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Till Mark- och miljédomstolen, Nacka tingsritt

Yttrande

Fran: Arbetsgruppen for Habo-Tibble med omnejd

Mal nr: M 283-14

Saken: Miljoprovningsdelegationens inom Linsstyrelsen 1 Stockholms

14n beslut med beteckning 5511-20188-2012 avseende tilistdnd
for lagring av slam inom Habo Héradsallmédnning 1:1 daterat
den 19 november 2013.

Arbetsgruppen for Habo-Tibble med omnejd (”Arbetsgruppen”) far
hérmed inkomma med yttrande enligt féljande.

Inledning

Som ett komplement till Arbetsgruppens 6verklagande av den 27
december 2013 angaende Képpalafcrbundets ("Képpala”) tillstand frén
Lansstyrelsen i Stockholms 14n avseende lagring av slam inom Habo
Héradsallmanning 1:1 vill Arbetsgruppen nirmare utveckla de skdl som
talar emot att ett sddant tillstand kan meddelas med hénsyn till
miljébalkens bestimmelser.

Da den planerade anldggningen dr av en sa betydande storlek samtidigt
som de milj6- och hélsorisker som finns forknippade med hantering av
slam &r av s allvarlig art for de boende och verkande 1 ndromradet ar det
av synnerlig vikt att Mark och Miljodomstolen noga prévar och
analyserar om Képpala beskrivit alla relevanta risker tillrdckligt tydligt
och om Linsstyrelsens provning skett pa ett fullstdndigt underlag samt
om prévningen skett pa ett korrekt sétt sdrskilt med hénsyn till
miljébalkens bevisborderegler for miljofarlig verksamhet.

Arbetsgruppen vill rikta uppmirksamheten mot foljande forhallanden.



Vattenforsoérjningen

Arbetsgruppen anser att Lansstyrelsen inte pa ett korrekt sitt beaktat och
vérderat riskerna for traktens vattenforsSrjning. Detta synes bero dels pa
att Léansstyrelsen underskattat riskerna men ocksa pa brister i Képpalas
ansOkan och miljokonsekvensbeskrivning. Grundstenar i
riskbedomningen nér det géller vattenfrigan mdste vara:

1. Att samtliga hushall och verksamheter i trakten &r beroende av
vatten fran egna grivda och borrade brunnar och att kommunal
vattenforsorjning helt saknas.

2. Att den planerade anldggningen kommer att bli Sveriges storsta
slamanliggning och omhénderta i princip halva Stockholms
arliga produktion av slam.

3. Att det dr kint att det finns betydande miljorisker i samband med
slamhantering och vidare att manga risker alltjimt inte &r fullt ut
analyserade och pa utredningsstadiet.

4. Attrisken for spill och lickage av miljofarliga &mnen vid den
planerade anldggningen i samband med lagring, transport,
lastning och lossning ir betydande.

5. Att den planerade anldggningen geografiskt och topografiskt
placerats pa ett sddant sétt att det dr svart att forutséiga riktningen
pa lickage och kontrollerad avrinning. Placeringen pé en hojd 1
terrdngen kan innebéra avrinning at flera olika riktningar.

Det kan dérvid konstateras att Képpala i sin ansékan och
miljokonsekvensutredning inte tillrdckligt utrett och presenterat vattnets
strémmar eller hur det flédar fran och omkring den planerade
anldggningen. Képpala har heller inte undersokt och for Lansstyrelsen
presenterat hur vattenforsorjningen i trakten tillgodoses. Att samtliga
hushéll och verksamheter dr beroende av vatten fran egna brunnar borde
utan tvekan omndmnts i ansékan och funnits med som en faktor vid
Lénsstyrelsens riskbedémning och beslut.

Arbetsgruppen saknar en beskrivning av riskerna for ett lickage av
miljofarliga &mnen liksom ett system och en plan f6r hur detta ska
undvikas. Det saknas ocksé en plan for hur situationen ska hanteras vid
ett 1dckage och det saknas ett system for den l6pande kontrollen av de
boendes vattenkvalitet. Detta maste vara nagot av ett minimikrav {r en
anldggning som ska hantera 25 000 ton slam &rligen och dér dven ett
mindre lickage kan stélla hela trakten utan tjanligt vatten under léng tid.



Det finns ingen garanti for att Képpalas anldggning kommer att klara att
hermetiskt innesluta ldckage och spillvatten fran slamhanteringen. Det
handlar om att arligen hantera slam fran ca en halv miljon ménniskor.
Slammet kommer att hanteras och omréras genom dagliga lastningar och
lossningar, dessutom kommer det att forvaras pa en betongplatta som inte
med siikerhet kan forutses vara tit. Det forsiggar frekvent springning i
Jehanders bergtakt som ligger pa angransande tomt vilket i sig innebér en
stindig risk for sprickor och sittningar i bottenplattan och hela
anldggningens forvaringssystem.

Vidare dr anldggningen placerad pa en hojd dar avrinning sker i flera
viderstreck, vart och ett i rikining mot narliggande omraden med flera
hundra hushall, jordbruk, skolor och andra verksamheter.

Hela den trakt dir Képpalas anldggning &r ténkt att placeras saknar
kommunalt vatten. Samtliga hushall, jordbruk, skolor och &vriga
verksambheter dr beroende av vatten frén egna grivda eller borrade
brunnar. De grivda brunnarna &r i stor utstrickning mycket grunda,
endast i storleksordningen tva till tio meter djupa och dirmed vildigt
sarbara for fororeningar ovanifrdn. Nagon kommunal vattenforsorjning
finns inte. En lickande betongplatta, spill vid lastning och lossning samt
vid transport, otéta forvaringskérl, felaktigheter vid driften av
anldggningen samt paverkan av yttre omstindigheter sdsom otjanlig
viderlek kan leda till lickage som i ett slag gér vattnet otjanligt for
samtliga traktens invénare och verksamheter. Dessa risker forstirks med
beaktande av osikerheter och risker som bl.a. orsakas av de manga tusen
transporter som méste bli f6ljden av lokala lantbrukares himtning av
slam fran anldggningen arligen.

Av Kippalas egna uppgifter som ldmnats till Lansstyrelsen framgér
vidare att det foreligger osékerhet om hur mycket vatten som avrinner
fran slammet da det t.ex. kommer att kunna suga ét sig regnvatten i
samband med lagring och att detta innebér en osédkerhetsfaktor vid
dimensioneringen av det slutna systemet. Vidare framhélls utan férbehall
att det “rader dven stor osikerhet om fororeningshalten i lakvattnet”.!
Mot denna bakgrund och pa grund av att det saknas referensanldggningar
att studera vid utformning och dimensionering av anldggningen, bad
Kiéppala Lénsstyrelsen om en provoperiod for att kunna utreda och
studera hur lakvattnet ska kunna omhéndertas for att minska risken for

skadliga utslipp.” Lansstyrelsen har gitt Kippala till motes i sistndmnda

! | insstyrelsens beslut sid 8 st. 3.
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avseende och forenat tillstdndet med vissa villkor betrdffande dag- och
lakvattenhanteringen vid anldggningen. Av villkoren kan utldsas att det i
stor utstrdckning handlar om en forséksverksamhet dér graden av
fororening och risker dnnu dr okénda. Likvél ges tillstand for att starta
verksamheten och for det fall att angivna vérden for graden av
fororeningar skulle visa sig 6verskridas dr den enda forpliktelsen som
avilar Képpala att vidta ytterligare atgérder for att tillse att virdena
respekteras.’ Vilka dessa &tgirder ir eller ska vara och vid vilka niver
eller vid vilken tidpunkt de méste genomforas sdger Lansstyrelsens beslut
inget om.

Mot ovanstaende bakgrund finner arbetsgruppen det anmérkningsvért att
Lénsstyrelsen gett Képpala tillstdnd till den aktuella verksamheten. Det 4r
Kiéppala som enligt 2 kap. 1 § miljobalken har bevisbordan for att
hénsynsreglerna i 2 kap. 2-6 §§ milj6balken 4r uppfyllda. Och med
hénsyn till den mycket inverkande miljopaverkan som verksamheten vid
anldggningen méiste innebéra ir det av synnerlig vikt att bevisbérderegeln
och hinsynsreglerna respekteras och beaktas 1 samband med
tillstdndsgivningen.

Konsekvenserna av en bristfillig hantering vid anldggningen kan bli
betydande bade ur boendesynvinkel och ur ett ekonomiskt perspektiv. 1
sistndimnda sammanhang efterlyser Arbetsgruppen villkor i samband med
tillstandsgivningen for hur kraven pa ekonomisk kompensation ska l6sas
1 héndelse av att Kdppala fororenar vattnet i trakten. Arbetsgruppen
menar ocksa att ett absolut villkor f6r Kédppalas verksambet ér att vattnet i
varje brunn i trakten analyseras innan anlédggningen tas 1 bruk och att
sddana analyser genomfors regelbundet sd ldnge anldggningen &r i drift
och minst tva ganger per ar. For detta ska Képpala st hela kostnaden.
Endast pé detta sitt kan de boende klara en situation da vattnet blivit
otjénligt och extra kostnader och besvir uppkommit for att skaffa
ersdttningsvatten. Det &r l4tt att inse vilken kostsam och ldngdragen
process varje boende annars skulle riskera i processer mot Képpala som
inte godvilligt kommer att erkdnna och ta sitt ansvar for det férorenade
vattnet.

Hansynsreglerna i 2 kap. miljobalken

Mer specifikt anser Arbetsgruppen att Kidppalas underlatenhet att studera
och faststilla vattnets stromningar vid och fran anldggningen &r ett brott
mot det s.k. kunskapskravet i 2 kap. 2 § miljobalken. Detsamma giller

3 Linsstyrelsens beslut sid 3 p. 2.



betrdffande underlatenheten att férhora sig om hur traktens
vattenforsorjning sker. Arbetsgruppen har dock gjort en saddan
undersékning och pa bifogad karta med tillhdrande forklaring (Bilaga 1)
visas vattnets strémningar vid och frén det aktuella omrddet. Av denna
karta framgér att Képpalas beskrivning av befintliga vattendelare samt av
avvattningens riktningar inte dr korrekta och sdkerstdllda. Avrinning kan
mycket vl komma att ske exempelvis i riktning mot Lejondalssjén
vilken i Upplands-Bro kommuns 6versiktsplan pekas ut som ett extra
kénsligt vattenomrade.

Vidare anser Arbetsgruppen att forsiktighetskravet i 2 kap. 3 §
miljébalken inte heller dr uppfyllt. Trots de risker som identifierats kan
det konstateras att Képpalas anlidggning inte utformats pa ett sitt som
tillrackligt sikerstéller en fortsatt sdker vattenforsérjning i trakten.
Exempelvis har inte riskerna for lickage i samband med transporter av
slam till och frén anldggningen utretts tillrickligt. Det torde ndrmast vara
en sjélvklarhet att vid hanteringen av 25 000 ton slam per ar och
tillhorande tusentals transporter s& kommer spill att uppsté. Hur
anldggningen ska utformas for att undvika lackage till omkringliggande
vattendrag &r dock inte beskrivet. Vidare dr det otillrdckligt att
Léansstyrelsen inte stillt stGrre krav pa utformningen av anldggningen och
hanteringen av lakvattnet. Anldggningen maste pa foérhand sikert kunna
klara exempelvis Gversvimningar till foljd av otjanlig vidderlek eller en
otét bottenplatta till f6ljd av sprangningar fran nérliggande bergtikt.
Istdllet synes Lansstyrelsens tillstdnd innebéra att Képpala ska vidta
atgérder i efierhand om brister visar sig. Men med hénsyn till att det
handlar om traktens vattenforsorjning ar detta en klen trost for de boende
om olyckan &r framme och det strider under alla forhallanden mot
miljobalkens principer om att miljofarlig verksamhet endast fér ges
tillstdnd om det sékerstéllts pd forhand att tillrickliga miljogarantier
finns.

Vad som ovan sagts innebir ocksa enligt Arbetsgruppen att
lokaliseringskravet enligt 2 kap. 5 § inte heller dr uppfyllt. De alternativa
platser som utretts kan inte anses vara tillrickliga och Képpala borde ha
lagt ner ytterligare anstrdngningar pd andra alternativ.

Sammantaget innebdr ovanstiende enligt Arbetsgruppen, mot bakgrund
av att det handlar om traktens vattenférsdrjning och att anldggningens
etablerande innebér betydande risker for denna, att Képpala inte har
fullgjort vad som ankommer pa en tillstdndssdkande enligt miljébalken.
Lénsstyrelsens provning har inte skett pa ett tillrdckligt underlag.
Dessutom har Lansstyrelsen brustit 1 sin prévning och underskattat de



risker for vattenforsorjningen som dnda kan utldsas av befintligt underlag.
Det dr viktigt att podngtera att Képpala aldrig kan garantera en helt sluten
verksamhet med total kontroll 6ver eventuella lickage fran slammet.
Léackage kan uppsté vid en bristféllig hantering vid anldggningen eller till
61jd av normal hantering i samband med transporter till och fran
anldggningen eller vid otjdnlig vdderlek. Den nu presenterade
anldggningen kan inte anses vara tillrackligt sikert utformad {or att anses
garantera en fortsatt sikerstdlld vattenforsérjning.

Med hénsyn till de risker som finns ur miljosynpunkt vid lickage av
fororenat vatten fran Képpalas anldggning &r det anméarkningsvért att
Lansstyrelsen ansett sig kunna ldmna tillstdnd pa befintlig utredning och
dn mer anméarkningsvart blir tillstAndet om man samtidigt beaktar att
trakten for sin vattenforsorjning &r till 100 procent beroende av vatten
fran egna brunnar.

