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Milje og Sundhed

En laeser har skrevet til undertegnede og efterlyst
bladets definition pa miljg, idet en del mennesker
efter spergerens mening vil opfatte milje som
synonymt med det ydre milje.

Det tilstraebes fra redaktionens side, at indholdet i
nervarende blad holdes inden for rammerne af

nedenstdende afgraesning af omradet “miljg og
sundhed”.

”De miljefaktorer, som kan pavirke menneskers
helbred, omfatter fysiske, kemiske, biologiske og
psykosociale faktorer. Pavirkningerne fra disse
miljefaktorer sker hovedsageligt gennem vand,
luft, jord og levnedsmidler, péa arbejdspladser og
1 boliger og institutioner - pavirkninger, som i et
samspil med arveanleg, levekér og livsstil har
betydning for risikoen for at udvikle sygdom”.

Skjoldbruskkirtlen kan pavirkes af kemiske
stoffer medferende @ndringer i blodet af skjold-
bruskkirtelhormonerne. M. Petersen har under-
sogt nogle af disse stoffer i rotteforseg.

Fluorstofferne PFOS og PFOA er pavist i vand,
luft, slam, jord og sedimenter samt i blodet hos
dyr og mennesker overalt i verden. K. Eriksen
har undersegt disse stoffer i relation til visse
kraeftformer samt mulige eksponeringskilder.

M. Long og E. Bonefeld-Jargensen har skrevet et
omfattende review om miljekemikaliers dioxin-
lignende potentiale og belyser emnet gennem
beskrivelser af egne undersegelser af pesticider,
phthalater og phytoestrogener, dels som enkelt-
stoffer, dels som blandinger af flere stoffer.

F. Gyntelbergs og I. Andersens artikel nr. 2 om
dansk indeklimaforskning beskriver undersggel-
ser af effekter af udsattelse for VOCs, stov og
skimmelsvampe i indemiljoet.

Indholdet i alle fire artikler falder klart inden for
ovenstaende afgreensning af "milje og sundhed”,
og redaktionen kan roligt love, at det ogsd vil
veaere trenden fremover.

Rigtig god jul!

Hilde Balling




Moderne indeklimaforskning 1 Danmark fra
begyndelsen af 1990erne til dato: En gjenvidnerapport.

Af Finn Gyntelberg og Ib Andersen

1 forrige nr. af dette tidsskrift beskrev vi den
moderne danske indeklimaforskning fra dens
start i 1962 til begyndelsen af 1990erne. Det
var en periode, hvor den danske forskning var
banebrydende og forende pad dette nye omrdde,
og hvor antallet af forskere i andre lande
stadig var begreenset. Siden er antallet af inter-
nationale forskningsaktorer pd omrddet vokset
betydeligt. Det skyldes iscer behovet i alle
lande for stadig storre besparelser i bygnings-
massens energiforbrug og onsket om reduktion
af de sundheds- og komfortmeessige ulemper,
der er affodt af denne udvikling. Dansk inde-
klimaforskning har derfor ikke i samme grad
som tidligere veeret dominerende i denne
periode, men den har stadig leveret meget
veesentlige bidrag af ny viden.

Det historiske perspektiv i denne artikel er
knap en snes dr, hvilket givetvis er for kort til
sikkert at vurdere den langsigtede holdbarhed
og effekt af denne forskning. Alligevel vil vi
prove herpd med en indgangsvinkel, der
primeert er medicinsk-fysiologisk og sundheds-
meessig.

Indsatsomréder for den danske forskning

I begyndelsen af 1990erne var den danske
indeklimaforskning blevet veletableret. Faktisk
sa veletableret, at vi var det land i1 verden, der
da havde flest aktive klimakamre i forhold til
befolkningens sterrelse. Der var mere end ét
klimakammer pr. million indbyggere. Desuden
var der dannet en rakke erfarne forsknings-
grupper inden for bade det medicinsk-fysiolo-
giske og det tekniske omrade.

Vi anser de vigtigste udviklinger inden for om-
radet 1 denne periode at vere:

e paradigmeskiftet fra T-VOC (total volatile
organic compounds) som relevant maéle-

metode for irritanter i indeluften til en tok-
sikologisk baseret vurdering af reaktive
VOCs og disses nedbrydningsprodukter

e ctablering af guidelines for indeluftkvalitet
e underspgelser af effekter af stov i indeluft

e underspgelser af effekter af skimmel-
svampe i bygningsmassen

Paradigmeskift

I begyndelsen af perioden var interessen som
de foregdende ar koncentreret om effekten af
kemiske pévirkninger. Men medens tidligere
formaldehyd og dettes effekter var i fokus, var
det nu primert VOCs dvs. volatile organic
compounds (eller pd dansk organiske oples-
ningsmidler) og disses effekter. Indeklima-
gruppen ved Hygiejnisk Institut, Arhus Univer-
sitet - det nuvaerende IMA - Institut for Milje-
og Arbejdsmedicin havde i 1980erne, i
erkendelse af vanskelighederne ved at analy-
sere alle de mange forskellige organiske
oplesningsmidler i nybyggede og nyrenove-
rede bygninger, foresldet T-VOC konceptet,
dvs. at se pa effekten af totalmaengden af alle
VOC:s. I forbindelse hermed blev der indfert en
standardblanding af de 22 VOCs, der hyppigst
var blevet pavist i feltstudier. 1 en rakke
klimakammerstudier med denne T-VOC
blanding paviste Melhave og medarbejdere, at
blandingen gav forringet luftkvalitet og at
teersklen for irritation 1a pd 2-5 mg/m’.
Blandingen udleste irritation i bade gjne og
ovre luftveje (Melhave 2001).

Pa AMI - Arbejdsmiljeinstituttet - det nuvee-
rende Nationale Forskningscenter for Arbejds-
miljo - NFA - forte et snaevert samarbejde mel-
lem indeklimakemikeren P. Wolkoff og tok-
sikologen G. D. Nielsen til en mere individuel
vurdering af de enkelte VOC:s.
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Deres synspunkt var, at sundhedseffekterne af
VOCs ikke skulle relateres til WHO klassifika-
tionen af de enkelte stoffer efter kogepunkt,
men mere til en toksikologisk vurdering af
sundhedseffekter af den enkelte VOC og af
nedbrydningsprodukter heraf. De fandt, at de
normalt forekommende indeluftkoncentratio-
ner af kemisk non - reaktive VOCs ikke ville
kunne forklare de irritative indeklimaklager i
de undersogte indemiljoer. I modsatning hertil
kan reaktive VOCs veare f.eks. 1000 gange
mere irriterende end et lignende, men ikke -
reaktivt kemisk stof. De to forskere begyndte
derfor at skelne imellem non - reaktive VOCs
med hgj irritationsterskel og reaktive VOCs,
som oxideres af ozon og derved producerer en
cocktail af multifunktionelle stoffer, herunder
bl.a. formaldehyd. Rigtigheden heraf blev pa-
vist bade i forsgg med mus og i humane gjen-
studier.

Denne udvikling illustrerer et klassisk viden-
skabeligt dilemma: Maéler vi de rigtige kompo-
nenter eller méler vi fortrinsvis de komponen-
ter, der er rimelig lette at male - i dette tilfelde
T-VOCs?

Etablering af guidelines for indeluftkvalitet

En meget relevant videreudvikling i perioden
var arbejdet hen imod en etablering af granse-
veerdier for indeluft i ikke — industrielle byg-
ninger. Pa engelsk: “Indoor Air Guidelines”
eller IAGs. Disse granseverdier matte vere
anderledes — og lavere — end de gennem mange
ar etablerede arbejdshygiejniske gransever-
dier for industrielle arbejdspladser. Sidst-
navnte forudsatter sunde arbejdstagere og en
pavirkningsstid pé otte timer om dagen igen-
nem 40 ar. Indeluftgreensevaerdier for boliger
ma inkludere hensynet til serligt folsomme
som bern, gamle og syge personer og ma for-
udsatte ophold indenders 24 timer i degnet
gennem et helt liv. De allerede etablerede
grensevaerdier for forureningskomponenter
udenders var ikke omfattende nok i betragtning
af de mange forskellige komponenter, der afgi-
ves til indeluften fra byggematerialer, personer
og aktiviteter.

AMIs forste forslag til seerlige indeklimagran-
severdier blev fremsat i et serligt nr. af Indoor
Air (Levin 1998). I 2010 blev dette arbejde
suppleret med et forslag til en greenseverdi for
luften indenders, som ville sikre mod formal-
dehyds kreftfremkaldende effekt (Nielsen og
Wolkoff 2010).

Det er sardeles tilfredsstillende, at Verden-
sundhedsorganisationen WHO i perioden har
veret og stadig er en drivende kraft bag
etableringen og publiceringen af “Guidelines
for Indoor Air Quality”.

Et vigtigt instrument for saneringen af sund-
hedsskadelige, funktions— og komfortned-
settende stoffer i byggematerialer er den i
perioden gennemfoerte EU kemikalielovgivning
REACH. Dennes indferelse blev i mange ar
forsinket ikke, bare af industriens lobbyvirk-
somhed, men ogsa af toksikologer, der gnskede
alle klassiske undersggelsesmetoder bragt i
anvendelse for hvert kemisk stof. Igen et klas-
sisk videnskabeligt/regulativt dilemma: “Det
bedste er ofte det godes verste fjende”. Pa
AMI var man i 1992 af den opfattelse, at da
man i EU anvendte ca. 100.000 kemiske stof-
fer, hvoraf 1.700 i meget store maengder, ville
det af hensyn til befolkningernes sundhed vere
hensigtsmaessigt hurtigt at fa etableret sund-
hedsmaessige guidelines for et betydeligt antal
af disse. Da mange af sddanne guidelines matte
fastsettes ud fra mere begraensede toksiko-
logiske data end klassisk uddannede toksiko-
loger normalt anvendte, matte disse guidelines
derfor betragtes som tentative og anvendes
med forsigtighed, ligesom der samtidig maétte
etableres en praksis med hyppige revisioner.
Herved kunne det sikres, at disse vaerdier altid
var baseret pa den nyeste toksikologiske viden.
Synspunktet vandt ikke tilslutning blandt klas-
siske toksikologer, der for hvert kemisk stof
onskede fuldstendige datasat. Et resultat heraf
er, at det i dag stadig kun er muligt at etablere
guidelines for ret {4 stoffer.

Undersogelse af effekter af stov i indeluft

I 2008 publicerede Molhave og medarbejdere
resultaterne af fem provokationsstudier, hvor
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de inflammatoriske og allergiske effekter af
luftbéret kontorstov blev undersegt i klima-
kammerstudier pad mennesker. Det laveste
niveau for effekt var ca. 75 pg svavestov/m’
luft. Stov fra forskellige bygninger havde for-
skellig effekt, men det generelle billede var, at
stovet nedsatte gjets tarefilmsstabilitet og
ogede antallet af eosinofile celler i naeseskylle-
vand (nasal lavage). Deltagernes komfort blev
reduceret ved disse stovudsettelser, og der var
gget irritation i gjne, naese og svalg.

I 2005 publicerede Mglhave og medarbejdere
resultaterne af et klimakammerstudie af sam-
spillet mellem ozon (0,3 ppm) og luftbaret stov
(75 pg/m’) fra kontorlokaler.

Studiet omfattede en mindre gruppe atopiske,
men ellers raske personer og viste en signifi-
kant potentiering, nar de to pavirkninger op-
tradte samtidig frem for hver for sig. Forskerne
fandt signifikant nedsattelse af lungefunktio-
nen (peak expiratory flow) og gget ubehag.

For at opné en enkel og billig metode til at
vurdere det inflammatoriske potentiale i inde-
luftstov udviklede Allermann (2001) pa AMI
en metode, hvor lungeepitel i en in vitro model
blev udsat for stgv. Effekten af denne samlede
pavirkning af kemiske og biologiske forure-
ninger blev vurderet ved at male frisetning af
cytokinen Interleukin 8. I et storre samarbejds-
projekt med bl.a. Arbejds- og Miljemedicinsk
Klinik, Bispebjerg Hospital, blev der undersogt
stov fra 10 skoler med fa og 10 skoler med
mange indeklimasymptomer. Det viste sig
(Allerman et al 2003), at stovets inflamma-
toriske potentiale gjorde det muligt at skelne
mellem skoler med f&4 og med mange gener. Et
tilsvarende studie af kontorer (Pejtersen et al.
2006) viste, at den samme korrelation eksiste-
rede for kontorstev i enkelt- og fdmandskon-
torer, medens indeklimagener i storrumskon-
torer métte have andre arsager.

Spergsmalet om indeluftens forurening med
kemiske stoffer kan vere af betydning for de
stadigt hyppigere foreckommende luftvejsaller-
gier blev behandlet af Nielsen og medarbejdere
i 2007. De undersogte, om flere kemiske stof-

grupper, bl.a. ftalater og kvarternere ammo-
niumforbindelser, kunne have en adjuvans-
effekt, dvs. om stofferne var 1 stand til at
forsteerke effekten af kendte allergener - f.eks.
husstevmideafforing. De fandt adskillige hej-
potente adjuvanter, men i betragtning af de
lave koncentrationer i indeluften syntes disse
fund kun at vare af praktisk betydning for
industrielle arbejdspladser (Nielsen et al.
2007).

