 2= Z ¥ 4-0x0-atRA 3 L TN 4-0x0-13cRA THH Z L ML M L o722 . Z OFHEHI %2 &
4



F1E RABIURAR 7 =X M1 5 BEHFZE

WL, FIREIZRIE SN TR, 2O X ) RBRS, RAR T I=A MZ LA RHD Y 27 % 1E
LB L., ORI T 523 L T 2o, AARDOKERIZBITS RAR 72=X
MEYDOFEREEZIH LN THZ ENEH L WD,

N > > X COOH NS > BN
COOH
atRA 13cRA
XX~ COOH X D
COOH
OH OH
4-hydroxy-atRA oo 4-hydroxy-13cRA
4-hydroxy-9cRA
XX COOH X DN
COOH
(o] [¢]
COOH
4-oxo-atRA 4-o0xo-13cRA

4-0x0-9cRA

Fig. 1-1 Structural formula of RA.



Table 1-1 Biological effects caused by exposure to retinoic acids and 4-oxo-retinoic acids in various vertebrates.

a
Chemical Species ([;giﬁ) Exposure time Observed biological effects References
06 Dysmorphogenesis of the craniofacial region; Micropthalmia;
' 3 days from stage 8to 41  Reduced the prosencephalon and mesencephalon; Edema
2.0 Holoprosencephaly; Anopthalmia; Absence of procephalic tissue
0.24 9 days from stage 8to 65  Increase in mortality; Developmental delay
0.14 Mortality Degitz et al., 2003
0.24 Stage 8 100% mortality
2.0 7 days on stage 48 Increase in mortality; Developmental delay
0.6 14 days on stage 48 Increase in mortality; Developmental delay
0.6 Stage 48 100% mortality
100 Anterior truncation; Failure of eyes to develop no_rmally; Cyclops; Kraft and Juchau, 1995
Development of two small eyes; Axial malformations
250 Anterior truncation; Failure of eyes to develop normally
500 Stage 12 Anterior truncation; Failure of eyes to develop normally; Axial
African malformations
atRA clawed frog Anterior truncation; Failure of eyes to develop normally; Cyclops;
1,000 No eye decelopment; Development of two small eyes; Axial
malformations
From stage 10 (early
150 gastrula) to 45 (a late Loss of anterior structure; Microcephaly Pijnappel et al., 1993
tadpole)
150 Reduction of the eye diameter and cement gland length
300 2 hours on stage 9 Reduction of the head-to-tail length, eye diameter and cement Martin et al., 2002
gland length
3,000 45 min at last blastula stage  Malformation along the anterior-posterior axis Minucci et al., 1996
6.25 24 hours from stage 8 Micropthalmia; Prosencephalic reduction
25 (mid-blastula stage) Holoprosencephaly; Anopthalmia
250 One segment of hind limb malformation Degitz et al., 2000
750 Stage 51 (limb stage) Hind limb malformation
1,250 Hind limb malformation; Triangular malformation; loss of limb

NY=c LdVdNTEVH =TH
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Table 1-1 (continued).

a

Chemical Species ?u(;?) Exposure time Observed biological effects References
250 One segment of hind limb malformation
——c~ 24 hours from stage 28 ne 569 -
Wood frog 750 (limb stage) Hind limb malformation
1,000 Hind limb malformation; Triangular malformation; loss of limb
25 24 hours from stage 8 Micropthalmia; _ Prosencephalic reduction; Posterior
. dysmorphogenesis
—_— (mid-blastula stage) - - -
Green frog 50 Holoprosencephaly; Anopthalmia; Posterior dysmorphogenesis Degitz et al., 2000
1,250 From stagetgiéllmb stage) Hind limb malformatuon
Mink fro 6.25 24 hours from stage 8 Micropthalmia; Prosencephalic reduction
g 25 (mid-blastula stage) Holoprosencephaly; Anopthalmia; Posterior dysmorphogenesis
Northern 1.250 24 hour_s from stage 26 100% mortality
leopard frog (limb stage)
0.9 Oedema Herrmann, 1995
— Stage 14 - - — -
3.1 Oedema; Brain deformity; Tail malformation
150 1 hour during early gastrula _Multiple pectoral fins
Zebrafish 3,000 (50% epiboly) Pectoral fins absent
atRA 90 1 hour during late gastrula _Multiple pectoral fins
—_— . - - - Vandersea et al., 1998
210 (90-100% epiboly) Multiple pectoral fins; Pectoral fins absent
Py
75 From 80% (_aplboly tothe Single or abnormal pectoral fins
2-somite stage
From day 10 to 21 at . . Miwa and Yamano,
3.0 premetamorphic larva Fin deformity 1999
Deformities of the lower jaw (growth retardation of the dentary),
5 . caudal fin (deformity of caudal bone complex and absence of
75 6 t0 9 days post-hatching entire caudal) and vertebra (hypertrophy of the centum, central Haga etal., 2002
fusion, and an increase in the number of abdominal vertebrae)
Flounder 30 26-27 hours after Extremely high mortality; The absence of the Meckel’s cartilage,
fertilization and forked cartilage
Malformation of the mandible, hyoid and gill arch; Reduced in
15 Dav 2.5-3.17 size of the Meckel’s cartilage; Curved downward at the anterior Suzuki et al., 2000
ay £.9-3. . part of the trabecula cartilage
(40 hours) from hatching - — — -
75 Extremely high mortality; Reduced in size of the caetilages of all

pharyngeal
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Table 1-1 (continued).

a

Chemical Species ?u(;?) Exposure time Observed biological effects References
. . . Pakdeenarong and
Prawn 500 2 days from hatching Decrease in survival rate Damrongphol, 2006
. 2 hours during early . _ .
Mummichog 3,000 gastrula (50% epiboly) Multiple pectoral fins; Pectoral fins absent Vandersea et al., 1998
e . . Sciarrino and
Sea urchin 6,000 1 hour onthe fertilization  Delay in embryonic development Matranga, 1995
5,000 8 hours Dysmorphic development Kahn et al., 1988
atRA 7.5 Microcephaly; Neural schsis; Redustion of first branchial arch
150 48 hours on day 9.5 Reduction of first and second branchial arch reduced; Fusion of = Menegola et al., 2004
First and second branchisl arch
10 46 hours on 9 days post  Moderate reduction in the second visceral arch N
Rat 100 gestation Moderate and severe reduction in the second visceral arch Ritchie et al., 2003
60 6 hours on day 9 M_lcroce_pha!y; Small first branchial arch; Abnormal eye Lee et al., 1995
primordium; Open neural tube
60 6 hours on day 9.5 Branchial arch fusion; Open neural tube
Deformities of the lower jaw (growth retardation of the dentary),
: . caudal fin (deformity of caudal bone complex and absence of
5 6109 days post-hatching entire caudal) and vertebra (hypertrophy of the centum, central Haga etal.,, 2002
Zebrafish fusion, and an increase in the number of abdominal vertebrae)
eorats 3 2 535 hours after Abnormal somite; Abnormal heart
e No head; No eyes; Microcephalia; Micro-phthalmia; Abnormal Zhang et al., 1996
30 fertilization o
somite; Abnormal heart
30 Stage 14 Oedema; Brain deformity; Tail malformation Herrmann, 1995
9cRA Flounder 15 From day 10 to 21 at Fin deformity Miwa and Yamano,
premetamorphic larva 1999
Anterior truncation; Failure of eyes to develop normally;
100
Development of two small eyes
African 250 Anterior truncation; Failure of eyes to develop normally; Cyclops;
Stage 12 Development of two small eyes; Axial malformation Kraft and Juchau, 1995
clawed frog - - -
Anterior truncation; Failure of eyes to develop normally; Cyclops;
500 No eye decelopment; Development of two small eyes; Axial

malformations
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Table 1-1 (continued).

a
Chemical Species ?u(;?) Exposure time Observed biological effects References
10 46 hours on 9 davs  post Moderate reduction in the second visceral arch
9cRA Rat 50 days - p Moderate and severe reduction in the second visceral arch Ritchie et al., 2003
—_— gestation — -
100 Severe reduction in the second visceral arch
. 3.0 Tail malformation
Zebrafish 30 Stage 14 Oedema; Brain deformity; Tail malformation Herrmann, 1995
Deformities of the lower jaw (growth retardation of the dentary),
s . caudal fin (deformity of caudal bone complex and absence of entire
13cRA Flounder 75 610 9 days post-hatching caudal) and vertebra (hypertrophy of the centum, central fusion, and Haga etal., 2002
an increase in the number of abdominal vertebrae)
clxgg??og 1,000 Stage 12 Anterior truncation; Failure of eyes to develop normally Kraft and Juchau, 1995
Sea urchin 20,000 24 hours Developmental delay Kahn et al., 1988
. 3.1 Oedema; Brain deformity
Zebrafish 9.4 Stage 14 Oedema; Brain deformity; Tail malformation Herrmann, 1995
From stage 10 (early Pijnappel, 1993
31.4 gastrula) to 45 (a late Loss of anterior structure; Microcephalia
African tadpole)
4-0x0-atRA clawed frog 100 Anterior truncation; Failure of .eyes_ to develop qormally; Cyclops;
Development of two small eyes; Axial malformation
Stage 12 - ——— - — Kraft and Juchau, 1995
Anterior truncation; Failure of eyes to develop normally; Cyclops;
2,000 b X
No eye development; Axial malformation
Sea urchin 5,000 8 hours after fertilization ~ Dysmorphic development Kahn et al., 1988
Rat 10.4 46 hours on 9 Qays post Moderate and.sev.ere reduction in the second visceral arch Ritchie et al.. 2003
52 gestation Severe reduction in the second visceral arch
. 94.2 Oedema; Brain deformity
Zebrafish 942 Stage 14 Oedema; Brain deformity; Tail malformation Herrmann, 1995
African Anterior truncation; Failure of eyes to develop normally;
4-0x0-13cRA  clawed frog 100 Stage 12 Development of two small eyes; Axial malformation Kraft and Juchau, 1995
S hi 15,000 24 hours Developmental delay Kahn et al.. 1983
ea urchin ahnetal,,
90,000 12 hours and 24 hours Dysmorphic development

NY=c LdVdNTEVH =TH
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H2® KERBEPICEIT D RAR 7 I =R MEGORAE

F2E  KBEPICBITAVF ) A VBESERT =X MELROFHE

25 ICBIC

1w TR LT, ek, FEBIOA—A T U 7 OKEETIZEWT, RAR 7 =X hDTF
TEMRBH &7 & 72 > T 5 (Gardiner and Hoppe, 1999; Gardiner et al, 2003; Cao et al., 2009; Zhen et al., 2009;
Wu et al., 2010; Allinson et al., 2011a, 2011b), HATIEX, AKEAKIRD K22 2 L HFRE KW ) 1K O F it
KITHAF L TR Y (A AKIE TS HP), KOZEFMERITIEFICHELRRETH D, L, BRDOKEEE
xtgel L7z RAR 7 =2 MEROFEIZIZ L A LHED LN TN RWT &b ZOTHRI 2 iz
THZENRETHDLHEEZEZOLND, £ TARETIE, KB TO 4 FRRIRSG I L ONT T % it
% 2 )& 3%0E L, BERE two-hybrid {52 VT, Rk, FAKLELKIS KON JIERE KT DO RAR 7 2=
A MEVEZ R L7,

26 FERFE
26.1 fbFEHE

atRA, A % 7 —/1(MeOH), KCI, Na,COj3iZ Sigma-Aldrich, A F /L Z /L7 % R (Dimethyl sulfoxide;
DMSO) X T2k A 4E, 1 £ U 7 —+¥-20T IX MP Biomedicals, 2-= F &2 7 = =/L-3-D-T7 7 b ¥
Z 7 ¥ R(ONPG)IT B Atk pk T3kt & 0 A L7z, Na,HPO,- 12H20, NaH,PO,4- 2H,0, MgSO,- 7H,0
I U AR ASE L VA LTz,

%Rk two-hybrid 512 & 5 RAR 7 =2 MEMEOHIEIMEH L7 HE%E D Ho FatRA X107 ° M & 72 %
LD DMSO TR LT b D& A by 7wk s L THW,

262 BRI

ARFE T W R KR TR B K) . T A ALEIIK (e A& DL B K ) D45 5k 22 L RBRF R D 4 > D
R T K ALPRE (Wastewater treatment plants; WWTP)(WWTP-A, C. E. F)X W £EE L7, WWTP-A B X
N WWTP-C 13 ETE M5 JE (Conventional activated sludge; CAS)¥%, WWTP-E [ 345415 (Anaerobic oxic;
AO)¥, WWTP-F |85 % 35 1< (Anaerobic anoxic oxic; A20)¥E 4 £-H L T A (Fig. 2-1),  F/KALERES
BT DAL, WWTP-A (28 TIE, 2008 4F 12 205 2010 4F 3 H, WWTP-C, WWTP-E X
WWTP-F (23 T ik, 2008 4F 12 A 123 E L 7=,

F o, FIAKEUEHZ, BEEEM-E) KRB LOREL KR O Fig. 2-2 1Rl A L 0 . KgAK
ELTERILZ, EEW-ENARIZIBWTIE, 200746 H, 8 A, 10 A, 2008 4F 1 HIZ 4 Hi5(2. 4.
8. 18), 2008 4 10 H T 20 Humii BEHR LTz, B4 NKRIZEVTIE, 2007 46 A, 8 A, 10 A, 2008
1A 6 HA((G, 8. 11, 12, 17, 18). 2008 4F 4 A2 20 Himn HEEL L 7=,

PR L 724550, KR, pH Z23E U728, JKin T CRBRE £ Tl L, [EFRHict Lz, 7z,
R A K b 3 (Dissolved organic carbon; DOC)i%, 5000A(Shimadzu) % VT TCIC JEIC L W 1T\, 2%EH
(Total nitrogen; T-N)I&, FZKEFBRIE(H AR FAE RS, 1997)ICHE U CTRIE 21T - 72, KBt O KERIE
fE9L % Table 2-1, 2-2 12”7,
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263 oL

FREL L7230k L., Oasis HLB 71— kU (6 cc/500 mg; Waters) Z U 7= [EAEFH (C it U, HE e %
AR LTz, 285K > 7 & B L - R AW 5~ =3 —/ L R(GL Science)ic # — h U w PHEE L, ~=
A=V RNZIE LT=, H T A HETEHL(GF/B; Whatman) Z IV TRUEH&2 88 L 72 % . MeOH 6 mL ¥ &
MK 6 ML TarT 4 a="7 L7 Oasis HLB 71— kU v P12 5-10 mL/min Ot & TiEK L7,
WK, H— 1Y v P& IR S, 6 mL O MeOH TH— kU v JITHIE Sh LW E 2 1R H
L7z, IR, SRR FCRM - #2E &, DMSO ITHEIE L, -20°C TRAF L 7=,

2.6.4 BERE two-hybrid &
2641 JFE

BE R two-hybrid 1%, BEREOIE SRR Th 5 GALA Bz FA2FIH LT, VT Y FIEMFEHZ NR &
a7 g F_R— 2 —(TIF) DA HAER % 9% invitro 7% T3 5 (Nishikawa et al., 1999), % D5 % Fig.
2-3 IR LTV 5, AFETIE. GALSA O DNA 54 E(GAL4-DBD)E NR @D U # > FisEHE
(NR-LBD) Dl A5 1. 36 X ORISR (GAL4A-AD) & TIF2 DG BIZ T2 &l 2 FREHDO 7 Z
A X R#%3E A L7- Saccharomyces cervisiae Y190 Bk 2 H L7z #A#A 2 7" T R I R OIS BB FIRICIL,
VR—=F—BEFELTB-HT7 b F—EEa— RT5 lacZ BB FPAAENTEY, YT R
25 NR-LBD IZF5E LT TIF2 E O EERNAET 5 & GALY BIEMEL L TR-HZ 7 b ¥ —EBIEMHEN
T D5 BB NR & TIR2 OMEERAORIDB-HT 7 b Z—BiEMEE LCRHMiSNs Z &b,

ARIEZ, BERUEIC & o TIIEER O MR 5 5 i Mo st AN BR A R K & < BT 555
B D INFTHE LA, 2003), HBAHEIC NR (KT 57 F=Z MEMZFMET S 2 LN TE, fEHE
OFBENRENZ E b (HEAR S, 2005; 7)1l & P, 2000), EDCs F7ED A 7 U —=> 7k & L CHtfih
THHIN TV,

2.6.4.2 EBHIE
BERE two-hybrid ¥£I2 8% RAR 7 =X MEEORIEIX, & b RAR ZEA U7k #E 2 BEREA VY,

Nishikawa ©(1999)D FiE%E —EIE Lz, LA NOFIETEM Lz, EREEZ 7 I BHIR(— e A >
. — FU 7 b7 7 )SD BEMICHER L C, 30°C, 120 rpm T 18 BEREIFEIEIR GRS L=, B 50
ul ZH7-72 SD B 200 ul & & HIZ LEML AT v X RATF a— T2 AN, BEHEY T KD 0T
HEEELE 1%(VV)IZ7e D K2R L=, Z4uH % 30°C, 120 rpm T 4 KffHRIERIRGE & L=k, 2
DRI 150puL 2~ 707 L—MIBL, v~/ 77 L— ) —&—(2LV 620 nm (21T HEERED
IR (ODgo) & TE L7=, %0 ORFAIRIL, =.0508E(21,900xg, 4°C, 547) L C LA ZRE L, BERE
DAMFAEE 2T 572D A £ U 7—E-20T % 1 mg/mL % & e Z &Mk %2 200 pL iz T 30°C, 120
rom C 30 o EEREZ L=, T LT, B-HT7 7 b X —EOREILE TH S ONPG % 4 mg/mL &3¢ 0.1
M U ERFETER 2 40 uL ¥shi L, 30°C, 120 rpm T 20 sy ElAlHAHRE: L TR I E-%, 1M REET U
U LR & 100 uL W0 L CR AR Z 5L S ¥ T2, i a im0 BEQ21,900xg, 4°C. 5 )Tt L7k,
AR D 150 L 2~ A 7 L— ML, v~f 277 L— ) —%—|ZXY 414 nm & 540 nm ©
W SEE (Agian Asag) ZHIE L, FR2-LIZHE-TR-H T 7 b X —BiEMERE I LT,

11
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ABS,;,~1.75xABSyy (.1

0D,,,

T EHEOREITAET I ETEMB L, kB, 7 vEARICBWTL, REHEZ T 1~100 %0
Y}EE L% KO ISHERATIR L Ok & D R Y 2 R Tdh 5 atRA ORKIRFEN 10 M-10 ° M
ElD XML b — b, BROHMEREY T FERBAZRM L2 atk=y e —L
(1%DMSO) b A L 7=,

MERRICHEDSE | atRA(GE= > e — W)DIRKB-T 7 7 b Z—BIHMHE 100%, = he—

IWDBR-HZ 7 M —EIENEZ 0% LT(ZT 7 7), PR 2-2 12V, FEtOMx RAR 72 =X |
TEPE%) 2 HH LT,

B-HT 7 kA —ETEM =1000 x

WEOB-HF 7 N H—CEE-T T2 7 (59

HIXIRARY = = 2 M E1E(%) = — \
FIRART 2= MEEOD) = S RAD R~ 775 7 F o F—CiEHE -7 5 = )

F72. atRA B L OEEL O RAR 7 = = 2 MEM A BLI/ER L 72 & LUS#h#R 2 5 | Prism 5.02 for
Windows (GraphPad Software) % H\C-4ush Fie i (50% effective concentration; EC50)fiE % i L (Fig.
2-4), TR 2-31Z7E-> T, kD EC50 fEFRAMETF)NT AT 2 atRA ¢ EC50 fE (L) & 4 306D atRA 4
HAE(AtRA-EQpio fil)) & L TR L7z,

atRADECSOfF(ng/L) (5.3

tRA-EQ,. /L) =
e Quo (N L) = e ECs0lE (e )

265 HERHLE

% RE two-hybrid (2 & 0 & 5 172 /%F RAR 7 2 =& MEMEN S, SPSS ver 15.0 Windows (SPSS) % H
WT, #EtD RAR 7 =X MEVOFEAEAREEZIT T, BEX, BlEar be—r a2t L, f
HKUE 5% & L C—JuhE /B BT 2 F W 72 Dunnett’s post-hoc test 1 & W S L 7=,
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Point 1 Point 2

(a) Influent ———{ Primary 'y _ » Final |——» Effluent
Settling ' Aerobic Settling

|
| Return sludge '
R S e » Excess sludge

Point 1 Point 2
(b)  Influent Primary — ) ] Final Effluent
Settling ] Anaerobic Oxic Settling
an/ | tank tank w

! Return sludge :
R g S » Excess sludge

Point 1 Nitrified liquor circulation Point 2
Influent » Primarn . Final —— Effluent
(C) Settling]/ f Anaerobic | Anoxic Oxic Settling
w | tank tank tank w
1

|
! Return slud ‘
R S » Excess sludge

Fig. 2-1 Process schemes in WWTP-A and WWTP-C (a), WWTP-E (b) and WWTP-F (c). Sampling points are
indicated with arrows: Point 1, the terminal of the primary settling tank; point 2, the terminal of the final settling

tank.