Vad som ovan sagts om riskerna for traktens vattenfrsodrjning och
beddmningen av det lampliga i att meddela tillstand f6r anldggningen dr
ocksé av betydelse f6r skyldigheten att utreda alternativa platser for
anldggningens placering. Det torde kunna stillas mycket héga krav pa
omfattningen av eftersdkandet och utredandet av alternativa placeringar
framfor allt med beaktande av traktens situation betrdffande
vattenforsérjning och med hénsyn till Upplands-Bro kommuns
oversiktsplan for omradet som anger att detta ir avsett att vara ett
gronomrade for friluftsliv. Omradet &r ként {6r sina stora bar och svamp
tillgéngar och dr frekvent besdkt av boende 1 Stockholm med omnejd.

Luktfragan

Miljostorningar till £61jd av lukt tillhor sddana férsdmringar av miljén
som ska beaktas i samband med tillstdndsgivning f6r miljofarlig
verksamhet. Nér det giller hantering av slam &r det ingen tvekan om att
lukten har en karaktdr av outhirdlig stank som det 1 princip dr om&jligt att
vistas i ndgon langre tid. Detta bekriftas av bl.a. erfarenheterna fran
Knivsta kommun dér obehagen fran lukten for boende i ndrheten av
slamanldggningen foranledde Lansstyrelsen att under 2011 skicka tillbaka
tillstindsérendet till kommunen for férnyad handlaggning.

I detta drende handlar det om hantering av 1 princip halva Stockholms
arliga produktion av avloppsslam (transporter, lastning, lossning,
lagring), vilket ofrankomligen kommer att medfora allvarliga
luktstérningar.



I forevarande fall innebér placeringen av anldggningen samt det faktum
att den inte kommer att vara innesluten eller 6verbyggd betydande risker
for levnadsvillkoren for traktens befolkning. I tilldgg till vad
Arbetsgruppen sagt i sitt dverklagande vill gruppen anfora f6ljande.

Anliggningen kommer att vara lokaliserad pa toppen av en hojd* med
skogen nedtagen s6der om anldggningen vid Jehanders nirliggande
bergtikt. Da den forhdrskande vindriktningen &r syd-sydvéstlig och
eftersom vinden delvis vrider sig efter terrdngen innebér detta att vinden
har fritt spelrum mot traktens mer titbefolkade omraden. Det innebdr att
nér det bléser i syd-sydvistlig riktning s& ndr vinden med atféljande stank
efter nigra hundra meter den s.k. Brukshundklubben och vig 911 for att
sedan blasa vidare &ver det 6ppna sldttlandet via gdrdarna Alby och Jadra
for att sedan nd Habo-Tibble med flera hundra invéanare.

Lénsstyrelsen har i sitt beslut begrénsat sig till att behandla véstlig vind
som blaser mot Langvreten-Nédshagen som ar den ndrmast samlade
bebyggelsen. Det dr dock anmérkningsvirt att Lansstyrelsen inte utrett
och beaktat konsekvenserna av anldggningens ldge pa en hojd och andra
vanliga vindriktningar. Detta dr en allvarlig brist i Lénsstyrelsens
handldggning och analys vilken &r av sddan betydelse att den kan ha
péverkat den slutliga bedémningen. Om konsekvenserna blir sddana som
Arbetsgruppen beskrivit i sitt 6verklagande (innebirande bl.a. att
skolbarn och boende under perioder inte kan vistas utomhus) bor inte
Képpala meddelas tillstand att etablera den aktuella anldggningen.
Arbetsgruppen vill i detta sammanhang hénvisa till Mark och
Miljéoverdomstolens avgérande 1 mal nr 2013:26 dér domstolen inte
ansag lokaliseringskravet i 2 kap. 6 § miljobalken vara uppfyllt pd grund
av luktolégenheter frin en biogasanliggning. Mot bakgrund av
forvintade luktoldgenheter fastslog domstolen att frigan om val av
lokalisering var vésentlig. Domstolen fann att det inom en radie av tvda
km fanns titbefolkade omriden och att detta innebar att det, f6r det fall
luktoldgenheter skulle uppkomma, fanns en risk for att véldigt manga
méanniskor skulle komma att drabbas.

Situationen i det aktuella drendet har mycket stora likheter med
omstindigheterna i ovan refererade avgdrande. Inom ca tva km fran den
tankta anldggningen bor merparten av traktens befolkning. Dir ligger
ocksa forskolor, idrottsanldggningar och ridanldggningar. Det 4r heller
ingen tvekan om att risken for betydande luktstérningar &r Sverhdngande.

* Se Karta 1 Bilaga 1.



Med en liknande riskbedémning som den nu refererade bor Képpala inte
ges tillstdnd att anldgga en slamanldggning med ténkt lokalisering.

Enligt Képpala uppkommer ingen lukt nir slammet ligger orért men med
beaktande av den stora méngd transporter till och fran anldggningen som
kommer att ske arligen for att kunna omsétta 25 000 ton rotslam och att
det vid varje avlastning och pélastning kommer att ske en omrorning av
slammet dr det inte svart att dra slutsatsen att férekomsten av stank
sannolikt kommer att vara regel i niromradet. Vidare, nér det blaser och
regnar i slamhodgarna flyger stoffimoln och partikelmoln ivig, luftutsldpp
sker av kolviten och andra d&mnen, de hoga lutande sidorna p& hogarna av
slam eroderar och den massiva stanken sprider sig. Naturligtvis stinker
och dammar en stor anléggning for slam som den nu aktuella mer &n en
mindre dito. Paverkan pa omgivningen torde vara uppenbar. I vissa
riktningar finns det begrinsade frizoner genom att skog bromsar men det
handlar om mindre frizoner &n den kilometer som Képpala talar om.
Dessutom finns inga garantier for att skogsdgaren inte avverkar sagda
skogsomraden. For att kunna uppfora den beskrivna anldggningen i
foreslaget lage blir det sannolikt nédvandigt att bygga vindskydd for att
freda denna mot vinden. Denna typ av tung anléggning ska inte ligga pa
toppen av en kulle.

Arbetsgruppen vill understryka att Lansstyrelsen gett Kédppala tillstind att
etablera en &ppen, odvertdckt anldggning. Samtidigt forefaller det som
om Liénsstyrelsen misstinker att luktoldgenheter kommer att uppkomma
eftersom Lansstyrelsen uppstillt villkor innebdrande att Képpala 16pande
ska redovisa eventuella klagomal fran boende och redovisa vilka atgirder
de anvént eller avser att anvinda for att minska lukten. Arbetsgruppen
véander sig starkt mot denna hantering och beddmning fran Lansstyrelsens
sida. Det dr inte forenligt med grunderna for miljébalken att, da starka
skél visar pé betydande risker for miljon, férst meddela tillstdnd for
miljofarlig verksamhet och samtidigt utstilla allmént héllna och oprecisa
villkor om att atgirder ska vidtas fér det fall problem uppkommer. Nér
riskerna pa forhand &r sé tydliga och av sa allvarlig art méste ett
eventuellt tillstdnd redan fran bérjan vara utformat sé att riskerna
elimineras eller minskas i sidan grad att det kan sdkerstéllas att miljon
inte skadas.

I den aktuella situationen &r det t.ex. sd att anldggningen pd grund av sin
storlek 1 princip dr omdjlig att praktiskt tdcka over eller innesluta. Och
dven om detta skulle vara praktiskt m&jligt torde kostnaden vara ndrmast
prohibitiv och det r heller inte sjdlvklart att bygglov kan meddelas. Den
mest effektiva Atgérden r siledes inte tillginglig for Kippala. Ovriga



alternativ dr inte beprévade och bevisat effektiva. Kanske fungerar de
nagorlunda bra eller s gor de det inte. Frdgetecknen dr manga och inte
ett enda dr besvarat av Képpala i deras miljokonsekvensutredning och
inte heller har Lansstyrelsen formatt bringa nagon klarhet eller sikerhet i
fragan. Istéllet har ett tillstind meddelats som nérmast har karaktdren av
att ”vi far hoppas att det fungerar annars far vi hoppas att en 16sning finns
pé problemet”. Detta strider mot de barande elementen 1 miljobalken.
Eventuella osdkerheter nér det géller riskerna fér miljéstdrningar ska
ligga den som soker tillstind f6r miljofarlig verksamhet till last. Det dr
denne som har bevisbdrdan och brister 1 detta hinseende ska resultera i
avslag pa ansdkan. Det dr inte de boende eller de som vistas i narheten av
s&dana anldggningar som ska sta risken for att miljon stors 1 osdkra eller
outredda situationer. Lansstyrelsens hantering och krav pa Képpala har
dock skett som om det motsatta férhillandet gillde.

Transporter

Nir det géller den 6kade belastningen pa végnitet i form av en betydande
Okning av antalet transporter hinvisar arbetsgruppen till vad som anforts i
Arbetsgruppens 6verklagande. I korthet innebér den dkade belastningen
pé vagnitet att det vid en maxlast om 40 ton per langtradare innebér ca
700 fulla langtradartransporter till anldggningen och 700 tomma
transporter tillbaka drligen. Dértill kommer de lokala transporterna under
perioden augusti och september (och md&jligen ocksé under
varménaderna) da traktens lantbrukare kommer for att hdmta slam for att
sprida ut p& omkringliggande &krar.

Arbetsgruppens berdkningar utgar ifrén att transport ska ske via vigarna i
trakten med hjélp av traktor och &ppna slép for vidare spridning av 25
000 ton slam pé akrarna. Rent teoretiskt betyder detta minst fyra
transporter med traktor och sldp ut frdn anldggningen for varje
langtradartransport in, (férutsatt att lantbrukarna har den storsta spridaren
som finns att kdpa pd marknaden). Totalt sett betyder detta ca 2 800
transporter under ca tv manader {6r att transportera ut 25 000 ton slam.
Det blir 1 praktiken minimum tva traktorer i timmen, 24 timmar om
dygnet under hela augusti och september. Denna tkade trafikméngd har
inte beskrivits av Kédppalaférbundet och har sdledes inte beaktats nér
drendet har avgjorts.

Vig 269, vid vilken den ténkta anldggningen &r lokaliserad, &r en av de
55 farligaste och mest olycksdrabbade vigarna i1 Sverige och hér sker
redan idag ca 3 000 fordonsrérelser per dygn enligt Trafikverkets senaste
métningar ar 2013. Arbetsgruppen anser att det inte utan vidare borde
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kunna beslutas att utsétta vig 269 for ytterligare belastning utan att en
noggrann konsekvensanalys gors. Detsamma géller det lokala vignétet 1
Habo-Tibble trakten som kommer att utsittas fOr extrema belastningar
under inte obetydliga perioder av dret. Nagon tillrdcklig
konsekvensanalys har inte gjorts i det aktuella drendet och Arbetsgruppen
vill i detta sammanhang stélla frigan om inte Trafikverket borde varit
remissinstans och kallat till samrdd som sarskilt berdrd myndighet. Sa var
inte fallet.

Miljobalkens lokaliseringskrav

Ett grundldggande kriterium vid bedémningar enligt milj6balken &r att en
miljofarlig anldggning ska lokaliseras sa att &ndamélet med verksamheten
uppnis med minsta mdjliga intrdng och oldgenhet f6r ménniskors hélsa
och milj6. Detta krav framgar av 2 kap. 6 § miljobalken. Med hénsyn till
forarbeten samt hur praxis utvecklats &r det numera av sérskild vikt att
vérna naturvardens intressen och medborgarnas naturupplevelser. Med
hénsyn till detta och den allvarliga arten och storleken hos den tidnkta
anldggningen maste, enligt Arbetsgruppen, hoga krav stéllas pa
eftersdkandet av alternativa lokaliseringar i samband med
tillstandsprévningen av Képpalas slamanldggning.

Kravet pa en ingdende provning av alternativa lokaliseringar maste anses
vara sérskilt beaktansvird i detta drende bl.a. mot bakgrund av att den
tinkta placeringen av anldggningen (i) strider mot kommunens
langsiktiga mark- och miljéplan, (ii) befinner sig i omedelbar ndrhet av
ett omrade som dr klassat som riksintresse, (iii) dr lokaliserad mitt i en
trakt dir samtliga boende och verksambheter &r beroende av vatten frén
egna grivda brunnar och (iv) har Mélaren i ndrheten vilken dessutom ska
fungera som slutstation {or spillvatten fran anléiggningen.

En ndrmare studie av Képpalas ansdkan och Lansstyrelsens beslut visar
dock att man inte har foretagit ett sddant efters6kande av alternativa
lokaliseringar som kan krévas med hinsyn till det ingrepp som den
planerade inldggningen innebér i Habo-Tibble trakten.

De tre alternativ till lokalisering av anldggningen som Képpala
omndmner 1 sin ansdkan (tvd 1 Sérmland och ett 1 Vallentuna kommun) r
av rent objektiva skl inte praktiskt méjliga (och dédrmed inte relevanta)
idag och utgor dirfor alltsé inte nagra alternativ Sver huvud taget. P&
samtliga ndmnda platser 4r en arlig volym pa 25 000 ton slam inte mojlig
att hantera och dartill kommer att platserna i S6rmland &r upptagna av
Henriksdalsverket, Himmerfjardverket och sédra delen av Stockholm
Vatten vilket betyder att Képpala inte fir plats vid dessa alternativa
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lokaliseringar. Vidare ska det erinras om att tunga slamtransporter inte i
fortsdttningen kommer att tilldtas genom centrala Stockholm. Slutligen, i
Vallentunaalternativet, bromsas Képpala av infrastrukturinvesteringar
som man inte dr beredd att genomfora.