Disse studier indikerer, at stgvudsattelse kan
forklare mange gener i form af gjen- og luft-
vejsirritation. Reduktion af stevgenerering er
derfor vigtig, men kan ikke fuldt ud opnis med
ventilation. Gedigen rengering er stadig af
afgerende betydning. 1 1994 publicerede
Schneider et al. guidelines for rengerings-
kvalitet.

Skimmelsvampe 1 bygninger

I slutningen af 1990erne og begyndelsen af
dette arhundrede var der en ret betydelig
interesse for, hvad skimmelsvampeforurening i
indemiljoet beted for menneskers komfort og
helbred. Private og offentlige sponsorer gjorde
det muligt at gennemfore et stort forsknings-
program til videre afklaring af spergsmalet.
Programmet blev ledet af en gruppe tilknyttet
Statens Byggeforskningsinstitut (SBI) i sam-
arbejde med flere forskningsinstitutter og for-
mand for ledergruppen blev F. Gyntelberg fra
Arbejds- og Miljemedicinsk Klinik, Bispebjerg
Hospital. Programmet fik det internationale
navn “The Danish Moulds in Building Pro-
gram”. Resultaterne af dette program er publi-
ceret i mere end 50 videnskabelige artikler og i
en omfattende rapport, som blev udgivet af
Forskningsministeriet (2001). De helbreds-
meassige effekter blev undersegt dels ved en
omfattende epidemiologisk undersegelse pa
fugtskadede skoler med terre skoler som kon-
trol og i et dobbeltblindt eksponeringsstudie
med placebokontrol. Det eksperimentelle stu-
die afslorede ikke markante effekter af skim-
melsvampeeksponering sammenlignet med
kontrolforseg, men studiet blev kun gennem-
fort pd fa personer, hvorfor det ikke er helt
konklusivt. Det store epidemiologiske studie
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viste, at udsattelse for skimmelsvampe havde
sammenhang med almen- og slimhindesymp-
tomer hos ferst og fremmest personer, der ikke
producerede kenshormoner, dvs. bern for
pubertet og postmenopausale kvinder. Fundet
vedr. de @ldre kvinder var dog lidt usikkert. Et
interessant observationsstudie af Ebbehgj pa en
svemmehals medarbejdere for og efter renove-
ring af fugtskader fandt en reduktion i inde-
klimaklageforekomsten fra 66 % til 4 %, hvor
der inden renoveringen blev mélt en hej fore-
komst af skimmelsvamp i hallen.

Brauer og Mikkelsen har gennemfert nogle
elegante metodologiske indeklimastudier med
serlig fokus pé bias ved spergeskemaunder-
sogelser. De observerede, at personers svar pa
spoargeskemaer var athengigt af i hvilken sam-
menhang de bliver spurgt. Hvis de fik at vide,
at undersggelsen handlede om indeklimagener
1 hjemmet blev der registreret flere klager ved-
rerende hjemmets indeklima og omvendt, hvis
fokus var pa arbejdspladsens indeklima.

Den teknisk-videnskabelige indeklima-
forskning

De to vesentligste akterer pa dette omrade i
perioden var Danmarks Tekniske Universitet
(DTU) og Alborg Universitet med Arkitekt-/
ingenigrgruppen og Statens Byggeforsknings-
institut.

O. Fanger havde pd DTU etableret en sterk
forskergruppe af bade danske og udenlandske
forskere med meget brede relationer til
indeklimaforskere over hele kloden. Hovedom-
radet for forskningen var menneskers opfattel-
se af indeluftkvalitet og komfort. Det blev vist,
at forsegspersoner under kontrollerede forhold
arbejdede langsommere i let forurenet luft end
i ren luft og at de havde mere hovedpine i den
forurenede luft. I skoler fandtes, at en oget
ventilation og lavere temperatur egede ele-
vernes prastationer ved regning og stavning.
Fangers gruppe indgik ogsa i adskillige danske
multicenterstudier.

I gruppen arbejdede ogsa J. Sundell og C. G.
Bornehag i en arraekke. De tog initiativet til at
samle en rekke forskere fra adskillige lande
med henblik pa at gennemga litteraturen og
fremleegge den viden, der her var samlet om
luftfugtighed, ventilation, kaeledyr mv. og om
de sundhedsmassige effekter af disse pavirk-
ninger.

Ved Alborg Universitet har P. V. Nielsen og
hans gruppe udviklet meget brugbare modeller
til vurdering af ventilationsforhold.

P4 SBI blev der i perioden konstrueret en
reekke klimakamre til studie af sundheds- og
komforteffekter af byggematerialers afgivelse
af indeluftforureninger. Instituttet deltog ogsa i
opbygning af markningsordningen for bygge-
materialers afgivelse af forureningskomponen-
ter.

Pga. sin store viden om skimmelsvampe var
instituttet en vigtig partner i det store danske
multicenterprojekt om skimmelsvampe i byg-
ninger, hvor iser Gravesens betydelige erfa-
ring pa forskningsomradet var uundverlig.
Senere fulgte instituttet op pad denne problem-
stilling med renoveringsprojekter af skimmel-
svampehargede bygninger.

Bygningers energiforbrug har ogsd vearet i
centrum 1 en rakke studier, hvor der bade blev
leveret forskningsresultater og en malbevidst
omsettelse af disse til praktiske anvisninger
for byggebranchen.

Afsluttende bemerkninger

Dansk indeklimaforskning har stadig et hejt
aktivitetsniveau. Ved det sidste Indoor Air
mede 1 Austin Texas juni 2011, med deltagelse
af forskere fra store dele af det globale sam-
fund, fremlagde danske forskere fra iseer DTU,
SBI og NFA (det tidligere AMI) adskillige
interessante og relevante forskningsresultater.
Det var resultater, der vidner om, at dansk
indeklimaforskning ogsé i de neste ti til tyve
ar har gode muligheder for at veere med i den
internationale frontforskning om indeklima.

miljo og sundhed 17. argang, nr. 3, december 2011



Hormonforstyrrende stoffers indflydelse pa
skjoldbruskkirtelhormonerne, samt pa hjernens
udvikling hos rotter - et ph.d. projekt.

Af Marta Axelstad Petersen, DTU Fodevareinstituttet

Baggrund og formal

Skjoldbruskkirtelen, ogsa kaldet glandula
thyreoidea,  producerer  skjoldbruskkirtel-
hormoneme triiodothyronin (T;) og thyroxin
(T4). Udover deres rolle i kroppens stofskifte-
processer spiller disse hormoner en afgerende
rolle for nervecelledifferentieringen under hjer-
nens udvikling. Hos mennesker kan selv mode-
rate og forbigdende fald i moderens Ty-
niveauer under graviditeten have negativ ind-
flydelse pa barnets neurologiske udvikling og
fore til forsinket mental og motorisk udvikling
(1-5). For at opretholde korrekte hormon-
niveauer er skjoldbruskkirtelen athangig af et
tilstreekkeligt jodindtag, men den kan ogsa pa-
virkes af en raekke stoffer i vores miljo. Disse
kaldes skjoldbruskkirtelforstyrrende stoffer og
er kemikalier, som via forskellige mekanismer
kan @ndre indholdet af T; og T4 i blodet. De
omfatter bl.a. en lang reekke industrikemikalier
og pesticider, samt stoffer der anvendes i
produkter til personlig pleje (6-8).

En méde at belyse arsagssammenhangen mel-
lem udsettelse for hormonforstyrrende stoffer,
effekten péd skjoldbruskkirtelhormonerne samt
negative pavirkninger af hjernens udvikling
kan vere at undersege det i en dyremodel. Det
overordnede formdl med ph.d.-projektet var
derfor at undersege, hvordan den neurologiske
udvikling hos rotter ville blive pavirket af
skjoldbruskkirtelforstyrrelser i1 fostertilverel-
sen samt at finde ud af, om det er muligt at
forudsige adferdsendringer hos afkommet ved
hjelp af Ts-mélinger i de eksponerede rotte-
medres blod. Denne viden ville kunne bruges
af de regulerende myndigheder til at identifi-
cere risikoen for skadelige virkninger pa hjer-
nens udvikling efter udsettelse for skjold-

bruskkirtelforstyrrende stoffer ved blot at male
T, niveauer i en blodpreve fra de eksponerede
rottemedre.

Metode

Projektet omfattede tre store dyreforseg i
hvilke effekterne pé rotters hjerneudvikling
blev undersagt efter eksponering for stoffer,
som pévirker skjoldbruskkirtlen. I det forste
forsgg blev det kendte skjoldbruskkirteltok-
siske stof propylthiouracil (PTU) undersogt.
Denne undersogelse af et modelstof blev udfert
for at laere mere om forholdet mellem T4-ned-
settelser 1 fostertilstanden og efterfolgende
adferdsendringer hos det voksne rotte-
atkom. Herefter fulgte undersggelser af to
miljomeessigt relevante kemikalier. Det forste
stof var UV-filteret octyl methoxycinnamat
(OMC), mens det andet undersggte stof var
svampemidlet mancozeb. Begge stoffer er
meget udbredte, og begge giver skjoldbrusk-
kirtelforstyrrelser, men der er ikke tidligere
publiceret nogen adfaerdsundersogelser med
stofferne. Det eksperimentelle design for de tre
forseg var som folger: dragtige rotter blev
doseret med teststoffet fra dag 7 i dregtig-
heden, indtil slutningen af laktationsperioden,
dvs. indtil ungerne var 16 dage gamle. Hvert
stof blev undersegt i tre doser, med en gruppe-
storrelse pa ca. 18 dregtige hunrotter per hold.
En uge efter dosering var péabegyndt blev
blodprever fra medrene analyseret for Ta-
niveauer. Pa ungedag (UD) 16 blev noget af
afkommet aflivet, der blev taget blodprever, og
flere organer blev udtaget. Fra hvert kuld blev
et par af ungerne ogsd fravennet til senere
adferdsundersggelser. Disse undersggelser
inkluderede bl.a. vurdering af afkommets ind-
leeringsevne og motoriske aktivitet. Dyrenes
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Figur 1-6. T4 nedsattelser, vist som % af kontrol i de tre forseg. T4 er malt hos medre doseret med hhv. PTU,
OMC og Mancozeb pa dag 15 i dreegtighedsperioden (GD15) (figur 1, 3,5), og hos 16 dage gamle unger (UD 16)

(figur 2, 4, 6).

horelse blev ogsd vurderet, og det samme
gjorde en raekke effektmal omkring dyrenes
reproduktionssystem.

Resultater og diskussion

Resultaterne fra den ferste undersogelse viste,
at eksponeringen for PTU gav de forventede
effekter pa skjoldbruskkirtelsystemet hos bade
medre og afkom, idet bade medrenes og
afkommets Ts-niveauer faldt betydeligt som
resultat af doseringen (figur 1 og 2). Skjold-
bruskkirtlernes vagt og histologi var ogsé kraf-
tigt pavirket. Som forventet, pa baggrund af en
lang raekke tidligere adfzerdsstudier af PTU (9-
10), sas ogsa effekter pa afkommets hjerne-
udvikling. Béde indleringsevne og herelse var
nedsat, og aktivitetsniveauet var foreget hos
atkommet i den gruppe, der havde féet hgjest
dosis PTU (tabel 1). Alle disse @ndringer var
forventede, og de var ydermere signifikant kor-
releret med nedsatte T,-niveauer hos medrene.
Dette tydede pé, at graden af Ts-nedsettelse
under udviklingen kunne vere en indikator for
graden af adferdsmeessige forstyrrelser og
hareskader hos rotter.

I OMC studiet medferte alle de undersogte
doser massive Ts-nedseattelser hos medrene
(figur 3), mens effekterne pa ungernes skjold-
bruskkirtelsystem var forholdsvis begransede
(figur 4). Der sés derimod en del andre effekter
1 OMC afkommet, idet hannerne viste reduce-
rede organvegte af reproduktionsorganerne og
et reduceret sadcelleantal. Disse effekter var
muligvis forarsaget af OMCs gstrogene egen-
skaber. Afkommets adferd var ogsa endret,
dog anderledes end forventet.

I hunafkommet var den motoriske aktivitet
nedsat i den hgjeste dosisgruppe, mens OMC
doserede hanner udviste forbedret rumlig ind-
leeringsevne (tabel 1) i forhold til kontrolrot-
terne. Disse adferdsendringer var ikke korre-
leret til medrenes Ts-niveauer i graviditeten,
og var sandsynligvis ikke forarsaget af tidlig
T,-mangel, da de adskilte sig vaesentligt fra de
effekter, som blev set i PTU underseggelsen,
samt fra effekter set i andre af den type under-
sogelser.
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Tabel 1. Oversigt over resultaterne fra adferds- og
horetest udfert i de tre forseg. 1 betyder forbedret, |
betyder nedsat, - betyder upavirket og tomt felt
betyder ikke malt.

aktivitet | indlering | herelse

¢ 4 @ 3 Q&d

PTU | 1 0 l !
OMC | | - - 0 -
Mnz | - - - - -

I det sidste studie ferte dosering af draegtige
rotter med svampemidlet Mancozeb til et
moderat, men dog signifikant fald i medrenes
Tsniveauer under draegtigheden (figur 5),
mens ungernes skjoldbruskkirtelsystem pa dag
16 var helt upévirket (figur 6). 1 denne
undersogelse blev der pé trods af de nedsatte
T, niveauer i draegtigheden ikke set nogen
adferdseffekter (tabel 1).