Ina River | "’)Lif ;
Ina River Yodo River %’ﬁ a
. . 2
Yodo River 1%
50

Fig. 2-2 Location of sampling station (open circle) and relevant municipal wastewater treatment plants (closed

triangle) in Lake Biwa-Yodo River and Ina River. Sampling stations in each river are numbered from 1 to 20.
13
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Table 2-1 Characteristics of wastewater samples used in this study.

. Biological . . Temperature DOC® T-NY  atRA-EQup
WWTP treatmgent b Sampling date Station (QC) pH (mg/l)  (mg/L) (ng /L()g
A CAS December 12,2008  Point 1 21.8 7.7 38.3 39.0 64.6
Point 2 22.5 6.7 11.1 17.9 7.1
December 16,2008  Point 1 21.1 7.3 51.0 40.3 59.8
Point 2 22.4 6.8 14.4 19.9 12.5
December 25, 2008 Point 1 21.3 6.9 46.1 43.7 319.2
Point 2 21.7 6.8 12.0 21.6 158.5
March 3, 2009 Point 1 18.9 7.6 25.0 34.8 19.2
Point 2 19.8 7.1 8.3 20.3 1.6
April 17, 2009 Point 1 23.1 7.0 33.2 325 17.9
Point 2 23.1 7.1 15.8 14.4 2.5
October 28, 2009 Point 1 25.6 7.0 40.4 32.9 12.2
Point 2 26.2 6.9 8.2 14.6 0.4
November 20, 2009  Point 1 22.6 7.3 17.5 27.9 21.3
Point 2 23.7 6.8 15.7 13.1 0.3
December 22,2009  Point 1 NA ¢ NA 19.9 30.6 24.3
Point 2 NA NA 5.7 17.7 3.3
February 25, 2010 Point 1 18.8 7.0 NA NA 40.6
Point 2 19.2 6.8 NA NA 2.2
March 12, 2010 Point 1 19.8 6.8 31.3 28.5 19.2
Point 2 20.9 6.7 8.7 15.9 1.6
C CAS December 12, 2008  Point 1 19.9 7.7 25.1 35.6 50.4
Point 2 20.8 6.7 4.9 11.3 9.4
December 16, 2008 Point 1 19.5 NA 32.7 35.4 284.9
Point 2 20.2 6.7 6.8 9.4 10.1
December 25, 2008 Point 1 18.8 7.6 25.5 314 177.2
Point 2 NA 7.1 5.7 8.0 4.6
E AO December 12,2008  Point 1 20.4 7.3 25.0 25.8 49.2
Point 2 20.9 6.4 4.6 12.5 0.7
December 16, 2008 Point 1 19.8 7.0 38.8 26.7 163.5
Point 2 20.5 6.4 8.6 10.7 1.5
December 25, 2008 Point 1 19.5 7.4 27.8 28.0 163.5
Point 2 19.9 6.4 6.6 11.2 0.2
F A20 December 12,2008  Point 1 20.1 7.3 20.0 38.2 119.8
Point 2 20.8 6.3 3.7 10.8 2.3
December 16,2008  Point 1 19.5 7.4 21.4 34.7 85.3
Point 2 20.3 6.5 5.9 9.8 1.9
December 25, 2008 Point 1 19.5 7.7 19.7 41.0 263.7
Point 2 20.2 6.4 4.3 12.2 2.1

% Wastewater treatment plant

® CAS, conventional activated sludge process; AO, anoxic-oxic process; A20, anaerobic-anoxic-oxic process.

¢ Dissolved organic carbon.

4 Total nitrogen.

® Not analyzed.
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Table 2-2 Characteristics of river water samples used in this study.

River Sampling date Station Temperature (°C) pH DOC*(mg/L)  T-N” (mg/L)
Lake June 28, 2007 1 245 7.5 4.8 0.66
Biwa-Yodo 3 24.2 7.2 4.0 1.55
River 4 24.6 7.1 3.2 1.04

August 20, 2007 1 30.6 8.8 2.2 0.56
2 29.2 7.6 1.6 0.47

3 30.2 7.3 1.9 2.9

4 31.8 8.5 1.3 1.0

October 23, 2007 1 18.1 7.3 2.1 0.09
2 19.3 7.1 3.0 0.23

3 195 7.0 4.7 0.92

4 19.0 7.1 4.5 0.43

January 16, 2008 1 7.1 8.2 5.5 0.51
2 6.8 7.1 4.6 0.77

3 10.5 7.0 6.7 3.9

4 8.1 7.1 5.6 3.5

October 28, 2008 1 17.0 7.4 2.2 2.5
2 18.3 8.0 2.1 3.3

3 17.3 7.3 2.5 1.5

4 17.4 7.0 2.4 2.2

5 19.5 6.9 2.9 1.8

6 19.5 6.9 2.5 2.6

7 20.2 6.7 3.2 1.9

8 20.7 6.5 3.6 4.4

9 17.1 7.6 2.9 1.3

10 16.7 7.2 2.6 2.8

11 19.1 6.5 3.2 3.9

12 17.1 7.2 2.9 5.8

13 14.4 7.4 6.4 35

14 17.9 7.1 5.4 5.3

15 15.1 7.5 4.5 2.2

16 18.0 7.3 5.8 2.6

17 18.8 7.3 5.2 2.9

18 18.8 7.2 55 2.9

19 19.3 7.1 4.7 2.9

20 20.0 7.4 6.4 2.4

Ina River June 13, 2007 5 21.3 6.6 2.8 0.5
8 16.6 7.3 1.6 0.6

11 20.9 7.7 1.8 0.7

12 21.0 7.3 1.9 0.9

17 24.1 6.4 3.9 8.0

18 23.9 6.5 4.2 8.1

August 17, 2007 5 27.2 7.2 2.6 0.4
8 245 7.8 2.7 0.8

11 28.6 8.7 55 0.5

12 27.3 7.7 3.4 0.5

17 28.9 6.5 5.6 10.8

18 29.4 6.9 4.0 9.0

October 30, 2007 5 16.4 7.3 35 2.7
8 16.9 7.2 35 1.6

11 17.1 7.4 3.2 1.6

12 18.6 7.2 2.8 1.4

17 24.4 7.3 6.7 13.6

18 23.2 7.3 10.5 7.2
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Table 2-2 (continued).

River Sampling date Station Temperature (°C) pH DOC (mg/L) T-N (mg/L)

Ina River January 16, 2008 5 4.8 8.4 5.7 0.4
8 6.3 8.0 4.6 0.6

11 6.0 8.1 5.4 1.3

12 6.4 8.5 5.9 0.9

17 14.8 7.3 11.7 14.5

18 12.4 7.4 10.8 12.1

April 21, 2008 1 10.5 7.0 2.5 0.9
2 10.5 7.1 2.4 0.5

3 10.6 6.9 3.0 0.5

4 11.0 7.3 2.8 0.53

5 11.9 7.1 2.6 0.65

6 12.9 7.1 3.2 0.68

7 11.3 6.8 3.0 1.0

8 11.6 7.2 3.4 0.93

9 12.7 7.4 3.4 1.1

10 11.7 7.2 3.0 1.4

11 12.5 6.5 3.2 1.3

12 14.6 7.8 3.0 15

13 18.0 7.7 3.6 3.8

14 14.5 7.5 3.4 2.5

15 15.7 7.4 3.6 2.4

16 NA°® 7.8 5.1 2.9

17 18.5 6.9 6.3 8.1

18 20.5 6.4 6.0 9.8

19 18.3 6.7 4.1 3.6

20 19.5 6.5 5.8 8.5

% Dissolved organic carbon.

® Total nitrogen.

Not analyzed.

EDCs

GAL4-AD

v

TIF2
NR-LBD Transcription Yeast
GAL4-DB machinery
— GAL4 binding site Promoter ‘ lacz —
mRNA /\/\V/\V/\/ Transcription

B-galactosidase

Translation

Fig. 2-3 Schematic diagram of the yeast two-hybrid assay.
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120 120
100~ 100 Sample .
\O
< 8o 80
3
S 60 60 -
o
@ 40 40-
(&)
4
20 20
0 0(’ 1 T T
-11 -0 -9 -8 -7 -6 -5 1 10 100 1000 10000
Concentration (logM) Concentration factor

Fig. 2-4 Dose-response curves of atRA and sample from station 2 of Lake Biwa-Yodo River in August 2007.

27 MERBIUELZE
231 TALERIZEBITS RAR 7 F=X MELROHZE
2311 HRa BRIEHETRAEZ AW TALESGIZEBIT 5 RAR 7 =X MEMHORE

TARLEERIZE T D RAR 7 F = MERZFRAET 572D, 2008 4 12 AT 4 SO F/KAEY;
(WWTP-A, C. E. F)DRMILEHETTAK R X ORAEILBHET A2 3B A 5B L, RAR 7 =X |
TEMEZE Uiz, WEMEREIC W3 O RMEE R, soilklo 1, 10, 100 f5& L, 2z iileto
FA%f RAR 7 = = & NEM:% 3R 8 7= (Fig. 2-5),

ARG KIZ IV TR, IR R 100 f5 708D ODego M1 TART R 5 SR DO REHI LE TR 1K
WMEZ R L, SRR (L EC X BRI~ DTN A LTINS Z EBBEI N2 D, KR
Hafis 2R OFEFOREEIZ DN T RAR 7 = MEEZFHITXETHLZ PP LN -T2, 2
Z CURMEREER 10 5 OFEHZ F TIEL 2008 4 12 H 12 H O WWTP-C B < &2 TOEN D 7.6~18.2%

DA E 2% RAR 7 = = & M&EME(p<0.05) 234 H S 4, ¥ L7220~ o 7o BB IRARRS ¥ 1 £%) T % 2008 47
12 A 12, 25 H® WWTP-A, 2008 4 12 A 25 H® WWTP-C, 2008 4E 12 H 12 H® WWTP-E %< &
TOREID 3.1~9.1%DHE % RAR 7 2= MEM(p<0.05) 3 it S iz, E7=, T b OFH
2D A BTSSR S ko atRA-EQbiof BT 5 &, 49.2~319.2 ng/L & 72 - 7=(Table 2-1),
PLEDORERMN S, WEESIC X 53 TR ZRAR 7 A=A NPMEET D Z LB Lo T,

— 7. B TL IR K DR AERE =R 100 % ZEWT, 2008 4F 12 H 12, 25 H D WWTP-E 35 X Uf 2008
12 H 25 HO WWTP-F 2 &< &2 TORED 5, 1.0~33.2%D A & 72 /8%F RAR 7 = = A &4 (p<0.05)
W STz, £, BAEEER 10 51280 Th, WWTP-A @ 2008 4E 12 H 16, 25 H OFEIT, £h e
1 2.1%, 14.1%DF FE xR RAR 7 == & MEM:(p<0.05) 25 H & 7228, JHE L 7220 » 7= R R 1
)T ERIEEIIHR I ST, gt B A S THRVEEZ B T2 Z E R L0 L 725
7o FETo. FHUMEAS atRA-EQuio A& F 3 % & 0.2~1585 ng/L & 72 o= (Table 2-1), = DFEHRNS
TAKLERIEN SR SN A KF O RAR 7 2= MEMIZ, —fKAICIIZEEBWLOT iiﬁb\ﬁ\
TEMEP K FICERAET 256035 0 . HEBEVGR L~V OEE BRI N555bH V1502 &0
RIE ST,
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40
30
20
* * *
10 *
0
Point 1 Point 2 Point 1 | Point 2 Point 1 Point 2
December 12, 2008 December 16, 2008 December 25, 2008
40
30 | b
§ 2 *
g *
g o ~Bl. :
2 0 k.3 . -
c
o Point 1 Point 2 Point 1 | Point 2
é’ December 12, 2008 December 16, 2008 December 25, 2008
% 40
x 30 Cc
<
04
)
=
8
[
& Point 1 Point 2 Point 1 Point 2 Point 1 | Point 2
December 12, 2008 December 16, 2008 December 25, 2008
40
30 d
20 * % *
10 | |—"x€—|_-—| . ’_ixc_l_l—| * *
0 ; —— ; -— ; —
Point 1 | Point 2 Point 1 | Point 2 Point 1 | Point 2
December 12, 2008 December 16, 2008 December 25, 2008

Fig. 2-5 RAR agonistic activity of water samples collected at point 1 and point 2 in WWTPs-A (a), -C (b), -E (c),
and —F (d) in December 2008. Data are shown as mean + standard derivation in triplicate measurements. Open,
light-colored, and filled bars indicate the data at concentration factor of 1, 10, and 100, respectively. *p<0.05

versus the negative control.

2312 TFALEBIZEITS RAR 7 I=Z MEMDOZEHILE)

TKHLRICEIT D RAR 7 2 =& MEYOZEHIT K 5 A8 & A3 5 72 12,2008 4= 12 A H 5 2010
3 AT WWTP-A O vkt B K 36 K O bt Btk 7> HERE L. RAR 7 ==& MEME A
E L7c, TEMERIEIC W23 oM 1%, soaklo 1, 10, 100 5 & L, T2 OELOF%F RAR
7 =R NMEMEZ KD T (Fig. 2-6),

AL B K (IC IV T, 2.3.1.1 & RIBRIC, IRMERTER 100 512 3\ TREREIN ~D B ER )N L
BTN, 2009 4F 11 H 2 Br < 4T ORMERE R 10 53082 & 8.1~18.2%D A7 B 7240 RAR 7 F = A
TEME(p<0.05) 723t S v, Bl L TV WEEIRMERE R 1 f5)TH . 10 #UBH 7 30K € 05~9.5% DA &
72FE%F RAR 7 2 = 2 MEME(p<0.05) 3 e S 47z, 72, BBz Th, 2T ORMS
H 100 50BN S 3.3~33.20%D A E 2% RAR 7 == 2 NMEME(p<0.05)75fi HH S 71, JEMERE R 10 £k
BHZ2WTH, 2009 4F 12 A 12 H, 2009 4F 10 A, 11 A #R< 2 TOREID D 2.1~14.1% D H E 72 i %F
RAR 7 == MEME(p<0.05) 23 i S iz, £7o. atRA-EQuio Il 2 5 L 7ol R, Selvbigitleizk ©

1% 12.2~319.2 ng/L, FATLBHAELE K TiX 0.3~158.5 ng/L & 72 - 7= (Table 2-1), LI EDFEFEN S, BFY
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WCEBT TFAFIIEIFIZRAR 7 =& MIFELTEBY, £72, FTALEIZL > TRART I =R ME
MEITZEIZERESNTE LT, WIIKPICHEISNTWD Z ERHLNE 25T,

232 {JICRIT D RAR 7 =R MELDOFREE
2321 EEWEIARB XOHEAJIKRIZEIT2 RAR 7 =X MEHOHAEE)

FIAKHIZAFET D RAR 7 2 =2 N Ok 2 A3 5 7212, EEEW-E)AK R L O%E4 ) 11K
FO EFNS FHIZHT TH 20 HACHRZ2 &) 5, 24 2008 45 10 H ., 2008 4 4 H I K@K
AREHZERELL . RAR 7 2 =& MEMZRIE LTz, IEMEREIC W23 o M=%, soaketo 1, 10,
100 fi & L7z, SRAMEAEHZ DWW TR 72 M% RAR 7 2 = 2 MEME% Fig. 2-7 127537,

TRARRE =R 100 1% DA TOFEHI I T, EEEW-1E) KR Tl 5.6~26.2%, 54 )11 7K% Tl 2.4~26.6%
DOH E72FH%F RAR 7 = = A MEM(p<0.05)23 H S 47z, I 1, 10 5oV b, EEH-IE)K
BT 20 BB E T 4 BBk, 11 BBk, AR TIE 20 BB P2 e 2 3R 12 Bl oA
B2 RAR 7 == MHEME(p<0.05) 23 H & 4172, 1~100 £ & 9 5 (S0t > THERER2iE D E5-
MROONTZZ &N, BREHIOWTZALDEZ AW T, atRA-EQu HZ KD/ & Z A, EEH-
TENKRTIL 0.5~4.4 ng/lL, 54 )IKABTIZ09~32.1 ng/L ERE SN, ZORRICESE, KHE
1480 atRA-EQyio i % Fig. 2-8 |Z RAR 7 Z =& MNEYE~ » 7L LTRIR LTV 5D, WTRORINZE
WTH, B, BV T RRE TR LR E L 2 5B M358 biv, —HCIERITEmWIEE
DR STz (B 2 0E, FE4 ) HS 18), LLEDORER NS RAR 7 =2 MIFJIKHIZEBIIZFE L T
WL ZERRHLMNERST,

VEN TP RIS 2L O T AR 2321 LT 5 728, & OFEFH DOJEY L~ VI ialko o 72, £7z,
FE4 ) Tl 12, 17, 18 O _BFTHRIC FAKRLERIG AN L TN 528, Mg 12, 17 Tk B L v
HIEME L~ UTRD o 7o, PLEDOFERN D | 1ERD AT 1A RARVE CZEERITIEHT 2 EDCs I2 X 5
BREVE D705 R & LT B LTV D FKALERY; (Kolodziej et al., 2003; Vajda et al., 2008) 1%, RAR 7
=R MZOWTIE, %7 L HIHEROEFERGYFICIE e > TE O T, IR W TR O EE ARG
BFERTFEL TS Z ERNRB STz,
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40

Relative RAR agonistic activity (%)

December 12, 2008 December 16, 2008 December 25, 2008 March 3, 2009 Aapril 17, 2009
40
30
20
10 | 2% x % * J ’—m rI"_I ’_[
0|+|+| =l .,H-i.r"HNA NA.
Point 1 Point 2 Point 1 Point 2 Point 1 Point 2 Point 1 Point 2 Point 1 Point 2

October 28, 2009

November 20, 2009

December 22, 2009 February 25, 2010 March 12, 2010

Fig. 2-6 Temporal variations of RAR agonistic activity of water samples collected from WWTP-A. Data are

shown as mean + standard derivation in triplicate measurements. Open, light-colored, and filled bars indicate the

data at concentration factor of 1, 10, and 100, respectively.

analyzed.

