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EstrogenconIugates（estradiol-3-glucuronide，-17-glucuronide，estrone-glucuronideand‐sulfate）weresubjectedto 
photodegradationusingtitaniumdioxideimmobilizedonglassbeadsasacatalyst・Theirtimecoursesweremeasuredby
HPLCandcomparedwiththoseoftheuncolUugatedestrogens、Estradiol,iｔｓｌ７-glucuronideandestrone,whichhavean
uncol0ugatedphenolichydroxygroupattheC-3position,werealmostcompletelydegradedbyUVilTadiationwithin4h 
Ontheotherhand,significantamountsofestradiol-andestrone-3-glucuronidｅ(CCZ､２０％,２５％)andestronesulfate(cα、
90％),whichwerecolUugatedatthe3-hydroxygroup,remainedaftera65hirradiation・Theseresultssupportedthe
hypothesisthatthephotodegradationofestrogenswasinitiatedatthephenolichydroxygroup． 
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wasmonitoredbymeasuringtheremainingsubstratebyUV-
HPLC． Introduction 

lnrecentyears，thelehasbeenincreasingconcernoverthe 

endocrinedisluptingeffectoftheendogenousestrogensand 
xenoestrogensinenvironmentalwaterthroughtheexcretionsof 

humans，domesticandfannanimals・Amongtheendogenous
estrogens,estradiol(E2)showsthehighestestrogenicpotential 
fOllowedbyestrone（E]）whicharefOundinmanywater 
systems，suchasriversandtheeffluentfromsewagetreatment 
plants・l-51tisnotedthatestrogensaremamlyexcretedas
coIUugatessuchasglucuronideandsulfate､6,7Althoughthe 
estrogenconjugatesdonothaveestrogenicactivities,theycan 
actasthehorlnoneprecursorsbydeconjugationduringthe 
processofsewagetreatmentusingactivatedsludge・Itis
difficulttocompletelyremovethesesubstancesfTom 

environmentalwaterbytheusualmethodsusingsewage 
treatment,4,8andtherefOrethedevelopmentofnovel 
technologiesisnecessarytoovercomethisproblem・

Photodegradationusingasemiconductorphotocatalystas 
typifiedbytitaniumdioxide(TiO2)isoneofthesafe,effective 

andpromisingenvironmentalcleanuptechnologies・Itwas
reportedthatE2inanaqueoussolutionwasphotodegradedand 
mineralizedtocarbondioxideusingTiO2particlesorfilms 
underUVlightirradiation9JoThemechanismofthe 

photocatalyticoxidativedegradationofE2suggestedthatthe 
phenolichydroxymoietyofE2wasimtiallyattackedbythe 
hydroxylradicaLwhichwasgeneratedbytheUVilTadiationof 
TiO2mwater.，’''’'２However,ｉｔｈａｓｎｏｔｂｅｅｎｃｌarifiedthatthe 

estrogenscolUugatedatthephenolichydroxygroupareableto 
bedegradedbyphotocatalyticdegradationusingTiO2、
Ｉｎｔｈｉｓｐａｐｅｒｗｅｄｅｓｃｒｉｂｅｔｈｅｔｉｍｅｃｏursesofthe 

photodegradationofestrogencolUugatesusingTiO2 
immobilizedonglassbeadsasacatalyst,whichwerecompared 
withthoseoftheuncolUugatedestrogens(Fig.１)．Thereaction 

Experimental 

ＭＺＪｒｅｒｊａＪｓα"‘だage"応

E2andE1weredonatedfromTeikokuＨｏｌｍｏｎｅＭｆｇ 
(Kawasaki,Japan)．E23-glucuronide(E23G),E217-glucuronide 
(E217G)andEIglucuronide(ＥｌＧ)werepurchasedfromSigma‐ 
Aldrich(St・Louis,ＭＱＵＳＡ)．EIsulfate(EIS)waspreparedin
ourlaboratolyfromElbytheusualproceduleusingthe 
chlorosulfOnicacid-pyridinecomplex 
Thephotocatalyst,ＢＬ２５ＤＸ（diameter,２．５ｍｍ;membrane 

thickness，ＬＯＵｍ；TiO2immobilizedonglassbeads)，was 
purchasedfTomPhoto-CatalyticMaterials(Komaki,Japan)． 
OasisHLBcartridges（６０ｍｇ,３ｍl）(Waters,MilfOrd,ＭＡ， 

USA)weresuccessivelyconditionedwithmethanol(ZmDand 
water(２ｍl)priortouse． 

A〃αmtLls

HPLCwaspeIfOrmedusinｇａＰＵ－９８０ｐｕｍｐ(JASCOTokyo， 
Japan)equippedwithaJ，spheleODS-H80column(４１１，，１５０ 
×４．６ｍｍｉ,..）（YMC，Kyoto，Japan）andaSPD-10AUV 
detector(Shimadzu,Kyoto)．E23GandElSweremonitoredat 

275ｎｍａｎｄ２６９ｎｍ,respectively・Theothercompoundswere
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ThispaperisdedicatedtoProfessoｒＨｅｉｎｚＧ、Floss