Konklusion og perspektiver

Resultaterne fra de tre undersogelser viste, at
PTU med ret stor sandsynlighed blev overfert
fra medrene til afkommet via moderkagen og
modermalken, idet stoffet pavirkede ungernes
skjoldbruskkirtelsystem og hjerneudvikling i
forventet retning. Derimod kan bade toksiko-
kinetiske og toksikodynamiske faktorer mulig-
vis forklare de overraskende fund i de to andre
forsgg. Det er sandsynligt, at overforslen af
OMC og mancozeb over moderkagen og
melken ikke var tilstraekkelig stor til at pavirke
ungernes skjoldbruskkirtelsystem og dermed
deres hjerneudvikling. Ydermere kan forskelle
1 stoffernes virkningsmekanisme og kinetik
have gjort, at en given eksponering af ungerne
ikke medforte lige sé store T4 s@nkninger, som
det var tilfeeldet hos medrene.

I de to undersegelser med hhv. OMC og
mancozeb blev det ydermere vist, at i modset-
ning til hvordan det forholder sig hos menne-
sker, sé er det hos rotter ikke muligt at korre-
lere meadrenes T,-nedsattelser i draegtigheds-

perioden med negative effekter pa hjerne-
udviklingen hos afkommet. Det blev derfor
konkluderet, at maélinger af Ts-vardier hos
dregtige rottemedre efter udsattelse for
skjoldbruskkirtelforstyrrende stoffer ikke kan
anvendes til at forudsige effekter pa hjernens
udvikling hos rotteungerne. En mulig forkla-
ring pa de observerede forskelle mellem rotter
og mennesker kan vare, at mens mange af
hjernens modningsprocesser sker for fedslen
hos mennesker, sa foregar en del af disse efter
fodslen hos rotter (11). Ty-nedseattelser i
fostertilstanden kan derfor veere mere kritiske
for hjerneudviklingen hos mennesker end hos
rotter. Da vi i gjeblikket stadig ved meget lidt
om, hvilke tidspunkter der hos rotter er mest
afgerende for hjernens udvikling i1 forhold til
hormonforstyrrelser, samt om de komplekse
feedback-mekanismer og kompenserende pro-
cesser i skjoldbruskkirtelhormonsystemet, kan
vi ikke p.t. bruge medrenes T,-malinger som
parameter til at forudsige adfaerdsforandringer
hos rotteatkommet. Det er dog stadig meget
vigtigt, at menneskers eksponering for stoffer,
som i dyreforseg viser sig at give skjoldbrusk-
kirtelforstyrrelser og nedsatte Ts-niveauer,
reguleres ngje, da T, nedsettelser i gravidite-
ten hos mennesker kan have alvorlige folger
for bernenes hjerneudvikling.
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PFOA & PFOS: Eksponering og kreftrisiko - resume af

et ph.d. projekt.

Af Kirsten Thorup Eriksen, Institut for Epidemiologisk Kreefiforskning, Kreeftens Bekempelse

Perfluoroktansyre (PFOA) og perfluorok-
tansulfonat (PFOS) tilherer en gruppe af
kemiske forbindelser kaldet fluorstoffer,
som anvendes i en raekke forbrugerproduk-
ter. Deres tilstedeverelse i miljoet, fore-
komst i blod og organer hos mennesker ver-
den over samt toksicitet i dyremodeller har
rejst bekymring om eventuelle sundheds-
skadelige effekter hos mennesker. PFOA og
PFOS er blevet associeret med tumorudvik-
ling i dyreforseg, men viden om stoffernes
kraftfremkaldende potentiale hos menne-
sker er mangelfuld.

Baggrund: Fluorstoffer

Fluorstoffer er syntetisk fremstillede forbind-
elser bestdende af en fluoreret kulstofkaede
typisk 4-14 kulstof-atomer i leengde og en ladet
gruppe, primart carboxylsyre eller sulfonat.
PFOA og PFOS er de to mest velbeskrevne og
udbredte fluorstoffer. De bestir begge af et
skelet pa 8 kulstofatomer (figur 1A-B).

Kulstof- og fluorbindinger (C-F bindinger) er
blandt de steerkeste bindinger i organisk kemi

og fuldt fluorerede kulstofkaeder er stabile selv
ved hgje temperaturer og nedbrydes ikke af

FF FF FF 4

F
Ww
F F FF FF FF

A.

Figur 1. Kemisk struktur af A: PFOA and B: PFOS.

B.

sterke syrer, baser eller oxidationsmidler.
Fluordelen giver ekstremt lav overfladespeaend-
ing og bidrager til fluorstoffers unikke vand-
skyende og lipofobe natur. P4 grund af deres
overfladeaktive egenskaber anvendes fluorstof-
fer i en bred vifte af industri- og forbrugerpro-
dukter. De anvendes blandt andet i produktio-
nen af “non-stick” beleegninger pa stegepander,
vandtatte og andbare tekstiler, brandsluknings-
skum og beskyttende beleegninger til tepper,
mebler, papir og fedevareemballage (figur 2).
Velkendte handelsnavne er Teflon®, Gore-
Tex® Stainmaster™ og Scotchgard™.

De stabile fluorstoffer er blevet péavist i en lang
rekke miljematricer verden over, herunder
vand, luft, slam, jord og sedimenter, og stof-
ferne er detekteret verden over i blodprever og
organer hos dyr og mennesker (1,2). I modseet-
ning til andre persistente stoffer, sdsom diox-
iner og polychlorerede biphenyler, ophobes
fluorstoffer ikke i fedtvaevet, men ophobes der-
imod i blodet (bundet til serumproteiner), lever
og nyre. Halveringstiden i blodet er anslaet til
cirka 4 ar for PFOA og 5 é&r for PFOS hos
mennesker (3).

FF FF FF FF

R OH
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Figur 2. Fluorstoffer anvendes i en rakke industri- og forbrugerprodukter, herunder non-stick kekkengre;j,
vandtette og dndbare tekstiler, teppebeskyttelse, beskyttende belaegninger til papir og fedevareindpakning samt

brandslukningsskum.

Pé& grund af fluorstoffers persistens i miljoet,
forekomst i menneskers blod og organer og
toksicitet i dyremodeller er der rejst bekymring
om potentielle skadelige helbredseffekter hos
mennesker. Det kreftfremkaldende potentiale
af PFOA og PFOS er blevet undersogt i for-
skellige in vitro forseg, dyreforseg og enkelte
studier fra arbejdsmiljeet, dog uden at kunne
drage endelige konklusioner. Viden om fluor-
stoffers  kreftfremkaldende potentiale hos
befolkningen er saledes mangelfuld.

Forméil med ph.d. projektet

Jeg har i mit ph.d. projekt ("PFOA & PFOS:
Exposure and human cancer risk” ) ensket at
underspge fluorstoffer i relation til kreftrisiko
hos mennesker samt hvilke faktorer, der deter-
minerer menneskets fluorstofniveau i blodet.
Projektet havde tre hovedformal:

e At klarleegge eksponeringskilder og deter-
minanter for PFOA og PFOS plasma-
niveauer hos mennesker.

e At undersgge fluorstoffers kreftfremkald-
ende potentiale i mennesker ved:

- At undersege om fluorstoffer eger
niveauet af reaktive iltradikaler (ROS)
og oksidativt beskadiget DNA i
humane leverceller.

- At undersgge sammenhangen mellem
PFOA og PFOS plasmaniveauer og
risiko for udvikling af prostatakreeft,
blerekraeft, pankreaskraeft og lever-
kreeft i mennesker.

Eksponeringskilder og determinanter for
PFOA og PFOS plasmaniveauer

Den eksisterende viden om forekomsten af

PFOA og PFOS i miljeet tillader ikke endelige
konklusioner om specifikke eksponeringskil-
der. Det er derfor ikke fuldt anskueliggjort,
hvordan disse fluorstoffer kommer ind i blod-
banen. Mulige eksponeringskilder og ekspone-
ringsruter inkluderer fedevarer (4), drikkevand
(5), migration fra fedevareemballage, person-
lige plejeprodukter og kekkenudstyr (6,7), stov
1 hjemmet samt indenders- og udendersluft (8).

For bedre at klarlegge fluorstofeksponering
hos mennesker, undersegte vi sammenhangen
mellem kostvaner og livsstilsfaktorer i forhold
til PFOA og PFOS plasmaniveauer hos 652
danske mand fra Kost, Kreft og Helbred
kohorten (KKH kohorten) (9). KKH kohorten
er en kohorte pa 57.053 danskere i alderen 50-
64 ér, der blev inviteret til deltagelse i 1993-
97. Oplysninger om livsstil, kostvaner samt
biologisk materiale blev indsamlet ved
indrullering. I vores tversnitsstudie af 652
maend fra KKH kohorten, undersegte vi
sammenhangen mellem dagligt indtag af
hovedkostgrupperne (redt ked, fisk, fjerkre,
&g, korn, frugt, grentsager, mejeriprodukter,
kartofler, drikkevand og snacks), alkohol,
primazre madlavningsmetode, bopzelsomréide,
alder, rygning og BMI og PFOA og PFOS
niveauer malt i plasma. Blandt de undersogte
kostgrupper var det kun indtagelse af &g, der
var signifikant positivt associeret med PFOS
plasmaniveauer. Vi fandt ogsd sammenhange
mellem indtagelse af kartofler og PFOA og

12
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PFOS plasmaniveauer, men resultaterne var
ikke signifikante. Samlet set tyder studiet pa, at
kosten ikke er den primere eksponeringskilde i
Danmark. Anvendelserne af fluorstoffer er dog
mangfoldige, og vi kunne i studiet ikke tage
hgjde for andre potentielle kilder sdsom afsmit-
ning fra fedevareemballage, forurenet stov og
luft.

Studiet viste ogsd, at mennesker bosiddende i
Aarhusomradet havde 30 % hgjere plasma-
niveauer af bdde PFOA og PFOS end menne-
sker, der boede i Kobenhavn. Disse resultater
tyder pé, at der er geografisk variation i ekspo-
neringskilderne i Danmark. Enkelte undersog-
elser har vurderet forekomsten af fluorstoffer i
Danmark (10) og i de nordiske lande, herunder
Danmark (11). Ingen af disse undersegelser
vurderede plasmaniveauer som marker for eks-
ponering og resultaterne kan derfor ikke sam-
menlignes direkte med vores, men samlet set
tyder det pa, at Danmark har en udbredt fluor-
stofforurening med mulig geografisk variation
i menneskets eksponering.

Fluorstoffer og kreftrisiko

Virkningsmekanisme

En reekke undersogelser har vist, at PFOA og
PFOS ikke er aktive i forskellige mutagenici-
tetstest (12-15), hvorimod kronisk eksponering
for relativt heje doser er forbundet med tumor-
udvikling i lever, pankreas og testis i gnavere
(12,13). U.S. Environmental Protection
Agency har sédledes klassificeret PFOA som
verende kreftfremkaldende i dyr og som
“muligvis” kreftfremkaldende 1 mennesker
(16). Mekanismer forbundet med fluorstoffers
tumorudvikling i dyr er ikke fuldt klarlagt, men
fluorstoffer er sdkaldte ’peroxisom proliferato-
rer (PPs)” og menes at forarsage leverkraeft hos
gnavere via aktivering af den sékaldte
“peroxisom proliferator-aktiveret receptor-o
(PPAR®))”. PPARa virker som transkriptions-
faktor og spiller en afgerende rolle i regule-
ringen af bl.a. celledifferentiering. Forskellige
studier indikerer, at der er artsforskelle i
responsen pd PPs, blandt andet udtrykker
humane leverceller omkring ti gange mindre

PPARa end celler fra gnavere (17). Aktivering-
en af PPARa hos gnavere menes at gge ROS
dannelsen og niveauet af oksidative DNA
skader (18), som er indikatorer pa et karcino-
gent potentiale, men denne virkningsmekanis-
me er tvivlsom hos mennesker. Vi gnskede at
undersoge fluorstoffers evne til at danne ROS
og oksidativt beskadiget DNA i humane lever-
celler og vi anvendte en levercellelinje
(HepG2), eftersom leveren er mélorgan for
fluorstoffer. Valget af celler med menneskelig
oprindelse var vigtig, netop fordi ekstrapole-
ring af resultater i celler fra gnavere er disku-
terbar pa grund af artsforskelle, serligt i rela-
tion til PPARo aktivering. Vi undersogte
PFOA, PFOS samt tre mindre undersogte
fluorstoffer (PFBS, PFNA og PFHxA).