Sammanfattningsvis dr det siledes inte aktuellt att idag forldgga den
planerade anldggningen till nigon av dessa tre platser och det &dr dirfor
inte korrekt att utpeka dem som alternativ.

Vilseledande omgivningsbeskrivning for den planerade
verksamheten

Arbetsgruppen vill ocksa framhalla och pétala den vilseledande
omgivningsbeskrivning som Képpala presenterat for Lansstyrelsen 1 sin
ansdkan. I Linsstyrelsens beslut beskrivs den omgivning som
slamanldggningen ska placeras i bl.a. enligt f6ljande:

Omvrddet for den planerade verksamheten dr beldget ca 5 km norr om
Upplands-Bro tdtort och ca 170 meter fran linsvdg 269. 1 séder och
angrdnsande till framtida slamlagring finns Jehanders AB och Svevia
AB. Omgivningen utgdrs av skogsmark, vigar samt intilliggande
bergtiktomrade. Det sdgs vidare att landskapet utgdrs av omviixlande
skog, berg, mordn och odlingsmark och Lejondalssjon.

P4 detta sitt hinvisar Képpala ndrmast till Upplands-Bro titort och gor en
poédng av det vil tilltagna avstdndet dit. Samtidigt ndmner man inte med
ett ord den tdtort (H&bo-Tibble) och den bebyggelse som ligger i
omedelbar nirhet. P4 sé sitt riktas uppméarksamheten &t fel hélil och
risken minskas for att fokus vid provningen liksom allménhetens intresse
riktas mot de intressen som hotas i trakten runt Hébo-Tibble.

Som en jimforelse dterges nedan hur Habo-Tibbles bebyggelsestruktur
och boende/boendeutveckling beskrivs i kommunens oversiktsplanering.
Diér sdgs bl.a. foljande:

Bebyggelsen ligger inom ett strdk i nord-sydlig riktning mellan Sigtuna
och Lejondalssjon. Huvuddelen av befintlig bebyggelse omfattas av ett
antal bebyggelsegrupper. En stor del dr koncentrerade kring vig 912.
Viss enstaka bebyggelse finns dock dven utanfor grupperna och dessa
utgdrs framforallt av gardar, torp och fritidshus. Ett antal omrdden dr
detaljplanelagda, ofta for fritidshus med smd byggrdtter pad relativit stora
tomter. Intressant som exempel pd en storre fortitning i kdnslig
kulturmiljé dr Habo-Tibble kyrkby, uppford i olika delar under perioden
1970-1990 kring den gamla sockenkyrkan. Omrddet har en relativt stor
andel permanentboende samt en pdgdende inflyttning och en stor andel
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smdskalig fortdtning. Det finns ett flertal fritidsomrdden under
omvandling dér andelen permanentboende dkar.

Séarintressen star bakom vald lokalisering

Arbetsgruppen vill peka pa vad som sannolikt egentligen ligger bakom
valet av plats fér Képpalas tinkta anldggning. Det handlar inte om ett
genuint eftersdkande av dndamélsenliga platser ur ett miljoperspektiv dér
olika lokaliseringar jamforts och dér miljoperspektivet statt i fokus. I
stéllet dr valet av plats hinforligt till pdverkan frén ett sérintresse som har
ett starkt ekonomiskt intresse av att slamanlidggningen placeras just i dess
geografiska nérhet och pa den nu aktuella hdradsallmédnningen dér
slamanléggningen ska placeras. Det handlar om traktens stora lantbrukare
vilka ocksa kontrollerar den aktuella hdradsallminningen.

Lantbrukarna ifrdga, vilka har kontrollerande innehav i ovanstdende
héradsallménning, har sett en mojlighet att f4 gratis tillgng till godsel till
sin akermark istéllet for dyrbar konstgddsel. Det &r till och med s4 att
lantbrukarna kommer att fa betalt av Képpala for att himta slammet pa
anldggningen. Képpala kommer ocksé att betala arrendeavgift till
allménningen vilket innebér en héjd arlig utdelning till deldgama.

Detta sirintresse, som silunda kommer att géra betydande ekonomiska
vinster om Lénsstyrelsens beslut stér fast, har redan innan beslutet gétt
héndelserna i forvig och forberett saken genom att avverka drygt 2 ha
skog for anldggningen.

Den foreslagna lokaliseringen av anldggningen synes séledes inte vara ett
resultat av ett medvetet och samordnat val av kommuner med ansvar for
avfallshantering och planmyndigheter. Istdllet handlar det om ett privat
och ekonomiskt styrt initiativ pa privat mark for dtminstone delvis privata
egenintressen. Genom att mot en mindre arrendeavgift erbjuda Képpala
att pa hiradsallménningen forldgga en slamanldggning sé slipper dessa att
ha miljostérande slamlager pa sina egna doméner. Lokaliseringen har inte
valts efter planerat allménintresse utan for att den rakar passa ett enskilt
intresse.

Starka skal talar for ett grundligare eftersékande av alternativa
lokaliseringar

Redan det faktum att omradet runt slamanldggningen ingér i Upplands-
Bro kommuns mark- och miljéplan som ett utpekat gron- och
naturomrade gor det svart att acceptera att stérre anstrangningar inte
gjorts for att hitta ldmpligare platser. Det aktuella grénomradet har i
kommunens planldggning tjdnat som en gron barridr, en gron skdrm eller



6.1

13

gromkil mellan det stora industriomrédet kring Hogbytorp och den
vidstrackta jordbruks- och kulturbygden belédgen norr dédrom.
Industriomradet som bl.a. innehéller Ragn-Sells stora avfallsanlidggning
kommer dessutom under kommande &r att byggas ut. Det handlar om
utbyggnader for sjdlva Ragn-Sells AB och nybyggnader av E.ON:s
kraftvirmeverk och en biogasanldggning mellan E 18 och Ragn-Sells.

Om man dirtill beaktar att hela trakten saknar kommunalt vatten och &r
beroende av vatten frin egna grivda brunnar samt att planen &r att
spillvatten ska ledas till slutstationen Malarens vikar mitt emot Sigtuna
stad, framstér den nu pétalade bristen 4n tydligare.

Fragan om samrad

Enligt 6 kap. 4 § miljobalken dr Képpala skyldigt att samridda med bl.a.
de som kan antas vara ”sdrskilt berérda” av den planerade
slamanldggningen. Enligt Arbetsgruppens mening har dock Képpala inte
fullgjort denna skyldighet pa ett korrekt sétt. Brister foreligger i flera
avseenden. Nedan redovisas de viktigaste skilen till varfor samradet
borde ha riktats till en vidare krets av “’sérskilt berdrda” i miljobalkens
mening.

Samradkretsen enligt 6 kap. 4 § har varit for snavt definierad

Képpala har begrénsat kretsen av sdrskilt berdrda till boende inom 1 km
fran den planerade anldggningen samt till boende 1 Nashagen och
Langvreten. Med hinsyn till omfattningen och arten av den planerade
verksamheten dr det dock tydligt att kretsen av sirskilt berérda i det
aktuella omradet &r betydligt stérre dn de som via brev fran Képpala
beretts tillfélle att 1imna synpunkter. Av samma skl kan inte det faktum
att viss annonsering skett i lokalpress uppvéga denna brist (se nedan
angéende denna annonsering). Arbetsgruppen vill i detta sammanhang
fiasta domstolens uppmirksamhet pa féljande forhallanden som utvecklas
nirmare pa andra stdllen i detta yttrande.

e Vid ett lickage frén den tdnkta anldggningen riskerar samtliga
boende 1 trakten att sti utan tjdnligt vatten under lang tid. Risken
dr lika stor for boende ndgra kilometer bort fran anldggningen
som de som bor inom samradsradiens 1 kilometer. DA risken for
ovanstdende dr beaktansvird kan inte samrddskretsen begrénsas
som Képpala gjort.

e Den planerade anldggningen kommer att bli den stérsta i Sverige
och den kommer for Képpalas del att innebéra att man gér frin
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att hantera en anldggning med en kapacitet pa ca 4 000 ton per ar
till en med en kapacitet pa ca 25 000 ton per ar.

e Risken for allvarliga luktstérningar dr patagliga och drabbar hela
trakten och inte bara de som bor inom 1 kilometer fran
anldggningen. Andra ndrboende ar precis lika berdrda.

e Den planerade anldggningen medfor ocksé problem genom en
6kad belastning pa vignitet och ddrmed f6ljande trafikskador.
Aktuellt vignit dr redan idag starkt belastat och olycksdrabbat
bade av tung trafik och av arbetspendling. Vigarna saknar helt
végrenar varfor skolbarn, mopedister och cyklister dr extremt
utsatta redan idag. Den 6kade belastningen pa det lokala
végnitet, forvintat spill av slam ldngs vigarna och lukten fran
transporterna kommer i princip att drabba samtliga boende i
trakten. Dessa oldgenheter dr en direkt f6ljd av verksamheten vid
Képpalas anldggning och kretsen av berérda &r dven i detta
avseende betydligt vidare dn de boende inom 1 kilometers radie
fran anldggningen

Vilseledande och otydlig information om slamanliggningens plats
forsvarade samradsmojlighet

Kung6relse i tidningen Mitt | Upplands-Bro den 7 och 12 februari ar 2012
angadende samrad

I Lansstyrelsens beslut den 19 november 2013 star skrivet att Képpala
inbjudit till samrad vid tva tillfédllen i lokaltidningen Mitt I Upplands-Bro.
(Tidningen behandlar dock dven andra delar av Stockholm). Ingen
representant i Arbetsgruppen hade dock noterat detta och detta torde
ocksa gillt storre delen av den 6vriga lokalbefolkningen med tanke pé det
stora antal underskrifter Arbetsgruppen mottog strax fore tiden for
overklagandet gick ut i december 2013. Det var tydligt att i princip
samtliga som undertecknade protestlistan aldrig hade hort talas om en
tinkt slamanldggning i trakten. Arbetsgruppen sokte da kontakt med
tidningen i fraga fOr att i ut en kopia av inbjudan (Bilaga 4).

Det 4r da vart att notera hur Képpalas formulerade sig nér platsen {6r den
tinkta anldggningen skulle beskrivas. I inbjudan finns enbart adressen
“Hdbo-Hdradsallménning 1:1” angiven i samband med texten “Nytt
slamlager i Upplands-Bro”. Med denna beskrivning leds ldsaren till att
koppla detta lager till omradet kring Hégbytorp och de djupa skogar som
héradsallménningen har bort mot Balsta lings med E 18. Man kan anta att
inte manga i trakten runt Habo-Tibble reagerade ndmnvirt pa denna text.

14
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Det diskuteras standigt om Ragn Sells anldggning vid Hogbytorp och de
olika projekt som ar pa gang dér och ingen kunde nog 1 sin vildaste
fantasi forestilla sig att det skulle kunna anldggas ett slamlager pa den
tilltdnkta platsen - den delvis avskurna och minsta platsen av hela Habo
Hiradsallménning. Om inbjudan forstérkts med en karta hade sannolikt
reaktionerna blivit annorlunda redan i februari 2012 dé annonsen var
inford.

Samrad med boende begrédnsat till en radie av 1 km

Kaéppala bestdmde tidigt att begrénsa kretsen av “sérskilt berdrda” till
boende inom 1 km frdn anldggningen. Som utvecklas ndrmare ovan ar
detta en alldeles for sndv begransning med tanke pa anldggningen storlek
och de olika miljéproblem och risker som den medfor. Det var ocksa s&
att de (inom samradsradien) som 4nda blev informerade inte fick ndgon
information om den tdnkta anldggningen i samband med inbjudan.

Omradet for samrad ar dessutom inte konsekvent bestdmt dd boende i
Nishagen och Langvreten beldget ca 1,6 km fran anldggningen, tidigt
fick tillfalle att yttra sig samtidigt som det finns fler hushall beldgna
nérmare 4n s vilka inte fick samma mgjlighet.

Information i Balsta/Upplands-Bro bladet (den tidning som ldses av de
flesta i frakten)

Efter Linsstyrelsens beslut i november att tillstdnd givits annonserade
Képpala plétsligt 1 den tidning som traktens invanare faktiskt ldser,
Bélsta/Upplands-Bro bladet, och inte i tidningen Mitt [ Upplands-Bro
som inte alls har samma spridning nér det géller ldsande. Arbetsgruppen
ar fragande till detta byte av media och vid denna annonsering var
dessutom informationen fran Képpala mycket tydlig redan 1 annonsen.

Risk for spridning av gifter och smitta — erfarenheter fran
forskning och vetenskap

Sarskilt om den s.k. Revaq certifieringen samt om Képpalas
slamhantering vid den planerade anlaggningen

Den s.k. Revaq certifieringen (omnimnd av Képpala i ansékan) av rot-
och avloppsslammet dr klart begrinsad och ger bara en skenbar trygghet
eftersom giftinnehall i slammet 1 form av likemedelsrester, oorganiska
nanopartiklar och annan smitta inte alls kontrolleras genom denna
certifiering. Dessa odeklarerade gifter och smittbdrare kan spridas i
dkermarken, 1 luft och i dagvatten samt i det slam som inte ens kommer
fram till dkrar eller deponi utan som vid transport hamnar pé allménna
végar och rinner ner i diken m.m.
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Boende i omraden dér slam ar tdnkt att lagras och spridas har inte bara
luft- och vattenburen exponering att oroa sig for utan ocksa den direkta
exponering slammet medfor for barn och husdjur. Det kan vidare papekas
att trakten runt Habo-Tibble tillhor Sveriges hist titaste omraden. Pa lang
sikt paverkas och forstdrs dven den odlingsjord som ska foda kommande
generationer.