(WashingtonUniv.，ＷＡ，ＵＳＡ）ontheoccasionofhis70th 

birthday・

fTowhomcorrespondenceshouldbeaddressed 

E-mail:mitamura＠pkanazawa-u・acjp FiglStructuresofE2,EIandtheircolﾘugates． 
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2(〃＝２，mean)．Ｅ2,E217GandEI,whichhaveanunconjugated

phenolichydroxygroupattheC-3positio､，werealmost 
completelydegradedafler4hofUVirradiationbyfirst-order 
kinetics・Theirdegradationrateconstantsｗｅｒｅ1.7×l0-2min-1
[coefficientofdetermmation(戸)＝0984],１．５×l0-2min-l(72＝
0.991）ａｎｄ１．５×10-2min-l（津＝0.991),respectively、Onthe

otherhand,thedegradationratesofE23G,ＥｌＧａｎｄＥｌＳ，which 

areconjugatedatthe3-hydroxygroup,welemuchlowerthan 
thoseoftheaboveestrogens・E23GandElGweredegraded

slowlybyfirst-orderkinetics[3.6×10-3min-I（r2＝0.967)ａｎｄ 
3.4×l03min-l(涙＝0.938),respectively],andca20and25％of
thesubstratesremainedaftera6､Shirradiation,respectivelyln 

thecaseofElS,Ｃａ､９０％ofthesubstratestillremainedattheend 

oftheirradiationanditsdegradationorderwasuncleamE2was 

almostquantitativelyrecoveredfromthereactionmixtureunder 
thecontrolconditions，ｓｕｃｈａｓｎｏＵＶｌｉｇｈｔｏｒｃａｔａｌｙｓｔ・These

datashowedthattheadsorptionofestrogenonaphotocatalyst 

wasnegligibleandthephotocatalysteffectivelyfimctioned 
Asdescribedabove,thehydroxylradicalwasgeneratedwhen 

TiO2wasirradiatedbyUVlightinanaqueoussolution・lL12The
oxidationofthephenolichydroxymoietyofestrogensbythe 
hydroxylradicalwaslegardedastheinitiationofthe 
photocatalyticdegradationoftheestrogens､gTheresults 
describedinthispapersupportedtheabovehypothesisand 
showedthatthe3-hydroxygroupofestrogenisimportantfOr 
thephotodegradationThecatalyticeffectoftheother 
photocatalystsonthedegradationoftheestrogensconjugatedat 
the3-hydroxygroupandtheinvestigationofthefOnned 
degradationproductsarenowinprogressinourlaboratory． 
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Fig2Photocatalyticdegradationofestrogensusingphotocatalyst 
underUVirradiation（〃＝２，mean)．●，Ｅ２；○，Ｅ,；■，Ｅｚ３Ｇ；□，
E217G；▼，ＥＩＣ；▲,ＥｌＳ 

monitoreｄａｔ２８０ｎｍＴｈｅＨｏｗｒａｔｅａｎｄｃｏｌｕｍｎｔｅｍperature 

weresetatLOmlmin-land４０°Ｃ，respectivelyAsamobile 

phase,methanol-water(7:3,Ｖ/V)wasusedfOrthedetennination 
ofuncoIljugatedestrogens[E2(ｊＲ４３ｍｉｎ)ａｎｄＥ,('R４．６ｍin)]， 
andmethanol-watercontaining5mＭｏｆＨＣＯ２ＮＨ４ｗａｓｕｓｅｄ 

ｆＯｒｔｈｅｄetelminationofconjugatedestrogens｛ＥＩＳ（l:1,Ｖ/ＷＲ 
５３ｍｉｎ),Ｅ２Ｇ［Z:3,Ｖ/v;/Ｒ７３ｍｉｎ（3Ｇ),７．８ｍiｎ（l7G)］ａｎｄ 
ＥｌＧ(2:3,Ｖ/ＷＲ７９ｍｉｎ)}・

AVL-4LCblacklightlamp(３６５，，，４Ｗ)(VilberLounnat， 
Cedex,France)wasusedasthelightsource． 

P/zorode8m〃jo〃q/esjmge"s

Theethanolsolutionofestrogenwasdilutedwithwatertol 

UM（theethanolconcentrationwaslessｔｈａｎ0.396,Ｖ/v)． 
Photocatalyticglassbeads(cα､１３．６９)werespreadtocoverthe 
bottomofaglasspetridish(diameter,８ｃｍ),andtheestrogen 
solution（111Ｍ,１５ｍl)wasplacedinthedishThepetridish 
wasplacedinalightshieldedbox[22.5(wide)×１３．５(depth)× 
１６ｃｍ（height)Landirradiatedbyablacklightlamｐｌ６ｃｍ 
ａｗａｙｆＯｒ６､５hFivehundredmicrolitersofsolutionwas 
sampledevery30minandthensubjectedtoanOasisHLB 
cartridge・Afterwashingwithwater(２ｍl),estrogenwaseluted
withmethanol（1.5ｍl)ａｎｄevaporatedunderaN2gasstream 
Theresiduewasdissolvedinmethanol（５０Ⅱl）andanaliquot 

wasappliedtoanHPLC 
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比coveDW・esrmge"s

Theestrogensolutions（１ＩＬＭ,500111)ｗｅｒｅsuhjectedtoan 
OasisHLBcartridge,concentratedandthenanalyzedbyHPLC 
asdescribedabovewhichwereusedastheOminilluminated 

samples・Thepeakareasoftheestrogensinthesesampleswere
comparedwiththoseoftheexpectedamountofauthentic 
estrogens,andtheobtainedrecoveryrates(cα､８０％)wereused 
fbrcolTectionoftheConcentrationinthefOllowingexperiments． 

ResultsandDiscussion 

Thetimecoursesofthephotocatalyticdegradationsofthe 

estrogensusingthephotocatalyticglassbeadsweremonitored 
bymeasuringthe1℃mainingsubstratebyUV-HPLC、Analiquot
ofthereactionmixturewassubjectedtothesolid-phase 

extraction，concentratedandthenanalyzedbyHPLC，because 

theUVdetectordidnothaveenoughsensitivitytodetect 

estrogenswithoutpretreatment、

TheresultsofthephotocatalyticdegradationareshowninFig． 