Vi fandt en mindre stigning i intracelluler
ROS dannelse hos celler udsat for PFOA og
PFOS sammenlignet med ikke-eksponerede
celler, men hverken PFBS, PFHxA eller PEFNA
ogede niveauet af ROS. Vi fandt ingen stigning
i DNA skader (malt som strengbrud og
sakaldte FPG sensitive sites) efter eksponering
med fluorstoffer undersggt ved Comet assay
(figur 3), kun PFNA gav en beskeden stigning
i strengbrud. Samlet set viste vores studie, at
det blandt fem fluorstoffer kun var fa, der
havde en mindre effekt i form af ROS dannelse
eller oksidative DNA skader i en cellelinje
repraesenterende den menneskelige lever.

Kreeftrisiko i den danske befolkning

Kun fa epidemiologiske undersogelser af
kreeftrisiko og -dedelighed hos mennesker i
relation til PFOA og PFOS er blevet
gennemfort, og kun i arbejdsmiljeer (19-22).
P& grund af den manglende viden om det
kreftfremkaldende potentiale i mennesker
onskede vi at undersege sammenhangen mel-
lem PFOA og PFOS eksponering og kraeft-
risiko. Vi undersegte sammenhangen mellem
PFOA og PFOS plasmaniveauer og kreftrisiko
i den danske prospektive KKH kohorte. De
undersggte kraeftformer var prostatakreft,
blerekreaeft, pankreaskraeft og leverkraeft, valgt
pa grund af indikationer pa kreeftrisiko i
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Figur 3. DNA skader malt som strengbrud og FPG sensitive sites i HepG2 celler eksponeret for fem forskellige
fluorstoffer ved 100 uM og 400 puM i 24 timer (analyseret ved Comet assay). Hver sgjle repreesenterer middel-
vaerdien fra tre forskellige forseg. *Statistisk signifikante effekter pa streng brud sammenlignet med ikke-ekspo-

nerede celler (neg. kontrol).

arbejdsmiljeer og dyreforseg. Vi identificerede
713 deltagere med prostatakreft, 332 med
blaerekraeft, 128 med pankreaskraeft, og 67 med
leverkreft 1 KKH kohorten ved hjelp af
Cancerregisteret og Patologidatabanken og en
sammenligningsgruppe pa 772 personer blev
udvalgt. Vores statistiske analyser viste ingen
signifikante forskelle 1 kreftrisiko for de
underspgte kreftformer i forhold til PFOA og
PFOS plasmaniveauer (tabel 1). En 30 % -
40 % stigning i risikoen for prostatakraeft blev
observeret for alle tre overste kvartiler af
PFOS plasmaniveauer sammenlignet med den
laveste kvartil, men resultaterne var ikke signi-
fikante. Samlet set viste vores undersggelse, at
plasmaniveauer af PFOA og PFOS ikke er
associeret med risiko for prostatakraeft, blaere-
kreeft, pankreaskraeft eller leverkraeft i en dansk
kohorte repreesenterende den danske midald-
rende befolkning.

Tolkning af resultater og perspektiver
Resultaterne af vores studier indikerer:

e En geografisk variation i eksponeringen af
fluorstoffer i Danmark.

e At kosten ikke er primer kilde til fluorstof
eksponering i Danmark.

e At ROS og oksidative DNA skader ikke er
relevant for potentielt skadelige effekter af
fluorstofeksponering hos mennesker.

e At PFOA og PFOS eksponering ikke er
forbundet med oget risiko for prostata-

kreft, pankreaskraeft, blerekraeft og lever-
kraeft i den danske befolkning.

Vores epidemiologiske undersogelse indike-
rede ikke, at eksponeringsniveauet af fluorstof-
fer i den generelle population ber betragtes
som kreftfremkaldende, hvilket er 1 trad med

vores cellestudie, der generelt set ikke viste
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Tabel 1. Justerede risikoestimater (IRR) for prostatakraeft, blaerekraeft, pankreaskraeft og leverkraeft for de tre
gverste kvartiler af PFOA og PFOS plasmaniveauer sammenlignet med laveste kvartil.

PFOA PFOS
Krefttilfeelde/ Krefttilfelde/
sammenligning- sammenligning-
Organ Kvartil gruppe IRR 95 % K1 gruppe IRR 95 % KI
Prostata Kl 179/175 1,00 179/208 1,00
K2 178/165 1,09 0,78-1,53 178/161 1,35 0,97-1,87
K3 178/182 0.94 0,67-1,32 180/160 1,31 0,94-1,82
K4 178/158 1,18 0,84-1,65 176/151 1,38 0,99-1,93
Trend* 713/680 1,03 0,99-1,07 713/680 1,05 0,97-1,14
Blare K1 84/151 1,00 83/145 1,00
K2 82/215 0,71 0,46-1,07 84/198 0,76 0,50-1,16
K3 83/184 0,92 0,61-1,39 83/195 0,93 0,61-1,41
K4 83/222 0,81 0,53-1,24 82/234 0,70 0,46-1,07
Trend* 332/772 1,00 0,95-1,05 332/772 0,93 0,83-1,03
Pankreas Kl 32/179 1,00 32/161 1,00
K2 32/216 0,88 0,49-1,57 32/183 1,02 0,57-1,84
K3 32/178 1,33 0,74-2,38 32/184 1,24 0,67-2,31
K4 32/199 1,55 0,85-2,80 32/244 0,91 0,51-1,65
Trend* 128/772 1,03 0,98-1,10 128/772 0,99 0,86-1,14
Lever K1 17/108 1,00 17/108 1,00
K2 17/141 1,00 0,44-2,23 17/193 0,62 0,29-1,33
K3 17/281 0,49 0,22-1,09 17/217 0,72 0,33-1,56
K4 16/242 0,60 0,26-1,37 16/254 0,59 0,27-1,27
Trend* 67/772 0,95 0,86-1,06 67/772 0,97 0,79-1,19

* I trendanalyserne blev PFOA and PFOS plasmaniveauerne indsat som kontinuerte variable; IRR blev estimeret
per 1 ng/ml egning i PFOA plasmaniveauer og per 10 ng/ml aggning i PFOS plasmaniveauer.

ogede niveauer af oksidative DNA skader efter
eksponering for fluorstoffer. Fluorstofniveau-
erne maélt i dette projekt var vasentligt lavere
end dem, der rapporteres i erhvervsrelaterede
studier (23,24) hvilket kan forklare, hvorfor vi
ikke gentager tidligere indikationer pd kreeft-
risiko blandt erhvervseksponerede arbejdere.
Eksponeringen spander relativt bredt i vores
studie, hvilket ellers giver et fint grundlag for
at opdage en kreftfremkaldende virkning, hvis
en sadan findes ved disse relativt lave ekspone-
ringsniveauer.

Som navnt er PFOA og PFOS blevet forbun-
det med tumorudvikling ved leengere tids eks-
ponering for relativt hgje doser i dyrestudier
(12,13). Denne uoverensstemmelse med vores
resultater kan skyldes udsettelse for lavere
doser i befolkningen samt at fluorstoffers
kreeftfremkaldende potentiale er artsspecifik og
at den mekanisme, der er involveret i lever-
tumorudvikling hos gnavere (PPARa aktive-
ring) ikke er relevant hos mennesker. For at
ekstrapolere fra dyr til menneske er det netop
en nedvendighed, at de fysiologiske forhold
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sasom cellestruktur og biokemi er sammenlig-
nelig mellem dyr og menneske.

Fluorstoffer har de senere ar faet stor opmeerk-
somhed pa grund af deres allestedsn@rvaerende
forekomst i miljeet og i mennesker. Selv om
vores projekt ikke antyder, at PFOA og PFOS
eksponeringer i den almindelige befolkning er
kreeftfremkaldende, er yderligere forskning
nedvendig for at undersege dette i andre ko-
horter samt for andre kraftformer. Det kraeft-
fremkaldende potentiale ber ogsd vurderes i
andre humane cellelinjer, repraesenterende for-
skellige veevstyper. Selv om PFOA og PFOS
stadig er de mest undersagte fluorstoffer, er det
ligeledes vigtigt i fremtidige undersogelser at
inddrage nyudviklede fluorstoffer, da disse kan
have forskellige biologiske effekter.

Ph.d. projektet blev gennemfort med stotte fra
the International Epidemiology Institute, som
har modtaget ekonomisk stette fra 3M Com-
pany. 3M Company havde ingen indflydelse pa
studie design eller tolkning af resultater. Ph.d.
projektet blev gennemfort under vejledning af
Ole Raaschou-Nielsen og Mette Serensen,
Kraftens Bekampelse, og Steffen Loft og
Peter Moller, Kebenhavns Universitet.
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Kirsten Thorup Eriksen
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Dioxin-like potential of environmental compounds

By Manhai Long and Eva Cecilie Bonefeld-Jorgensen, Centre for Arctic Environmental
Medicine, Department of Public Health, Aarhus University

Introduction

Dioxins and dioxin-like compounds
Humans are exposed to diverse harmful
environmental contaminants such as persistent
organic pollutants (POPs). Among POPs,
dioxins and dioxin-like compounds (DLCs) are
some of the most toxic chemicals that are
highly persistent in the environment. It has
been documented that exposure to dioxins and
DLCs may cause a series of negative effects
both in animal experiments and in human epi-
demiological studies such as carcinogenicity
(1), immunotoxicity and adverse effects on
reproduction, neurobehaviour (2). The most
famous events about dioxins and their toxicity
are the use of Agent Orange in the Vietnam
War (1961-71) and the industrial disaster in
Seveso, Italy (1976), where dioxins such as
2,3,7,8-tetrachlorodibenzo-p-dioxin ~ (TCDD)
was the primary toxic component and caused
high exposure of the residential populations.
Dioxins and DLCs are never produced for
commercial purposes and are made inad-
vertently during many processes involving
chlorine by burning chlorine-based chemical
compounds with hydrocarbons. The major
source of dioxin in the environment comes
from waste-burning incinerators of various
sorts and also from backyard burn-barrels.
Paper bleaching, production of Polyvinyl
Chloride (PVC) plastics and production of
chlorine and organochlorine chemicals (e.g.
pesticides) are also the sources of dioxins and
DLCs in the environment. Human exposure to
dioxins and DLCs is mainly through the con-
sumption of contaminated food. Since these
compounds are fat-soluble, they do bioaccu-
mulate through the food chain and are found in
e.g. meat, fish, milk, dairy products, fats, and
oils that are the main sources of exposure for
adults, and newborns get an additional expo-
sure via breast feeding.

The classical dioxins and DLCs include 7
polychlorodibenzo-p-dioxins (PCDDs), 10
polychlorodibenzofurans (PCDFs), and 12
dioxin-like polychlorinated biphenols (DL-
PCBs) (non-ortho coplanar PCBs: PCB 77, 81,
126, and 169 and mono-ortho-substituted
PCBs: PCB 105, 114, 118, 123, 156, 157, 189)
(3,4) (fig. 1). The most toxic dioxin is TCDD.
The biological and toxicological effects of
dioxins and DLCs are mediated via the aryl
hydrocarbon receptor (AhR) (5,6).

Ah-receptor and Ah-receptor ligands

The Ah-receptor (AhR) is an intracellular
ligand-dependent transcriptional factor. The
AhR binds dioxins and DLCs and is trans-
activated and by cellular processes mediate the
toxicity of these compounds. Most tissues in
mammals express the AhR constitutively (7,8).

Mechanistically, the function of AhR is similar
to that of the steroid hormone receptors (9).
Upon binding to the ligand (for example
TCDD), the cytosolic ligand-AhR complex
translocates into the nucleus and dimerizes
with the AhR translocator (Arnt). The ligand-
AhR-Arnt complex then binds to specific DNA
sequences, the dioxin-responsive elements
(DREs), and thus stimulates the transcription
of adjacent genes including e.g. CYP1A1 and
CYPI1BI1 (9,10) (fig. 2).

Classical AhR ligands are planar and can
occupy a hydrophobic pocket within AhR,
such as PCDDs, PCDFs and DL-PCBs men-
tioned as well as polycyclic aromatic hydro-
carbons e.g. benzo[a]pyrene (5). TCDD is the
most potent known AhR ligand. However,
more recent studies reveal that compounds of
diverse structure and lipophility can bind AhR
and induce gene expression, such compounds
can be synthetic (e.g. methylenedioxyben-
zenes) or naturally occurring (e.g. indoles)
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Fig. 1. The structure of classical dioxins and dioxin-like compounds.

(11,12). Therefore humans are exposed to a
mixture of man-made and natural AhR-modu-
lation compounds. It is necessary to identify
and characterize possible AhR ligands in the
environment and biota and monitor the actual
concerted action of these compounds on the
AhR function in humans as well as elucidate
their effects in vitro and ex vivo.

Measurement of the dioxin-like potential of
compounds (Detection of AhR ligands)

Due to different origin, solubility, volatility
and metabolic stability, dioxin and dioxin-like
compounds (DLCs) occur as complex mixtures
with concentrations of the individual com-
pounds differing substantially. This complex-
ity, along with differences in toxicity, increases

the difficulty of risk evaluation. To estimate
the total toxicity of dioxins and related com-
pounds, the concept of the Toxic Equivalency
Factor (TEF) has been developed. TEF is a
number representing the toxic potency of a
particular compound to induce AhR mediated
effects related to the reference substance,
TCDD. The TEFs of TCCD is set to 1.0. Table
1 shows the WHO-TEF values of dioxins and
DLCs (13). The concept of TEQ (TCDD toxic
equivalent) has thus been introduced to
simplify risk assessment and regulatory control
(3). The classical TEQs are calculated by
multiplying the concentration of individual
PCDDs/PCDFs/PCBs by their respective
TEFs.
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Fig. 2. The model of AhR- mediated signal transduction pathway and the principle of the AhR-transactivation

bioassay.