*p<0.05 versus the negative control. NA = not

Relative RAR agonistic activity (%)

9 10 11 12 13 14 15 16 17 18 19 20
Sampling station

Fig. 2-7 RAR agonistic activities at 20 stations of Lake Biwa-Yodo River in October 2008 (a) and Ina River in
April 2008 (b). Stations 9, 10, 13 and 15 of Lake Biwa-Yodo River and stations 7, 10, 13, 16 and 19 of Ina River

are the tributaries. Data are shown as mean = standard derivation in triplicate measurements. Open, light-colored,

and filled bars indicate the data at concentration factor of 1, 10, and 100, respectively. *p<0.05 versus the negative

control.
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Fig. 2-8 Contamination levels of RAR agonists in Lake Biwa-Yodo River and Ina River.

2322 EEW-)IIKRE L OHA)IIKRIZEITS RAR 7 =X MEHDOZHIEE)

FIZKHIZEIT D RAR 7 T =2 MNEROFERIC L 5 EEZHAE3 272Dz, 2007 4 6 A 225 2008
F 1A ORI DFEICBW T, EBEW-ENAROHA 2, 4, 8, 18, BLOWEL)IIAKZOH A 5, 8, 11,
12, 17, 18 oREAKFEEIZEHR L, RAR 7 3= MEMZHE L7, IEMEREICH W ZZE OB
HERIT, JealkElod 1, 10, 100 fi5 & L7z, FiEfEREHZ DWW TR 72F8%F RAR 7 2 =2 MEM:% Fig. 2-9
W,

TEARE RS 100 5 OFUEHT I T, EEEW-EIKFR O 2007 46 A DA 18 ZFR< 2 TOREIN G | £
A7) AR TIE 0.3~53.9%, #44)11K%R Tl 1.5~24.2%DH B /2% RAR 7 = =& &4 (p<0.05)
DIRR S 7z, IR 1, 10 52V T FEEM-IE) KR T 15 skt z 2 3 5k, 7 308k
)RR T 24 3B 22t 6 5UBF, 16 3B b A E 2% RAR 7 2 =& MEME(p<0.05) 235 Hi
ENT, ZI2T, BREREE 100 fFl2B0 T, IRIEETORBIOTENET 25%LL T2 7R L722%, 2007 4 8
A OFEEM-TE)IKFZ DO 2 36 L UM 18 TIXZEAE 41 53.9%F6 LY 52.3% D BHEIZ mWEEZ R L
720 E£77. atRA-EQuiofHiZ. FEEWI-IE)IKZE TIZ 05~9.3ng/L, &4 )I1/KZE TIiL0.3~6.7ng/lL & EH &
N ADINCENTHRZ b, HEFREDO RAR 7 T=A BMFEL TS ZENH LN E R -T2,

ElE D omnd X oz, EEM-1E)IKRTIEBEL T 2007 4 8 AIZIEMENE <720, 2008 4 1 H H 0%
FEVEMESR M STz DTxt L, B4R TiX, 2007 4F 6 A IIZIEMERL0m < 72, 2007 4F 8 AZ

HEPEDRORME S 72 DB D338 B v, 1EMED m < 72 DEOKEHII R 2 & TR > T, E7o, K
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W2E KBRETICEIT D RAR 7 A=A MNEROFHAE

HNZ L OB NKADOHE 17 L HA 18 ORI TITEMENE K R ABENHERINT-. 2 b0 Z & 1%
FINCHIT D RAR 73 =X N OBATUTERGIEL TEB Y, BAEFENEFHIEKFT 2D L uzcu\
LODWENDHD Z L ZRE L TWD,

233 KBEPD RART T=2 M K B4EEEEBO RN

TR X OVFAKRLE K2y S Sz RAR 7 3= A ML ~UL & BEAMO SCERIZB W TRiE &
72 RAR 7 G = MHEY L ~UL % Table 2-3 IR L7z, ARFETHR LI ALK LUK F O
atRA-EQuio T D I FE 1L Z N Z4 0.2~158.5 ng/L, 0.3~32.1ng/L T&H - 72Dzt L, FEO T KL
AKE VRS 72 atRA-EQu flE. Cao ©5(2009)D#i4: Tt 13.4+2.7 ng/L. Zhen ©(2009)D 45 Tl
0.9-32ng/lL TH Y, A—A KT U T O T KMEKD B R 7z atRA-EQpio fE X, ND-198 ng/L T -
72(Allinson et al., 2011a), 7. Zhen ©(2009)i%. HEALAT D FARLIHIKA BT ST\ D 2 )1 Z i A
Li=LE 2 A, B &7z atRA-EQpo fEIE 0.7~10.0 ng/L & 720 . F/KMALERSG D E T T atRA-EQpi, fEAY E
H4 B\ AR LT\ 5, Allinson ©5(2011b)1E, A — A + 7 U 7 OfJIIKF D RAR 7 2= A hHYs%
TR L7k, B &7z atRA-EQuio f1X 0.88 ng/ll TH 7= LA LTS, LLEDZ b A
ZECHADOKRET THIE &N RAR 73 =2 hO L-ULiE, MEORIHEE L FRETH DL WV
2o

AREETH: B AV FARALERIK 35 L ONATJI7K D atRA-EQuio B D e KR FE(Z 41241 1585 ng/L F5 L Of 32.1
ng/L) & KA 5T 5 RASEF L 1 4-oxo-RA IR TE D A (52288 4 04 L 7= BE{ERFZE (Table 1-1) (23315
LHEEREA T H LT, KREIZEITS RAR 7 A= MZXDEKY A7 2B X 25T 25 2
LINTE 5, Degitz 5(2000)1%, FAEFED 1 = /L DORZ HV T, 0~50,000 ng/L @ atRA % stage 8 ™ 24
REINEEE L 7= ISR W T, 77UV AV AH VB LR 7 A )L ORTIE 6,250 ng/L T/NRJE,
b/, 7 A T VDR TIE 25,000 ng/L T/NREE, RAUMMHE/N, BHEERESE LT EHEL TS,
S BT, Degitz 5(2003)1%, 77 U > AT )L OIREZ HWT, 0~2,000 ng/L @ atRA % stage 8 7» 5 41
? 3 H MR U725 R, 600 ng/L THHEZREE R | /NMRAE, Aifikds X O e/, FRiEs A U &
LCTWb, £, BT 77 40 a2aDROFEL ZREEEIZEBVWT RA B L 4-0x0-RA A IRE X
HT BRI D ar R0V i 2 28 U7c i /MEMR S 1T, atRA (X 900 ng/L(stage 4). 9cRA i 30,000
ng/L(stage 4). 13cRA ! 3,000 ng/L(stage 14), 4-oxo-atRA | 3,100 ng/L(stage 14), 4-oxo0-13cRA iZ 94,200
ng/L(stage 14) & & STV 5 (Herrmann, 1995), Z 4L S F&HL L 72 RO ¢, AAAEMITRT L CERE
B MIETZ &N HE SN/ MEARE X atRA T600 ng/ll Tho7oh, T OfEIF, ARETHLMNIZ
L7 FAKRALBK I K ONANIIK DR RIREEIC A~ D &, £NEH 385, 187 fFmVWMETH V| HMIZE
2R, AR TR SN RAR 7 =2 MEGERO L-UE, EHIOKEEMI SR ELEZ D
LNV THDEITEAR, L, =22 e d UZFBIKAEHT 2 EDCs D1 D THDHEART = /) —
v A OFMEFHIICI T D RN, AkD Y B RTH D E2 D 1000 43 @ 1(von Saal and Welshons,
2006), / =7 = ) —VOREFEHIZI0 5D 1 LI TNDH I L EFXI(ARED, 2002), RAR 7 =
=2 s OJERE O iofi\f%)ﬁ/bi@ﬁ%ﬁﬁvmwT%OT% EENICER S
L7 8 LCAEKREELZS I RTINS D720, WIER Y 27O 70113, FRIKWE DR E N
axLtEZILND,
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Fig. 2-9 Temporal variation of RAR agonistic activity at stations 2, 4, 8 and 18 of Lake Biwa-Yodo River (a) and

stations 5, 8, 11, 12, 17 and 18 of Ina River (b). Data are shown as mean * standard derivation in triplicate

measurements. Open, light-colored, and filled bars indicate the data at concentration factor of 1, 10, and 100,

respectively. *p<0.05 versus the negative control. NA = not analyzed.

Table 2-3 Comparison of RAR agonist contamination levels detected in this study and previous studies.

Sample Country atRA-EQyi, (ng/L)? References
Effluent Japan [n=19]" 0.2-158.5 (2.2) This study®
China [n=13] 13.4+2.7 Cao et al., 2009
China [n=7] 0.9-3.2 (1.1) Zhen et al., 2009
Australia [n=39] ND-198 Allinson et al., 2011a
River water Japan [n=79] 0.3-32.1 (1.4) This study
China [n=21] 0.7-10.0 (2.9) Zhen et al., 2009
Australia [n=6] 0.88 Allinson et al., 2011b

#ND, not detected. The number in parenthesis indicates the median value.
® The number in square bracket indicates the sample number.

¢ Data obtained at point 2 (after the final settling tank).

28 EH

AREETIX, BHEO TARLES S OBV T, BERE two-hybrid 52 -V oA 47 v 2 AI1280
RAR 7 F =2 MEROFEZ R L, HARDKERETIZIBT D155 DERZIHHE— X THE LT,

KEBIFTFD 4 SO FKRREGIZIIT 2A D, ABG-PRIC K 63 TRPIZITEERNIC RAR
T A=A RMRFELTCWDZERHLMNE 72572, £7-. FALEKFTNSE RAR 7= 3
SN, ZAIEW LV TIE o7z, Lov L, IEMESLBEK D RICBRESINTITEAT 5
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H2wm KEETICHIT S RAR 7 =X MEQROFHHA

LAENRHY B L LTHENE WL L ThHo72Z &b, RAR 7 =2 M3 FAKMLERES 2> Bk
R S AL TV D ATREME DS R & T,

— %5, BEEW-ENKRI LORERNKRIZE T 2FEN S BETOREIC & 637, WK HRIC & EiE
I RAR 7= A MRFELTWA Z ERHBNERD . WTHOWJIITYH, P OREDHLE T
LB @ WEPER R ST, £72, HERDO AT v A RRVE L ZRIRICIERA T % EDCs O E7275Y4R
ELTHLNTWS PRI, %9 LH RAR 7 2= MEYD EERIBYLR TRV & 2VRIE S
L, MICER DHEHENFET 2D EEZ b, EHIC, WJINZEITDH RAR 7 T=Z F OFEHITR
FEEAAE L, BAERENFHIKGFET 20 L LAV DRH D LRI,

AETHRHE SN RAR 73 =X hME, FESCA—A T VT OFEH & RREDH L~V THDH D
EBABMNE I ol Flo, KAEEMITEREEZ KITT atRA OR/MERIREIZ., Z 2 THhiisiz
TKRAER K FS KON K O B KPR FE (R TGN~ C, En 4 3.8 1%, 187 @V METH D Z &
D, EBICAERICEEL KITT ARt 0L E 2 6D,
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3% AKBREPICEEND RART A=A FDEE

FIE  AKREPIESEND VT A VERFET A= FORE

35 IL¥IC

B2 ETCIRATE L 9IC, AARDKEBEFIZEBWTEH RAR 7 I=Z2 RPRFELTNDLZ ERH LN E
7o Tn, FARFICIFAESGCRIIC L 53 RAR 7= RBRFELTEY . £OKEDIIIEIEF
RALIIZ Lo TREIND N, ERIFRESNRWGAE DL H Y | FAREKIZE £ 4TINS BT S
NTWBLAMREMER S D b D EE X b, o, WIKFUIZIBN T HHEITCREIC L & 95ER I RAR
T A=A MIFELTOWDER, ZRDIENT Ly FALEIGHEETIERn 2 AR S -, BARDK
BREFRCTHRIE SN RAR 7 2= FL~UUE, BEHIKEEMITAREEL K TIHR L~ Tldk
NI AR SN, RN E O L > T EREELZ S| SR TAEMENE 2 552, £
OFFEITEELRFETH D, £ TARETIE, PRBINIIREKFIZEEND RAR 7= %
SyEC- R L. RAR 7 2 =X b Akl A HEE L7,

3.6 FEBRFHE
3.6.1 fLFME

atRA,9cRA,13cRA.DMSO, 7 & k= K U /L(CH3CN), MeOH | I Sigma-Aldrich > & i A L 7=, 4-oxo0-atRA,
4-0x0-9cRA. 4-0x0-13cRA. 4-hydroxy-RA X Toronto Research Chemicals, ¥} L OWEEET =17 A
EFEHEE TR A L VA LT, £72. B- I 0 T TG TS, 7 2 2 290 F |
B-27 VT XHrFo, oo Fo AT JaxXy BETXF T UL RE - N A
Xt L VA LT,

%Rk two-hybrid {512 5% RAR 7 =2 F OREIHEM T HHEHEY B> FIFH 2 5221 (ICHEC TR b
v PRI EAERR LTz, )i, EdiiRik” v~ 272 7 (High performance liquid chromatography; HPLC).,
Wik v~ ~ 77 7 &850 (Liquid chromatography mass spectrometry; LC/MS), k7 n~ ~ 27 F -
A A N T v 7 FATRE RIS &7 #7 R (Liquid chromatography mass spectrometry-lon trap-Time of Flight;
LC/MS-IT-TOR)Z X B 0TI A L 7= A= YW 1T 1,000 mg/l 12725 X 912 MeOH ([ZIRfRL7=H D %
-20°C TfRAF L. fEFHRATIC MeOH TliE AR L 72,

362 HEARE

ARFE T2 P K (EAILIB B K) DA FEHE, KB T 4 DO FARLES(WWTP-A, C. E,
F) L DR L 72, FAHES MR, Fig. 2-1 [T/ LTW5D, FARLBGIZ BT 25008 EUL,
WWTP-A (28 TIEL 200943 H., 4 H, 6 HB L7 A, WWTP-C, WWTP-E 5 L TX WWTP-F (B
Tik. 2009 4 6 A 1230 L 7=,

Fio. FIAKREHE, EEM-IE)IKROMA 2, 4 )IKROME 5 36 L UM 18 & 0 REAKZEH
B L 7= (Fig. 2-2), EEEM-E)IIKRICEBWTIE, 2007 458 HIZ, A IAKRIZBWTIX, 2007 458 AIZ
M5, 2007 4E8 A, 200944 H, 8 A, 10 A, 12 A, 20104 1 A IZHIAL 18 N BHEREL LT,

BRI L 72855 0BHE, KR, pH ZMIE L2, K T CEBR=EE CH#E L. DOC, T-N OHIE, 7256
ONC[EFRF e L7z, ARUR O K ERIERE 5% Table 3-1, 35 X Uf Table 3-2 (127”7,
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36.3 #FAptoFiLs

FEBHE, 5 2 B 223 [R LI FIEIZEL T, A2 T 7o, I— MU v IR SN 75
B O % G - S S W72, BERE two-hybrid 1412 X 2 TEMHERIE OB 21X DMSO, #2880 HT DRI
1% MeOH (ZHRIR L 7=,

3.6.4 EERE two-hybrid ¥

%Rk two-hybrid ¥:(2 X %5 RAR 7 F =& MEVEDORIET, 5 2 7 224 (R LI HIEICHE LTIV, #l
TERG R % HICHIRT RAR 7 3 = 2 MEMEZRH L7,

Table 3-1 Characteristics of wastewater samples used in this study.

. Biological . .. Temperature poc ¢ T-N°®
WWTP treatmgent b Sampling date Station (QC) pH (mg/L) (mg/L)
A CAS March 3,2009 Point 1 18.7 7.6 25.0 34.8
April 17, 2009 Point 1 23.1 7.0 33.2 325
June 25, 2009 Point 1 26.5 7.6 86.1 24.5
July 30, 2009 Point 1 27.8 7.3 21.7 26.7
C CAS June 25, 2009 Point 1 25.3 7.6 76.1 23.4
E AO June 25, 2009 Point 1 26.3 7.6 88.0 32.1
F A20 June 25, 2009 Point 1 26.3 7.0 48.3 25.1

* Wastewater treatment plant

® CAS, conventional activated sludge process; AO, anoxic-oxic process; A20, anaerobic-anoxic-oxic process.
¢ Sampling point was shown in Fig. 2-1.

¢ Dissolved organic carbon.

¢ Total nitrogen.

Table 3-2 Characteristics of river water samples used in this study.