Nar lantbrukarna koér ut slammet till sina dkrar och sprider detta foljer
slamrester med driv- och transportutrustning, dess hjul och underreden, ut
pa allmén vig. P4 allmédnna vigar kommer slam att fastna pé allt frdn
barns cyklar, bilars hjulutrustning och underreden till hundars péls och
dérmed dras in pa tomter och fastigheter. I en stor publicerad norsk
undersdkning Iyfts den exponering sma barn utsitts for fram som den
storsta risken med hanteringen av slam.’

Trots detta uppenbara hot mot hélsa och milj6 finns det ingen anledning
att tro att den planerade slamanldggningen transportméssigt kommer att
skdtas annorlunda dn vad lantbrukare som hiamtar, transporterar och
sprider slam gor i dag. Det &r ingen tvekan om att slamrester frin den
planerade anldggningen kommer att spridas till boende i trakten. Képpala
har t.ex. inte planerat ndgon hjultvitt liknande den som finns pa Ragn
Sells anldggning i ndrliggande Hogbytorp i Upplands-Bro kommun. Det
finns dverhuvudtaget ingen riskbeskrivning i detta avseende i Képpalas
miljokonsekvensbeskrivning och det finns 4n mindre ndgra konkreta
losningar eller dtgarder pé detta problem. Detta ir en anmérkningsvéird
brist inte minst med beaktande av att transporter sker dagligen och
periodvis med hundratals transporter 1 veckan (se avsnitt 4 ovan). Dértill
kommer att anldggningen ska vara obemannad, att transporter ska ske
under dygnets alla timmar och att kontroll helt kommer att saknas 6ver
hur lastning och lossning sker. En sddan ordning med tanke pé de
miljorisker som stér pa spel kan inte vara nagot som uppfyller
miljobalkens krav.

7.2 Forskning kring smittspridning

Nedan sammanfattas en del av existerande forskning som visar pa nagra
av de smittspridningsrisker hantering och spridning av rétslam medfor.
Detta ar risker som Képpala avstitt fran att redovisa i sin ansékan till
Lansstyrelsen och som inte omhéndertas av Revag-certifieringen.

5 Bilaga 5 - Risk assessment of contaminants in sewage sludge applied on Norwegian soils — Opinion

from the Panel on Contaminants in the Norwegian Scientific Committee for Food Safety (VKM) 2009
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Parasiterna Cryptosporidium och Giardia

Nedan éterges nagra citat ur skriften ”Cryptosporidium och Giardia -
rekommendationer om atgdrder for att minska risken for vattenburen
smitta” framtagen av Livsmedelsverket, Smittskyddsinstitutet och
Svenskt Vatten. ® Syftet med skriften 4r att motverka riskerna for utbrott
av vattenburen smitta orsakad av parasiter. Aven om
rekommendationerna fokuserar pa parasiter s kan resonemangen enligt
skriften till del tillimpas dven pa andra patogener.

”"Ménga patogener (sjukdomsframkallande mikroorganismer) i
vattentdkter, inklusive parasiter, hirstammar fran avlopp och fran
naturgddsel (fekal paverkan)” (sidan 4).

”Dirfor dr det speciellt viktigt att inventera och minimera riskfaktorer i
form av utsldpp fran enskilda och kommunala avlopp, hantering och
spridning av gddsel och slam, samt avrinning fran jordbruksmark. En del
av det arbetet dr ocksd att optimera reduktionen i avloppsreningsverken
med hénsyn till parasiter, liksom att minimera brdddningar och
nédavledningar” (sidan 4)

“Fekal foérorening och dirmed risk for férekomst av
sjukdomsframkallande bakterier, virus och parasiter berdr inte bara
ytvattentdkter. Risken kan ocksa vara stor i ett ytvattenpaverkat
grundvatten och dven under onormala férhallanden, t.ex. vid
oversvamningar vid grundvattentikter som normal inte &r
ytvattenpaverkade” (sidan 5).

Viruset Norovirus

Av Livsmedelsverkets rapportserie nr 14/20137 framgér att Norovirus,
som framst sprids genom fororenat vatten och fororenad jord, kan
6verleva upphettning pa upp till 75 grader och att dess resistens
motsvarar Hepatit A och jamf6rbara smittdmnen. Odlade livsmedel som
exponeras kan utgdra en smittkélla.

Spridningen sker frimst via fororenat vatten och fororenad jord dir
Noroviruset exponeras pa de ytor som odlade livsmedel kommer 1
kontakt med. Det géller till exempel ytor 1 férvaringslador, transportband
och andra ytor i produktionsanléggningen, férpackningsmaterial samt
redskap och ytor i kdket.

Qe Bilaga 6.
7 Se Bilaga 7.



7.2.3

7.2.4

18

Foérutom ovan beskrivna spridningsrisker konstaterar Institutionen for
klinisk och experimentell medicin vid Linképings universitet och
Mikrobiologiska laboratoriet vid Lanssjukhuset Ryhov i Jonkoping att
Noroviruset dr “’stabilt i miljon, sprids latt via vatten, f6da, Tuft och
genom dalig hygien”.

Flera kommunala reningsverk i Sverige séljer sitt avloppsslam till
lantbrukare som gddningsmedel vilket alltsa sprids &ver akrar. Forskare
vid Statens veterindrmedicinska anstalt, SVA, 1 Uppsala har analyserat
slam frén reningsverket i Uppsala med resultatet att det fanns
vancomycinresistenta enterokocker, VRE, i 79 procent av proverna.

Férutom riskerna for exponering via vatten och grundvatten, (se
Cryptosporidium och Giardia ovan), fekalieférorenad jord o dy, kan dessa
virus komma att spridas av vinden i form av damm frén den planerade
slamanldggningen.

Kemiska rester

Kiéppala har inte heller omtalat eller redovisat de kemiska rester som 1
vissa fall inte bara dr cancerogena utan som &ven kan vara skadliga for
ménniskans hormoner, DNA och medfora risk f6r skador pa var
avkomma.

Ett aktuellt exempel 4r de perfluorerade &mnena PFOS och PFOA vars
férekomst bl. a. ledde till omedelbart stopp for slamtransporterna frén
reningsverket 1 Svedala (Skane 1&n) och medftrde framtagandet av
rekommendationer pé intag av fingad fisk i fiskevatten férorenade av
dessa dmmen. Aven avloppsslam som ir ténkt att spridas 6ver dkrar dér
livsmedel odlas bor déarfor ocksa kontrolleras for dessa dmnen men det
gors inte genom Revaq systemet.

Lékemedelsrester

D4 och da dyker det upp varningar i massmedia om att vi genom avlopps-
och rétslam blir paverkade av lakemedelsrester. Det &r viktigt att papeka
att Revaq certifieringen inte kontrollerar férekomsten av
lakemedelsrester.

Jamtlands lans Landsting sidger {6ljande pa sin hemsida: ”Faran med
antibiotika som kommer ut i naturen ér att bakterier efter en tid kan bli
resistenta mot dessa likemedel. En del av den antibiotika som foérskrivs
och som anvénds pa sjukhuset dr av sddan typ att den bryts ned mycket
langsamt 1 naturen. Studier har visat att vissa av de aktiva substanser som
anvénds 1 antibiotika inte har brutits ned efter ett 4r. En annan fara ar



m k eruti ren och stor reproduktionen hos vissa
hormoner som kommer ut i natu: h stor reprodukt h
vattenlevande arter.”

7.2.5 Nanopartiklar

Slutligen ska det pdminnas om att vi idag vet lite om vilken paverkan
nanopartiklar i rétslam har pa levande organismer forutom att dessa sétter
igen fiskars gélar och paverkar bananflugors immunitet negativt.

Vad hénder t.ex. nér de 1 sjukvarden designade nanopartiklarna for att
bota en patient, exempelvis partiklar designade att laga ett fel i
elektronisk apparatur, fran rétslammet kommer in i en levande orgasm
som den inte dr designad for?

8 Internationella erfarenheter

I flera europeiska ldnder och regioner har slamspridning forbjudits pa
grund av hilso- och miljérisker. Arbetsgruppen menar att detta utgor ett
viktigt bevis for hur farlig slamverksamheten 4r i grunden och det
understryker ytterligare vikten av en mycket noggrann prévning och
konsekvensanalys nir en slamanldggning av nu aktuell storlek planeras i
ett bebyggt omrade.

Schweiz, Nederldnderna, Skottland, Bayern i Tyskland samt belgiska
Flandern &r exempel pa omraden som totalforbjudit spridning av slam.
Istdllet har man Gvergatt till forbrinningsmetoder som dr mer hilso- och
miljovinliga. Dessutom kan det noteras att man i K&penhamn via sitt
moderna reningsverk “Lynetten” tar hand om slam pa ett miljovénligt sétt
via forbrinning.

Till denna skrivelse bifogas dérfor ett dokument som beskriver
situationen i1 Schweiz (pé tyska) samt en studie frén Chalmers hégskola
dér situationen i nio europeiska linder belyses.® Dartill bifogas dven
information om reningsanlédggningen Lynetten i Képenhamn.’

9 - Sammanfattning

Tillstdndsfragan for Képpalas planerade slamanlédggning i Habo-Tibble
trakten stéiller stora virden pé spel. Det handlar om hela traktens
vattenforsorjning och det handlar om méjligheten att kunna vistas
utomhus i en annars gron trakt med vackra naturomraden. Det handlar om
sdkerheten pé viigarna som bl.a. anvinds av traktens ménga barn och
ungdomar som fardas dar med cykel eller till fots. Det handlar ocksd om
risken for ett Sverintag av olika miljégifter via luft och vatten.

¥ Se Bilagorna 8 och 9.
° Se Bilagorna 10 och 11.
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I Hébo-Tibble samhélle bor ca 1 000 personer varav ca 300 har bitratt
Arbetsgruppens éverklagande. Overklagandet frén Nishagen och
Langvreten representerar gissningsvis atminstone ett hundratal personer.
Det betyder att &tminstone halva Habo-Tibbles befolkning kan ségas sta
bakom &verklagandet av tillstindet i det hér drendet. Overklagat har
ocksé Upplands-Bro kommun gjort som fatt se sin mark- och miljoplan
bli 6verkord av Léansstyrelsen.

Det samlade intrycket frén hela drendets hantering &r allt annat 4n
tillfredsstédllande. En anldggning av den betydande storlek som det nu
handlar om, som ska hantera nistan halva Stockholms slamproduktion
arligen och som kan medftra si oerhort patagliga konsekvenser for de
boende i ndromradet har, utan att nagon debatt uppkommit, nu néstan
blivit verklighet. De boende pa trakten kénner att processen smugits
igenom av Kédppala. Om Képpala hallit ett samrad med beaktande av
miljobalkens krav hade ocksa en debatt uppkommit och det hade funnits
forutséttningar for Lansstyrelsen att fatta beslut pa grundval av mer och
béttre information.

Arbetsgruppen och de boende hemstéller dérfor om att domstolen gor en
heltdckande bedomning av om miljobalkens krav dr uppfyllda i samband
med ans6kan om etableringen av Képpalas slamanlédggning i Habo-
Tibble. Det géller allt ifran fragan om samradet till hur traktens
vattenforsorjning ska kunna garanteras dven framledes.

For Arbetsgruppen

™S /4,
Pl

Rolf Larsson
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Forklaringar till karta

. Vattendelaren for grundvattnet. Har har Kappala pekat pa fordelen med
vattendelaren, men man har uppenbarligen inte varit medveten om att
det dr Habo-Tibbles grundvatten dar vi alla tar vart vatten. Dessutom kan
man ifragasatta hur effektiv den blir mot syd dar hela bergtdkten ligger
och man har sprangt ett 20 tal meter djupt, det maste ju finnas hur
mycket sprickor som helst som kan sldppa igenom lakvatten vid en
olycka, det ar ju inte ens sdkert att Lejondalssjon klarar sig mot
eventuellt utslapp.

. Bergtdkten, har sprangs det ofta och eftersom flera fastigheter en km
bort kan kdnna av skakningarna sa verkar det tamligen olampligt att
lagga en mellanlagring for slam i direkt anslutning till den. Det &r ju som
att be om problem.

. 1 km. Gransen for tidig information och samrad, vem kan hdvda den
radien for ett dyligt projekt nar en hel byggd ar beroende av grund-
vattnet harifran.

. 1,6 km grans. Har fick de boende i Nashagen och Langvreten ge sina
synpunkter men inte vi andra fastigheter som ligger inom samma
avstand. Vi pa Alby och en del anda néarliggande fastigheter har ju
dessutom klagat 6ver att vi inte fick nagon information, och den uteblev
dessutom efter 6verklagandet ocksa.

. 700 m grans. Har hanvisar ju Kappala till att ndrmaste riksintresse finns.
Det man inte ndmner ar att, (sma pilar) harifran och norr 6ver ar hela
Habo-Tibble & Hatuna ett riksintresse, sa det handlar ju inte om en liten
stensattning.

. Alla dom sma pilarna direkt norr om vattendelaren visar var hela Habo-
Tibble har bérjan pa tillflodet av sitt grundvatten. Samtliga hushall tar sitt
vatten genom egna brunnar!

. Planerat Slamlager.






Forklaringar till karta 2

1. Dagvattenavrinning: Skogsdike/Back. Har har det sagts att det ar 6 km
fagelvagen.

Diket ar 8 km langt, hojden 6ver havet ar ca 50 m vid det planerade slamlagret,
det gor en fallh6jd pa ca 0,6 cm/m . Eftersom stora delar av det har diket ligger
torrlagt storsta delen av aret sd kommer ev. férorenat vatten med stor risk att
slutligen komma ner i grundvattnet da avrinningen ar tamligen liten.