When the AhR ligand interacts with the Ah receptor, the ligand-receptor complex will be activated and trans-
locate to the nucleus and dimerizes with the AhR translocator (Arnt). Subsequently, the ligand-receptor complex
will bind to dioxin response elements of the DNA, thus activating luciferase gene expression. The resulting
mRNA translates into luciferase enzyme that catalyses a bioluminescent reaction, using luciferin as a substrate.
The amount of light is proportional to the dioxin-like activity of the compounds. The luciferase data is given as
relative light units (RLU), and subsequently, this is corrected to the protein concentration of the exposed cells.

Previous studies emphasize that assessment of
the toxicological potential of a chemical
mixture is much more complex than can be
deduced by a given TEF dependent calculated
TEQ value (14,15). There are several draw-
backs using the TEF concept for risk assess-
ment of mixtures of POPs such as the very
expensive, high volume requirement and time
consuming gas chromatography mass spectro-
metry (GC-MS) determinations, small con-
centrations of individual congeners, presence
of compounds not routinely measured or
unknown substances with AhR affinity, the
lack of TEF values for several POPs, and
possible antagonistic or synergistic interactions
between POPs (16-18). Thus there is a need for
an integrated risk assessment of dioxins and
DLCs.

A variety of different in vitro assays for studies
of AhR-mediated toxicities were suggested
(19). Since AhR acts as a transcription factor,
reporter gene assays for assessment of its

activity have become widespread during the
last decade. The AhR-mediated transactivation
bioassay is a mechanistically based technique
that can detect all the compounds that can
activate the AhR and AhR-dependent gene
expression (i.e. AhR agonists). To facilitate the
identification of AhR agonists, recombinant
cell lines have been established by transient or
stable transfection of a wide of type cell lines
with the firefly luciferase reporter gene under
transcriptional control of the specific dioxin
responsible DNA sequences, the DREs. These
constructed cell lines still contain the complete
machinery which is involved in the mode of
action of DLCs. They are capable of quanti-
fying compounds that have the potency to
transactivate the AhR, resulting in the produc-
tion of the luminescent enzyme luciferase. The
cellular response can be measured by adding
suitable reagents (e.g., the substrate luciferin
and ATP), and quantifying the produced lumi-
nescence emission by an automated lumino-
meter (fig. 2). The measured luminescence is
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Table 1. The classic AhR ligands and WHO-TEF values for humans*

Compounds

Chlorinated dibenzo-p-dioxins

2,3,7,8-TCDD
1,2,3,7,8-PeCDD
1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD
1,2,3,4,6,7,8-HpCDD
OCDD

Chlorinated dibenzofurans

2,3,7,8-TCDF
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,4,7,8-HxCDF
1,2,3,6,7,8-HxCDF
1,2,3, 7,8,9-HxCDF
2,3,4,6,7,8-HxCDF
1,2,3,4,6,7,8-HpCDF
1,2,3,4,6,7,8,9-HpCDF
OCDF

WHO 2005 TEF

1
1
0.1
0.1
0.1
0.01
0.0003

0.1
0.03
0.3
0.1
0.1
0.1
0.1
0.01
0.01
0.0003

Non-ortho-substituted PCBs
3,3’.4,4’-tetraCB (PCB77)
3, 4,4’ 5-tetraCB (PCB81)
3,3’,4,4’,5-pentaCB (PCB126)
3,3°,4,4°,5,5’-hexaCB (PCB169)

Mono-ortho-substituted PCBs
2,3,3’,4,4’-pentaCB (PCB105)
2,3°,4,4° 5-pentaCB (PCB114)

0.0001
0.0003
0.1
0.03

0.00003
0.00003

2,3°,4,4’,5-pentaCB (PCB118)
2,3, 4,4’,5-pentaCB (PCB123)
2,3,3°, 4,4 ,5-hexaCB (PCB156)
2,3,3’,4,4,5-hexaCB (PCB157)
2,3’ 4,4°,5,5-hexaCB (PCB167)
2.3,3,4,4’,5,5-heptaCB (PCB189)

0.00003
0.00003
0.00003
0.00003
0.00003
0.00003

* Adapted from (13)

then converted into a relative potency (REP)
value for pure compounds or AhR-TEQ value
for the actual mixtures found in environmental
or biological sample. The rapidity and lower
cost of the AhR- mediated transactivation bio-
assay is attractive for analyses of high number
of samples required for epidemiological stu-
dies, and as a tool to monitor and ensure reduc-
tion of contamination by DLCs in the food
chain. The key application role of the AhR-

mediated transactivation Dbioassay is in
screening and relative quantification of DLCs
in samples such as blood, sediments, food
matrices and milk (20). The AhR-mediated
transactivation bioassay have been utilized in
an array of projects to study the AhR receptor-
mediated activities of individual chemicals and
mixtures (16-18,21-24) as well as for epide-
miological purposes (25-28).

miljo og sundhed 17. argang, nr. 3, december 2011

21



In this review, a series of studies carried out in
our research group regarding the dioxin-like
potential of single compounds such as pesti-
cides, plasticizers and phytoestrogens and their
mixtures, and the dioxin-like activity of com-
plex compound mixtures in environmental and
human samples are summarized.

Materials and Methods

AhR-mediated transactivation assay

The cell culture based AhR-mediated trans-
activation bioassay is a mechanistically based
technique that can detect all the compounds
that can activate or inhibit the AhR and thus
AhR-dependent gene expression. The potential
of the single compounds or the complex
mixtures found in environmental and human
samples to affect AhR function was assessed in
human TVI101L, rat H4IIE or mouse
Hepal.12cR hepatoma cell lines, respectively,
as given in the specific studies (17,26). The
samples (single compounds, compound
mixtures or human biological/environmental
samples) were analyzed by cell exposure alone
reflecting the agonistic potential. In addition,
the samples were analyzed by co-exposure
with the high potent receptor ligand TCDD
reflecting the potential of the samples to com-
pete and antagonize the TCDD induced AhR
transactivity as well as the ability to further
increase the TCDD induced AhR transactivity.

Principle and practice in mixture analyses

Humans are exposed to a complex mixture of
chemicals. Therefore, assessment of the com-
bined effect of mixtures is very important. The
method based on the principle of concentration
addition (CA) has been shown to be a valid
tool for assessing mixture effects of similarly
and dissimilarly acting environmental contami-
nants in vitro (29,30). The CA model assumes
that one chemical can be replaced totally or
partly by another compound in the mixture,
without changing the overall combined effect,
and that they act through a similar mechanism
(31). By applying the principle of CA (32), the
concentration of the compounds found in a
mixture, at an observed mixture effect, can be
predicted using the concentration-response

data for the single compound alone (22).
Knowledge of the ratio of the compounds in
the mixture is a prerequisite for using this
method (30).

Environmental and biological samples:
Extraction and fractionation methods

The environmental and biological samples can
contain some factors, which may interfere with
the determination of the AhR-mediated effect
of samples. Hence the treatment to concentrate
the tested compounds and get rid of the inter-
fering factors is important and necessary.

Wastewater samples

Wastewater samples, collected from the
influent and the effluent of two Danish sewage
treatment plants (STPs), were extracted using
solid phase extraction (SPE) as described (33).
The extracts were analyzed for the content of a
range of industrial chemicals with endocrine
disrupting (ED) properties and tested for
effects on the AhR transactivation, which was
expressed as biological equivalents (AhR-
TEQ) (33), calculated using the fixed-effect-
level quantification method (34,35). The fixed-
effect-level toxicity equivalents are a suitable
parameter for assessing the induction potency
in complex environmental samples (34).

Water stream samples

For water stream samples, a total of 9 study
sites located in 6 different water systems in
Jutland, Fyn and Zealand in Denmark were
selected. Passive samplers have been
developed to collect polar and semi-polar
substances of water sample. The POCIS (Polar
Organic Chemical Integrative Sampling, fig. 3)
was used in studies of pesticides, estrogens and
drugs (36-39). Thus passive sampling approach
was used to collect the substances in the
streams and POCIS were put in the selected
sites. POCIS samplers were exposed at diffe-
rent locations in streams, which included sites
both with and without sewage effluent admis-
sion. Afterwards the extracts from the POCIS
sampler’s membrane were used for determina-
tion of the concentration of endocrine disrup-
ting compounds and for measurement of the
AhR transactivity in the mammal Hepa 1.12cR
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Fig. 3. Polar Organic Chemical Integrative Sampling (POCIS).

cell cultures as described (33). The effects on
the AhR transactivation were expressed as
AhR-TEQ (33), calculated using the fixed-
effect-level quantification method (34,35).

Human serum and plasma samples

Serum or plasma samples were collected from
Greenlandic Inuit and Europeans from
Denmark, Sweden, Poland and Ukraine. To
obtain the fraction containing lipophilic POPs
and get rid of interfering compounds for the
AhR transactivity measurements, the serum or
plasma samples were extracted with ethanol:
hexane and cleaned up on Florisil columns at a
certified laboratory, Le Centre de Toxicologie,
Sainte Foy, Quebec, Canada (40).The extracts
were stored at -80° C and on the day of ana-
lysis the extracts were thawed, processed and
analyzed as described in AhR transactivation
assay (26).

Results and Discussion

Dioxin-like potential of pure compounds and
their mixture

Pesticides

Pesticides comprise a large number of different
substances with dissimilar structures and
diverse toxicity. The AhR potential of the
persistent organochlorine insecticide Dieldrin
and 22 pesticides currently or previously used
in Denmark was assessed by using AhR-
mediated transactivation bioassay in the human
TV101L hepatoma cells and the rat H4IIE
hepatoma cells. It was shown that the fungi-
cides Prochloraz and Iprodione as well as the
insecticide Chlopyrifos elicited a dose-depen-
dent activation of the AhR transactivation both

in the human TV101L cells and the rat H4IIE
cells (fig. 4A and 4B), suggesting that these
pesticides can mediate their effects via AhR.
Some pesticides exerted cell-specific response
evidenced by the potential of the insecticide
Methiocarb and the fungicide Tolchlofos-
methyl to exert a significant activation of AhR
only in the human TVI101IL liver cells in a
dose-dependent manner, whereas the fungicide
Chlorothalonil and herbicide Tribenuron-
methyl weakly activated AhR only in the rat
H4IIE liver cells at certain concentrations. The
plant growth regulator Chlormequat chloride
and the fungicide Prochloraz dose-dependently
antagonized the TCDD induced AhR activity
in the human liver cells whilst no significantly
antagonistic effect of all test pesticides was
observed in the rat liver cells (17).

The AhR potential of other 13 pesticides were
recently evaluated using mouse hepatoma cells
and it was found that 5 herbicides, 2 fungi-
cides, 2 insecticides and 1 organophosphorus
pesticide elicited AhR activating effect (manu-
script in prep.). The AhR activating potential
of selected single pesticides detected in the
Danish water stream was also determined in
our laboratory. The preliminary results showed
that Atrazin, Carbofuran, Dimethoate, Linuron,
Propoconazole and Diuron alone induced
weakly agonistic AhR transactivity. A dose-
dependent tendency was observed for the
pesticide Linuron, and Diuron. Atrazin, Tebu-
conazole, Bromoxynil and loxynil showed an
antagonizing effect of the 60 pM TCDD
induced AhR transactivity, in contrast Carbo
furan and Simazine further increased TCDD
induced AhR transactivity (unpublished data).
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Fig. 4. Dose-response of luciferase activity induced by pesticides in human TV101L cells (A) and rat H4IIE cells

(B) (17).

Fold induction is the luciferase activity of pesticide divided by the luciferase activity of solvent control. Values

represent the mean = SD of three independent assays.

*: significantly different from solvent control.

Phthalates and Phenols

As a part of the EU-sponsored research project
ENDOMET, the potential of several widely
used plasticizers in the industry being released
to the environment was assessed in vitro for
their potential to affect the AhR function. The
plasticizers investigated were bisphenol A
(BPA), BPA dimethacrylate (BPA-DM), alkyl-
phenols (4-n-octylphenol (nOP), 4-n-nonyl-
phenol (nNP), 4-tert-octylphenol (tOP)), bis-
ethylhexyladipate (DEHA), phthalates (dibutyl
phthalate (DBP), bis-ethylhexyl phthalate
(DEHP), di-isononyl phthalate (DINP), di-
isodecyl phthalate (DIDP), dioctyl phthalate
(DNOP), benzylbutyl (BBP)) and 2-phenyl-
phenol (2-PP), 4-chloro-3-methyl phenol
(CMP), resorcinol and 2,4-dichlorophenol
(2,4-DCP). The combined effect of an equi-
potent mixture of BPA, nNP, BBP, CMP,
resorcinol and tOP was also assessed.