River Sampling date Station ®  Temperature (°C) pH DOC" (mg/L) T-N°¢ (mg/L)

Lake

Biwa-Yodo  August 20, 2007 2 30.6 8.8 2.2 0.6
River

Ina River August 17, 2007 5 27.2 7.2 2.6 0.4

18 29.4 6.9 4.0 9.0

April 7, 2009 18 17.1 6.8 0.4 2.7

August 3, 2009 18 24.9 7.0 7.1 0.8

October 20, 2009 18 NA® NA 2.9 4.0

December 9, 2009 18 17.7 7.1 3.2 2.9

January 7, 2010 18 12.2 7.1 2.9 4.2

# Station numbers were shown in Fig. 2-2.
® Dissolved organic carbon.
¢ Total nitrogen.

Not analyzed.
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3.65 WEEEAEZ o< ST 7I12k% RAR 7 2= MEMEEIS D4 B X USSR

HPLC % 7= FAKHFB L ONJIKHICE £ 5 RAR 7 == A kD43l - #HL, Fig. 3-1 8 L U Fig.
32 \RTFINETIT o7, AalBHE, Table 3-3(F5H D)IZ/R 94Tl - F8LM%L . BERE two-hybrid 1412
Lo TRAR 7 I = MEMWZ R HS ZFrE LTz, FAKRENCIE, B 1 T b iEMEm 5 % | Table
3-4(KEHL 2-1) IR T - KA 1TV, RAR 7 3= 2 MEMZ R ES A RE LTz, 510,
8 2-1 TSN -IEME 4y 2 . Table 3-5(F5H. 3-1)IR & TLC 7 u~ R 7 I AL >THELNE
— 7 TR LU RAR T T =2 MEWE AT 58— 7 ORFEEIT > Tc, — 77 IKEEFCIE,
KR 1 TR O NZIEMEE S &2 . Table 3-6(5HL 2-2)I2 /R 95 Ty H - KA 4TV ), RAR 7 I =R hM§E
PEZRTHEY 2R Lz, S OISR 2-2 TR LN TEMER 2y 2, Table 3-7(f5H 3-2)l27r45:F T LC
7u~ 77 HMIE-TRLNEE—7 ZEIZpI-HER L, RAR 7 A=A MEEZHT 58— 7 OFf
ExEAT o To, A BERREHL, IRME - Ll S$7%. BERE two-hybrid 1512 K %5 RAR 7 F =& MEMEDOH
EHEITH AL DMSO, Kl 2, Ffl 3 F7-1x~v A ALY hr A F Y —(MS)SHTIC 3 5 308HT MeOH
IZHRIR LT,

-

Purification 1
(First HPLC fractionation )

- -
RAR yeast two-hybrid assay ‘ Purification 2-1
(Second HPLC fractionation)
P P
RAR yeast two-hybrid assay ‘ Purification 3-1
(Third HPLC fractionation )
t -

RAR yeast two-hybrid assay ‘ ’ LC/MS-IT-TOF analysis

Fig. 3-1 Sample purification procedure for the determination of RAR agonists and measurement of RAR agonistic
activity in wastewater.
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River water

-

Purification 1
(First HPLC fractionation)

- -
’ RAR yeast two-hybrid assay ‘ Purification 2-2
(Second HPLC fractionation )
v W8 W
’ RAR yeast two-hybrid assay ‘ LC/MS Purification 3-2

analysis (Third HPLC fractionation)

v W

’ RAR yeast two-hybrid assay ‘ ’ LC/MS/MS analysis ‘

Fig. 3-2 Sample purification procedure for the determination of RAR agonists and measurement of RAR agonistic

activity in river water.

Table 3-3 Analytical conditions for first HPLC fractionation.

System Controller
Auto Injector

Column Oven
UV-VIS Detector
Liquid Chromatograph
Degasser

Mobile phase
Gradient condition

Column temperature
Column

Detection wavelength
Flow rate

SCL-10Avp (Shimadzu)

SIL-10AF (Shimadzu)

CTO-10Avp (Shimadzu)

SPD-10Avp (Shimadzu)

LC-10ADvp (Shimadzu)

DGU-14A (Shimadzu)

H,O/CH;CN

CH3CN conc.:0-3 min, 20 %; 3-30 min, 20-100 %; 30-40 min, 100%;
40-45 min, 20 %

40°C

Shim-pack VP-ODS (250 mmx4.6 mm¢)
254 nm

1.0 mL/min

Table 3-4 Analytical conditions for second HPLC fractionation of wastewater sample.

Communications Bus Module
Auto Sampler

Column Oven

UV/VIS Detector

Liquid Chromatograph
Degasser

Fraction Collector

Mobile phase

Gradient condition

Column temperature
Column

Detection wavelength
Flow rate

CBM-20A (Shimadzu)
SIL-20A(Shimadzu)
CTO-20A(Shimadzu)

SPD-20A (Shimadzu)

LC-20A (Shimadzu)

DGU-20A; (Shimadzu)

FRC-10A (Shimadzu)

1 % Formic acid/CH;CN

CH3CN conc.:0-3 min, 20 %; 3-30 min, 20-100 %; 30-40 min, 100%;
40-45 min, 20 %

40°C

Shim-pack VP-ODS (250 mmx4.6 mm¢)
360 nm

1.0 mL/min
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Table 3-5 Analytical conditions for third HPLC fractionation of wastewater sample.

Communications Bus Module CBM-20A (Shimadzu)

Auto Sampler SIL-20A(Shimadzu)

Column Oven CTO-20A(Shimadzu)

UV/VIS Detector SPD-20A (Shimadzu)

Liquid Chromatograph LC-20A (Shimadzu)

Degasser DGU-20A; (Shimadzu)

Fraction Collector FRC-10A (Shimadzu)

Mobile phase 100 mM Ammonium acetate/MeOH

Gradient condition MeOH conc.:0-5 min, 70 %; 5-26 min, 70-97 %; 26-28 min, 97%;
28-30 min, 70 %

Column temperature 40°C

Column Shim-pack VP-ODS (150 mmx4.6 mm¢)

Detection wavelength 360 nm

Flow rate 1.0 mL/min

Table 3-6 Analytical conditions for second HPLC fractionation of river water sample.

Communications Bus Module CBM-20A (Shimadzu)

Auto Sampler SIL-20A(Shimadzu)

Column Oven CTO-20A(Shimadzu)

UV/VIS Detector SPD-20A (Shimadzu)

Liquid Chromatograph LC-20A (Shimadzu)

Degasser DGU-20A; (Shimadzu)

Fraction Collector FRC-10A (Shimadzu)

Mobile phase 100 mM Ammonium acetate/MeOH
Isocratic condition 100 mM Ammonium acetate conc. (%):MeOH conc. (%)=30:70
Column temperature 40°C

Column phenomenex (150 mmx4.6 mmg)
Detection wavelength 230 nm

Flow rate 1.0 mL/min

Table 3-7 Analytical conditions for third HPLC fractionation of river water sample.

Communications Bus Module CBM-20A (Shimadzu)

Auto Sampler SIL-20A(Shimadzu)

Column Oven CTO-20A(Shimadzu)

Mass Spectrometer LCMS-2010EV (Shimadzu)

Mobile phase 100 mM Ammonium acetate/MeOH
Isocratic condition 100 mM Ammonium acetate conc. (%):MeOH conc. (%)=30:70
Column temperature 40°C

Column phenomenex (150 mmx4.6 mmg)
Flow rate 1.0 mL/min

Interface ESI (Positive and Negative ion mode)
Nebulizing gas flow 1.5 L/min

Probe voltage -3.5kv

Curved desolvation line temperature 250 °C

Block temperature 200°C

Detector voltage -1.50 kV

Curved desolvation line voltage 200V

Scan range m/z = 100-500
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366 WkIZu~<hrrIT7-AF Ty - RATHEREES 2V RAR 7 =X hDEEHE

325 TH L7 TAKFDRAR T F=2 hDIbFEIEZ I NI T 5729, Table 3-8 [Z/R" 3 3 Hr et
TLC/MS-IT-TOF A 24T\ G b T — Z M E OFT —Z LT 5 Z LIk Y FART D RAR
T IR NERE LT, 728, oWkt SR ERT I RRE LT,

36.7 W7 v~ T T 7EESHEE AW 4-0x0-RA FHIS K ONRIJ KR D 4347
K FT D RAR 7 =& k73 4-0x0-RA JE T B 0 Z Mk 9 5 72, Table 3-9 [Z7R 9544 v
T. LCIMS 3¥r %17 > 7=,

368 Wik u~= 7T 75T ZREBSHTR & AW RIKEED 547

KT D RAR 7 2 =& DG ZHEE T 5712, Table 3-10, Table 3-11 [ZR T OH 542 v
T, W®iEk7 v~ 7775 07 DB EGHTFHLCIMSIMS) #2417 > 72,

Table 3-8 Conditions for identification of RAR agonists in wastewater sample using LC/MS-1T-TOF.

System LC/MS-IT-TOF (Shimadzu)

Mobile phase 10 mM Ammonium acetate/MeOH
Isocratic condition 10 mM Ammonium acetate conc. (%):MeOH conc. (%)=20:80
Column temperature 40°C

Column Shim-pack VP-ODS (150 mmx2.0 mmg)
Flow rate 0.2 mL/min

Interface ESI (Positive ion mode)

Nebulizing gas flow 1.5 L/min

Drying Gas 0.1 MPa

Probe voltage 4.5 kv

Curved desolvation line temperature 200 °C

Block temperature 200°C

Scan range m/z = 150-500

Selective lon Mode RAs: m/z=315.20, 4-0x0-RAs: m/z=301.22
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Table 3-9 Conditions for analysis of RAR agonists in river water sample and 4-0x0-RAs using LC/MS.

Communications Bus Module CBM-20A (Shimadzu)

Auto Sampler SIL-20A(Shimadzu)

Column Oven CTO-20A(Shimadzu)

Liquid Chromatograph LC-20A (Shimadzu)

Degasser DGU-20A; (Shimadzu)

Mass Spectrometer LCMS-2010EV (Shimadzu)

Mobile phase 100 mM Ammonium acetate/MeOH

Gradient condition MeOH conc.:0-5 min, 70%; 5-26 min, 70-97%; 26-28 min, 97%; 28-30
min, 70%

Column temperature 40°C

Column Shim-pack VP-ODS (150 mmx4.6 mm¢)

Flow rate 1.0 mL/min

Interface ESI (Negative ion mode)

Nebulizing gas flow 1.5 L/min

Probe voltage -3.5 kv

Curved desolvation line temperature 250 °C

Block temperature 200°C

Detector voltage -1.50 kV

Curved desolvation line voltage 200V

Selective lon Mode m/z = 313

Table 3-10 Conditions for analysis of RAR agonists in river water sample using LC/MS/MS.

System ACQUITY UPLC (Waters)

Mobile phase 50 mM Ammonium acetate/MeOH

Isocratic condition 50 mM Ammonium acetate conc. (%):MeOH conc. (%)=30:70
Column temperature 40°C

Column BEH C18 (100 mmx2.1 mmg)

Flow rate 0.2 mL/min

Table 3-11 Conditions for analysis of RAR agonists in river water sample using LC/MS/MS.

System ACQUITY UPLC (Waters)

Mobile phase 50 mM Ammonium acetate/ CH;CN

Isocratic condition 50 mM Ammonium acetate conc. (%):CH3CN conc. (%)=30:70
Column temperature 40°C

Column BEH C18 (100 mmx2.1 mmg)

Flow rate 0.2 mL/min
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DOHESFIZIBNT S| FHX RAR 7 2 =& MEMENFED H L7z (Fig. 3-3), & H1Z, WWTP-A (2350 T, 2009
FE3A, 4A. THICRELZE Z A, [AEEIC RT24-26 43, 26-28 4y Didfe L 7= i 4y 3 L O RT 34-36 %
DESFIZEVT, % RAR 7 =X MEEIHEGE S (Fig. 3-4), 2D &b, FARFITHET S
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Fig. 3-3 RAR agonistic activity in the first HPLC fractionation of influent samples collected from WWTPs-A (a),
-C (b), -E (c), and —F (d) in June 2009. Results at a concentration factor of 100 are presented. Data are shown as
mean * standard derivation in triplicate measurements. Bottom panel (e) shows the HPLC chromatograms of
4-hydroxy-atRA (peak 1), 4-oxo-atRA (peak 2), 4-ox0-13cRA (peak 3), 4-0x0-9cRA (peak 4), 13cRA (peak 5),

atRA (peak 6), and 9cRA (peak 7). The detection wavelength was 360 nm.
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Fig. 3-4 RAR agonistic activity in the first HPLC fractionation of influent samples collected from WWTP-A in
March (a), April (b) and July (c), 2009. Results at a concentration factor of 100 are presented. Data are shown as

mean + standard derivation in triplicate measurements.

3.7.1.2 HPLC EIZ X BIEHEE 2 DR

3.3.1.1 THHE 72 RAR 7 == A MEMAHER SN2 H /02O T, RT 24-28 4y Oy Z 1% 45 1, RT
34-36 43 DIl oy Z{EVEE 73 11 &gy L, 2009 45 7 HIZERH L 72 WWTP-A O i UL K 2 VT
TEPEE Sy I, NIZE 415 RAR 7 T =& MER AT o 7o, 1EVEE ) 1, 1| % Table 3-4 (2759554 C HPLC

L7 & 2 A TEPEEISY | RT 21-27 43, IEPEESy 11 13 RT 31-34 7312 B — 27 23 H S v 7= (Fig. 3-5 (a,
0) ZNHOHEPHZ 05 MR THE L, 2EEEDO RAR 7 =X MEMAZRIE L L Z A, IEMHHE
7y | TIX RT 22.5-25 43 (I&TEE 5 1), /a— PEIE[ 53 11 Tl RT 31.5-33 2y (WG4 1P ICBAEE 7o iE 2 f i &
M 7=(Fig. 3-5 (b, d)), = Z T, 1&MEESY I, {EMEESY 1% Table 3-5 127" 945 HPLC Z3#ricfit L7z &
A, LC /e~ T AIZBWT, /ﬁriﬁ I’ Tl 4 S(A~D), J&EMEES 1P T 5 D(E~)DE—7
D S 7= (Fig. 3-6 (a, ©))72., SHIZINOLDOE—27 245 L, RAR 7 =X MEMAZRIE L- L
Z 4, =27 ARRT5.9 %), B(RT 7.0 43). C(RT 8.4 4y). E(RT 18.9 4). F(RT 19.9 /)IZH W\ T 72 RAR
T A=A MEWESKRE S 2 (Fig. 3-6 (b, d)), 2N OHDIEHEEY—27 D5 L B —2 Al B, E, FIIHD

BB L7 FARREBHZB W TR &2 &b, B—27 A B, E. F® 4 OH)E8H F/RFIZ S
BINCAEET A FEEARRAR T I=A N Thd L EZBNT,
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Fig. 3-5 HPLC chromatograms (a, ¢) and RAR agonistic activity (b, d) in the second HPLC fractionation. Results

of bioactive fraction | (a, b) and Il (c, d) obtained in the first HPLC fraction of influent sample collected from

WWTP-A in July 2009 are shown. Concentration factors of the samples in HPLC analyses and RAR agonistic

activity measurements were 5,000 and 100, respectively. The detection wavelength was 360 nm. Data are shown

as mean + standard derivation in triplicate measurements.
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Fig. 3-6 HPLC chromatograms (a, ¢) and RAR agonistic activity (b, d) of bioactive fraction I’ (a) and II’ (c),

which were obtained in the second HPLC fractionation of influent sample collected from WWTP-A in July 2009,

in the third HPLC fraction and RAR agonistic activity of peaks isolated from bioactive fractions I’ (b) and 11” (d).

Concentration factors of the samples in HPLC analyses and RAR agonistic activity measurements were 5,000 and

100, respectively. The detection wavelength was 360 nm. Data are shown as mean + standard derivation in

triplicate measurements.
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FRFET 5 72812, Table 3-8 (2895 T, LC/MS-IT-TOF 2341 & F\W 72 k5% MS 3#ric kv . RAR 7 =
= A MEMERLICE— 7 2T L& 2 A, B—27 A TIiX, 4-oxo-atRA & [FIERIZ, m/z315.20 D7 Z
T A A AU NRT 5.0 512 & 7= (Fig. 3-7 (a, b)), E'—7Z B T, 4-0x0-13cRA & [AlEEIZ. m/z 315.20
DT T T A M A F 2B RTS.7 52 E(Fig. 3-7 (¢, d)). B—7 E TI, 13cRA & [FEI#£IC. m/z 301.22
DT T T A M A F N RTIT.9 3k &Sz (Fig. 3-7 (e, ) £7-. E'—7Z FIZBWTi, atRA LA
BEIZ, mz301.22 D7 F 7 A2 b A A2 23 RT 17.1 3l Sv7=(Fig. 3-7 (g, h)). LA EDOFERNG, E
—7 A, B, E. FIZZN ¥ 4-0xo-atRA, 4-0x0-13cRA. 13cRA. atRA TH D Z L %, IJFMERTH =
ENTE, ZTRHDORRD RA H(@RA, 13cRA)E & OV F DER{LA I (4-0x0-atRA,  4-0x0-13cRA) 73,
AARD FAKPOEERRAR T I=A N THDHZ EREBINT, TEODF/KTRART I=2 hOHEE
%72 Zhen ©(2009) DHFFE TlE, 4-ox0-atRA 35 L UY 4-0x0-13cRA DFTEMBI HNIC SN THR Y | A
DFERE B L TWER, ZZTIEENHITMZ T, BHMETH D atRA B LTV 13cRA HAFEL TV D
ZEBHBMNE ST,

3.7.1.4 RAER L N 4-0x0-RA FHDFEAEREK

3313 TFAKHFDOEE] RAR 73 =A & L THEZNT atRA, 13cRA, 4-oxo-atRA, B LW
4-0x0-13cRA DFEERRIRIZ OWTHRE LTz, #EE Sz 4 WE ORAER % Fig. 3-8 1277, 3.3.1.3 12
WA Y WWTP-A % 5 8  AHFSE TlA: L 7o TR O DO I3 N ETEHEKR TH 5 Z L vk
[FE L7 RAR 7 =& MIEIZAOHRIM K TH D L LI 5D, RAFHIL, BWHkD B-n T
ADENTHRE SN TEL, & 5122 ST 4-0x0-RA B EOREMW & A+ 5, TD%. RA
M EZOMRBWIL RAR 7 I =& MEWED W V7 a U ERIA RO CHRIMZ PR X5 23(Li et al.,
1996; Marill et al., 2003), 7 /v 7 v VLA RIIIAEVIERIZ L > TRB B AL SN D Z L BRmbh
TV 5 (Ternes et al., 1999; Gomes et al., 2009), Z D Z L bh ., AL S 7z RA EHE LU 4-0x0-RA %
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Fig. 3-7 Mass chromatograms of peak A (a), B (c), E (e), and F (g) obtained from third HPLC fractionation and

4-oxo-atRA (b), 4-oxo-13cRA (d), 13cRA (f) and atRA (h) analyzed by LC/MS-IT-TOF system.
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Fig. 3-8 Developmental pathway of RAs and 4-oxo-RAs.