2. Vag 269: Kappala har redovisat ett par tunga transporter per dygn men i
verkligheten kommer ett minimum av 5 130 fordonsrorelser att ske, till stor del
under ett par manader om aret. De flesta av de har transporterna skulle
dessutom ske lokalt med béndernas traktorer (minimum 3600).

Vag 269 ar en av de 55 farligaste/mest olycksdrabbade vagarna i Sverige, har
sker redan idag ca 3 000 fordonsrorelser/dygn enligt Trafikverkets senaste
matningar 2013.
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SUMMARY

The Norwegian Scientific Committee for Food Safety (VKM) was asked by the Norwegian Food
Safety Authority to assess the risk of using sewage sludge as fertilizer and soil conditioner in
agricultural lands and park areas as well as sludge mixed with soil sold to private households.
VKM was specifically asked to evaluate the potential risk of dispersal of sewage sludge for soil
living organisms, the aquatic environment, grazing animals, animals eating feed based on plants
from sludge-treated soil, children eating soil, and humans consuming drinking water, crop plants
and/or meat affected by the use of sludge as soil conditioner, in total a list of 12 defined exposure
routes.

VKM was asked to perform a risk assessment of all these exposure routes for the following
contaminants:

e Cadmium (Cd) e Phthalates (DEHP, DBP)

e Lead (Pb) e  Octylphenols and octylphenol ethoxylates
e  Mercury (Hg) e Nonylphenols and nonylphenol ethoxylates
e  Nickel (Ni) e  Alkylbenzenesulfonate, linear (LAS)

e Zink (Zn) e Polychlorinated biphenyls (PCBs)

e Cobber (Cu) e Polycyclic aromatic hydrocarbons (PAHs)
e  Chromium (Cr)

VKM was also asked to evaluate the risk associated with pharmaceuticals belonging to the
groups; hormones, fluoroquinolone and tetracyclines and other relevant pharmaceuticals
depending on the findings from a screening study of pharmaceuticals in sewage sludge from the
Norwegian Pollution Control Authority (SFT, 2007). Included in the request to VKM was as far
as possible to assess a list of other substances for which insufficient data was available to
complete the risk assessment. The VKM Scientific Panel on Contaminants has been responsible
for this risk assessment.

The application of sewage sludge as fertilizer implies a potential dispersal of a wide range of
contaminants to agricultural soils. These contaminants may be further transported to different
environmental compartments such as air, surface water, ground water and nearby streams.
Furthermore the contaminants in soil may be absorbed by crop plants or plants used for feed
production or grazing purposes and result in animal and human exposure to the contaminants
through feed or food. Concentration data for all these compounds in sludge-treated soil or other
environmental compartments following the application of sludge are not available. The predicted
environmental concentrations (PECs) in soil, as well as human and animal exposure to the
contaminants following the use of sewage sludge as soil conditioner have therefore been
estimated by use of mathematical modelling based on the guidelines given in the European
Union’s (EU) Technical Guidance Document on Risk Assessment (TGD). The guidelines were
adapted to Norwegian conditions whenever relevant. The exposure of the aquatic environment
has been estimated by use of models developed, validated and used for pesticides. The risk
assessment should cover both an evaluation after one application and the potential accumulation
of contaminants following repeated use of sewage sludge. The risks associated with estimated
exposure levels were assessed.
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There is very limited information on the occurrence of medicines in Norwegian sewage sludge.
The selection of medicines included in the few studies available appears not to be based on risk
of effect or probability of occurrence. The Panel on Contaminants therefore decided to develop a
tiered approach to estimate the concentrations of pharmaceuticals in sludge. A cut-off
concentration of 100 pg/kg soil was used in the tiered approach. The environmental risk
associated with concentrations of drug substances below this level are regarded as negligible by
The European Medicines Agency (EMEA). For drug substances like hormones and anticancer
drugs that usually exert an effect at very low concentrations, The Panel on Contaminants has
applied an additional safety factor of 10, and the cut-off concentration for these substances was
set to 10 ug/kg soil. The potential concentrations in sewage sludge were estimated based on
statistical information on sold amounts of medicines and sewage sludge production volumes. The
estimations were gradually refined by taking factors such as water solubility, biotransformation,
and environmental degradation into account. The output of the tiered approach was a list of 14
drug substances with potential occurrence on soil after sewage sludge application exceeding the
cut off values of 100 or 10 pg/kg soil. A more detailed risk assessment of these 14 drug
substances was performed by using the same methods as used for other contaminants.

The potential risk of eutrophication of the aquatic environment following sewage sludge
application and the effects of application of sewage sludge on areas with grazing animals without
ploughing within 18 hours have not been assessed.

Hazard characterisations

The hazard characterisation has been based on available hazard assessments made by
international organizations like The Joint FAO/WHO Expert Committee on Food Additives
(JECFA), EU Chemical Bureau, European Food Safety Authority (EFSA), etc. For substances
where no hazard characterisation has been made by any of these organisations, relevant national
hazard characterisations have been used. For certain compounds in certain environmental
compartments, no toxicological safe exposure limits have been found. The lack of available
toxicological hazard characterisations has therefore been pointed out as knowledge gaps in this
assessment. Establishment of new tolerable daily intake (TDI) or predicted no-effect
concentration (PNEC) values has not been the scope of this assessment.

Exposure assessments

All levels of exposure have been estimated by use of mathematical models. The models are based
on the guidelines in TGDs. Some modifications in the models have been made to adapt the
exposure assessments to Norwegian conditions. To a large extent, this applies to soil parameters,
weather parameters and agricultural practice. Soil concentrations have been calculated based on
the levels of contaminants in sludge and the present use of sludge (class 1: 40 tons/hectare/10
year) and a possible 50% increase in the maximum permitted use of sludge (60 tons/hectare/10
year). To allow for the potential accumulation in soil with repeated use of sludge, the soil
concentrations have been calculated in a 100 year perspective, background concentrations,
evaporation, biodegradation, removal through plants and leaching to aquatic environments into
account. The maximum concentration for each contaminant, either immediately after application
of sewage sludge or after 100 years with repeated use (application every 10" year), has been used
as the exposure estimate in the risk assessment. Leaching to the aquatic environment has been
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estimated by the models developed and used for pesticides applied on soil. The model is
validated for both organic and inorganic pesticides and is therefore considered suitable for the
prediction of leaching to surface water as well as ground water.

Uptake of contaminants by plants was calculated, both to be able to estimate the potential
accumulation of contaminants in soil and to provide concentrations for the calculations of animal
and human exposure through ingestion of crop plants. The uptake of contaminants in plants was
calculated according to the guidelines in TGD when possible. The guidelines in TGDs do,
however, only allow for estimations of concentrations in root parts and was therefore used in
estimations of concentrations in root plants such as potatoes and carrots. Other models from the
scientific literature had to be used to estimate the concentrations in edible plant parts above the
ground, such as lettuce and cereals. A comparison between several models was made and the
most conservative model considered to be realistic was chosen. The resulting plant concentrations
were then used in calculations of animal and human intakes of contaminants.

The models used for estimating plant uptake of organic contaminants from soil have not been
validated for polar and ionisable compounds. Most drug substances have such chemical
properties, and the concentrations of drug substances in plants could therefore not be estimated.
Consequently, animal and human exposure to drug substances through plant derived feed or food
could not be estimated.

There is no model available from the TGD to assess the transfer of metals from feed to animal-
derived food products. A transfer of Cd, Pb and Hg in food producing animals has been estimated
based on available values in the literature on intake and tissue concentrations. The concentrations

of organic contaminants in animal-derived food items were estimated using a model from the
TGD.

Human intakes of contaminants from food producing animals were calculated using the estimated
plant concentrations combined with typical feeding rations to the different animals (species and
age/type of production).

The human intakes were estimated based on the individual food consumption data from Norkost
1997 (Norwegian food consumption survey), estimated crop plant concentrations, estimated
levels in animal-derived food items and estimated water concentrations. A consumption of
drinking water of 2 L/day has been used, which is the water consumption used by WHO when the
drinking water guidelines are prepared.

Risk characterizations
Soil environment

The estimated predicted environmental concentration (PEC) for each contaminant was compared
with the available predicted no-effect concentration (PNEC) for soil.

The estimations showed that no metals would reach the PNEC values within the timeframe of
100 years. Consequently the Panel on Contaminants considers metals in sludge to constitute a
low risk to soil living organisms. However, the model estimations indicate that the soil
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concentrations of Cd, Hg, Cu and Zn, and partly also Pb will increase following repeated use of
sewage sludge. Cadmium and Hg, as well as Pb are of particular concern due to their inherent
toxic properties and the increase is undesirable even if the soil concentrations are not estimated to
exceed the PNEC values. Cadmium is also taken up in plants to a significant degree. Increased
Cd concentrations in soil will therefore increase the human exposure to this metal. After 100
years with repeated use of sewage sludge on an average soil, the estimated soil concentration of
Cd is still below the present maximum permitted soil concentration for further application of
sewage sludge.

Octylphenols, nonylphenols and LAS were the only contaminants where the PEC exceeded the
PNEC. However, these are rapidly degradable substances (t;, in soil = 8-10 days) where the
highest concentrations were found immediately after application of sewage sludge followed by a
rapid decrease. Taking into account the uncertainties related to the occurrence levels, and the
rapid degradation in soil, VKM considers octylphenols, nonylphenols and LAS to be of low
concern. Only a few PAHs and PCBs are expected to accumulate with repeated use (every 10™
year) of sewage sludge in a 100 years period and the model indicates that the concentrations of
these substances will be well below the PNEC value even at the end of the 100 year period. VKM
considers all the assessed organic contaminants to constitute a low risk to the soil environment.

Of the more than 1400 drug substances sold in Norway, only 14 have been estimated to exceed
the cut-off values of 100 or 10 ug/kg soil after sludge application. For the 14 identified drug
substances no PNEC values in soil have been available to VKM. Soil PNEC values for
pharmaceuticals have therefore been estimated from the aquatic PNEC values when available.
The estimated soil concentrations of drug substances were low (concentration range 0.01 — 2
mg/kg dry weight (DW)) and well below the estimated PNEC values. The Panel on Contaminants
considers drug substances in sewage sludge to constitute a low risk for soil-living organisms.

Aquatic environment

Neither metals, organic contaminants nor the drug substances assessed are expected to reach the
environmental PNEC values on short or long-term. Most of the assessed contaminants reach
maximum concentrations well below the PNEC values. Two PAHs (pyrene and indeno (1, 2, 3-
cd)pyrene) are estimated to reach a water concentration approaching the PNEC value (Risk
quotient of 0.99 and 0.88 respectively). The Panel on Contaminants considers the use of sewage
sludge as soil conditioner therefore to be of low concern for the aquatic environment.

Food producing animals

From this risk assessment based on a contaminant based approach, the risk of adverse effects in
farm animals grazing on or receiving feed from sewage sludge treated areas seem to be neglicible
for a range of contaminants. Meat-producing animals have in general a short life span and are
consequently not expected to be subject to effects following long-term exposure to substances
with a potential accumulation. Milk-producing and breeder animals have longer life span, but the
exposure of food producing animals to contaminants through application of sewage sludge may
anyway be regarded as low. However, lead seems to be an exception and may constitute a risk in
young animals as the estimated extra contribution from sewage sludge to a high background level
may imply an intake level close to that shown to reduce learning capability in lambs. In addition,
there are limited data in the literature on the effects of several contaminants in food producing
animals and the assessments of these contaminants are hampered with uncertainty. Furthermore,
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the knowledge of effects of combined exposure to the coctail of various known and unknown
chemicals in sewage sludge is lacking. Even not directly comparable to the Norwegian use of
sewage sludge, perturbated development of young ruminants pre- and postnatally exposed to
sewage sludge treated areas has been revealed. However, such use of sewage sludge directly on
grazing areas without ploughing has not been an issue in Norway and has therefore not been
adressed in this report.

Human exposure

Human intake from food and drinking water

Presently about 60% of the sewage sludge produced is dispersed on agricultural soil. This would
cover <5% of the cereal-producing areas at the maximum allowed amounts (40 tons/10 years).
Due to this limited availability of sewage sludge, the fraction of agricultural soil receiving the
maximum doses of sewage sludge will be so small that the added contribution from sewage
sludge to the dietary intake for the general population will be low. For specific individuals, for
example farmers, consuming only vegetables grown on such fields, the dietary intake may
potentially exceed the tolerable daily intake (TDI) for Cd and the tolerable upper intake level
(UL) for Cu in the long term. The Panel on Contaminants has not assessed the probability of this
scenario to occur.

The human dietary intakes via the different exposure routes assessed are combined — i.e. drinking
water and plants and animal derived food products. The estimated concentrations of contaminants
in soil indicate that repeated application (every 10" year) of sewage sludge on a field during a
100 year time period will lead to an increase in soil concentrations of certain heavy metals such
as Cd and Hg. A consequence of this accumulation in soil may result in an undesirable increase
in human dietary intake of particularly Cd, but also Hg.

The additional intake of metals from animal-derived food products or drinking water as a
consequence of use of sewage sludge as fertilizer is estimated to be very low (<5% of estimated
total intake) and of low concern.

The organic contaminants addressed in the present risk assessment are either degraded in the soil
or poorly absorbed into crop plants. The estimates therefore indicate a low increase in human
dietary exposure to organic contaminants from sewage treated soil and the Panel considers this
additional exposure to constitute a low risk to the consumers.