The plasticizers nNP, DBP, DEHP and DIDP
elicited weak agonistic AhR activity (fig. 5).
When co-treatment with TCDD, nNP, Resorci-

nol and BBP further increased TCDD induced
AhR transactivity dose-dependently, whereas
BPA, nNP and CMP inhibited the TCDD-
induced AhR activity at the highest tested con-
centration (table 2) (22,24). As shown in table
3, the mixture, composed of six compounds of
which only nNP had a weak agonistic AhR
potential, weakly induced the AhR activity
compared to the individual compounds. This
suggests that these non-AhR active compounds
can act together with a weak AhR agonist to
increase the AhR transactivity. In the presence
of TCDD, the mixture dose-dependently
inhibited the TCDD-induced AhR transactivity
(22).

Phytoestrogen

Phytoestrogens (PEs) are a diverse group of
naturally occurring non steroidal plant com-
pounds that have the ability to cause estrogenic
and/or antiestrogenic effects due to their simi-
lar structure to natural estrogen, 17 B-estradiol.
There are three main classes of PEs: isoflavo-
noids, coumestans and lignans (41). The effect
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Fig. 5. AhR-mediated transactivity of TCDD and plasticizer nNP, DBP, DEHP, DIDP (22).

Fold induction is the luciferase activity of plasticizers divided by the luciferase activity of solvent control.

Values are given as mean + SD of triplicate determinations.

Table 2. Plasticizers induced competitive AhR transactivity following co-treatment with 60 pM TCDD*

LOEC (M) MOEC (M) % of SC at MOEC'

TCDD 2x 10" 1x10° 100
BPA 1x10* 1x10* 44
nNP 25x10° 5x10°/1x10* 146 /61
CMP 1x10* 1x10* 18
DCP 1x107° 1x107° 138
Resorcinol 1x10% 1x107 175
DBP - - -
BBP 1x10*® 1x10° 165
DEHP - - -
DIDP - - -
* Adapted from (22,24)

LOEC: the lowest tested concentration at which a significant effect (p <0.05) was detected. MOEC: the lowest

tested non-cytotoxic concentration causing the maximum effect. SC: solvent control (0.1% DMSO)
'Percent of response obtained from compound compared to the controls at MOEC.
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Table 3. The AhR transactivity induced by the single plasticizers and their mixture**

Agonistic response Competitive response

(compound alone) (compound in the presence of EC5y TCDD)

NOEC LOEC ECs, NOEC LOEC ECs,
Solvent control 1.0£0.03 1.0+£0.03 1.0 £0.05 - - -

60 pM TCDD 152+£3.26% 152+326% 152+326* 10+007* 1.0£007" 10+0.15
Single compounds

BPA 1154030 1.40+024 149+038 1.11+0.14 1.01+0.18* 0.74+045
nNP 1.08+0.19 1.22+0.16% 1.85+0.13*% 1.04+0.16 1.05+0.18* 1.12+0.04*
BBP 0.99+0.12% 1.18+0.12 1.28+0.18 1.24+0.31 150+0.36"* 0.26+0.14
CMP 1.01+£020 0.92+0.18* 0.81£0.08 0.99+0.22 0.73+0.08 0.21+0.06"
Resorcinol 0.86+0.06* 0.85+0.16* 086+0.09 1.29+029 121+0.40* 025+0.12"
tOP 1.05+0.08% 1.09+0.28 1.09+0.14 1.15+028 1.01+029 021+0.11°
Mixture 1.23+0.07* 1.63 £0.29* 0.99 £0.26 0.96+0.13 0.75+0.09" 0.48=+0.11"

**. Adapted from (22)

“ In the competitive assay the data of the ECso TCCD cotreateatment was set to 1

NOEC: no-observed-effect concentration.
ECs: half maximum effect concentration

LOEC: the lowest tested concentration at which a significant effect (p <0.05) was detected.
MOEC: the lowest tested non-cytotoxic concentration causing the maximum effect.
The positive TCDD control used was EC50 = 60 pM TCDD *Significantly different from the solvent control.(p

< 0.05) in the agonistic response.

®: Significant different from the TCDD ECs, control in the competitive response (p <0.05).

ASignificantly different from mixture (p <0.05).

Mixture: equipotent mixture of BPA, nNP, BBP, CMP, resorcinol and tOP.
The data were expressed as Relative Luciferase Unit (RLU) per pg cell protein (22).

of mixtures of 12 food relevant PEs on the
AhR transactivation were assessed. The results
showed that isoflavonoid metabolites, geni-
stein, daidzein and equol as well as their equi-
molar mixture, mixture of two isoflavonoid
mother compounds, mixture of four lignan
mother compounds and coumestrol weakly
activated the AhR transactivation. The mixture
of two lignan metabolites showed a weak ago-
nistic effect on AhR, but inhibited the TCDD-
induced AhR transactivity. Isoflavonoid meta-
bolites exhibited a synergistic combined effect
on AhR transactivity (manuscript submitted).

Organotin
Organotin chemicals are those compounds
containing at least one bond between tin and

carbon. They were found in the Danish water
stream. Thus the AhR potential of organotin
was assessed. The preliminary result showed
that no obvious induced AhR transactivity was
observed for the organotins. However, organo-
tin elicited an antagonizing effect on the
TCDD induced AhR transactivity (unpublished
data).

Dioxin-like potential of environmental matrix

Wastewater

Wastewater contains multiple chemical sub-
stances, some of which have the potential to
disrupt endocrine processes in living orga-
nisms (42-45). In industrialized countries most
of the sewage produced is treated in a sewage
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AhR-TEQ of waste water in Denmark
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Fig. 6. AhR-TEQ of waste water of two Danish sewage treatment plants*

* Adapted from (33)

Values represent as mean + SD of at least two independent assays. For the calculation of bio-TEQ), the fixed-

effect-level quantification method was used.

treatment plant (STP) before it is discharged to
receiving environmental water streams. Never
theless some natural hormones and a number
of man-made chemicals with the potential to
disrupt endocrine activity can be found in
environmental surface water because many
substances are resistant to biodegradation in
STPs or because they are discharged directly
without any treatment (46). Thus the dioxin-
like potential of wastewater from two Danish
sewage treatment plants (STP), Lynetten of
Copenhagen and Ussered of north of
Copenhagen, was assessed using AhR-
mediated transactivation bioassay.

The calculated AhR-TEQ wvalues of Lynetten
and Ussered influent were similar and no
statistical significant difference between the
two STPs was found for influent samples,
whereas for the effluent, the AhR-TEQ of
Lynetten effluent was significantly higher than
that of Ussered effluent (33). For both STPs,
the AhR-TEQ value of influent was signifi-
cantly higher than the effluent AhR-TEQ (fig.
6). Compared to influent samples, the AhR-
TEQ in the effluent samples was reduced to 39
% and 24 %, for Lynetten and Usserad,

respectively (33). The findings suggested that
dioxins or dioxin-like compounds exist in both
tested Danish STP wastewaters. Influents con-
tained more AhR-activating compounds than
effluent, indicating that the process of both
STPs can reduce but not eliminate the AhR-
activating compounds.

Danish water stream

It has been demonstrated in our earlier study
that the dioxin-like activities of wastewater
from Danish STPs were decreased after the
cleaning process, however not eliminated (33).
Some natural hormones and a number of man-
made chemicals with potential to disrupt
endocrine activity can thus be found in surface
water (46). To assess whether there are AhR-
activating compounds in the Danish water
streams, the stream water samples were
collected by passive samplers (POCIS) at
different locations in Danish streams, which
included sites both with and without sewage
effluent admission. It was shown that the ex-
tracts of POCIS membranes from all stations
significantly induced AhR transactivity. In
general, AhR-TEQ of downstream the sewage
treatment plant (STP) was significantly higher
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Fig. 7. Greenland map.

Blue circles indicate the Greenlandic communities where the serum dioxin-like activities were measured.

than that of upstream at the same STP station
(manuscript in prep.). Thus the data suggest
that dioxin-like compounds are found in
Danish water streams. Furthermore, more
dioxin-like compounds (DLCs) are found
downstream than upstream STPs indicating a
release from waste water plants to the environ-
mental water streams. In general, the data

showed that dioxin-like compounds are found
in Danish water streams. DLCs are released
from STP plants and higher concentrations
were again found downstream compared to the
upstream levels, indicating a release of dioxins
and DLCs from waste water plants to environ-
mental water streams.
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Dioxin-like compounds burden in human body

Greenlandic Inuit

Laboratory studies on the effects of single
chemicals or chemical mixtures in vitro in cell
cultures and laboratory animals cannot fully
elucidate the human health risks. Integration of
epidemiological and biomarker studies on
humans from exposed populations is needed in
order to obtain information about the real
health risks resulting from exposures to the
accumulated complex mixtures of contami-
nants. The burden of POPs in the Arctic people
has been monitored since 1991, and a
programme for measuring the potential biolo-
gical effects of these contaminants has been
established (AMAP Human Health Effects
Monitoring Programme) (47). As parts of the
AMAP human health programme the levels of
14 different PCBs, 10 pesticides, selenium,
lead and mercury were determined in Inuit
within  different  Greenlandic  districts.
Furthermore, to determine the potential health
risk the AhR mediated dioxin-like activity was
measured ex vivo as a biomarker of effect of
the actual complex mixtures of POPs found in
serum of Inuit of different districts (fig. 7).
More than 71 % of the serum POP extracts
activated the AhR transactivity and the serum
POP related dioxin-like activities are given by
TCDD toxicological equivalence (AhR-TEQ).
Similar AhR-TEQ levels were found in male
and female Greenlandic Inuit (27).

The median AhR-TEQ level of male Inuit were
153 - 197 pg /g lipid (26,27), with the highest
and the lowest level found in East Greenland
(Tasiilaq) and North Greenland (Qaannaq),
respectively (Tasiilaq > Sisimiut > Nuuk >
Qaanaaq) (figure 8). In an earlier pilot study
we also showed that the AhR-TEQ differed
significantly among the districts, with the male
Inuit in East Greenland (Scoresbysund) having
the highest level and Inuit in mid-West
Greenland Ilulissat having the lowest AhR-
TEQ level (Scoresbysund > Nuuk > Nanortalik
> Upernavik > Ilulissat) (25). For Greenlandic
female Inuit the median AhR-TEQ level was
167 pg/g lipid (27). The serum dioxin-like
activity of Qaannaq women was lower than

that of other districts with the order of Nuuk >
Tasiilaq > Sisimiut > Qaannaq (fig. 8) (27).

Preliminary data for Scoresbysund,
Qeqertarsuaq and Narsaq also show a high
frequency of serum extracts eliciting agonistic
AhR activity with the median AhR-TEQ level
of 182-185 pg/g lipid (Unpublished data).

Comparison of serum dioxin-like activities
between Greenlandic Inuit and Europeans

The project INUENDO, supported by the
European Union, aimed to examine whether
there is a correlation between human fertility
and exposure to POPs, using the POP exposure
proxy biomarkers PCB-153 and p,p’-DDE.
The project involved study groups of fertile
men from Europe (Kharkive, Ukraine;
Warsaw, Poland; fishermen of the Swedish
East Coast) and various Greenlandic districts
(48).

A significant higher serum concentration of the
two POP exposure markers was found for Inuit
in comparison to the Europeans (49). Upon
measurement of the lipophilic serum extract on
the AhR transactivity we found that more than
95 % of serum samples from European men
showed significantly agonistic AhR activity.
As shown in table 4, the median AhR-TEQ
levels were 312, 428 and 337 pg/g lipid for
Warsaw, Sweden and Kharkiv, respectively
(26). For Greenlandic male Inuit, the median
AhR-TEQ levels of Qaannaq, Sisimut, Nuuk
and Tasiilag were 110, 189, 166 and 240-294
pg/g lipid, being significantly lower than
European men mentioned above (26,27).

The influence of serum extract on the TCDD
induced AhR activity differed between Green-
landic male Inuit and European men. As shown
in table 4, upon co-exposure with TCDD-ECs,
(termed as AhRcomp) the Greenlandic
samples, except Nuuk men, mainly exhibited a
potentiating effect on AhR by a further
increasing TCDD induced AhR-transactivity
whereas European men generally antagonized
the TCDD induced AhR transactivity (26,27).
This difference suggests that more compounds
with AhR affinity is found in Europeans and
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Fig. 8. Serum AhR-TEQ of Greenlandic Inuit*
* Adapted from (27)
AhR-TEQ: TCDD equivalent. Blue columns are men data and red columns are women data.

Table 4. The serum levels of dioxin-like activity of Greenlandic male Inuit and European men*

Greenlandic European
Nuuk' Sisimiut' Qaannaq' Tasiilag”> Tasiilaq® Warsaw®  Sweden®  Kharkiv®

AhR- n 21 42 38 38 25 99 76 80
TEQ median 166 189 110 240 294 312 428 337
(pg/g % agonist 79 88 100 97 100 100 95 100
lipid)
AhRcomp n 38 51 43 38 25 99 78 86
(RLU/pg  median 0.78 1.21 1.35 1.04 1.32 0.96 0.93 0.82
protein) o 0 44 54 29 36 3 6.4 18

add/syn

% 32 4 2.3 32 0 8 12 34

antagonist
* Adapted from (26,27)

! Data from AMAP (2002-2005). % Data from AMAP (2000-2002). *: Data from INUENDO (2002-2004).
AhR-TEQ: TCDD equivalent.