3.7.15 FAHDRAR 7 =2 h® RAR 7 T=R FMEMDFH

3.3.1.3 TRAKHFMNLEEE L7z atRA, 13cRA. 4-oxo-atRA. 4-0x0-13cRA @ RAR 7 == A &M % 2Tt
T 572, BERE two-hybrid 52 HHWCHERISHEZ#E Lc, SWEICHK T 2R KIEMEEE 100% & L
7o e &S Hi#R % Fig. 3-9 12~ Z O &G HIFR % FEIZ atRA, 13cRA, 4-0x0-atRA, 4-0x0-13cRA
D EC50 iz k7= & = A, ZNEH 1.6x10° M, 2.4x107 M, 5.8x10"° M, 4.2x10"°M L 721 | atRA %
it E0TZ 24 1, 0.0066, 2.7, 039 L 72 ~7=, ZDZ D, 2N AWED RAR 7 2= &M
I% 4-0x0-atRA > atRA > 4-0x0-13cRA > 13cRA DIJIRIZHRVN Z & 23 672 & 72 > 72, Zhen ©(2009) 1%, atRA,
4-0x0-atRA, 4-0x0-13cRA @ RAR 7" ==X FMEMEDBISRIZ 4-0x0-atRA > atRA > 4-0x0-13cRA Tdh 5 & #
L. Wu 5(2010) D45 T, atRA > 4-0x0-9cRA > 9cRA > 13cRA DRIV R ENTE Y | AHFFE DR
RiIEETHL VR D,
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Fig. 3-9 Dose-response curves of RAR agonistic activity of atRA (circle), 13cRA (square), 4-oxo-atRA (triangle),
and 4-oxo0-13cRA (diamond). Data are shown as mean + standard derivation in triplicate measurements.
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AKHIZHEET 2 RAR 7 3 =X MEMEZRET 5720, FTARIZEITH RAR T T=R FORE &
FIRkIC, F9°. 2007 4 8 H OFEEW-IE)IAKROHE 2, BIXOWHEAIIKROHA 5, Hifi 18 X v £
L7230 1| 22 7k ik & Table 3-3 12773 HPLC (2fit L, 2 /0 E CHlisy % /3B L=, &% RAR 7 =
=R MEHEZRE LZE ZA, WTFROREHZB W T RT 24-26 47 D4y (EMEE S N)IZE b O %S
RAR 7 F' =& MEMESHER S L7 (Fig. 3-10), 7. —HOFEHI W TIEL, JEMEE S 1 2z T,
RT 20-22 53 OBy ((EMEE Sy VI)ICEB W TS, BEE 2 fHX RAR 7 2 =2 MEMENFRD b7 (Fig. 3-10).
IHIZ, 200944 A.8 A, 10 A, 12 A, 2010 4 1 AL NAKZOHR 18 IZOWTIHE L= E 2 A,
RT 24-26 4y D4y (IEVEE 2 N2V T, F%f RAR 7 2= A MEM D HER S 7= (Fig. 3-11), £7-. —
EROFEHZ BT, [AFRIZ RT 20-22 43 O 5y (EHEE 43 VI) T RAR 7 2 =& MNEMERRD L7223, IF
PR N & BT3RSy VIZIEEAME S T L 2 TOREIA LR S o7z7®, 3.3.2.2
VBEDREDRI G L Lipdrotz, THHDOFERN G AFFEOFIAERI G K FITAHFET D RAR 7 =
=2 MEGIRCRIIC L O TH—OWETH Y D72 &b 2FENFEL TWD Z LRI,

3.7.2.2 {EMEES 111IZBIT 5 4-0x0-RA FHDF5ICBET Bt

NAGREHZ I W T, FFE S 72 RAR 7 F =2 MEMEBEIZZ O 5 B IEPEE S NI(RT 24-26 47)7> HPLC
SHTTORTIEL, FARFOEZE R RAR 7 G =2 h & L TClHE S 417z 4-0x0-RA FAD 1 D (4-0x0-atRA: 26.0
43, 4-0x0-13cRA: 26.6 77) LFHL L TW 2 Z L b JEVEEI Y 2 E £ D RAR 7 2= 173 4-0x0-RA

HTHLINENEMER LT-, Table 3-9 (278 L7254 LCIMS 3412 K- T, 2009 & 10 H (254 )1
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Fig. 3-10 RAR agonistic activity in the first HPLC fractionation of river water samples collected from station 2 of
Yodo River (a), and stations 5 (b) and 18 (c) of Ina River in August 2007. Results at a concentration factor of 100
are presented. Data are shown as mean * standard derivation in triplicate measurements. Bottom panel (d) shows
the HPLC chromatograms of 4-hydroxy-atRA (peak 1), 4-oxo-atRA (peak 2), 4-0x0-13cRA (peak 3), 4-0x0-9cRA
(peak 4), 13cRA (peak 5), atRA (peak 6), and 9cRA (peak 7). The detection wavelength was 360 nm.
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Fig. 3-11 RAR agonistic activity in the first HPLC fractionation of river water samples collected from station 18
of Ina River in April (a), August (b), October (c), December (d), 2009 and January (e), 2010. Results at a
concentration factor of 100 are presented. Data are shown as mean + standard derivation in triplicate

measurements.
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Fig. 3-12 MS chromatograms of authetic standards of 4-oxo-atRA and 4-oxo0-13cRA (a) and 4-oxo0-13cRA in a
river water sample collected in January 2010 detected at a concentration factor of 100,000 (b) analyzed by LC/MS

system. Arrow indicates the peak of that 4-oxo0-13cRA was detected in river water sample.
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4.0-44 32BN TC, RYOT 4 TAF L E—RTEMz442, FHT 4 T AL EF—=RTIImiz101 7
T A N F U PRFRITHRE S D 2 & D3R vz 23 (Fig. 3-15) B O A EHEE £ CTI2iTE 6
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Z T, IOICEEME MS 7 — 2 ZBUG T 5720 JEMEE—2 M @ LCIMSIMS 43 #ir % 32 L 7=, Table
3-10 IZ/RT 54 T LCIMSIMS 04T L 726 2R, RT 1 40 AFUT 2B 72 B — 7 23 tH S #1(data not shown), &
DMS REZ—2inbhaT ) A REOREENRE DN, £ C, THEOIaT /A4 NE(T AHX X
YoFo, pAaTy, B VT RRFUFU AR LFU ATA L, Yasty BT R
F D RAR FEGTEMEZRIE LT E 24, Z OWENMIIRNR S RAR 73 = MEMEZFT L2 &
N B & e o T2 (Fig. 3-16), BEAERFZECHRERIC, W< DD a7 /A NEENS RAR 7 2 = A MEME
T I e S AU TUV S (Matsumoto et al, 2007), LcL, Ziub i w T /A REIL, B O
L7 MeOH I[ZIIRIETH -T2 Z L h . AW TR S AL7)IDKHIZE17 5 RAR 7 F =& [MGYL
DFRRE TIENbDWx 5, 72, Table 3-11 IR TR XL DIEEE —2 M @ LCIMSIMS 4347 D
fEA, RT3.0 386 L N45 FICHE R E— 7 B S i, MSIMS 3T K » TH A D E— 27 DFLMS D
m/z 28 424 3 X OV 279 TH D Z & M B0 E 72> 7= (data not shown), Z L5 DWT A, & 5 U 7 A3
FIKHFOEZER RART A=A N ThHhDHEBZ LN, WEREIITEL ol
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Fig. 3-13 HPLC chromatogram (a) and RAR agonistic activity (b) of HPLC fractions obtained in the second
HPLC fractionation. Results of the bioactive HPLC fraction at RT of 24 to 26 min obtained from the first HPLC
fractionation of a river water sample collected in January 2010 are shown. Concentration factors of the sample in
HPLC analysis and measurement of RARa agonistic activity are 10,000 and 500, respectively. Data for RAR«

agonistic activity are shown as mean + standard derivation in triplicate measurements.
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Fig. 3-14 LC chromatograms (a) and RARa agonistic activity (b) of HPLC fraction in the third HPLC
fractionation. Results of the bioactive HPLC fraction at RT of 3 to 4 min obtained from the second HPLC
fractionation of a river water sample collected in January 2010 are shown. Concentration factors of the sample in
HPLC and MS analyses, and measurement of RARa agonistic activity are 10,000 and 500, respectively. Data for

RARa agonistic activity are shown as mean = standard derivation in triplicate measurements.
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Fig. 3-15 MS chromatograms obtained from selected ion monitoring of fragment ions (m/z 101 in the negative ion
mode and m/z 442 in the positive ion mode) specifically detected peak M in the third HPLC fractionation of a
river water sample collected in January 2010 (a) and MS spectra of m/z 101 in the negative ion mode (c) and m/z
442 in the positive ion mode (b). Concentration factor of the sample in MS analysis is 10,000. Retention time of
MS spectra is RT 4.0 to 4.4 min.
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Fig. 3-16 Dose-response curves of B-galactosidase activity of DMSO (dotted line), astaxanthin (open circle),
B-carotene (closed triangle), B-cryptoxanthin (open triangle), canthaxanthin (closed square), lutein (open square),
lycopene (closed diamond), and zeaxanthin (open diamond). Data are shown as mean * standard derivation in

triplicate measurements.
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ARE T, 52 B CHHE M5 RAR 7 2 =X MEMEZR L2 K, BLOWIIIIKHFIZE 115 RAR
7 I=A F%& HPLC (L 543 « R L, LC/MS-IT-TOF X LC/IMS/MS /3#ric L 0. RET D Z & &R
Tz,

TARHIZAET D RAR 7T =2 NI, WHESRHICEOTRI—0b0 B2 b, TOFERY
D% RA FH(atRA. 13cRA)E L OVF DL (4-0x0-atRA, 4-0x0-13cRA) TH D Z ENHBL M E 7o
oo ZHUD AWEIE. BWHEKD B-H T VN ADENTREFSNAET, 747 v U BRAAEROE TR
SMCHEE S VT RARPIZIRBA L, AEMIERIC L > Tl a kSN TERLEZb D EEZ SN,

—Ji. K OEZEZR RAR 73 =2 M b BEEMFEL, BIrCHIC LI b TR—DOWETH L L%
2NN, OO TIXIEEEZ AT HE—I Z/HETLHZ LI TEELOD, WEERET S
FTIEES o7z, 7272 L, TP CTRESILZ 4 WE (@tRA, 13cRA, 4-0x0-atRA, 4-0x0-13cRA)
IR DIWETHD I EDHERESN, BIMS O miz 8 424 B/ B HWNE 279 THD Z L AVRIR S
nie,
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FEE  TAKUEBRIIBITAVF ) A VEBEERB X O 4-0x0-VF /) A VEREOREENOMEH

45 XC®IZ

HIWE TR L DT, FAFOEE R RAR 7 2= ~ME, AOFEIH Sk &% 2 55 KD RA
¥H(atRA, 13cRA)E L ONF DA (4-0x0-atRA, 4-0x0-13cRA) TH V) | AL L & E
FICAHE L TWD ZERH b E 7 olz, THULFE S L7 RA I LT 4-0x0-RA JHS F/KILERR (T
BWT, FOREREIN, FOLI7 0L o TBRENTOND DAL T BT, HR
T FAKHIZE £ D RA B KON 4-0x0-RA FHD F/KLEIEFRE T OZEE O FERIZ DOV T T 2 2223
Hb, TITARETIH, FAKFOEE/R RAR 7 I=A & LTRIESINT 4 WEO F/KLET 1+ 2
BT LZEHEH ST LHZ L2 HME LT, LCIMS 2 HV 7= RA HHE 1O 4-0x0-RA D E &3 4T
FUEEMSL LT2 D 2T, Bz 22IEMEGTRLER S XA BRH LT\ 5 6 DO#RHT FRLERIGIZ I T, LB
WEEZEIT D 4 WEOEEB L RAR 7 I =& MNEWNOHERZTHE L-, £z, BHRIGMEERY 7
7 X —ZHWT, THRTO 4 YEOMPEER A F2hi U, ISVEGIRAEIZ T 5 4 W8 OBR LS O fig B
ERAT,

46 EBRFGIE
46.1 fLFHE

atRA, 13cRA, DMSO, CHiCN, MeOH, 7t | JR3, NaCl, KCI IZ Sigma-Aldrich 2> & A L7z,
4-0x0-atRA F5 X 1N 4-0x0-13cRA (3 Toronto Research Chemicals, ~~~" I > |3 Becton, Dickinson and Company,
Na;HPO, + 12H,0. KH,PO4, CaCl, + 2H,0, MgSO; + 7TH,O, Eifiz, FUARIU U ) MU U LAETF
IEFHEASHDNOIA LT, £7o, Y A= % 2 3K T RS, Biig Y = v ARG
FETHEMRASHLVIEA L, ¥, R THW -G T/KOMAIL, B A= %2 200 mg/L,
7 k> 300mg/L. K3 50 mg/L. Na;HPO, + 12H,0 41.8 mg/L. KH,PO,6.8 mg/L. NaCl 15 mg/L. KCI 7.0
mg/L. CaCl, + 2H,0 9.27 mg/L. MgSO, * 7H,0 10.25 mg/L T %,

MR two-hybrid V512 L 2 RAR 7 =& MEMOWEITHEH T H1EHEY T FIT FH 28221 I1THEL
LCIMS Z3#ric i 3 AR HEm B IE, 3 7 321 ICHELC TR by V7 WIREAFRL L7z,

462 HEARE

AREETIX, FREAAIBERBGR ) FALERK (B ULt B K, HE S8 ALER% Bt K) D438 2 |
KT D 6 DOHRH FARLESG(WWTP-A, B, C. D, EBXOF) L v L, &k RA B &
O 4-0x0-RA B D F & fi45 L 72, WWTP-A 35 X O WWTP-B (% CAS 7, WWTP-C /% CAS #5 L TV A20
%, WWTP-D 1Z CAS ik LR 7 v it AR BeR b i 22 (STEP)YE, WWTP-E 1% AO 1%, WWTP-F (X
CAS 1535 L TVA20 2 8- L T (Fig. 4-1), WWTP-A, WWTP-C, WWTP-D, WWTP-E ¥ L " WWTP-F
® CAS EIT A TH W (WWTP-A, WWTP-C, WWTP-D i — #8452 &te), WWTP-B, WWTP-F &
A20 BT TH D, S OFEAKIZE T D EEHKOEIEIEL, WWTP-A, WWTP-B, WWTP-C
BELOWWTP-F (X 9 FIBLE, WWTP-D (£ 7 #ILL B, WWTP-EIL6HILL EThoT, Zih RN
\ZBIT 5 RAEEE X O 4-0x0-RA FHO EEFHA L. 2010 4E 3 A (FEF)B L OV 7-8 A (EF)DORE K HIZ 10-14
IRFD NTERER L7230 A -V T T o 72, BRER L 72 830kBHE, KIR. pH ZJIE L7ztk. K T CHER=E

F Tl L. DOC I TOC-Vesh(Shimadzu) Z Fiv 7= TCIC EIC L W llE L. T-N OHIE, 73 5 ONZ [E A
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HCfE U7z, &SRBt o KB HIERS &% Table 4-1 1237,

725, RAFEHE L 4-0x0-RA FHD AT FIEDOMESLIZAE ] U 7270EHZ X, WWTP-A (28T, 2009 4
7 A5 2010 4E 2 A2 TEHER L 7= 0 2 U 72 G glvbiathlipt Ak 3 306, Soflrbithlitk 4
kN,

463 TEMETBIRICZK D RA R X O 4-0x0-RA FHD[EI 453 ALERERBR

7 RIZEIT 5 RA FEE L O 4-0x0-RA FED A /3 ILEREBR IZ 1T, Ak TR CRIIMBIZE L7 iGMHI5IRA
1HYE) 72 HTNZ WWTP-A X0 8RR L 72356k (B 151R) & Flv o, FE2BRI Table 4-2 (2" K 912, 1&ME
B, A~V U OAREM LS EBREZRINLERE, TNERERR I, ERR N & L, £FER
SROBRERMEIT, BRI TR B0, IHIEE. b, BRI T, 1HIRYGE. (B0 iRic
LT, BWEPREINDG D LEZ D, o, EMHEHRORNERIEZ, A IGIRIT 10%FL~ D |
B 15IE1% 100% A /L~ U AZ—BRiRIE L TITW, B L7255 mg/k RYARY U ERT Y o LK T 2
[E3E L CRBRICH W -, 1L RE—F—I2, JE LA FkE A, £ JICEEBREERSR ). &
B UNEIARTENEAL S BT 15 TR(ERCR 1) &2 Z 241 1,000 mg-SS/IL DIRFE L 725 KoM U= R &= ER L 7=
(Table 4-2), {ERLLU 7= FEBAIL, 25°C IR 7oA U F 2 _X—F —HNIZA L, BEEK CEXIRRAEIT D
LE Bz, AF—T—/3—|ZT500 rpm THFE L, atRA, 13cRA. 4-oxo-atRA, 5 L TN 4-0x0-13cRA %
FNEN N0 gL & 725 X H IR THIM, & DL 4-0x0-atRA, 4-0x0-13cCRA Z Z1LE4L 10 ug/L & 725
L OICHM TR L €, BB A 1T -7, AEERBR T 10 R TN L, BT, SmERE o
ZELC, FEARRE & 2 WG TR gt Lz,

464 BELORTLE

TAKI KOVFARLELKH D RA FH3 L O 4-0x0-RA JHD LCIMS 12 L B TE &SN T IEE SIS 5728,
AREHZ 4 W A BN L T BEFH 8T 3 2 IRINEGRER 2 1T o 7o, & 2 TORRBHI 5 2 7 2.2.3
R LT FIEICHE LT, Table 4-3 1IR3 4RI L 0 EFEFH 24TV, — R U o DITHitg S 2 ks
B DOVR R A 1A - HolE S 7%, MeOH (ZHs7A L C LCIMS 2o fit L7z,

—J7. FKRRBRIZHIT D5 RAFHE K UM 4-0x0-RA FAD ZEE A, 36 LOTEMHIGIEIZ L D5 RAEHB LD
4-0x0-RA FHD A 53 JLBHEABR I Z I T, A 5UBHIAE 2 3 2.2.3 IR L2 7B HE U C MR 2170,
SINTICHE Uiz, BRI HIEARREHE 2 & 2 R D170, ZOWN L AR RAR 7 =2 MEMHIEM & L
T, HBHIK 6 mL THE L=, 550 O 1 ARiX RA FEH3 LU 4-0x0-RA FHD TE &4 HTH & LT 40% CH3CN 6
mL Z W T Lz, %O — Y v D3, +2ICif S E72%, MeOH 6 mL CHiife S L&
U Uz, AR 2 SR T Ol - fE S 7%, mEREHOREHT DMSO ITisE L, &85y
HrH OFEHX MeOH (ZHAR U 7o, BRVEH% OS5 FEHZ-20°C TERAT L. W RINC RV 2 VTl B IR
L7z,