Children eating soil

The highest concentrations of contaminants are found in soil mixtures sold for use in private
homes. These mixtures may contain 30% sewage sludge. There is no requirement for further
mixing of this product. The estimated intake of metals when children ingest 0.2 g of this soil
products are low in comparison with the toxicological safety parameters (TDIs or ULs), with Pb
being the highest, reaching approximately 13% of the TDI. Taking into consideration that this
route of exposure only is likely to occur in a limited time period, and the relatively low intake in
comparison with the TDI, the Panel on Contaminants considers this exposure route to be of low
risk.
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Development of antibacterial resistance

It is unlikely that antibacterial resistance may be promoted in the STP water, in the sludge or in
the soil following application of sewage sludge as fertilizer. An exception may be a potential
development of resistance to the fluoroquinolone ciprofloxacin in soil due to persistence and
limited mobility of these substances into the subsoil.

Conclusions

Octylphenols, nonylphenols and LAS are the only contaminants in this assessment that is
estimated to reach soil concentrations exceeding the PNEC in agricultural soils. These
compounds are rapidly degradable in soil and the highest soil concentrations are reached
immediately after each sewage sludge application. However, concentrations are uncertain and
available occurrence data for octylphenols, nonylphenols and LAS in Norwegian sludge are
limited. There is also limited information available on the effects of these compounds in soil, and
the PNEC values for octylphenols and nonylphenols were derived from available aquatic PNEC
and large safety factors were used in the assessment. Based on these findings, the Panel of
Contaminants of VKM considers the use of sewage sludge to constitute a low risk to the soil
ecosystem. The model does, however, indicate a potential increase in the soil concentration of the
inherent toxic metals Cd and Hg as well as Cu and Zn. It is therefore recommended that the
concentrations of these metals in sewage sludge used for agricultural purposes should be
monitored. Furthermore, continued efforts to reduce the content of these metals in sludge are
encouraged.

The use of sewage sludge is not expected to constitute a significant risk to the aquatic
environment nor to food producing animals.

The Panel does not consider the risk associated with the use of sewage sludge as soil conditioner
for the dietary intake (including drinking water) of the assessed contaminants to be of
significance for the general population. The estimations do, however, indicate that a scenario of
exclusive consumption of vegetables grown on sludge-treated soil could result in a dietary intake
of Cd and Cu close to or above toxicological safe exposure limits (TDI or UL). The probability
for such a scenario, for example a farmer only consuming vegetables grown on his own sludge-
treated soil, to occur has not been assessed.

The risks have been assessed chemical by chemical, since no methodology for the risk
assessment of the mixture occurring in sewage sludge is available. Most of the estimated
exposures are well below any predicted effect concentration, making any interaction less likely,
unless the contaminants have the same mode of action.
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SAMMENDRAG

Faggruppen for forurensninger, naturlige toksiner og legemiddelrester (Faggruppe 5) 1
Vitenskapskomiteen for mattrygghet (VKM) har pa oppdrag fra Mattilsynet risikovurdert bruk av
avlepsslam som gjodsel og jordforbedringsmiddel pé jordbruksarealer, grentomréder og i
jordblandinger solgt til forbrukere. VKM ble spesielt bedt om a vurdere risiko knyttet til bruk av
slam for jordlevende organismer, det akvatiske miljoet, beitende dyr og dyr som spiser for dyrket
pa slambehandlet jord. Vurdering av risiko for barn som spiser jord, og mennesker som drikker
vann og spiser planter og/eller kjott influert av slambehandlet jord var ogsa en del av oppdraget.

VKM ble bedt om 4 risikovurdere i alt tolv eksponeringsveier for folgende stoffer:

e Kadmium (Cd) e Ftalater (DEHP, DBP)

e Bly(Pb) e  Oktylfenoler og oktylfenoletoksylater

e Kvikkselv (Hg) e Nonylpenoler og nonylfenoletoksylater

e  Nikkel (Ni) e  Alkylbenzenesulfonater, linsere (LAS)

e Sink (Zn) e Polyklorinerte bifenyler (PCB)

e Kobber (Cu) e  Polysykliske aromatiske hydrokarboner (P AH)
e Krom (Cr)

VKM ble ogsa bedt om & vurdere risiko knyttet til legemidler av typen hormoner, fluorokinoloner
og tetracycliner og andre relevante legemidler avhengig av hva som ble funnet i en undersekelse
av legemidler i avlgpsslam gjennomfert av Statens forurensningstilsyn (SFT, 2007).

Bruk av avlgpsslam som gjedsel/jordforbedringsmiddel medferer en mulig spredning av en rekke
forurensende stoffer til jord. Disse stoffene kan bli transportert til forskjellige miljoer slik som
luft, overflatevann, grunnvann og nerliggende elver. Videre kan de forurensende stoffene i jord
tas opp i planter skal brukes til mat eller for, noe som kan resultere i at dyr og mennesker
eksponeres for stoffene gjennom maten og foret de spiser. Konsentrasjonsdata for alle disse
forurensende stoffene i slambehandlet jord eller i andre miljoer etter bruk av avlgpsslam er ikke
tilgjengelig. Estimert konsentrasjon i miljeet (predicted environmental concentration (PEC)) 1
jord, og eksponering av dyr og mennesker etter bruk av avlepsslam har derfor blitt estimert ved
bruk av matematisk modellering basert pa retningslinjer gitt i Europeisk unions (EUs) ”Technical
Guidance Document on Risk Assessment” (TGD). Retningslinjene er tilpasset norske forhold der
dette er relevant. For beregning av konsentrasjoner i vann er det benyttet modeller som er
utviklet, validert og brukt for plantevernmidler. Risikovurderingen skal bdde omhandle en
vurdering av de forurensende stoffene etter en tilforsel og vurdering av mulig akkumulering etter
gjentatt bruk av avlgpsslam. Risiko knyttet til eksponeringsnivéer ble sa vurdert.

Det finnes lite informasjon om forekomst av legemidler 1 norsk avlgpsslam. Utvelgelsen av
legemidler inkludert i de fa undersokelsene som er tilgjenglige ser ikke ut til & vaere basert pa
risiko for effekter eller sannsynlighet for at de gjenfinnes i miljoet. Faggruppen har derfor
utviklet en trinnvis tilneerming for & estimere konsentrasjoner av legemidler i avlgpsslam. En
terskelverdi (cut-off-verdi) pa 100 mikrogram per kilo (pg/kg) ble brukt i den trinnvise
tilnermingen. Miljerisiko forbundet med konsentrasjoner av legemidler under dette niviet anses
som neglisjerbar av de europeiske medisinmyndighetene (The European Medicines Agency,
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EMEA). For legemidler som tilherer gruppene anticancermidler og hormoner som er effektive
ved veldig lave doser har faggruppen benyttet en ekstra sikkerhetsfaktor pa 10, og terskelverdien
for disse stoffene er satt til 10 pg/kg. Mulig konsentrasjon av legemidler i avlgpsslam ble estimert
pa grunnlag av salgsstatistikk om legemidler og produsert volum av avlepsslam 1 Norge. De
estimerte konsentrasjonene ble gradvis raffinert ved 4 ta hensyn til faktorer slik som
vannleslighet, biotransformasjon og nedbrytning i miljeet. Utfallet av den trinnvise tiln@rmingen
er en liste pa 14 legemidler som potensielt kan gjenfinnes i jord etter bruk av avlepsslam i
konsentrasjoner over terskelverdiene pa 100 eller 10 pg/kg jord. En mer detaljert risikovurdering
av disse 14 legemidlene ble gjennomfert med samme metode som for de andre forurensende
stoffene.

Mulig risiko forbundet med eutrofiering av det akvatiske miljoet som folge av bruk av
avlgpsslam og effekter forarsaket av avlgpsslam brukt pd beitearealer uten pleying innen 18 timer
er ikke vurdert.

Farekarakterisering

Farekarakterisering er basert pa tilgjengelige vurderinger utfort av internasjonale organisasjoner
som The Joint FAO/WHO Expert Committee on Food Additives (JECFA), EUs kjemiske byra
(EU Chemical Bureau), European Food Safety Authority (EFSA) og lignende. For stoffer der
farekarakterisering ikke er utfort av slike organer, er relevante nasjonale farekarakteriseringer
brukt. For enkelte stoffer har faggruppen ikke funnet etablerte toksikologiske trygge
eksponeringsverdier. Mangel pa toksikologisk farekarakterisering er i disse tilfellene papekt som
kunnskapshull 1 risikovurderingen. Etablering av nye tolerable inntaksverdier (TDI) og estimerte
ikke-effektsnivaer (predicted no-effect concentration, PNEC-verdier) har ikke vert en del av
arbeidet i denne risikovurderingen.

Eksponeringsvurdering

Alle eksponeringsnivdene har blitt estimert ved bruk av matematiske modeller basert pa
retningslinjene 1 TGD. Noe modifisering av modellene er gjort for & tilpasse disse til norske
forhold. I stor utstrekning gjelder dette bruk av jordparametre, forhold knyttet til ver og
jordbrukspraksis. Jordkonsentrasjoner er beregnet basert pd nivder av forurensende stoffer i
avlegpsslam og dagens bruk av slam (klasse 1, 40 tonn/hektar/hvert 10. ar) og en mulig 50 %
okning av dagens maksimale bruk av avlgpsslam (60 tonn/hektar/ hvert 10. &r). For a ta hensyn til
mulig akkumulering 1 jord etter gjentatt bruk av avlepsslam, er jordkonsentrasjonene beregnet i et
100-arsperspektiv - hvor det er tatt hensyn til bakgrunnskonsentrasjoner, fordampning,
nedbrytning, fjerning via opptak i planter og avrenning til vann. Maksimumskonsentrasjoner av
alle de forurensende stoffene, enten rett etter bruk av avlepsslam eller etter gjentatt bruk av
avlegpsslam 1 100 &r (tilfersel hvert 10. ar), er brukt 1 eksponeringsberegningene. Avrenning til det
akvatiske miljoet er estimert med modeller utviklet for & vurdere bruk av plantevernmidler som
tilfores jordbruksarealer. Modellen er validert bade for organiske og uorganiske plantevernmidler
og den er vurdert som egnet bade for & estimere avrenning til overflatevann og grunnvann.

Opptak av forurensende stoffer i planter er beregnet, bade for & kunne estimere mulig
akkumulering av disse stoffene 1 jord og for 4 kunne estimere eksponering for dyr og mennesker
som spiser planter. Retningslinjene i TGD tillater kun estimering av konsentrasjoner i rotdelene
av plantene og TGD ble derfor benyttet til & beregne konsentrasjoner i rotgrennsaker, slik som
potet og gulretter. Andre modeller funnet i vitenskapelige artikler er benyttet for & estimere
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konsentrasjoner 1 spiselige deler av planter over bakken, slik som salat og korn. En
sammenlikning av flere modeller er gjennomfert og den mest konservative modellen som ble
ansett & vare realistisk, ble valgt. De estimerte konsentrasjonene i planter ble benyttet til &
beregne inntak av forurensede stoffene hos dyr og mennesker. Modellene som er brukt for &
beregne plantenes opptak av organiske stoffer fra jord er ikke validert for polare og ioniserbare
forbindelser. De fleste legemidler har slike kjemiske egenskaper, og konsentrasjoner av
legemidler i planter kunne derfor ikke beregnes. Dyrs og menneskers eksponering for legemidler
fra for og mat kunne folgelig heller ikke beregnes.

Det finnes ingen modeller tilgjengelig i TGD for & vurdere overforing av metaller fra for til
animalske matprodukter. En overforing av kadmium, bly og kvikkselv til matproduserende dyr er
estimert pa bakgrunn av tilgjengelige data om inntaks- og vevskonsentrasjoner funnet 1
litteraturen. Konsentrasjoner av organiske stoffer i animalske produkter er estimert ved bruk av
modeller fra TGD.

Konsentrasjoner av forurensende stoffer i animalske matprodukter er beregnet ved a bruke
estimerte plantekonsentrasjoner kombinert med typiske formengder benyttet til de forskjellige
dyrene (art og alder/produkjsjonsform).

Humant inntak av forurensende stoffer er beregnet med individuelle kostholdsdata fra Norkost
1997 (Norsk kostholdsundersokelse) der estimert plantekonsentrasjon, estimerte konsentrasjoner
i animalske produkter og estimerte vannkonsentrasjoner inngar i beregningene. For 4 beregne
inntak fra drikkevann er en mengde pa 2 liter vann per dag benyttet. Dette er 1 samsvar med de
mengdene Verdens helseorganisasjon (WHO) bruker til & utarbeide retningslinjer for drikkevann.

Risikokarakterisering

Jordmilje
Estimert konsentrasjon i jord (PEC) for hvert forurensende stoff ble sammenliknet med

tilgjengelig estimert ikke-effektsnivd (PNEC-verdier) for stoffet i jord.

Beregningene viser at ingen av metallene nar PNEC-verdiene etablert for jord innenfor
tidsrammen pd 100 ar. Faggruppe 5 anser derfor at avlepsslam medferer en lav risiko for
jordlevende organismer. Modellestimeringene viser imidlertid at jordkonsentrasjonene for
kadmium og kvikkselv vil gke etter gjentatt bruk av avlgpsslam. Disse tungmetallene er spesielt
bekymringsfulle pd grunn av sine toksikologiske egenskaper, og en gkning av
jordkonsentrasjoner av disse stoffene er uensket selv om beregningene viser at konsentrasjonene
ikke overstiger PNEC-verdiene. Kadmium tas opp i planter i signifikante mengder. Okte
kadmiumkonsentrasjoner i jord vil derfor medfore ekt human eksponering for dette metallet.
Etter 100-ars gjentatt bruk av avlgpsslam i1 gjennomsnittlig jord er fortsatt de estimerte
konsentrasjonene av kadmium lavere enn det som maksimalt er tillatt at jordbruksjord inneholder
om slam skal kunne tilfores.

