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Abstmct 

DietaryintakcofdioxinswasestimaIedbyduplicaleportionanaIysisofconseculivethree-dayfbodsamples 
among65menand234women(agedl7-72years),whowereIivingin60diffCrenlarcasof20prefCcturesin 
Japan・Themeam(media､)intakeofPCDDs+PCDFs,coplanarPCBs(co-PCBs)andtotaldioxins,expressedon
thebasisofloxicitycquivalents(TEO),was0.51(0.38),0.64(0.43)and1.16(0.84)pg/kgbodyweight/dayb 
respeclively・InmultipleregressionanaIysis,diclaryintakcoftotaldioxinswasassociatedwithintakeamountof
fishandsheUfish,andmnkanddairyproducts･Proporlionofthosewhosedietaryintakeexcecdedthetolcrable 
dailyintake,setbytheWbrldHeaIthOrganization(4pgTEO/kg/day)andEuropeanUnion(ZpgTEO/kg/day)， 
wasestimateda12.7％ａｎｄ12.5％,respectively･Howevelbthesepmportionswereconsidercdtobeoverestimated 
becauseoftheeffectofday-to-daywithin-personvariation･Therefbre,theratioofwilhin-andbetween-pcrson 
variancewasestimaIedbyapplyingrandomcffCctsoncwayanalysisofvariancetorepeatcdmeasmemenIsfOr 
anolhergroupof35persons・WhenIheeffectofwithin-personvaliationofdictaryintakewasexcluded,the
proportionofsubjectsexceedingtheTDIofWHOandEUdecreasedt00.09％and4.2％,Icspcclively6 

Intmduction 

Polychlorinateddibenzop-dioxins(PCDDs),polychlo｢imateddibenzo-fUrans(PCDFs)andcoplanar 
polychlorinaにdbiphenyls(co-PCBs)arelipophilicandpersistentenvironmcntalcontaminantsthatexhibita
varietyofloxiccffects1･IngcncralpopuIations,over９０％ofbackgroundexposuretodioxinsoriginatesfrom 
fbods・Therefbre,ｅvaluationofdietaryintakeiscrucialintheexposureasscssmcntofdioxins．

Therehavebcenalotofstudiesonthcdielaryintakeofdioxin-relatedcompoundsamonggeneral 
populationsofvariouscomtrics・However,mostoflhesepreviousstudieswerebascdonthemarketbasket
method,andthedistribulion(varianceorstandarddeviation)oftheintakeremainslmgeIymknown． 

InJapan,“Astudyontheaccumulationofdioxin-relaledcompoundsinhumans,，hasbecncarriedout 
underlhcsupervisionoflheMinistryofEnvironmentsince200Z・ThepurposeoflhisprOjectwasloassessthe
bloodlevclsandthedietaryimakeofdioxinsandrelatedfactorsamonggeneralJapanesepopulation・Inthis
papelilhcauthorsreporMhe４－yearresulIsofIhedioxininIake廿omfOods,estimaにdbydupIicateportion
analysis､Furthermore,theauthorsestimatedthcproportionofsubjectswhoselong-termdioxininIakeexcceded 
thelolcrabIcdailyintakMTDI),takingintoaccounItheday-to-daywithin-personvariation． 

Materialsandmethods 

ThestudypopuIationconsistedof299suhjects,65menand234women(agedl7-72ycars),whowererecruited 
from60differentsludyareasof20prefecturesmJapan(groupl).Theywererequiredtohavebcenagedl5-72 
years,IivinginthesamestudyareafbratIeastlOycars,andtohavehadnosevereanemia・Participationwas
essentiallyvolunlaly・ThepulposeofIhep｢esenIsludywasexpIainedthoroughlybandwriUeninfbrmedconsenI
wasobIainedfromeachpaIticipanLThcsurveyswerepe『fOrmedbetween2002and2005．

Allfboditemsormenusandbeverages,exacIlythesameasthoseconsumeddu｢ingconsecutivcthⅡ巳cdays，
werecoIlectedfmmeachparticipant､Foodsampleswcrcweighed,homogenizedandmixed,andsubjectedto 
anaIysisfOrdioxins･Inaddition,kindsandwcightsofallfboditemsanddrinksconsumcdwererecmdedby 
nutritionisIs= 
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A11measurementsofPCDDs/PCDFSandco-PCBsinfbodsamplesweredoneatIhelnslituleofGeneral 
SciencefbrtheEnvironmelDo,METOCEANEnvironmentlnc.,Shizuoka,Japan,byisolopedilution 
high-resolutiongaschromatography/mBIssspectromeIry(ＧｑＭＳ),ahcrliquid/Iiquidcxtractionandgelcleanup． 
Calculationoftoxicitycquivalent(TEO)wasbasedontoxiciIycquivalencyfactors(rEF)ofＷＨＯ1998.Zcro 
wasassignedlowl1ucsbe1owthedeteclion1imiL 