46,5 R two-hybrid ¥

BERE two-hybrid VAIZ K 5 RAR 7 =2 MEMOWIEIL, 52 F 224 (TR LI FEICHE LT TV,
TERG R A HATHIRT RAR 7 3 = X MEMEZRH L7z, & 512, X (2-3)I29E > T, atRA-EQuio fifi & B HY L 72,
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Fig. 4-1 Process schemes in WWTP-A and WWTP-B (1), WWTP-C (2), WWTP-D (3), WWTP-E (4) and
WWTP-F (5). Sampling points are indicated with arrows: Point 1, the terminal of the primary settling tank; point

2, the terminal of the final settling tank (after mixing the effluents from two final settling tank effluents in
WWTP-C); point 3, after the chlorination tank.
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Table 4-1 Characteristics of samples in WWTPs used in this study

WWTP Biological Sample Sampling data Temperature pH DOC T-N
treatment® (°C) (mg/L)®  (mg/L)°

A CAS Point 2 July 30, 2009 28.3 NA¢ 5.6 3.3

Point 1 October 28, 2009 25.6 7.0 40.4 13.7

Point 2 November 20, 2009 23.7 6.8 16.7 5.4

Point 1 December 2, 2009 22.4 7.4 60.4 14.2

Point 2 December 22, 2009 20.9 6.7 5.8 17.7

Point 2 January 19, 2010 19.5 6.7 10.8 19.3

Point 1 February 25, 2010 19.8 6.8 47.2 32.2

Point 1 March 12, 2010 19.8 6.8 31.3 28.5

Point 2 20.9 6.7 8.7 15.9

Point 3 20.9 6.8 14.9 11.5

Point 1 August 3, 2010 30.0 7.2 33.2 27.2

Point 2 30.5 7.1 8.1 11.9

Point 3 30.5 7.1 3.7 9.7

B CAS Point 1 March 11, 2010 16.9 7.8 21.6 23.6

Point 2 18.0 6.2 6.1 12.9

Point 3 17.9 6.4 3.0 13.2

Point 1 July 27, 2010 29.7 7.6 24.2 31.2

Point 2 30.4 7.2 4.7 10.5

Point 3 30.3 7.3 5.3 12.0

C CAS Point 1 March 11, 2010 16.2 6.8 13.2 22.5

A20 Point 1 16.4 6.7 18.0 18.1

CAS+A20 Point 2 16.0 6.7 3.9 6.2

Point 3 16.4 6.5 6.2 6.5

CAS Point 1 July 27, 2010 28.0 7.3 25.9 22.1

A20 Point 1 27.8 7.2 26.3 19.0

CAS+A20 Point 2 29.2 6.8 6.4 3.3

Point 3 28.7 6.8 2.0 3.0

D CAS Point 1 March 19, 2010 17.7 7.5 17.6 23.1

Point 2 18.3 7.1 13.7 15.5

Point 3 18.5 6.0 9.9 14.7

STEP Point 1 18.7 7.1 12.3 18.3

Point 2 18.7 6.4 2.2 3.2

Point 3 18.5 6.6 6.0 7.1

CAS Point 1 August 9, 2010 28.3 7.2 16.7 20.7

Point 2 28.8 6.8 3.1 7.8

Point 3 28.9 6.9 1.7 7.6

STEP Point 1 28.0 7.1 15.1 15.6

Point 2 28.6 6.8 0.9 3.2

Point 3 28.6 7.2 1.6 4.4

E AO Point 1 March 12, 2010 18.3 6.9 29.5 22.9

Point 2 19.3 6.3 3.5 8.7

Point 3 19.3 6.2 3.9 9.4

Point 1 August 3, 2010 29.0 7.4 23.8 24.0

Point 2 29.5 6.8 5.0 5.1

Point 3 29.4 6.9 9.7 7.0

F CAS Point 1 March 18, 2010 18.4 6.5 7.4 23.4

Point 2-1 19.1 6.3 3.2 7.2

Point 2-2 19.0 6.4 2.6 5.9

A20 Point 1 18.4 7.3 17.8 33.4

Point 2 19.0 6.3 3.2 7.2

CAS+A20 Point 3 19.0 6.2 5.4 6.2
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Table 4-1 (continued).

Biological . Temperature DOC T-N
WWTP treatn%ent Sample Sampling data (EC) pH (mg/L) (mg/L)
F CAS Point 1 August 5, 2010 29.5 6.9 17.9 15.2
Point 2-1 29.7 6.5 2.1 5.4
Point 2-2 29.8 6.6 4.7 6.4
A20 Point 1 29.4 7.0 13.2 15.4
Point 2 29.4 6.5 NA 9.1
CAS+A20 Point 3 29.7 6.8 3.5 7.5

& CAS, conventional activated sludge process; AO, anoxic-oxic process; A20, anaerobic-anoxic-oxic
process; STEP, step-feed multi-stage nitrification-denitrification process.

® Dissolved organic carbon.

¢ Total nitrogen.

I Not analyzed.

Table 4-2 Conditions of experimental systems.

System Activated Inactivated Synthetic RAs and/or Stirring ~ Aerattion RemO\{aI
sludge sludge wastewater  4-0x0-RAs mechanism
I + - + + + + B+A+C
I - + + + + + A+C

% B, biodegradation; A, adsorption; C, chemical degradation.

466 EEEHEIZIo< T T71I2k5 RART I=X FDOHE
Table 3-4 (2R 5:M4TC HPLC ZH\\W T, F/AKH® RAR 7IZ =X MREENIE Y, BIO
4-0x0-RA JEH % BLMERIN L 72 [ 5 AL BR © D -kt o 5 e 1T - 72,

46.7 W7 v~ N7T TEESHEE AV RAKER X W 4-0x0-RA HOEEDHT
%%it*ﬂrﬂfﬂ ZEFEND RAKEE LV 4-0x0-RA M Z EET 5725, Table 4-4 :m@“’%ﬁﬂﬁk%ﬁﬁw
. LCIMS 53T 4T o 7, FKLBLRIZE T D2 FFMAEOEIZIL, LCIMS 3T TR b /o &
LRI BEIRICHESE | REH O RAFER LUV 4-ox0-RAFEDEE AR D T-, £, TEE(4-1)
IZHE-> T, % 3 ¥ 3315 ICBW M L7Z 4 WE D atRA Z:{fitR%k(atRA:1. 13cRA:0.0067.
4-0x0-atRA:2.8, 4-0x0-13cRA:0.38) % XMEDIRIEIZHF U, TN O OMRFI%EZ, 4 WEORREITKAT
T % atRA 2 Bl (atRA-EQenem fif) & L THH L7,

atRA-EQ., (ng/ L) =1xatRADZE(ng / L) +0.0067 x13cRAD IR FE(ng / L)

] (4-1)
+2.8x4-0x0 —atRADJEE(ng / L) +0.38x 4—0x0 —13cRADIE E(ng / L)

46.8 MEEHOLE
AEIDO RAR 7 =2 MEMOFEZEREIT., FH2F 225 1R LI HIEICHEL TITo T2,
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Table 4-3 Conditions of solid phase extraction

Condition Sample Cartridge Washing cartridge Elution
preparation preconditioned
A - MeOH 6 mL; UPW 6 mL MeOH 6 mL
UPW 6 mL
B - MeOH 6 mL; 40% CH5CN 6 mL MeOH 6 mL
UPW 6 mL
C - MeOH 6 mL; Acetone-1M acetic acid MeOH 6 mL
UPW 6 mL 6mL
D pH 3.0 MeOH 6 mL; UPW 6 mL MeOH 6 mL
(1M acetic acid) UPW 6 mL
E pH 3.0 MeOH 6 mL,; 40% CH3;CN 6 mL MeOH 6 mL
(1M acetic acid) UPW 6 mL
F pH 3.0 MeOH 6 mL; Acetone-1M acetic acid MeOH 6 mL
(1M acetic acid) UPW 6 mL 6mL
G pH 3.0 MeOH 6 mL,; UPW 6 mL MeOH 6 mL
(1M aceticacid) 1M acetic acid 6 mL
H pH 3.0 MeOH 6 mL,; 40% CH3CN 6 mL MeOH 6 mL
(1M aceticacid) 1M acetic acid 6 mL
I pH 3.0 MeOH 6 mL; Acetone-1M acetic acid MeOH 6 mL
(1M acetic acid) 1M acetic acid 6 mL 6mL
J pH 3.0 MeOH 6 mL,; UPW 6 mL CH3CN 6 mL
(1M acetic acid) 1M acetic acid 6 mL
K pH 3.0 MeOH 6 mL,; 40% CH3CN 6 mL CH3CN 6 mL
(1M acetic acid) 1M acetic acid 6 mL
L pH 3.0 MeOH 6 mL; Acetone-1M acetic acid CH3CN 6 mL

(1M acetic acid)

1M acetic acid 6 mL

6mL

2 UPW, ultra pure water.

Table 4-4 Conditions for analysis of RAs and 4-oxo-RAs using LC/MS.

Communications Bus Module
Auto Sampler

Column Oven

Liquid Chromatograph
Degasser

Mass Spectrometer

Mobile phase

Gradient condition

Column temperature

Column

Flow rate

Interface

Nebulizing gas flow

Probe voltage

Curved desolvation line temperature
Block temperature

Detector voltage

Curved desolvation line voltage
Selective lon Mode

CBM-20A (Shimadzu)

SIL-20A(Shimadzu)

CTO-20A(Shimadzu)

LC-20A (Shimadzu)

DGU-20A; (Shimadzu)
LCMS-2010EV (Shimadzu)

100 mM Ammonium acetate/MeOH
MeOH conc (%):0-5 min, 70%; 5-26 min, 70-97%; 26-28 min,
97%; 28-30 min, 70%

40°C
Shim-pack VP-ODS
1.0 mL/min

(150 mmx4.6 mm¢)

ESI (Negative ion mode)

1.5 L/min
-3.5kV
250°C
200°C
-1.50 kv
200V

m/z = 299 (RAs), 313(4-0x0-RAs)
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47 FERBILOEBZE
471 TABIOTFAKAEAKH D RAFER XV 4-ox0-RA DO EEGHT HIEDOREL

TAKMEERIZE T D RAKER LT 4-0x0-RA FEDZEE) & B & M2 5 72 BRI & LCIMS
N BB DY BRSO 2R AT, 2N E COME THWZEMHTIZ, 1—
N woOars v a=r7 EEHIZ MeOH Z Hvy, iBK%EO I — b U v DB IS BHIK % H
WTW e, Z OEAEHIE O S TIRE 2R M E ORI IIIER ICARITH D, L, RAJEE
L O 4-0x0-RAFEHD EBINT 21T D BRIZIZ, 2N H O BRWE & & bl S5 SRS I
WA LCIMS 3T IC B W CREE & 72 B alREME N B D720, MM %2 72 5 K BREL T 2 EnE
FLW, £ZT, £7. RAFB IV 4-0x0-RAFD B A% MZ, N OKMEW % BRIRRET 572
D OEFHH GOV TR LT,

F9. B SERET 2 720, @K RAFER L OV 4-0x0-RA B A Z 240 1 ng/ll O
FETRANL . Table 4-3 (27”7 12 FEHO S CHEMBHIL 21T > 72, £ OfER. K% (2 40%CH;CN
TH— M)y VEWET DB, E.H K THUCER @GN ST 2 &b, ZHOEEEZ AV,
ARCTARIZIRIN L7 RAFA, 4-ox0-RAFHDENNHEZ R DT, ZDFER, &iF B Thie b MW EIGE
MFFHITIZZ LD (Table 4-3), ARSI THEMHILHAZITS 2 & & LT,

WRIT, TARBIOTFARLEAKIZEIT D RA ., 4-0x0-RA FHOBNULREZBH LN T 5720,
WWTP-A X 0 £H U 7 ek it /K 36 & OV vh gt i K 50BHZ RA A, 4-oxo-RA %
200 ng/L OIEETEHRML, WHIEUNEREZIT 72, 2B, Fiehato b, FARPIZIEZE < o
WG Ev, FERHREO B OB TIIRMEVBREN R+ TH Y . MS SR chs 2 &
ML E 7R ol FARREBHZ DWW TR, FEFARhH#21Z Table 3-4 (27”94 T HPLC 3
e L. 4-ox0-RAFHNN £ 5 RT 24-28 47, RAFEN G £ 5 RT34-36 1y DIy 253 L, £ h
Z LCIMS oiTictikd 25 2 & & L7z, ZOfEHE, atRA. 13cRA. 4-oxo-atRA I X U 4-0x0-13cRA @
(]S =8 (P AR YA 22 ) 1%, T K (n=3) TZ 4L Z 41 23.3£3.3%(14.0%) . 36.8+10.2%(27.6%) .
77.244.7%(6.1%) . 74.4+2.2%(2.9%) . F 7K AL B /K (n=4) T % 1L & 1 36.0£9.4%(26.2%) .
55.0+18.9%(34.4%)., 61.7+14.3%(23.1%). 68.8+20.5%(29.8%) & 72~ 7=, 4-0x0-RA ¥ Ti%. #EHC
£ 53 60%LL ENENNTE, BAFREINEEZ R LTz, —J7, atRA X, WHEKFNHIE3FILL B4
B CE 7208, FARFOLLOBEIRIT 2 EFRICE P E o7z, 72, 13cRA I, ALK H 25 50%
PLEMENLTE | PR DL 3 EiR 2 FEUL T X 72, RAEHORIEER M OWEIZ AR TR oo
TRRITA SN TE TV WA, ZHE TORENS, TP O RAR 7 =2 MEEIZHT 5
FERT 4-0x0-RA ) RAFHICH R TREI NI LAVRIRENTWAH 720, RA FHDEILRAME
ZEIFERRMEICIT RN EB 2 b,

U EOREING . Fig. 4-2 (R T FINETE FKLELIZH T % RAJHI KLU 4-0x0-RA FHD 25 H)
AT 24T 5 Z & & Lic, 7ods, MR T 2 a5 & Table 4-4 [Z”4 542 MV 72 LCIMS
ST RBUT B2RHE FIRMEN S, 2 2 TH3E LZFIEIC LD atRA, 13cRA. 4-oxo-atRA B L O°
4-0x0-13cRA D& FIREIL, TR TIZZ £ 1.0ng/L, 5.0ng/L, 0.5ng/L, 1.0 ng/L, TF7KALER
KTIEZENEI 05ng/L, 25ng/L, 0.25ng/L, 0.5ng/L & H#HEH IL7z,
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.

Solid phase extraction using Oasis HLB cartridge
preconditioned with MeOH and ultra pure water

. 8-
’ Washing cartridge with ultra pure water ‘ ’ Washing cartridge with 40% CH;CN ‘
- -
| Elution with MeOH | | Elution with MeOH |
- -
’ RAR yeast two-hybrid assay ‘ HPLC fractionation and collection

of bioactive fractions
| (RT 24 to 28) and Il (RT 34 to 36 min)

-

’ LC/MS analysis ‘

S

Solid phase extraction using Oasis HLB cartridge
preconditioned with MeOH and ultra pure water

- -
’ Washing cartridge with ultra pure water ‘ ’ Washing cartridge with 40% CH;CN ‘
. .
| Elution with MeOH | | Elution with MeOH |
- g
’ RAR yeast two-hybrid assay ‘ ’ LC/MS analysis ‘

Fig. 4-2 Sample preparation procedure for the determination of RAs and 4-oxo-RAs and measurement of

RAR agonistic activity in wastewater treatment plant influents and effluents.

472 TFARLERIZEIT S RAKER LU 4-0x0-RA HDOEENFRE
4.7.2.1 TR D A

AT U 72 TAKLEEG 2 31 DK, pH, DOC B35 X TN T-N % Table 4-1 (2779, KiRiZ, FFX
D HEFEOIN 10°C FEEm Do 7208, pH IR X 5 P PR O RIFRE O Z R Lz, £z,
DOC 122 Tlid, FeflibBth ik 36 K OB btk Clx, FEFENEF LY bK<, HFE
WUERAL B K Cid, BENEZREL Y bEWEZ /R LZ, TN 220 T, Stk L
ORI Ok Tk, BENPEZL Y EVEE R L, Skt A Cidrsic L o4
[FIFERE D& R Lz,

TETEVGIRALER|Z X 5 DOC R 1T, 78 D WWTP-D(CAS ¥%; 22%) % R & BFZRIZ & 5797 61-94%
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BATE  TFAMERICEIT D RAFHE LU 4-0x0-RA FEH O ZE ) D fif B

Th VD (HFD WWTP-F O A20 {EIIARAIE), 24 & LU TR RAFRAHBITOI T b D &
Ez b, £72. TN BERIT, £FO WWTP-A(44%), WWTP-B(45%), WWTP-D(CAS i ;

33%) 8 L OZFD WWTP-F(A20 1% ; 41%) % R & | 61~85% D iR mV Ml 2 78 L7223, 2D CAS
ETIIMEL T T-N BRERMRNZ &R ST,

4722 FHTFAFDO RAER XU 4-0x0-RAHH

i AR O RAFHFS LN 4-0x0-RA FHDOF(ER & £ D RAR 7 2 =2 MEME~DFE Z iR
L1=, FAKRE O 4 WEDOE RSN 21TV RAR 7 = A NMEMERIEM & il L 7= (Table 4-5).