Oktyl-, nonylfenol og LAS var de eneste forurensende stoffene der PEC overskred PNEC. Disse
stoffene brytes imidlertid raskt ned (halveringstid pa 8-10 dager) og den heyeste konsentrasjonen
ble funnet rett etter tilforsel av avlgpsslam etterfulgt av rask reduksjon av konsentrasjonene. Ved
a ta hensyn til usikkerheten knyttet til forekomstdataene, den raske nedbrytningen i jord og de
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store sikkerhetsfaktorene benyttet ved fastsettelse av PNEC-verdien for oktyl- og nonylfenol,
anser Faggruppe 5 risikoen knyttet til disse stoffene a vare av liten betydning. Noen fa PAH- og
PCB-forbindelser ble estimert til & akkumulere etter gjentatt bruk av avlgpsslam. Modelleringen
indikerer at konsentrasjonene er langt under PNEC-verdiene, selv etter 100-ars bruk. Det finnes
imidlertid ikke etablerte PNEC-verdier for PCB-forbindelsene. Faggruppen anser at de vurderte
organiske forbindelsene utgjor en lav risiko for jordmiljeet.

Av de over 1400 legemidlene som selges i Norge, er kun 14 legemidler beregnet til &4 overskride
terskelverdien etter slambruk. For de 14 identifiserte legemidlene har ingen terrestriske PNEC-
verdier vert tilgjenglig for faggruppen. Terrestriske PNEC-verdier for legemidler har derfor blitt
utledet fra akvatiske PNEC-verdier der slike har veart tilgjengelig. De estimerte
jordkonsentrasjonene for legemidler er meget lave (konsentrasjoner fra 0,01-2 mg/kg torrvekt) og
langt under de estimerte PNEC-verdiene. Faggruppen anser at rester av legemidler i avlepsslam
utgjor en lav risiko for jordlevende organismer.

Akvatisk milje

Verken metaller, organiske stoffer eller legemidler vurdert i denne risikovurderingen forventes a
komme opp 1 konsentrasjoner tilsvarende PNEC-verdier, verken pd kort eller lang sikt. De fleste
vurderte stoffene nar maksimumskonsentrasjoner som er langt lavere enn de angitte PNEC-
verdiene. To PAH-forbindelser (pyren og ideno(l, 2, 3-cd)pyren) er beregnet til & nd
vannkonsentrasjoner som nermer seg PNEC-verdiene (risikokvotient pad henholdsvis 0,99 og
0,88). Faggruppen anser risiko ved bruk av avlepsslam som jordforbedringsmiddel i jordbruket til
a vaere av liten betydning for det akvatiske miljoet.

Matproduserende dyr

Generelt har matproduserende dyr et kort livslep, og de forventes derfor ikke a bli
langtidseksponert for stoffer med akkumulerende egenskaper. Dette gjelder ogsa for
melkeproduserende dyr og avlsdyr, selv om de har et lengre livslop en kjottproduserende dyr.
Matproduserende dyrs eksponering for forurensende stoffer via bruk av avlepsslam 1 jordbruket
anses derfor som lav. Det finnes imidlertid begrenset informasjon i litteraturen pa effekter av
flere av de forurensende stoffene pa matproduserende dyr og vurderingen av disse forurensende
stoffene er derfor usikre.

Bruk av avlepsslam direkte pad beiteomrader uten nedpleying er ikke et tema i Norge og
problemstillingen er derfor ikke vurdert.

Human eksponering

Humant inntak fra mat og drikkevann

I dag brukes omtrent 60 % av produsert avlgpsslam pa jordbruksomrader. Dette vil dekke mindre
enn 5 % av det kornproduserende arealet med maksimal tillatt bruk (40 tonn/hektar/hvert 10. &r).
P4 grunn av begrenset tilgang pd avlepsslam vil andelen av jordbruksarealer som mottar
maksimale mengder med avlepsslam vere veldig liten, og antatt tilleggsbidrag fra avlepsslam til
inntaket fra mat i den generelle befolkningen vil vare lavt. For spesielle individer, for eksempel
beonder som spiser egenproduserte gronnsaker fra jordarealer der slam er brukt, kan over tid fa et
inntak som overskrider tolerabelt daglig inntak (TDI) for kadmium og tolerabelt gvre inntaksniva
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(UL) for kobber. Faggruppen har ikke vurdert sannsynligheten for at dette scenarioet kan
inntreffe.

Humant inntak av forurensende stoffer via drikkevann, planter og animalske produkter er
beregnet. Modellberegningene indikerer at i et 100-arsperspektiv vil gjentatte tilforsler (hvert 10.
ar) av avlepsslam pa et jorde, medfore okte jordkonsentrasjoner av visse tungmetaller, som
kadmium og kvikkselv. En konsekvens av denne akkumuleringen i jord kan vere en ekning i
inntaket av tungmetaller, spesielt kadmium, men ogsa kvikkselv.

Tilleggsinntaket av metaller fra drikkevann og animalske produkter som folge av bruk av
avlegpsslam som jordforbedringsmiddel er estimert til & vaere veldig lavt (<5 % av estimert total
inntak) og dette inntaket vil derfor vare av liten betydning.

De organiske stoffene vurdert i denne risikovurderingen nedbrytes enten 1 jorda eller har lavt
opptak i matproduserende planter. Beregningene indikerer en lav gkning i human eksponering for
disse organiske stoffene fra jord behandlet med avlepsslam, og faggruppen vurder at dette
tilleggsbidraget er av neglisjerbar risiko for forbrukerne.

Barn som spiser jord

De hoyeste konsentrasjonene av forurensende stoffer fra slam er funnet i jordblandinger som
selges til private forbrukere. Jordblandingene kan inneholde opptil 30 % avlgpsslam. Det er ingen
krav til videre utblanding av disse produktene. Estimert inntak av metaller fra jordblandinger hos
barn (konsum av 0,2 gram jord) er imidlertid lavt 1 forhold til fastsatte TDI og UL, og bly som
utgjor det heoyeste inntaket narmer seg 13 % av TDI. Om en tar hensyn til at denne
eksponeringsveien kun foregér i en begrenset periode, og det relativt lave inntaket sammenliknet
med TDI, anser faggruppen at risiko forbundet med denne eksponeringsveien er lav.

Utvikling av resistens

Det er lite sannsynlig at antibakteriell resistens vil utvikles 1 avlgpsvann fra slamrenseanlegget, 1
avlegpsslammet eller i jord som felge av bruk av avlgpsslam som jordforbedringsmiddel. Et
unntak kan vaere mulig utvikling av resistens til fluorokinolonene ciprofloxacin i jord pd grunn av
persistens og begrenset mobilitet av disse forbindelsene i jord.

Konklusjoner

Oktyl-, nonylfenol og LAS er de eneste forurensende stoffene i denne risikovurderingen som er
estimert til nd konsentrasjoner som overskrider PNEC-verdiene for jord. Disse stoffene brytes
raskt ned i jord og de hgyeste konsentrasjonene nas rett etter hver applikasjon av avlepsslam.
Imidlertid er konsentrasjonene usikre, tilgjengelighet av forekomstdata for oktyl- nonylfenol og
LAS i norsk avlgpsslam er begrenset og det finnes begrenset informasjon om effektene av disse
stoffene i1 jord. For Oktyl- og nonylfenol er PNEC-verdiene utledet fra akvatiske PNEC-verdier
og store sikkerhetsfaktorer er benyttet. Basert pa disse funnene finner VKMs Faggruppe 5 at bruk
av avlepsslam medforer liten risiko for jordekosystemet. Den benyttede modellen indikerer
imidlertid en potensiell okning av jordkonsentrasjonene av metallene kadmium og kvikkselv i
tillegg til kobber og sink. Det anbefales derfor at konsentrasjonene av disse metallene i
avlgpsslam som brukes i jordbruket ber overvdkes. Videre anbefales kontinuerlig arbeid med a
redusere innholde av disse metallene 1 avlgpsslam.
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Bruk av avlepsslam antas ikke & utgjere noen signifikant risiko for det akvatiske miljoet eller for
matproduserende dyr.

VKMs Faggruppe 5 anser ikke at konsum av mat (inkludert drikkevann) som felge av bruk av
avlepsslam som jordforbedringsmiddel vil utgjere noe signifikant risiko 1 den generelle
befolkningen for de vurderte forurensende stoffene. Inntaksberegningene indikerer imidlertid at
et scenario der alle gronnsakene som konsumeres er dyrket pa slamtilfort jord, kan medfore et
inntak av kadmium og kobber som overskrider tolerable inntaksverdier (TDI eller UL).
Sannsynligheten for et slik scenario, for eksempel der bender bare spiser egenproduserte
gronnsaker, er ikke vurdert.

De beregnede risikoene 1 denne vurderingen har blitt vurdert stoff for stoff siden det ikke finnes
noe metode for risikovurdering av kjemiske blandinger som finnes 1 avlegpsslam. De fleste av de
estimerte eksponeringene er lang under de fastsatte effektkonsentrasjonene. Dette gjor
interaksjonen mellom stoffer mindre sannsynlig dersom ikke de forurensede stoffene har samme
virkningsmekanisme.
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ABBREVIATION

Abbreviations Explanation

ADI Acceptable daily intake

AF Assessment factor

AMR Antimicrobial resistant bacteria

BaP Benzo[a]pyrene

BCF Bioconcentration factor

BDF Bio disposition factors

BMDL Bench mark dose lower confidence limit, 10% incidence of measured endpoint

BOD Biological oxygen demand

BPA Bisphenol A

CEC Cation exchange capacity

Cd Cadmium

COD Chemical oxygen demand

Cr Chromium

Cu Copper

DL-PCBs dioxin-like PCBs

DM Dry matter

DOC Dissolved organic carbon

DTy, Half-lives

DBP Di-butylphthalate

DEHP Di ethyl hexyl phthalate

DW Dry weight

EFSA European Food Safety Authority

EMEA European Medicines Agency

ERA Environmental risk assessment

EqP Equilibrium partitioning theory

Foc Fraction of organic carbon

FwW Fresh weight

GL Guideline level

Ha Hectare

HBCD Hexabromcyclododekan

Hg Mercury

HMP Human medical product

HRT Hydraulic retention time

JECFA The Joint FAO/WHO Expert Committee on Food Additives

Kd value Soil-pore-water partitioning coefficient

K. Partition coefficient

Kow Octanol-water partition

LAS Linear alkylbenzene sulfonate

LOAEL Lowest adversed observed effect level

LOEL Lowest observed effect level

MeHg Metylmercury

MIC Minimum inhibitory concentration

MOE Margin of Exposure. This is exposure divided by the level expected to cause
effect, e.g. BMDL,,

MT Metallothionine

NDL-PCBs Non-dioxin-like PCBs
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Abbreviations Explanation

Ni Nickel

NOAEL No observed adverse effect level

NOEC No observed effect concentration

NOEL No observed effect level

OP Octylphenol

PAHs Polycyclic aromatic hydrocarbons

PAH4=X PAH4 Sum of benzo (a)pyrene, chrysene, benz(a)anthracene and benzo(b)fluoranthene

X PAH Sum of 15 indicator PAHs (Naphtalene, Acenaphtylene, Acenaphtene, Fenantrene,
Antracene, Fluorene, Fluoranthene, Pyrene, Benzo(a)anthracene, Chrycene,
Benzo(b)fluoranthene, Indeno (1,2,3-cd)pyrene, Dibenzo(a,h)antracene,
Benzo(g,h,i)perylene, Benzo(a)pyrene)

Pb Lead

PBDEs Polybrominated diphenylethers

PCBs Polychlorinated biphenyls

PCB¢= Z PCBg Sum of PCB-28, PCB-52, PCB-101, PCB-138, PCB-153, PCB-180

PCB,=ZX PCB, Sum of PCB-28, PCB-52, PCB-101, PCB-118, PCB-138, PCB-153, PCB-180

PCiuage Predicted concentrations in sewage sludge

Pe Population equivalent. Pe is the unit of measure used to describe the size of a
waste water discharge.

PEC Predicted environmental concentration

PNEC Predicted non effect concentration

PRZM3 Pesticide Root Zone Model

PTWI Provisional tolerable weekly intake

QSAR Quantitative structure activity relationship

RQ Risk quotient

SFT Norwegian Pollution Control Authority

SCF Scientific Committee for Food

SOM Soil organic matter

SRT Sludge retention time

SSD Species sensitivity distribution

STP Sewage treatment plant

TBBPA Tetrabrom bisphenol A

TDI Tolerable daily intake
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1. BACKGROUND

The Norwegian Food Safety Authority (Mattilsynet) received in 2005 a letter from Norsk
Landbrukssamvirke Servicekontor AS (The Federation of Norwegian Agricultural Co-operatives)
where they asked the authority to conduct a risk assessment for human health and the
environment on the use of sewage sludge on Norwegian soils. They questioned if the risk
associated with existing maximum values, restriction of the use of sewage sludge and levels of
contaminants in sewage sludge were sufficiently evaluated in relation to food safety and
environmental aspects. In addition, they questioned if the use of sludge in food production is safe
for humans. They also wanted to receive an evaluation on how to monitor environmental
contaminants in sewage sludge and in food produced from areas where sewage sludge has been
used as fertilizer/soil conditioner.

The Norwegian Food Safety Authority asked the Norwegian Scientific Committee for Food
Safety (Vitenskapskomiteen for mattrygghet, VKM) to conduct a risk assessment on the use of
sewage sludge on Norwegian soils. The task was considered to be extensive and VKM decided to
collect and evaluate the existing occurrence data on contaminants in sewage sludge (pre-project)
before they started to work with the question from the Norwegian Food Safety Authority.
Aquateam was asked to do the pre-project and VKM received a report in March 2006 (Aquateam,
2006).