% agonist: percent of samples eliciting a significant increase in AhR transactivity compared to the solvent
control.

AhRcomp: competitive AhR transactivity of serum extract + 60 pM TCDD, the AhR-CALUX response of 60
pM TCDD was set to 1.

% add/syn: percent of samples responding with a further increase of the 60pM TCDD induced AhR-mediated
transactivity.

% antagonist: percent of samples responding with a decrease of the 60pM TCDD induced AhR-mediated
transactivity.
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that the profile of POPs in the body is different
between Greenlandic Inuit and Europeans.

In a pilot study, we also compared the plasma
POPs related dioxin-like activity between
Greenlandic Inuit and young Danish women.
Sixty-four percent of the serum samples from
young Danish women elicited significant
induced AhR transactivity and the median
AhR-TEQ was 152 pg/g lipid (25), being
slightly lower than that of Greenlandic Inuit
(median: 207 pg/g lipid). Taking into conside-
ration the very low plasma PCB concentrations
in young Danish women compared to
Greenlandic Inuit (172 pg/kg lipid vs. 2051
ng/kg lipid), we suggested that exposure to
dioxins and DLCs might contribute more to the
net AhR transactivity than the bioaccumulated
PCBs for the Danish women. We further
suggested that the composition and levels of
plasma POPs, geographical location and diet
have a high impact on plasma AhR trans-
activity.

Correlations of serum dioxin-like activity and
POP biomarkers and /or lifestyle factors in
Greenlandic Inuit men and European men
Because the measured serum/plasma dioxin-
like activity (AhR-TEQ) was obtained from the
POP fraction and POPs have been shown to be
related to age, diet and lifestyle (50,51), the
study was also intended to evaluate whether
the serum dioxin-like activity was associated
with serum POP concentrations (14 PCBs and
10 organochlorine pesticides) and/or lifestyle
factors. Associations between the AhR trans-
activities and lifestyle factors such as age,
intake of marine food and smoker years were
observed, indicating that comparison of diffe-
rent study populations requires the inclusion of
age, diet and lifestyle factors (25,27).

We also evaluated the association of serum
dioxin-like activity and POP biomarkers and
lifestyle factors stratified on the Inuit and the
pooled European populations (Warsaw +
Sweden + Kharkiv). A positive correlation
between AhR-TEQ and PCB153 (p = 0.001)
and age (p = 0.057) was observed for the
pooled European men supporting a report

showing positive correlation between serum
DL-activity and age (52) while inverse correla-
tion between age and AhR-TEQ (p =0.01) was
observed for the Inuit (table 5) being in
accordance to the frequency of marine food
intake and POPs bioaccumulation. These
observations might partly explain that the
differences in food intake contributing to the
higher DL-activity found in Europeans com-
pared to Inuit and suggest that the sources of
body burden of dioxin-like compounds are
different between Inuit and Europeans. Since
Greenlandic Inuit are far from the dioxins’
sources and have higher proportion of non-
dioxin-like POPs that can inhibit the AhR
(27,53,54) while the Europeans in general have
lower non-dioxin-like POP but are closer to the
sources of dioxin exposures, it might explain
the higher serum dioxin-like activity observed
for Europeans compared to the Greenlandic
Inuit.

Using another clean-up method for serum
samples it was recently reported that high
levels of PCBs in Slovakian male serum
samples were associated with a increased AhR
mediated activity (55).

The relationship between the serum dioxin-like
activity and sperm DNA fragmentation and
apoptosis

The INUENDO project also assessed the
sperm DNA damage and sperm apoptosis as
well as semen quality (48). Unexpectedly, a
significant lower level of DNA damage was
found in sperm DNA from Inuit compared
with European samples (56). The serum AhR-
TEQ and AhRcomp negatively correlated tothe
sperm DNA damage for the Greenlandic Inuit,
suggesting that higher serum AhR mediated
activities tend to result in lower sperm DNA
damage level. It can be speculated that the
observed inverse correlation between serum
DL-activity and sperm DNA damage for the
Inuit might have a protective effect due to the
metabolism of compounds potentially stimu-
lating sperm DNA damage, and thus partly be
responsible for their lower sperm DNA
damage level. In contrast, for the combined
European groups positive correlations were
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Table 5. The correlation of serum dioxin-like activity and the POP proxy markers, age and intake of seafood of

Inuit and Europeans*

Inuit
n o1
PCB153
AhRR-TEQ 70 .14
AhRcomp 73 -.03
p.p’-DDE
AhR-TEQ 70 .15
AhRcomp 73 -.09
Age
AhR-TEQ 68 -.30
AhRcomp 73 -.20
Seafood
AhR-TEQ 66 -.15
AhRcomp 71 -.18
* Adapted from (26)

25
.83

21
46

.01
.09

22
14

European®

n o, p
255 .20 .001
254 -13 .04
255 -.09 .15
254 .01 .89
249 .12 .057
256 -.07 .26
168 .02 .77
174 -.02 .81

% Combined data of Warsaw, Sweden and Kharkiv
I,: Spearman correlation coefficient

observed between the sperm DNA damage and
AhRcomp (57). These positive correlations of
serum xenobiotic induced receptor activity and
sperm DNA damage also suggest that Euro-
peans might be more sensitive to the xeno-
biotics. Moreover, the intake of antioxidant
selenium and n-3 fatty acids was much higher
for the Inuit than the Caucasians (58,59) and it
is known that selenium and n-3 fatty acids can
have protective effects on human health.
However, whether genetic differences and/or
other ethnic cofactors are involved need further
studies to elucidate this phenomenon. In addi-
tion, further studies are required to identify
possible factors invol in the correlations found
between POP related AhR effect and sperm
DNA damage (57,60).

The relationship between the serum dioxin-like
activity and breast cancer in Greenlandic Inuit
Breast cancer (BC) is the most common cancer
for women in the western world. From very
few cases an extraordinary increase in BC was
observed in the Inuit population of Greenland
and Canada although still lower than in

western populations. In a recent study aiming
to evaluate the association between serum
levels of POPs and perfluorinated compounds
(PFCs) in Greenlandic Inuit BC cases and their
controls, and whether the combined POP
related effect on nuclear hormone receptors
affect BC risk, we observed that the BC cases
had lower AhR induced serum dioxin-like
activity than controls (61). We speculate that
the higher serum sumPOP/sumPCB levels
found in cases may have an inhibitory effect on
the AhR activity and explain the observed
difference between cases and controls. Non-
dioxin-like PCBs are shown to have the poten-
tial to antagonize the AhR pathway (54,62).
Moreover, we found in an earlier study that
Inuit with high serum levels of PCB had lower
AhR-TEQ compared to Europeans with lower
PCB levels (26). Dioxins are reported to have
antiestrogenic potentials (63-65). It can be
speculated whether the lower dioxin-like AhR-
TEQ level in cases could play a role in BC risk
via its lower antiestrogenic potential. Alterna-
tively, it may be explained by differences
between cases and controls regarding metabo-
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lic pathways involved in the biotransformation
of both mono-ortho PCBs and estrogens as
suggested by Demers et al. 2002 (66).

Conclusions and perspectives

The in vitro results showed that some pesti-
cides, plastic components and phytoestrogens
might have an effect on the AhR function, and
the combined effect of compounds with no or
weak AhR potency cannot be ignored, and that
the combined effect of the complex mixture of
compounds present in human blood must be
taken into consideration for risk assessment.

The results from the wastewater study indi-
cated that the AhR-mediated transactivity can
be used for a more sensitive biomonitoring of
effects of effluents from STPs as a supplement
to chemical analyses, and as a tool to evaluate
the effectiveness of treatment within the STP.
A significant effect was detected in effluent
samples and although lower than the influent it
is indicating that the wastewater treatment pro-
cesses is not efficient enough to prevent conta-
mination of environmental surface waters and
thus the release of dioxins and dioxin-like
compounds from STPs to the environment.
Whether this contamination by dioxins and
dioxin-like compounds might have adverse
effects on human health as well as the eco-
system needs further research.

The ex vivo results from our human studies
suggested that the serum dioxin-like activity of
the complex mixture of DL-compounds seems
to reflect the POP profile in human blood.
Greenlandic Inuit had lower serum AhR-TEQ
level compared to European men, probably due
to long distance from the DLCs sources and
therefore UV degradation of the high potent
dioxin and/or the high level of non-DL POPs
and/or dietary habit. We have the experience
that e.g. high level of non-DL PCBs can have
an inhibitory effect on AhR transactivity.
PCBs do generally biomagnify through the
aquatic food chains. However, the biomagnifi-
cations of PCBs in the aquatic food chain is
congener-specific evidenced by that the con-
centration of dioxin-like PCBs (e.g. PCB77,
PCB 126 and PCB169) showed no obvious

biomagnifications while non-dioxin-like PCBs
such as PCB 138 was biomagnified (67,68).
Owing to this selective biotransformation
effect during the bioaccumulation in the food
chain, the concentration of some dioxin-like
PCBs might be reduced whereas non-dioxin-
like PCBs accumulate causing the variation of
the composition of PCBs in the body of Inuit.
This selective bioaccumulation of POPs in the
food chain may contribute to the negative
correlation between serum POPs and dioxin-
like activity observed in Greenlandic Inuit, and
lifestyle, genetics and age must be taken into
account for the assessment of dioxin-like acti-
vity in epidemiological studies.

Hence the AhR-mediated transactivation bio-
assay provides a cost-effective and integrated
screening for determining dioxin-like activity
for a wide range of compounds and com-
plement chemical instrumental analysis and in
vivo studies, being a screening tool for detect-
ing the dioxin-like activity of human and other
biological samples, environmental and com-
mercial chemicals.

The results mentioned in this review were
based on the in vitro and ex vivo data. The in
vivo analyses take into account all possible
biological factors that can influence stress
responses at all levels of life, and incorporate
many important processes (pharmacokinetics,
metabolism, interactions with multiple binding
and transport proteins which can affect uptake
into target organs). These in vivo processes are
limited and therefore elucidated to a less
degree in in vitro analyses. We found that
some pesticides, plastic components and
phytoestrogens affect the AhR function in
vitro. It is interesting to study the effect of
these compounds and their mixture on the AhR
function in vivo in e.g. animal studies. It is
necessary to study the bioavailability and pre-
diction of the whole-organism responses in
humans. Our ex vivo studies of the effect on
AhR function of the complex mixtures of
POPs found in human serum is a model to
mimic the physiological potential of POPs to
affect a cellular mechanism, e.g. AhR function,
and the possible health risk.
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We observed a significant difference and diffe-
rent feature of correlations of the level of
sperm DNA damage and serum dioxin-like
activity between Greenlandic Inuit and
European Caucasians. But little is known about
the differences in total anti-oxidative capacity
and gene polymorphisms between Inuit and
Caucasians for the genes involved in POP
metabolism. Currently, we are determining the
gene polymorphisms of CYP1Al, CYP1A2
and CYP1BI1 in Inuit and Caucasians. Possibly
these genetic data can contribute to elucidate
whether the different level of sperm DNA
damage do relate to different genotypes of
genes involved in metabolic activation of
POPs.
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the Dutch Expert Committee on Occupational Safety, 2011.
http://gupea.ub.gu.se/handle/2077/26596

Human Health Risk Assessment of Combined Exposures to Chemicals, IMM rapport 3/2011. Institiitet
for Miljomedicin, Stockholm, 2011.
http://ki.se/ki/isp/polopoly.jsp?d=8459&a=9149&I]=sv

Kortleegning af kemiske stoffer i tekstiler. Kortlegning af kemiske stoffer i forbrugerprodukter 113,
Miljestyrelsen 2011.
http://www.mst.dk/Publikationer/Publikationer/2011/09/978-87-92779-37-3.htm

Kortlegning og sundhedsmeessig vurdering (kun allergi) af krom i laedersko, Kortlagning af kemiske
stoffer i forbrugerprodukter 112, Miljostyrelsen 2011.
http://www.mst.dk/Publikationer/Publikationer/2011/08/978-87-92779-21-2.htm
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Sources of exposure to Bisphenol A. IMM rapport 2/2011, Institiitet for Miljomedicin, Stockholm, 2011.
http://ki.se/ki/jsp/polopoly.jsp?d=8459&a=9149&I=sv

Toxicological and Health Aspects of Bisphenol A Report of Joint FAO/WHO Expert Meeting 2.—5.
november 2010 and Report of Stakeholder Meeting on Bisphenol A 1. november 2010, Ottawa,
Canada, september 2011. Se rapporten pA WHOs hjemmeside.
http://www.who.int/foodsafety/chem/chemicals/bisphenol/en/index.html

Klima

A climate-neutral lifestyle: Consumers lead the way in climate protection, Umweltbundesamt, 2011.
http://www.umweltdaten.de/publikationen/fpdf-1/4173.pdf