ETORBHIBWNTHER RAR 7 F =X MEM(p<0.05) 254k H S v, atRA-EQui 1%, FFIZ
12.0~38.7 ng/L, EZ=(T 13.7~100.6 ng/L & 72> 7=, WWTP-C 33 X Y WWTP-F @ atRA-EQui, fE 1%
BEOFDEDST-OIZx LT, WWTP-A, WWTP-B, WWTP-D 32 O WWTP-E @ atRA-EQp,
EIXEFOHBEWEEZ R LT,

—7J7. LCIMS Z3Hr iR, atRA IX, WWTP-C 8 X O WWTP-F @ A20 1£ TIZEZED 13 ED
ST=DIZHR LT, WWTP-A, WWTP-B, WWTP-D LN WWTP-E TIZEFD I NEMN-T-,
4-oxo0-atRA 1L, WWTP-B, WWTP-D, WWTP-F TIZHEZD LR E <. WWTP-A, WWTP-C 5 X
O WWTP-E TIZEFDHNE D> 72, 4-0x0-13cRA X, WWTP-D @ STEP 3 L X WWTP-F T
IFEZDO L E L . WWTP-A, WWTP-B, WWTP-C, WWTP-D ® CAS #:35 L TN WWTP-E T3 E
EOFNEN-T, Zhb 4 WEOEEENHHEH L7 atRA-EQem EIX. WWTP-D @ STEP 14
ZFR T, atRA-EQui filf & Bk DA 27k L1z, F£72. 13cRA IZHZFED WWTP-A(7.3 ng/lL)H L
WWTP-E(4.1 ng/L)IZ3\\ T, & & FRRAE A (<13.6 ng/L) DRI FE TR Sz Lighi, thond
NOFENS L S 72 o 72, 13cRA @ atRA SR 3T D 3 W D 1/57~1/420 TH D =
EMD . 13cRA 1T atRA-EQurem HIZ K& < KM EN DT EDREETIT FATIZEEN TV RN
EMITRE T,

LU EDORERMN G | FABGIZ AT 5 RA 35 KUY 4-ox0-RA FHIR & O ZRHi A8 Sh | T = &
WCEBRDZENRENT, 2D 4 WEIZEICE FOHEIICHKE L TWA Z Enb, JRAKD
B RAR Y = FORE L~ULTt FOFH®RICEBR LTS LEX 6D, BIENZETIE,
t FOPEMDIC R T D WEITEFITEVE TR S D AR H 5 & i STV % (Zhou
et al.,, 2012), —77. EZEIIMOFBHE & A TEKBIC L BEwNEL L, Bt i sko
NSNS DA REEDH 5 Z L LA SN TR Y (Jinetal., 2008), FEEEICEZFE LY L HEEIC
BEI B S E OMABRENEL R DAL H D 2 L SR ST 5 (Zhou et al., 2012; Jinet al.,
2008), I HDHERNMAGIDLE S Z & TR Z L OFMEEERNECTZLOEEZ LN
776

RAHES & UM 4-0x0-RAFHD 3T IE) & \atRA-EQenem TH 2 5K D72 & 2 A FF=1213.9.1~66.0 ng/L,
HZR|21% 6.9~60.7 ng/lL & HE Zi7-(Table 4-5), atRA-EQuio Y F/KH D RAR 7 = A ks D
ZAFEMIICEI L TWDHH 0L L, ZHIUCxT 5 atRA-EQeem fED L3 A RA JHE L O 4-0x0-RA
HOFREHRLE L TRDZ L ZA(Table 4-5), HFED WWTP-A(24%) % fr< &, #71a RAR 7 3 =2
MEMEDF LU LD B HRE R LT-(EZD WWTP-C @ A20 £ T 44%, HZED WWTP-A L 5%
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Table 4-5 RAR agonist contamination in the influents discharging from primary settling tanks

1255

WWTP  Biological Sampling date Concentration (ng/L) atRA-EQpem (ng/L)* atRA-EQpi, (ng/L)
treatment atRA 13cRA 4-oxo0-atRA  4-0x0-13cRA

A CAS March 12, 2010 7.3£1.0 ND" [7.3+2.0]° ND 2.3+0.1 9.1+1.0 (47%)"° 19.2
August 3, 2010 10.3£1.5 ND 1.5+0.1 24.3+£0.7 23.7£1.5 (24%) 100.6
B CAS March 11, 2010 9.0£1.3 ND 3.3+0.2 94.3+2.8 54.1+1.7 (419%) 12.9
July 27, 2010 17.3+2.5 ND 1.240.1 104.9£3.1 60.7+2.7 (82%) 74.3
C CAS March 11, 2010 21.5+£3.0 ND ND 11.6+0.3 26.9+3.1 (93%) 29.0
A20 18.3+2.6 ND ND 6.7+0.2 21.8+2.6 (91%) 24.0
CAS July 27, 2010 ND ND 1.0£0.1 30.8+0.9 16.6+0.5 (74%) 22.6
A20 ND ND 0.9+0.1 22.4+0.7 7.74£0.4 (44%) 17.7
D CAS March 19, 2010 ND ND 2.1+0.1 42.9£1.3 24.4+0.7 (137%) 17.8
STEP ND ND 3.1+0.2 23.8+£0.7 19.940.7 (166%) 12.0
CAS August 9, 2010 10.0£1.4 ND ND 55.3t£1.6 32.0+1.5 (124%) 25.8
STEP 12.7+£1.8 ND ND 11.1+0.3 17.941.8 (101%) 17.8
E AO March 12, 2010 11.4+1.6 ND [4.1+1.1] ND 16.1+0.5 18.4+1.6 (133%) 13.9
August 3, 2010 12.8+1.8 ND 0.7+0.04 38.2+1.1 29.4+1.9 (82%) 35.7
F CAS March 18, 2010 ND ND 6.84£0.4 10.7+0.3 25.4+1.3 (83%) 30.4
A20 10.84£1.5 ND 6.9+0.4 94.1+2.8 66.0+£2.2 (170%) 38.7
CAS August 5, 2010 ND ND ND 9.940.3 6.9+0.3 (47%) 14.6
A20 ND ND ND 13.8+0.4 8.3+0.3 (61%) 13.7

& Concentrations of RAs and 4-oxo-RAs less than their respective quantification limit (QL) in our analytical method were assigned a proxy value of QL/2 to

estimate the atRA-EQchem Value.
® Not detected.
¢ Assumed concentration of a compound detected under QL is provided in square bracket.

4The percentage of atRA-EQcnem Value to the atRA-EQui, value is shown in parenthesis.
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FAFE  FAKMEZRIZBIT D RAKEE XU 4-0x0-RA FHD ZEE) O figBF

D WWTP-F @ CAS 15T 47%, = Ot 61%LL 1), —#BOFENCII % 538 100% % A - 7273,
ZOFRELTE N AT vEAI2E D RAR 7 T =& MEEOHIEICBW T, ik & migiE L
TR CIHFRENE L2720, atRA-EQpio B A IR HE (5 TR b AL IEMEE D 4 %2 AW THEE L
il abolEZLNG, Thbb, 20k ARREHIB W T, atRA-EQp, EANFEEE &
DHELSABLONTZEDEEZLND, ZDL ) REEMERTNA AT vl ~ORENGE
D HITZFEIIA D | KERGT DFEL D SA AT w2 A ZE W TR 72 B AORhRr 2 #5 < 2
ENTERZ LD, Z2THLNRRITMRZ Y2 O L2, RAFHE LU 4-0x0-RA A,
FFIZ atRA, 4-0x0-atRA, 4-0x0-13cRA 28 TKHI D FEZEIZR RAR T A=A N TH H Z L i S L7z,

—J7. HONORET, atRA-EQuio IHIZXIT % RA FHFS X 1Y 4-0x0-RA FEHD %5 5 MK - T2
K& LTI, ARFRTONTRE LTz 4 WELS O RAR 7 T =R hDIFE, TR OFHEDIZ L
% RAJH, 4-0x0-RAFHD LCIMS 73 DI EHLMEE D RAR 7 A =2 MZ L HMHFHRIT LD A
7 vEAERELSHEENTZZ L EREBEL LN, RAKFEFRIZLD THEREOEN -T2
WWTP-A [ZDW T, & 3 % 3.3.1.2 (2B T, [AHLES O F/KHIZ atRA, 13cRA, 4-oxo-atRA
B LV 4-0x0-13cRA LIS D RAR 7 T =2 M MFET 2 Z L BER SN TEH Y | AFHAETHRED
RAR 7 Z =2 R FAKHUZAF(E L TV ATREMED &V,

Table 4-6 (2, A#fFd L OBHEMZEICE T 2 FAKHO RAR 7 =& RO L~L % L -
P72, Zhen ©(2009) D H[E TOFHA & A A DM IR & k32 & 4-oxo-atRA R &
atRA-EQcpem EIZRIFEEE ToH o 7223, 4-0x0-13cRA IR JE & atRA-EQuio B IZATHA D 5 23 v Vit 2 7~
L72Z &R0 5, [FRRICHECE T 5 Wu 5 (2010) D4 & o Feifs Tk, atRA 35 X (8 4-0x0-13cRA
DOPRFEIXFIFRE T o 7223, 4-0x0-atRA DRI IAMFED J7 HMEN 72 & e A AR STz,
TARF DO RAFER LM 4-0x0-RA FHIZ, FEIZEWOPRSICHERT B2 65T, Z 2 TH]
e o HUIBIZ X 5 721E,  FORAEES, b NS OB B RO GHERYEKDIR AR 81T
KETLH HLDEEZEZLND,

4.7.2.3 EMETBTRAERICEBIT 5 RA B X O 4-0x0-RA FHDZE)

TEMEBIRABERICI1T % RA JEE L 4-0x0-RA FHDIEE 2 1 50T 5 720, &I il
KIZEIT S RAR 7 3= MEM L RAFEHE LU 4-0x0-RA FHD PR JE 2 I 7E L 7= (Table 4-7), 7=,
T AL BT K & S BB K DAE R & | TEMETGIRALERIC X 5 RA F81 L O 4-0x0-RA JH
D ALERAR 0 A FFAM L 7=

BRI et K 2RV T RAJEHE LU 4-0x0-RA FEHOIRFE X, #F L THH TIRMEAR, £7-
IR SN ERIRFERM ORI & 72> TRV, 4 WHEITEMBIRLEIC X > THol
FREINDZERHALMNE2oTo, Fo. THEKM L T atRA-EQpi fE Ak IKVMEZE /R LTz,
L7rL., 2D WWTP-D @ CAS 7T 4-0x0-13cRA 73 0.8 ng/L, E 7= WWTP-D o STEP #:¥ &
Y WWTP-E(AO 7£) T atRA B2 1Z41 115 ng/l, 5.4 ng/lL OIEE THRHE S, ZORERND
atRA-EQcpem I3 F 2D WWTP-D ¢ CAS #£ T 1.6 ng/L, 2= WWTP-D ® STEP #£5 L XWWTP-E
TENZEI 122ng/L, 6.1ng/lL LRS-, 7ed, BEZFD WWTP-D @ STEP 153 L O WWTP-E
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Table 4-6 Comparison of RAR agonist contamination levels detected in this study and previous studies

Sample Country Contamination level (ng/L)* References
atRA 13cRA 4-oxo-atRA 4-0x0-13cRA atRA-EQchem atRA-EQpio
Influent Japan ND-21.5 ND ND-6.9 2.3-104.9 6.9-66.0 12.0-100.6 This study®
[n=18]" (9.5) (0.8) (23.1) (22.8) (20.9)
China NA NA 4.7-10.4 2.3-7.1 18-41 6.6-13.4 Zhen et al., 2009
[n=7] (4.9) (2.7) (19)
China 2.41 0.74 17.01 12.45 NA NA Wu et al., 2010
[n=1]

#ND, not detected; NA, not analyzed. The number in parenthesis indicates the median value.
® The number in square bracket indicates the sample number.
¢ Data obtained at point 1 (after the primary settling tank).
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Table 4-7 RAR agonist contamination in the effluents discharging from the final settling tanks

LS

WWTP  Biological Sampling date Concentration (ng/L) atRA-EQpem (ng/L)* atRA-EQyi, (ng/L)
treatment atRA 13cRA 4-oxo-atRA 4-0x0-13cRA

A CAS March 12, 2010 ND ND ND ND ND 1.6
August 3, 2010 ND ND ND ND ND 2.7
B CAS March 11, 2010 ND ND ND ND ND 0.5
July 27, 2010 ND ND ND ND ND 0.8
C CAS+A20 March 11, 2010 ND ND ND ND ND 1.4
CAS+A20  July 27,2010 ND ND ND ND ND 0.3
D CAS March 19, 2010 ND ND ND 0.8+0.2 1.6+0.2 (8%)° 19.5
STEP ND ND ND ND ND 1.4
CAS August 9, 2010 ND ND ND ND ND 1.5
STEP 11.5+£3.0 ND ND ND 12.243.0 (1111%) 1.1
E AO March 12,2010  ND [0.2+0.1]° ND ND ND ND 0.2
August 3, 2010 5.4+1.4 ND ND ND 6.1+1.4 (2029%) 0.3
F CAS-1 March 18, 2010 ND ND ND ND ND 0.4
CAS-2 ND ND ND ND ND 0.5
A20 ND ND ND ND ND 0.5
CAS-1 August 5, 2010 ND ND ND ND ND 0.2
CAS-2 ND ND ND ND ND 0.2
A20 ND ND ND ND ND 0.2

# When at least one compound was quantifiable in a sample, the concentrations of the other RAs and 4-0x0-RAs less than their respective quantification limit (QL) in
the same sample were assigned a proxy value of QL/2 to estimate the atRA-EQcnem value. If all of the four compounds were unquantified in a sample, ‘ND (not

detected)’ was provided for its atRA-EQcnem Value.
b The same as the footnote d in Table 4-5.
¢ The same as the footnote ¢ in Table 4-5.

HEVE

VE RN L

-
PA

HiH Qo (fisk B Vd-0X0-7 O F SFEY Vo & (1S



HA4E FKAUERIZEBIT S RATEE L1 4-0x0-RA FHO 2 E) D AR A

Tl, atRA ORHIEFE(11.5 ng/L B L TV5.4 ng/L)IZEE~, RAR 7 = b O#EZFHE L TW5
139D atRA-EQuio MK < HIE E4L7278, 2D 2 SDOREITIX, SA FT v B AI2BT 5 miek
ERTOMENREO SN TEY, RA B XU 4-0x0-RA JHE2 G 7= RAR 7 2= A MNEMEDHIE
DIEMEICITTE TR bDEBEZ LD,

AL B 7K (Table 4-5) & Fof& IRk /K (Table 4-7)I2 4517 5 RA JH, 4-ox0-RA B DR
g U, IHMEGTEERIC X2 BEWE ORERZRDIZ L Z A, EZE0O WWTP-D @ STEP #£F &
O'WWTP-E Tl atRA DR LN Z N Z1 9.4%5 L UNB8% Th - 7203, 24 6 LIS CTILiZIE 100%
DRENMTHOI ARA-EQpem & L TH Z D 23 B2 BRWTRIE R IR E ST = (Fig. 4-3),
UL EOFER S, 4 FED RA FEH, 4-0x0-RA FHITAHL S 2UZ K & FIHMEVGIRIAERIZ K » T BRI
HEINDH, —EONIRE CIXEZIC atRA DERE T2 RO H 5 2 & B HEE S iz, WWTP-D
Tl CAS V£ & STEP IETRELDMTHOILTUNZ2S, CASVETIZEZTRIZ atRA 238 L T\ Tz
ZEMn, STEPEIX atRA VR LT K RO AN H D B 2 b,

atRA-EQuio DERZER Y . HFED WWTP-D @ CAS %R E 88%LL ED @ Ml %27~ L(Fig. 4-3).
NAFTT v EAETHM L7255 TH, RAR 7 3 =& MNIJEMEBIRLELIZ X > TRFIZERES L
5L EBMERS N, — 7. FEZFO WWTP-D @ CAS EIZH W TiE, atRA-EQuen H(RA it L
4-0x0-RA FE)IZAWEE TIRIFRARICRE SN TV LT, m&TRBmEiKICB T2
atRA-EQuio I X ML K DE L V b E< 720 (BREFR L L TUd~A F & & 72 o 7= (Fig. 4-3),
ZOFERNES L BEID 4 WE LSO RO RAR 7 I = A h NEMIGIRAELIC X - CTApk L7- AlRE
PERBZ BT, £Z T, RIS 2T LT, BIORHNIAT 572 3 BIOFRERRAIMZ THE 5
[ DFIA ZAT - 7245 R 2010 4F 3 H LIFMZ, 2009 4F 12 H T b RO BIG: 23 i S 717 (Table 4-8),
ZOZENL, BEITTAKFOFEE/ RAR 72 =A N Th?d RA Fi. 4-0x0-RA FHIZIETEIGTEAL
PIZ K> TRAFCAEE S 4L, BKE LTOEES H2ICBREIND D, BEIT L > TUILFRITHE
S TRIDO RAR 7 A=A FHERK L, atRA-EQuio 23 EH- L TLE 9 AlREMED H 5 Z & 3R
Nz, ZOXkHRBENED LN L&D, atRA-EQui DIEIF(REID RAR 7 =2 M DR &
AR DBRERBAEIC OV TIIIME 2R RIRBIRIT 22 < L REIDO RAR 7 F =2 R E T GG
FEZOWTITHIREIC T 5 2 LIXTE TR,

4724 BROBTRIZBIT S RAER XU 4-0x0-RA EHDEE)

HESRALBLY RAJEE KON 4-0x0-RA FEHD W RAZ KT TR AR T 5 720 | LB O /K
281D RAR 7 2= A MEME L RAFHE LU 4-0x0-RA FHD E & 217\ \(Table 4-9), = OFE R L &%
FEUL B B K DG 5 (Table 4-7) & bhig U7z,

JEEAIZ 31T D RA KIS KON 4-0x0-RA FEH O JE Hof Bk, BEL TR FIRMECRT S, £ 72 13
SN EEPFUERM T > 7273, atRA BFEZFED WWTP-A, WWTP-D @ STEP (£ L
WWTP-E, EZD WWTP-E @ 4 3k T, £72. 4-0x0-13cRA 28 EZFD WWTP-D @ STEP D 1
SHEFCRHIE S 7z, atRA-EQu fEIL. #FZED WWTP-D ¢ CAS 7T 10.0 ng/L O @i %77 L 7= ISk
I, ATEVEEZ R L7, atRA F£7-213% 4-0x0-13cRA 23 H & 172 5 30BF Tl atRA-EQghem 12 L
T atRA-EQuio [EMEL 22 o 723, ZHHIFEAA AT v A OEENRBO NI RETHL, B
TR Lo CTh, BN L > THBEEFRIEAMN AR T 5 2 & (GRE 5,1980), 7=, A
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BATE  TFAMERICEIT D RAFHE LU 4-0x0-RA FEH O ZE ) D fif B

WHEACBMNAA TT v B AL EREE RFTAEEOH 5 Z LA RESN TS (EAS,
1997),

HZRZ WWTP-D @ STEP kD e #& UL BB K TRl S4u7z atRA 13, HEFR L% OFREID D
IR S e d o 1o, — 05 RIS R A& TR BB K T atRA 238 H S 7z 3D WWTP-E Tl
WAL O FEHEAK TE OPRRE NI 35D 14.6 ng/lL 12 E5F- Uiz, F 70 &b itk Tt atRA
DR SN TV ho 72 3 ik CHE B IZ atRA S & D Lo 127> 7=, —JF . WWTP-D
D CAS E(FEZR) D e A& b Bl K TR S 7z 4-oxo-13cRA [ SFALE IS 13 R i S e < 72
STy, T, HFED WWTP-D @ STEP {EIZ 30U T E UL K Tld S Tune o
72 4-0x0-13cRA NWHEFFZ IR SN D L 51 oTc, T 2T, St Ea Bk & SR s
B OB OB T T 572 o> T D 23, EFRWBE 3T 2 IE RN Ch 2 2 & %
ZET DL ZOMIZRAR 7 A=A F O AN KIEIZZ L L, AFRORRITHE L
EIXE D, BT ED, RAER LTV 4-0x0-RA FAI, HEFRWERIZ LV /0 ST CIHKR
L720 . F¥T, IS 0ORIEED B O PN AT D Z LIC K> TAER LY T2 FHE
oD ERHREINT,