Singlemeasurementofshort-tcrmdioxininlakehaslargerstandarddeviation(S､)thanlong-termintake 
becauseofmndomwilhin-personvariation2､Therefbre,IoassessthemagnitudeofIhcwithin-and 
between-personvarianceofdioxinintake,fOodsamplcsofconsecuIivethrecdayswerecollectedthlpetimesin 
l991and2000,hom35persons(l8menandl7women,41-68yeaIsofage,group2)livinginChugokuregion・
Random-effbclsone･wayanalysisofvarianccjwasappnedIorepeatedmeasuremcnlsofdioxminIakeingroup2， 
inordertoesIimaleIheraIioofwithin-personandbetwecn-personvariancc(k=sw2/Sb2).UsingthcfbUowing 

認鯛騏iAlWI……a1i…SDofl．､…｡…|……iilmal．。
＝sb2＋ksb2 

wheresb2islhcIrucSD2・Normaldistributionwithameanof299subjects(groupl)andanSDwithno
within-personvariationwasconsidercd,andtheproportionsofsubjectswhosedielaryintakcexceededIhe 
tolerabledailyinlake(TDI),seIbytheWHO(1999)andEuropeanUnion(EU)(2001),wereestimaIed． 

ResultsandDU壁皿騒idDn

Themean(media､)TEQofPCDDs,PCDFs,co-PCBsandtotaldioxinswas14.97(11.41),14.羽(10.54)，
36.67(24.16)and65.89(48.63)pg-TEQ/daybrespecIiveIybThelaIgestproportionofPCDDs,PCDFsand 
co-PCBsderivedhoml,2,3,7,8-PeCDD,2,3,4,7,8-PeCDFandPCB126,respectively､THblelpresentsthe 
dieta｢yinIakeofPCDDs+PCDFs,co-PCBsandtolalTEO(pg-TEQ/kgbodyweighVday)accordingtosex,age， 
regionalblock,rcsidentialareaandcalendaryca瓜FOralIsubjccts,Ihemean(media､)intakeofPCDDs+PCDFs，
co-PCBsandIotalTEQwasO51(0.38),0.64(0.43)and1.16(0.84)pg-TEQ/kgbodywcight/daybrespectively6 
TheintakeofPCDDs+PCDFs,co-PCBsandtotalTEOsincreasedsignificantlywiIhage,butdidnotdiHer 
accordingtosex､Theintakeofco-PCBsdiffb｢cdnccordingtoregionalbIock(P=006),beingsomewhathigher 
inChugokuandShikoku,andKyushuandOkinawa･FishingviUagesshowcdthehighestintakeof 
PCDDs+PCDFs,co-PCBsandtotalTEOs,fbllowcdbyfarmingvillagesandurbanareas・Inmultipleregression
analysis,ＴＥＱｓｏｆＰＣＤＤｓ+PCDFs,co-PCBsandtotaldioxinsweresignificantlyormalginaUysignificantly 
associatedwithintakeamountofflshandshellfish,andmilkanddairyproducls(datanotshown)． 

TheproportionofthoscwhoseintakeexccededtheTDIsctbytheWHO(1999,4pgTEQ/kg/day)andEU 
(2001,2pg-TEO/kg/day)was2.7％and12.5％,respectivelyTheseproportionswercconsideredtobe 
overeslimaにdbccauselheresultswerebascdonsinglemcasurementof3-daysampIes・In35persons(group2）
withthreerepeatedmeasurementsofdioxininIake(N=105),themean,medianandgeomelricmeanoftotalTEQ 
wasL48,1.10andlO8pgTEO/kg/daybrespcclively､Usingrandomeffectsone-wayanalysisofvariance,the 
ratioofsw3/sb2fOrlog(totalTEO)wasestimaledat1.48,whichwasmuchlaIgerthanihatoflog(fbodweight） 
(0.50).In2g9personsofgroupl,log(totaldioxins)fOUowedanormaldistributionwilhameanof-O・l61andan
SDofO､771.Assuminganolmaldistributionwithameanof-0.161andanSDofO､779/(1+1.48)'厄=0.495,the
proporlionofthosewhoselog-termdietaryintakeexceededIhe4anｄ２ｐｇＴＥＱ/kg/daywasestimatedatOO9％ 
and4.2％,respectively． 

Tbourknowledge,thisisthcfirststudyloevaluaIethedistributionoflong-terminlakeofdioxins,using 
duplicateportionanalysisandsimultaneouslyaccountingfbrthewithin-personvarialion､Althoughverylow 
pcIcentofJapaneseadultswercconsidercdtoingestdioxinscxceedingIheTDI,itremainsunclearwhether 
generalpopulationsarenotatriskfbradvelsceffbclscausedbydioxins・AninverseassocialionbeIweenprenatal
PCBsanddioxinexposureandneurodeveIopmentofinfamshasbeenreportedamonggCneralpopulationin 
Europe,ｕｓ・andJapan43･Therefbre,itmaybcpludcnttｏｆUrtherdecrcascthedioxinintakeandbodyburdenby
rcducinglhereleaseofdioxinsintotheenvironmcnL 