Luftforurening

Air pollution, genetic susceptibility and inflammation Focusing on cardiovascular effects in adults and
respiratory effects in children. Ph.d. athandling, Karolinska Institutet, 2011.
http://publications.ki.se/jspui/handle/10616/4054 1

Air Toxics Exposure from Vehicle Emissions at a U.S. Border Crossing: Buffalo Peace Bridge Study,
Research Report 158, The Health Effects Institute, august 2011.
http://pubs.healtheffects.org/view.php?id=362

Determination of the Effects of Ambient Particulate Matter (Air Pollution) on Toll-like Receptor
Signaling and Function in Human Dendritic Cells, Pilot Stusy Report, The Health Effects Institute,
august 2011.

http://pubs.healtheffects.org/view.php?id=363

Emissions of transboundary air pollutants in the Netherlands 1990-2009: Informative Inventory Report
2011, RIVM 2011.
http://www.rivm.nl/bibliotheek/rapporten/

Hvad er effekten af miljezoner for luftkvaliteten? - Vurdering for Kebenhavn, Frederiksberg, Aarhus,
Odense, og Aalborg. Slutrapport. Faglig rapport nr. 830, Danmarks Miljeundersegelser, 2011.
http:// www2.dmu.dk/Pub/FR830.pdf

Particle Project Report 1008-2010 Particulate contribution from traffic in Copenhagen. NERI
Technical Report no. 837, 2011.
http:// www2.dmu.dk/Pub/FR837.pdf

Personal and Ambient Exposures to Air Toxics in Camden, New Jersey, Research Report 160, The
Health Effects Institute, august 2011.
http://pubs.healtheffects.org/view.php?id=364

Supplerende mélinger til luftovervagning under NOVANA - benzen og PAH. Teknisk rapport nr. 3,
Aarhus Universitet, Nationalt Center for Milje og Energi, 2011.
http://www2.dmu.dk/Pub/TR3.pdf

30 years of effect research, monitoring and modelling, United Nations Economic Commission for
Europe Convention on Long-range Transboundary Air Pollution (CLRTAP) Working Group on
Effects, august 2011.

http:/www.umweltbundesamt.de/luft-e/index.htm
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Nanomaterialer

Commission Recommendation of 18 October 2011 on the definition of nanomaterial. Official Journal
of The European Union, Volume 54, oktober 2011.
http://eur-lex.europa.cu/JOHtml.do?uri=0J:L:2011:275:SOM:EN:HTML

Environment and Human Health - Information Service, Umweltbundesamt, 2011.
http://www.umweltbundesamt.de/umid-e/index.htm

Impact of engineered nanomaterials on health: considerations for benefit-risk assessment. Joint JRC-
EASAC Report, september 2011.
http://ihcp.jre.ec.europa.eu/our_activities/nanotechnology/nanoreport-10-11/JRC-EASAC-report.pdf

Report synopsis.
http://ihcp.jre.ec.europa.eu/our_activities/nanotechnology/nanoreport-10-11/JRC-EASAC-report-synopsis.pdf

Survey on basic knowledge about exposure and potential environmental and health risks for selected
nanomaterials, Miljostyrelsen, 2011.
http://www.mst.dk/Publikationer/Publications/2011/08/978-87-92779-09-0.htm

Nyhedsbreve

Arbejdstilsynets e- nyhedsbrev, august 2011.
http://arbejdstilsynet.dk/da/nyheder/nyhedsbrev/2011/nr-7-25-august-201 1.aspx

COPHES and DEMOCOPHES nyhedsbrev.
http://www.eu-hbm.info/cophes/communication/july-newsletter

Environment and Human Health - Information Service, Umweltbundesamt, 2011.
http:/www.umweltbundesamt.de/umid-e/index.htm

EU-INFORMATION nr. 4, oktober 2011.
http://www.fi.dk/publikationer/201 1/eu-information-nr-4-oktober-201 1/eu-information-nr-4-oktober-2011

Nanosafety newsletter, Observatory for Micro and NanoTechnologies.
http://www.omnt.fr/index.php/en/actualite/newsletter

Newsletter WHO CC nr. 10, august 2011.
http://www.gesundheitsamt-bw.de/MLS/EN/WHOCC/Seiten/Newsletter-WHOCC.aspx

Risikovurdering

Integrated Probabilistic Risk Assessment for carcinogens: A first exploration, RIVM, 2011.
Toxicogenomics in risk assesment, RIVM 2011.
http://www.rivm.nl/bibliotheek/rapporten/320121002.html

Stej

Safe and Sound - Guide to Hearing Conservation in the Music and Entertainment Industry,
Bundesanstalt fiir Arbeitsschutz und Arbeitsmedizin, 2011.
http://www.baua.de/en/Publications/Expert-Papers/Gd10.html

The role of noise events in noise research, policy and practice (peaks, events or both): Report of expert
meeting 25 and 26 October 2010, Utrecht, RIVM, august 2011.
http://www.rivm.nl/bibliotheek/rapporten/815120005.html
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Zoonoser

Facts sheets fra EFSA oktober 2011:

EFSA explains zoonotic diseases: Food-borne zoonoses.
http://www.efsa.europa.eu/en/corporate/pub/factsheetfoodbornezoonoses.htm

EFSA explains zoonotic diseases: Zoonotic E. Coli.
http://www.efsa.europa.eu/en/corporate/pub/factsheetecoli.htm

EFSA explains zoonotic diseases: Campylobacter.
http://www.efsa.europa.eu/en/corporate/pub/factsheetcampylobacter.htm

EFSA explains zoonotic diseases: Antimicrobial Resistance.
http://www.efsa.europa.eu/en/corporate/pub/factsheetamr.htm

EFSA explains zoonotic diseases: Salmonella.
http://www.efsa.europa.eu/en/corporate/pub/factsheetsalmonella.htm

Flatt og flattbarne sykdommer. Lyme borreliose og skogflattencefalitt i 2010, Folkehelseinstituttet i

Norge 2011.
http://www.thi.no/eway/default.aspx?pid=233 &trg=MainArea 5661&MainArca 5661=5583:0:15,1134:1:0:0:::0:0

Healthy Animals, Healthy Canada, Council of Canadian Academies, 2011.
http://www.scienceadvice.ca/en/assessments/completed/animal-health.aspx

Andre rapporter

Abstracts of the 23rd Annual Conference of the International Society of Environmental Epidemiology
(ISEE). September 13-16, 2011, Barcelona, Spanien.
http://ehp03.niehs.nih.gov/article/fetchArticle.action?articleURI=inf0%3 Adoi/10.1289/ehp.isee2011

Collection of Extended Abstracts from: International conference on Energy, Environment and Health -
Optimization of future Energy Systems, CEEH Scientific Report No. 9, 2011.
http://www.ceeh.dk/CEEH Reports/Report_9

Description of the CEEH health effect model, CEEH Scientific Report No. 7a, 2011.
http://www.ceeh.dk/CEEH_Reports/Report_7a/CEEH_Report 7a_verl.pdf

Guidelines for drinking-water quality, fourth edition, World Health Organization, 2011.
http://www.who.int/water sanitation_health/publications/2011/dwq_guidelines/en/index.html

The use of alternatives to testing on animals for the REACH Regulation 2011, European Chemicals
Agency, 2011.
http://echa.europa.cu/publications/alternatives_test animals 2011 en.asp

WHO International Conference on Environmental and Occupational Determinants of Cancer: Inter-
ventions for Primary Prevention, 17.-18. marts 2011. Mederapport, baggrundspapir og praesentationer.
http://www.who.int/phe/news/events/international _conference/en/index.html
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Kalender 2012

Der kan linkes til meder og konferencer via
adressen:
http://miljoogsundhed.sst.dk/kalender/index.html

Januar

22.-26. januar: 17 th Conference on th Application
of Air Pollution Meteorology, New Orleans,
Louisiana.

Februar

19.-23. februar: GRF One Health Summit 2012 One
Health - One Planet - One Future Risks and Oppor-
tunities, Davos, Schweiz.

Marts

2.-3. marts: The 5th International Conference:
Ecological Chemistry 2012, Chisinau, Moldovien.

18.-23. marts: 10th International Congress on
Occupational Health - Occupational Health for All:
From Research to Practice, Cancun, Mexico.

19.-22. marts: Analyzing Risk: Science, Assess-
ment, and Management, Boston MA.

19.-23. marts: Eighth International Conference on
Air Quality - Science and Application, Athen,
Grakenland.

26.-29. marts: 6th International Conference on
Environmental Mutagens in Human Populations,
Doha, Qatar.

April

2.-4. april: INRS Occupational Health Research
Conference 2012: Health risks associated with
mixed exposures, Nancy, Frankrig.

2.-4. april: INRS Occupational Health Research
Conference 2012: Risks associated to nanoparticles
and nanomaterials, Nancy, Frankrig.

19.-20. april: Workplace and Indoor Aerosols
Conference, Lund, Sverige.

Maj

9.-11. maj: 7th International Workshop on Non
Ionizing Radiation, Edinburgh, UK.

13.-18. maj: 13th International Congress of the
International Radiation Protection Association,
Glasgow (Scotland), UK.

13.-18. maj : World Congress on Water, Climate &
Energy 2012, Dublin, Irland.

15.-17. maj: Urban Transport 2012, A Coruila,
Spanien.

16.-18. maj: 20th International Conference on
Modelling, Monitoring and Management of Air
Pollution, A Corufia, Spanien

20.-24. maj: 6th SETAC World Congress / SETAC
Europe 22nd Annual Meeting Securing a sustain-
able future: Integrating science, policy and people,
Berlin, Tyskland.

21.-27. maj: IFEH 12th World Congress on
Environmental Health: New Technologies, Healthy
Human Being and Environment, Vilnius, Litauen.

22.-24. maj: Forest Fires 2012, New Forest, UK.

30. maj - 1. juni: The Contribution of Epigenetics in
Pediatric Environmental Health San Francisco,
Californien.

Juni

13.-16. juni: 11th European Society of Contact
Dermatology Congress, Malmd, Sverige.

17.-20. juni: Congress of the European Societies of
Toxicology Stockholm, Sverige.

17.-20 juni: 2nd Urban Environmental Pollution
Conference, Amsterdam, Holland.

25.-28. juni: 3rd International Conference on
Transport, Atmosphere and Climate, Prien am
Chiemsee, Tyskland.

Juli

2.-4. juli: Environmental Impact 2012 - First Inter-
national Conference on Environmental and Econo-
mic Impact on Sustainable Development. New
Forest, UK.

2.-5. juli: 7th International Conference on the
Science of Exposure Assessment (X2012)
Edinburgh, Scotland.
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8.-12. juli: Healthy Buildings 2012, Brisbane,
Australien.

10.-12. juli: Water Pollution 2012, New Forest, UK.

18.-20. juli: Risk 2012: World Congress 3, Sydney,
Australien.

August

6.-10. august 2012: 8th International Conference on
Urban Climate - ICUC 8, Dublin, Irland.

18.-21. august: XXI World Congress on Asthma,
Quebec, Canada.

26.-30. august: Twenty-Fourth Conference of the
International Society for Environmental Epidemio-
logy, Columbia, South Carolina, USA.

27.-30. august: World Cancer Congress, Montreal,
Canada.

September

4.-7. september 2012: 6th International Conference
on Nanotoxicology, Beijing, Kina.

19.-21. september: 8th International Conference on
Simulation in Risk Analysis and Hazard Mitigation,
Kroatien.

23.-26. september: Central European Symposium
on Antimicrobials and Antimicrobial resistance.
CESAR 2012, Kroatien.

23.-26. september: International Conference on
Environmental Odour Monitoring & Control,
Palermo, Italien.

30. september - 4. oktober: NIVA Occupational
Lung Diseases - Prevention and Risk Factors, Saro,
Sverige.

Oktober

1.-5. oktober: Niva Introduction to occupational
epidemiology. Gentofte, DK.

21.- 26. oktober: Monte Verita - EMF Health Risk
Research: Lessons Learned and Recommendations
for the Future - Seven Years Later.

22.-25. oktober: NIVA Indoor air quality, health,
comfort and productivity, Bergen, Norge.

28.-31. oktober: SENN2012 - International Con-
gress on Safety of Engineered Nanoparticles and
Nanotechnologies, Helsinki, Finland.

November

5.-9. november: 7th Conference of the World
Mycotoxin Forum and XIIIth [TUPAC International
Symposium on Mycotoxins and Phycotoxins,
Rotterdam, Holland.

13.-15. november: Nanosafe 2012, Grenoble,
Frankrig.

NB! Bidrag til kalenderen modtages gerne,
hib@sst.dk
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skriv til Miljg og sundhed

skriv om forskningsresultater
skriv til synspunkt

skriv et mgdereferat

send nye rapporter

husk ogsa kalenderen

Ring, skriv eller send en e-mail til:

Hilde Balling
Sundhedsstyrelsen

Islands Brygge 67

2300 Kgbenhavn S

tif. 72 22 74 00, lokal 77 76
fax 72 22 74 11

e-mail hib@sst.dk

http://miljoogsundhed.sst.dk

ogsa hvis du bare har en god idé!