4323 TRR7Z L 92, FEFEDO WWTP-D O CAS IEIZBWTIE, EMEGIRAELIC X > T RAKE
BEL OV 4-0x0-RAFHD 4 WVE TIX72 VRO RAR 7 = A MR L TW2b D EFE X HILTZM,
BRI B K O atRA-EQpio 23 19.5 ng/L Tdh - 7= DITxF L, HFEAEE% 1213 10.0 ng/L (2X°
R T L7z, 6o T, IEMIGIRAER CAER L7 RO RAR 7 =2 ME, HHRLIIZ LY H 5T
FEI RSN D ATREVENR B 203, ERICIERESNTICHARRIER SN D /LD H 5 Z &M
R I Tz,
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Table 4-8 RAR agonist contamination in the CAS system in WWTP-D on different sampling dates

Sampling date Sample Concentration (ng/L) atRA-EQchem atRA-EQpi;,  DOC Removal (%)

atRA 13cRA 4-oxo0-atRA 4-0x0-13cRA (ng/L)? (ng/L)

December 24, 2009 Point 1 14.2+2.0 ND" [5.1+1.4]° 4.1+0.3 56.7£1.7 47.4+2.2 35.3 73
Point 2 ND ND 0.6+0.1 3.5+1.0 3.7+0.6 43.0
Point 3 ND ND 0.6+0.1 2.0+0.6 3.2+0.5 35.2

March 19, 2010 Point 1 ND ND 2.1+0.1 42.9+1.3 24.4+0.6 17.8 22
Point 2 ND ND ND 0.8+£0.2 1.620.1 19.5
Point 3 ND ND ND ND ND 10.0

May 13, 2010 Point 1 3.1+04 ND ND 20.6x0.6 11.8+0.5 21.6 71
Point 2 ND ND ND ND ND 0.9
Point 3 ND ND ND ND ND 0.9

June 2, 2010 Point 1 3.2£04 ND 15.7£1.0 9.1+£0.3 50.7x£2.7 24.3 62
Point 2 ND ND 1.1+0.3 ND 3.6£0.7 4.1

August 9, 2010 Point 1 10.0£1.4 ND ND 55.3+1.6 32.0£1.5 25.8 82
Point 2 ND ND ND ND ND 15
Point 3 ND ND ND ND ND 0.7

& AtRA-EQghem Value was estimated with the method shown in Table 4-6.

b Not detected.
¢ The same as the footnote ¢ in Table 4-5.
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Table 4-9 RAR agonist contamination in the final effluents after the chlorination

WWTP  Biological

Sampling date

Concentration (ng/L)

atRA- EQchem (ng/l—)a

atRA-EQuio (Ng/L)

treatment atRA 13cRA 4-oxo-atRA 4-0x0-13cRA
A CAS March 12, 2010 3.9+1.0 ND" ND ND 4.6+1.0 (166%)° 2.8
August 3, 2010 ND ND ND ND ND 2.4
B CAS March 11, 2010 ND ND ND ND ND 0.6
July 27, 2010 ND ND ND ND ND 0.7
C CAS+A20 March 11, 2010 ND ND ND ND ND 0.4
CAS+A20 July 27, 2010 ND ND ND ND ND 0.1
D CAS March 19, 2010 ND [1.2J_r0.3]d ND ND ND ND 10.0
STEP 5.7t15 ND ND ND 6.5+1.5 (403%) 1.6
CAS August 9, 2010 ND ND ND ND ND 0.7
STEP ND ND ND 1.6+0.5 1.940.3 (2377%) 0.1
E AO March 12, 2010 2.3+%0.6 ND ND ND 3.1+0.6 (1528%) 0.2
August 3, 2010 14.6+£3.8 ND ND ND 15.3+3.8 (15337%) 0.1
F CAS+A20 March 18, 2010 ND ND ND ND ND 0.2
CAS+A20 August 5, 2010 ND ND ND ND ND 0.1

& AtRA-EQghem Value was estimated with the method shown in Table 4.

b Not detected.

¢ The same as the footnote d in Table 4-5.
4 The same as the footnote ¢ in Table 4-5.
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FAFE  FAKMEZIZBIT D RAFEEB LU 4-0x0-RA FH D ZEE) O fiBF
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Fig. 4-3 Removal of atRA-EQu, (filled bar) and atRA-EQcrem (Open bar) in March (above) and July to August
(below), 2010.
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WIZ, 25 OWERERICE T 5 atRA-EQpio & atRA-EQenem DIRIFROE L2 thls 2 & F2BR% I
[ZBWTIE, BIROFEHIC X 59 atRA-EQpio & atRA-EQenem 23 [AAEDRRIG AL 2R Z L NH L L A2
- 7= (Fig. 4-4 (d), Fig. 4-5 (d)), ZEBR-R 1 IZHBWTIX, BiGEZHW A, atRA-EQui 1% atRA-EQchem T
HA_RTE TR TIL S D AR OBAMEN 277 L, 10 R ICIXIZFE5E2ICBR £ S iz ot L(Fig.
4-5 (b)), A{GEEHIWTZ5E1TIE. atRA-EQp, DERAFR DRI atRA-EQuem DERAFHR L 1T R E <
720 | atRA-EQenem (3 5 FFfH 2 F TITIZITZERICERE SN2 DITxE LT, atRA-EQuio DI ITFEH 12 HE
MTH Y, 10 B TH 50%LL BN L2 (Fig. 4-4 (b)), LLEDFERNS ., ATBIEE W= EBR R
| Tlid, REDORAR T A=A hDARNH SN E 257,

ATGIRE AW BERER B\ T 4 MEOKF D OEREIX, RABIZIBREEDFFNREN &
[ZXF LT, 4-ox0-RA BUTTGIRWAE TN A TAEDRIZE 2 F 5 HbRENT ENE, RAORAR T F=2
N T 4-0x0-RA JHDE N FRIZFE - TH R L2 AIREVENE 2 BTz,
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Fig. 4-4 Fate of atRA (open circle), 13cRA (open triangle), 4-oxo-atRA (open square), 4-0xo-13cRA (open
diamond) (a, ¢), and atRA-EQcnem (closed circle) and atRA-EQpj, (closed triangle) (b, d) during system I (a, b) and
system 1l (c, d) using sludge-A when all of RAs and 4-ox0-RAs were simultaneously added.
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Fig. 4-5 Fate of atRA (open circle), 13cRA (open triangle), 4-oxo-atRA (open square), 4-0xo-13cRA (open
diamond) (a, ¢), and atRA-EQcnem (closed circle) and atRA-EQui, (closed triangle) (b, d) during system I (a, b) and
system 11 (c, d) using sludge-B when all of RAs and 4-ox0-RAs were simultaneously added.

4.7.32 TEMETBIRIZ K B 4-0x0-RA BHDSFFRICFE 5 RAD RAR 7 =R MMERLDRREE

4331 XV, 4-0x0-RAJHDAEFREDIBFE TR D RAR 7 2 = A MMEFRO AIREMENHEER SiLiz 2 &
B IETEBRAEICE T 2RO RAR 7 =R MEROFEMICHMICT 5720, A HIREZ VT,
4-0x0-atRA & % VM 4-0x0-13cRA % BTSN L 7= 8155 LB e 2 S0 L 7=,

4-ox0-atRA ALERERER IZ351F 5 4-0x0-atRA, 4-0x0-13cRA. atRA-EQpio. 35 & OV atRA-EQchem D FRAT-ZR D
At % Fig. 4-6 |Z/~x9, 4-oxo-atRA [X 2 B[4 % TIZ 99.5%8/) L, 4-0x0-13cRA MMEMNIZARR L7223,
D% EE FIRMELL T £ Tl L7=(Fig. 4-6 (2)), F7-. atRA-EQenem (X, 4-0x0-RA FHD /I - TIK
U, 2 W% £ CITIZFRTGFED 0.8% & 72 > 7= DIZxf L, atRA-EQpio 14 0.5 FFflijt: £ CIZ 132.6% F T Lk
AL, TORESLHIZHAD LIcbDD, 10 F#ETH 73.8%035%(F L Tz (Fig. 4-6 (b)), )7,
4-0x0-13cRA MLEEFAER 1Z351F 5 4-ox0-atRA. 4-0x0-13cRA. atRA-EQyio. 33 X TN atRA-EQchem DFRAFHR D
2% Fig. 4-7 |27~ 4-0x0-13cRA 1%, 0.5 Fffi]#4 &£ TIZ 30.8% A L, ZD%IES HITE &4eiT. 5
R (VTR RN 3.3%I2 72 o 7= (Fig. 4-7 (@), Z DM, 4-oxo-atRA 7S FEBRFIHNfE T AR L7228,
ZD#%I1L 5 K% £ TICE = FIRMEREEIC £ Tl L7 (Fig. 4-7 (@), F£7-. atRA-EQpem X, 4-0X0-RA

FEOWD - TIRT L, 10 Witk & TITIXFRGFEN 0.5% & 72 5 7= DITkE L, atRA-EQuio 1%, 0.5 FFfH
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Table 3-4 (2779 4T HPLC 3y ilZ ik L. 2 43 llA CTor B L7253 O RAR 7 = 2 MEMEZHIE L7z,
4-oxo-atRA JLEEFRBR F L U 4-0x0-13cRA LEEFRBR I B 1T i A £ 21 Fig. 4-8 B L UVFig. 4-9 IR
9, HPLC 70T D5 . 0 BERIZ B Wi, W L 7= 4-oxo-RA FED v — 7 73 H & 7u(Fig. 4-8 (a), Fig. 4-9
(@)). RT24-28 73IZHHZE 72 RAR 7 = = X MEMEDSFRH S 472 (Fig. 4-8 (b), Fig. 4-9 (b)), —77. 10 Iff# 1%
DFEHZ BV TIE, 4-0x0-RAFHO B — 7 ITiHA L, DV IT RT 22-26 7372 0 ICHEEDOBEE e — 7
S EL L 72 (Fig. 4-8 (), Fig. 4-9 (a)), Z @ 10 Fpfi# OEID RAR 7 F =2 MEMZHIE LIz & 2 A,
FTACHBL L7 B — 27 3G £405 RT 20-26 47 D 3 W47 IZ#H 3 72 RAR 7 2 = 2 MEMEDHR H & 7= (Fig.
4-8 (), Fig. 4-9 (c))e ZDOFEBRORY TiX, FoICHBLLIEZNOOWENR ED K 5 WE Th 5 0NNEH
LI TE TRV, 4-0x0-RAFHDSRIC LY . BEOKRMD RAR 7 2= A MAERKT 5 Z & 23
HINZRoTb D ENZ D,

UL EDO®E L Y | 4-oxo-RA BITIEMETGIRALFIC L » TRIFICHREEND OO, M LSRR L
IZE D ERICER LI TS DT TIER L, —#HIX RAR 7 3= MNEMZ R OMOWE ICHRE S
TRFKE L THIREN TV D AR H D Z L R BN E o7z,
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Fig. 4-6 Fate of 4-oxo-atRA (open square), 4-oxo-13cRA (open diamond) (a), and atRA-EQcem (closed circle)
and atRA-EQy,, (closed triangle) (b) during system | using sludge-A when 4-oxo-atRA was added.
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Fig. 4-7 Fate of 4-oxo-atRA (open square), 4-oxo-13cRA (open diamond) (a), and atRA-EQcem (closed circle)

and atRA-EQy,, (closed triangle) (b) during system | using sludge-A when 4-oxo0-13cRA was added.
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Fig. 4-8 HPLC chromatograms of the samples after 0 and 10 h treatment of 4-oxo-atRA by intact sludge-A (a).

The detection wavelength was 360 nm. RAR agonistic activity of the HPLC fractions collected at 2-min intervals

from 0 to 44 min for samples at 0 h (b) and 10 h (c). Relative RAR agonistic activity was calculated by setting the

maximal activity of atRA to 100% and the activity of the negative control to 0%. Data shown are the means + SD

(n=3).
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Fig. 4-9 HPLC chromatograms of the samples after 0 and 10 h treatment of 4-oxo0-13cRA by intact sludge-A (a).
The detection wavelength was 360 nm. RAR agonistic activity of the HPLC fractions collected at 2-min intervals
from O to 44 min for samples at 0 h (b) and 10 h (c). Relative RAR agonistic activity was calculated by setting the
maximal activity of atRA to 100% and the activity of the negative control to 0%. Data shown are the means + SD
(n=3).

48 FEH

AETIX, FTAKFO RAR 7= & L THIE SN/ RA FH@RA, 13cRA)F LT 4-0x0-RA #H
(4-ox0-atRA. 4-0x0-13cRA)D T /KMFRIZI T 2 2@ 2 M2 572D, EFAfIHIE S LCIMS 2ot
TR DT E DI FIEZ RS L, fkx RIEPEGIRAEEZ B LT % 6 DOHRT FARLESIC
B 5 4WEDOFE) L RART F =2 MEMEOHRE Z A LTz, S HIZ 4 WE OBl 5 IR S5 2 F2if L
TEMIGIEERIZ 31T 5 4 WE O BREFRME O 2 3872 72,

TE RN FEICBET D MEtORR, Kk L7zEEREESE pH : J8E3, 1T L2ar7 v a=
7 MeOH & iBHli/K, /K% DY : 40%CHZCN), HPLC 43 [H1Z L A (T /KB D A), 38 L O Table
-8\ TR THRMFITBIT D LCIMS T 2l A &b 5 2 & T, Tk, FAMLELK O RAFHE L U 4-0x0-RA
¥z HOBRETEMIIOIT TEDLZ ENHALNE T2,

WeSr LT 8 BT Pk AW T2 2 FKMBRIGIC B DREICRB W T, [AE L7z 4 WE DR F AR o
FHe RAR 7 2=A FTH Y, BRI & O FIEMEBIRMABIC L » THE L TRAFICHRES R

LZERWBMMERRoT, L L, —HOLHIGIZIHB N T, 4 WEPBRESNTZDOIZHE ) H T, RAR
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TAZAMPNEGATDHIENRDH Y, HAEICE o TUREHGTRLERZ X - TRMO RAR 7 2 =X M H/E
T D AREMED B D Z & HELRR ST, E o, IEMEGTRALECHE TR ILERIC K - T atRA X 4-0x0-13cRA
TR LGS 2 & bR STz,

TEPEGIEZ AT 4 W OBl 53 AR 12 3\ T 4 W 2 [RIRFIC I U 72 AR Cld, RARIH
RMNITIHIRICHEE L, KFDDRESND Z EMRB I NIz, —JF, 4-0x0-RA FHOKF DD DOFRET,
VGIRRAE M Z T, IEYEBIEMAMC X2 0L HORERESFET L R shi, £z,
4-0x0-RA B D /) fIEIBFE TH 7272 RAR 7 T = A MWK « BAFTHZ L LN E a7z,
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RAR 7 =2 MERZRILTFWEIL, thx 7 BT DN IHERE & BEEL L. KA TR R
Wi CORBRAEREELZG SR I LA KBEEVTOBENR) A7 77 7 2 —ThdZ ERH LM
IS o2H 5, LAL, RAR 7 3= MZ X HKEEHICET oaAIE, HRAMICATHZ L,
T —HEREFRYE D RFE SN2V ORBURTH 5, FRZ, BBEICBWTIZZINET, RART
= A M X DKREEIFICBET 2 AT AL TV RV, & 2 TRIFFETIX. BARDKESRIZK T
% RAR 7 T =A MEYEOFEREEMATHZ L 2B E LT, SEOFEMIEEIT- 72,

1B TlE, RA OWMEHEIS & 72 5T AREEICET 2BEMOMm L2 # L TRAR 7 I =X M3 b
O THELZRET D L EBIC.RAR 7 =& MI X H/KBREEGYCE L CITh - BRI ZE 2 5B L,
AW DOBE L LT,

atRA 35 LTV 9cRA IE RAR L DB AT LT, FHEEMWM O RCIREEA, 48, Mldab, TEHEME
DHEFFHIC B 2B EZ R LTV DH Y, ZOREERUL, Z72AMEICH LT, BEERRTE 21T 0
DRk & RAREE LS SR ITZERALNTWD, STRAAEL V., T, ALRSHREOKEREIZE N
T.RAB L FBEOIEMA Z 5 X 2 RMD RAR 7 2= Z b 3K & HER & 2 B A2 AR )~ 0D FE 0
ELTWAHZ ERRALNEolz, ZIUD OREIFHIFRAYICEfN 72 kD KERE T RAR 7 F =X K5
PRELTNWDHZ EARLTEY, RAR 7 F=X MNEGREBIEFPRMETH L 2 2R LTS, F
7o HEOTAKHE, &HDHWIETFKRLEKF O L RAR 7 2 =2 I 4-ox0-atRA 35 & TF 4-0x0-13cRA
ThHDHZERHALNERST2D, ZOFEFZERNTE, FHEWEIXFRE SN TN ERA LN E R
ST, TOXEIRBURMNSG, RAR 7 T=A MZ XD RHMDY A7 ZE L EE L, ZDIEYRITKT 5
B7extiR Z2i LT 7291, BARDKEREEIZE TS RAR 7 A=A MEROFEREEZHALNITHI L
WRBEThHd EEZ LN,

B2 IR, O ARG X ON)INC BT, BERE two-hybrid (5% W23 4T v A 12X
D RAR 7 F =X MEYQDOFA A FEM L, AARDKEEEFIZR T 5750 DF ML RAR ~ U T R ~Difi
BTEMER— 2 THIE L 7=,

KB TD 4 SO T KRG BT 23E 5 R X 679, FTARPIZIZEERIZ RAR 7 2 =2X
MEVERFEL THND ZERALNE oz, o, FRLBAKFNG S RAR 7 2= MEMEA T
ENTZNR, ZLALEO LRV TIE o7, L L, TEMEAELK 25 5 58210 BRE S I ki &
WL UL TERFTAHALH 722 £ 23H  RAR 7 2 =& b3 FAKMLEE 7> B I K ISt S v 7]
REMED R STz, — 7. BEBEW-EKR I L OEA)IKRIZE T HiEN 5, HETeREENC X 697,
JIKHIZ HEERIZ RAR 73 =2 MEEDBFELTEY . WINOWIITYH, TR OR:E DO Hi T
PEHGHEVNEMEDS R S D Z EDRHA B E o7, FTo, RO AT A RARLE CZRBITHERT 5
e EDCS(ER 7 A=A NE)D E727HY R E L TH LTS FALESE X 4T LH RAR T T=2R
NMBYD FEF/RVGYE TN & AURE 4L, B 2 IR EBAFIE L T D 2 LR R ST,
Flo. AETHRIE SN RAR T =2 MEMIZ, PESLA =AM U7 THRIEESNAZRAR T F =2 |
Lo L RIFREDIBY L~V T D Z E AL E 7o 72N, KAEEMICEREEEL KIET atRA O
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el Sz, LovL, —EOLBG IR W T, AWENRBRESNIZDIC LD LT RART F=2 |
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IZIBIRICEAS L, KT BBESND Z ENHA LIRS 7203, 4-0x0-RAFEHD KT 2B DBREICIE, 75
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