２ 

HUMAN EXPOSURE I (LEVEL AND TRENDS)

Organohalogen Compounds Vol 69 (2007) P-221 1946



Acknowledgement 

ThisstudywasperfOrmedunderthesupewisionoflheJapaneseMinistryoftheEnvi『onmenI,WCaredeep1y
indebtedtoDrs・KilamadoTandHasegawaM,fOrtheirencouragementduringlhestudy・Thisstudydoesnot
TenectthepolicyoftheGovemmentofJapan． 

Ref画氾nces

l･ＷＨＯ,ＩＡＲＣ･IARCMonographsontheEvaluationofCarcinogenicRiskstoHumans･Wl69Polychlorinated 
Dibenzopam-dioxinsandPolycmorinatedDibenzofU『ans・ＩＡＲＣ,Lyon,France,1997

2.WilIettWbNutritionalEpidcmiologySecondEdition・OxfOrdUniversityPress,NewYbrkOxfbrd,１９９８
3.Rosner,Ｂ・FundamentalsofBiostatislics・Thomson,BeImont,ＣＡ,1194;322.

4.Koopman-EsseboomC,Weisglas-KuperusN,dcRiddcrMAJ,vanderPaauwCGTminstraLGMnSauerPJJ： 
圧`imricsl996;９７:700.

5.NakajimaS,SaijoMKatoS,SasakiS,ＵｎｏＡ,KanagamiN,HirakawaH,HormTbbiishiK,TbdakaT； 
NakamuraY;YanagiyaS,SengokuY;IidaT;SalaEKishiREm'i、"ＨｾﾛﾉlAPel3pecl2006;114:７７３．

３ 

HUMAN EXPOSURE I (LEVEL AND TRENDS)

Organohalogen Compounds Vol 69 (2007) P-221 1947



TnblcLDictaryinIakeofdioxins(pg-TEMg/day)accordingtosex,agc,region,residentialarea,andcaIcndarycalb 

TbtaI-TEO co-PCBs ＰＣＤＤｓ+PＣＤＦｓ 

Media､(25％,75%〕Media､(25％,75％） Mcdian(25％,75％） Ｍｅａｎ Ｍｅａｎ ＮＣ Ｍｅａｎ 

0.38(0.25,0.65）０．６４0.43(0.21,0.77）1.160.84(0.41,1.4） 

0.38(0.19,0.69）0.630.36(0.17,0.80）1.110.7,(0.4,,,.4） 
0.39(0.27,0.64）0.650.43(0.23,075）1.170.855(050,,.4） 
P=0.452Ｐ=Ｏ４５ａｐ=0.54ａ 

0.32(0.175,0.575）0.520.37(0.14,0.7万）0.980.72(0.3,,,.4）
0.295(0.22,0.50）0.310.28(0.1610.55）0.770.595(0.40,0.98） 
o･41(0.27,0.54）0.560.31(o､22,0.62）１．o30.7,(0.5,,12） 
0.43(0.28,0.705）０．８０Ｕ485(0.25,0.,西）Ｌ350.,.5(｡55,,.6）
0.50(0.2,5,Ｕ７，）０．７９０．６３(0.3西,1.00）Ｌ441.10(0.745,,.85）
P=OOOO5b P<qOOO1b P<0.000ｌｂ 

0.37(O･西５，Ｕ55）０．５２０３５５(0195,0.575）０，７０．７７５(0.48,Ｌ２）
o､34(0.21,o,7o）ｏ､７２ｏ､31(02110.81）1.300.78(o,47,16） 
0.36(0.235'0.585）0.570.34(0.165,0.74）Ｌ010.665(0.475,,.4） 
0.435(0.23,0.715）0.670.54(0.185,0.,65）1.210.985(0.4,5,,.7） 
0.485(0.2,,0.69）0.740.54(0.325,0.84）1.3,,.00(0.74,,.6） 
p=0.22ｂ ｐ=ＯＯ６ｂ Ｐ=０１ｌｂ 

0.31(0.21,0.60）0.540.37(0.1810.68）0.960.77(0.46,1.3） 
0.37(0.西'0.66）０．６４０．３７(0.21,0.73）1.150.7,(0.49,,.2）
0.49(0.32,0.75）０．７５055(0.29,Ｕ82）1.38,.,0(0.64,,.6） 
P=O･OO7bP=0.03Ｐ=0.0, 

0.41(0.2Ｍ.”）Ｕ800.48(０．羽,0.87）1.270.86(0.52,,.5）
0.535(0.34栃0.81）0.670.465(U21,0.94）Ｌ33,.05(0.64,,.8）
0.35(0.24,Ｕ63）0.580.42(0.22,0.74）Ｌ020.78(0.46,,.4） 

側lIiHlO5O）053034(O川``）１０１０７Ｍ川ｐ=0.3ｌｂ Ｐ=0.O2b 
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