This report was used as a basis for The Norwegian Food Safety Authority in cooperation with
VKM to work out the terms of reference for the risk assessment. VKM appointed an ad hoc
group consisting of VKM members and external experts to respond the request from the
Norwegian Food Safety Authority. Panel on Contaminants (Panel 5) of VKM is responsible for
the outcome of this work.

The ad hoc group has incorporated comments and suggestions from Panel 5 during their work
with this opinion. The report from the ad hoc group has been evaluated and approved by Panel 5
of VKM.
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2. TERMS OF REFERENCE

The Norwegian Food Safety Authority (Mattilsynet) has asked VKM to assess a risk assessment
of contaminants in sewage sludge applied on Norwegian soils.

The risk assessment should cover the environmental and health-related risks sewage sludge may
represent when used as soil conditioner on areas cultivated for food and feed and on green areas
including parks, private gardens and road side vegetation according to Norwegian legislation. In
addition the risk assessment should take into account a 50% increase in the maximum allowed
amount of sewage sludge, and the use of sewage sludge on fields where vegetables, coarse fodder
and potatoes are grown.

Different exposure routes were outlined in the pre-project (Aquateam, 2006) and the Norwegian
Food Safety Authority would like the following exposure routes listed in Table 1 to be evaluated

in the risk assessment:

Table 1.  Exposure routes to be evaluated in the risk assessment of sewage sludge

Exposure | Target organism Description of scenario
route nr
Plants
1 Plants Plants growing on soil where sewage sludge has been used
Animals
Soil organisms Soil organisms living in soil where sewage sludge has been used
3 Aquatic organisms Aquatic organisms living in rivers and lakes influenced by soil
where sewage sludge has been used
4+5 Grazing animals Animals eating grass and/or soil and soil organism from fields
where sewage sludge has been used
6 Animals eating feed Animals eating feed grown in fields where sewage sludge has been
used
Humans
7 Children Children eating soil
8 Humans eating plants Humans eating plant products that have been grown on fields
where sewage sludge has been used
9+10 Humans eating animal Humans eating products from grazing animals and/or products
products from animals eating feed grown in fields where sewage sludge has
been used
11+12 Humans drinking water Humans drinking surface- and/or groundwater influenced by soil

where sewage sludge has been used

The risk assessment takes the following issues under consideration:
= Agricultural crops
= Terrestrial- and aquatic environment
* Animal health (grazing livestock and fish in the wild, but not grazing wild
game)
= The general human population, especially groups at riskto the extent to which
they can be identified.
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In the pre-project, contaminants where divided into two categories according to the knowledge
of hazard identification and the availability of occurrence data in Norwegian sewage sludge.
For the heavy metals and organic contaminants listed in Table 2, it was assumed that there
where sufficient data available to do a risk assessment for all 12 exposure routes.

For the compounds listed in Table 3 and Table 4 limited data exist for several inorganic and
organic contaminants, pharmaceuticals, cosmetics, and biocides/pesticides. VKM should
assess those substances according to the knowledge of each substance. The most relevant
pharmaceuticals and chemicals in cosmetic products, which are most likely to be found in
sewage sludge, should be covered. The contribution of certain pharmaceuticals (antibiotics)
from the agriculture itself compared with the contribution from sewage sludge should also be
evaluated.

Table 2.  Compounds with sufficient data (according to the pre-project) to fulfil a risk assessment of
the 12 exposure routes. The compounds are included in Part A of the risk assessment.

Heavy metals Organic contaminants

Cadmium (Cd) Phthalates (DEHP, DBP)

Lead (Pb) Octylphenols and octylphenol ethoxylates
Mercury (Hg) Nonylphenols and nonylphenol ethoxylates
Nickel (Ni) Alkylbenzenesulfonate, linear (LAS)

Zink (Zn) Polychlorinated biphenyls (PCBs)

Cobber (Cu) Polycyclic aromatic hydrocarbons (PAHs)
Chromium (Cr)

Table 3.  Pharmaceuticals to be included, Part B of the risk assessment.

Pharmaceuticals

Hormones

Fluoroquinolone

Tetracylines

Others*

*Relevant pharmaceuticals should be covered. In addition, information from a screening survey of pharmaceuticals from
Norwegian Pollution Control Authority (SFT) has to be taken into consideration in the risk assessment (SFT, 2006).
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Table 4.

Compounds with less data available (according to the pre-project)*.

Inorganic compounds

Organic compounds

Arsenic (As)

Organotin compounds

Silver (Ag)

Chlorinated aliphates

Tin (Sn)

Penta- and deca PBDE

Selenium (Se)

Other polybrominated diphenylethers (PBDE)

Bismuth (Bi)

Tetrabrom bisphenol A (TBBPA)

Vanadium (V)

Hexabromcyclododekan (HBCD)

Antimony (Sb)

Polychlorinated dibenzodioxins/
Dibenzofuranes)

Wolfram (W)

Polychlorinated naphthalens

Beryllium (Be)

Chlorinated phenols

Molybdenum (Mo)

Chlorinated benzenes

Chlorinated paraffin’s

PFOS

PFOA

Bisphenol A

Triclosane

Galaxolide

Tonalid

Butylhydroxytoluen

Irgarol

Diuron

Glyfosat

DEET

*The list of compounds has not been evaluated further and the compounds are not included in this risk assessment.
The Norwegain Food Safety Autority and VKM will discuss if this will be done at a later stage.

The Norwegian Food Safety Authority would like VKM to:

* perform recommendations regarding future surveys of contaminants in sewage sludge

= give priorities for compounds to be monitored in sewage sludge and in feed and food
from areas where sewage sludge have been used

» indicate substantial knowledge gaps related to contaminants in sewage sludge

= comment, from a health- and environmental perspective, possible factors that might call
for restriction on use of sewage sludge

Norwegian Scientific Committee for Food Safety
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3. INTRODUCTION

A complete risk assessment for the use of sewage sludge as fertilizer with regard to effects on the
public health and environment has never previously been performed in Norway. In general, heavy
metals and organic contaminants levels in Norwegian sewage sludge are low in comparison to
other countries (e.g. Blytt, 2007).

About 70% of the sewage sludge produced by Norwegian sewage treatment plants (STPs) is
recycled as fertilizer products. Sludge from STPs is widely used as a soil fertiliser (Table 5) and
more than 82% are used for soil amendment purposes. The STPs have discharge permissions
from the Norwegian Pollution Control Authority (SFT) and are obliged to monitor the treatment
process and analyse sludge samples for selected undesirable substances such as certain heavy
metals and organic contaminants. In addition, the authority has put in place special monitoring
programs for a group of selected organic contaminants at the largest sewage plants in Norway.
The purpose of this selection is to increase the knowledge about the discharge of such chemicals
to the environment through the STPs (Amundsen et al., 2001; Paulsrud & Nedland, 1997;
Nedland & Paulsrud, 2001; Blytt, 2007). During the last decade, there has been a decline in the
discharge of several contaminants (eg. PCB, PAH, DEHP and DBP) from Norwegian

STPs (SSB, 2007, see Chapter 3.3.). However, the variations are large, even among the different
STPs, due to different composition of the wastewater and the volume of water that is supplied to
these STPs. The composition depends on the amount of wastewater from households, industry,
and rain and from snow/ice melting (SSB, 2007).

Table 5.  Utilisation of treated sludge as soil fertiliser in 2006 (www.ssb.no)

Use of sludge in Norway. | Utilisation of sludge, ton dry matter (DM)
Total 103 795

Farm land 50 818

Green areas 12 924

Soil producers 11784

Cover for landfills 5064

Deposited 5606

Other 5629

Unknown 11971

3.1. Legislation

In 2003, the regulation of organic fertilizers, including sewage sludge, was organized under the
same regulation (Forskrift 4. juni 2003 nr.951 om gjodselvarer m.v. av organisk opphav).

Under the new dispensation, the contaminants levels in sewage sludge put some restrictions on
the use of sewage sludge for different purposes. This is especially important given the use of
sewage sludge for agricultural purposes and on green areas. Maximum levels of seven heavy
metals in sewage sludge were set in order to reduce the risk on different aspects such as
environment, plant health and public health, as well as the need for having cut-off values.
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Maximum levels for other contaminants were not given in the legislation, but there is a general
demand that the agricultural products should be safe.

3.1.1. General demands

Sewage sludge cannot legally be applied to soil used for growing vegetables, berries, fruits, on
pasture-land or in nurseries. Vegetables, berries and fruits can only be grown at minimum, three
years after sludge amendment.

Sewage sludge has to be mixed into the soil immediately and at the latest 18 hours after
application.

In private gardens, parks, playing grounds and related areas, sewage sludge may only be used as a
part of the soil mixtures. The soil mixtures to be used may consist at maximum 30 volume
percent of sewage sludge. Soil used in the mixture must not be taken from dumpsite, industrial
areas or other related areas that could be polluted with environmental contaminants.

Sewage sludge can only be used if the heavy metal content in the soil is below the maximum
levels given in Table 6.

Table 6.  Quality demands for soil. Maximum levels for heavy metals (mg/kg DM) in soil where
sewage sludge can be applied.

Maximum levels in soil
Heavy metals
mg/kg DM
Cadmium (Cd) 1
Lead (Pb) 50
Mercury (Hg) 1
Nickel (Ni) 30
Zinc (Zn) 150
Copper (Cu) 50
Chromium (Cr) 100

3.1.2. Quality demands — heavy metals

According to the Norwegian regulation, sewage sludge is divided into four categories based on
the content of heavy metals. It is not permitted to use sewage sludge as agricultural fertilisers if
the content of heavy metals exceeds the given maximum levels. Alternatively, restrictions on the
amount of sewage sludge to be used should be given. The different quality classes defined for
sewage sludge are shown in Table 7.
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Table 7.  Quality demands for sewage sludge. Maximum levels for heavy metals (mg/kg DM) in
different quality classes of sewage sludge.

0 I II I
Class:
mg/kg DM mg/kg DM mg/kg DM mg/kg DM

Cadmium (Cd) 0.4 0.8 2 5
Lead (Pb) 40 60 80 200
Mercury (Hg) 0.2 0.6 3 5
Nickel (Ni) 20 30 50 80
Zinc (Zn) 150 400 800 1500
Copper (Cu) 50 150 650 1000
Application No limitation on 40 tons dry matter per 20 tons dry matter | Maximum 5 cm on

agriculture areas, hectare per 10 year on per hectare per 10 | green areas

and green areas agriculture areas, private year on

(e.g. private gardens and parks. agriculture areas,

gardens, parks) private gardens

and parks.

Sewage sludge within class 0 can be amended on agriculture areas and green areas with no
limitation. The amount used is adjusted to the plants need for nutrients.

Sewage sludge satisfying class [ can be applied on agriculture areas, private gardens and parks at
no more than 40 tons dry matter per hectare per 10 years. The products can also be used on green
areas where foods or forage crops are not to be grown. The product shall be applied at maximum
5 cm layers and mixed into the soil at the site.

Sewage sludge complying with class II can be applied on agriculture areas, private gardens and
parks at no more than 20 tons dry matter per hectare per 10 years. The products can also be used
on green areas and similar areas where food or forage crops are not to be grown. The product
shall be applied at maximum 5 cm layers and mixed into the soil at the site.

Sewage sludge within class I1I may be used on green areas where food or forage crops are not to
be grown. The product shall be applied at maximum 5 cm layers every 10 year and mixed into the
soil at the site. When used as cover on landfills the layer shall not exceed 15 cm.

Raw materials included in products of class I and II must comply with the requirements for heavy
metal contents of class II. Similarly, raw materials included in class III products shall comply
with the heavy metal requirements for class III.

3.1.3. Quality demands — organic contaminants

Producers, manufacturers and distributors of sewage sludge for fertilizing purposes should be
attentive and take necessary precaution to restrict and prevent that their products contain amounts
of organic contaminants, pesticides, antibiotics, chemotherapeutics or other xenobiotics that
could pose risk to human health or the environment when used. No limits are given for such
compounds by the authorities.
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3.1.4. Other requirements

The products themselves and their use shall not pose risks for transmission of diseases to humans,
animals or plants.

The products shall not contain Salmonella or infectious parasite eggs, and the content of thermo-
tolerant coliforms shall be less than 2.500 per gram dry matter.

The products must be stabilised in order to avoid malodour or other environmental problems
during storage or use.

In order to get approval for using sewage sludge as fertilizer, comprehensive documentation is
required. These include - the origin of the raw material, treatment procedure, nutritional value,
pH, liming value, conductivity, particle size distribution (texture), dry matter content, organic
carbon, carbon/nitrogen ratio, heavy metal content, organic contaminant and pesticides, hygiene
quality, stability, germinating weed seeds, plastics, glass and other extraneous matter.

3.2. Treatment of sewage and formation of sewage sludge

This chapter gives an overview and description of the key processes for treatment of municipal
wastewater, treatment and use of sludge in Norway.

Most of the sewage treatment plants were built after 1970 and during the seventies and eighties
there was a major increase in the number of plants with discharges to inland waters and narrow
fjords. Due to different requirements for final discharges to the recipient and varying plant sizes,
the STPs use different water and sludge treatment processes.

Sewage water is a mixture of wastewater from households, industries, hospitals and runoff waters
from urban areas and leachates from landfills. The main purpose for wastewater treatment is to
remove coarse debris, grit and organic material and phosphorus. A few STPs are built to remove
nitrogen.

Discharge permissions are based on recipient considerations. With a few exceptions, STPs along
the west coast from Lindesnes to the Russian border have discharge permissions based on
removal of organic matters. From Lindesnes to the Swedish border, the STPs are required to
remove phosphorus in addition to organic matters. The largest plants in the Oslo area also remove
nitrogen from the wastewater.

3.2.1. Wastewater treatment methods

The discharge permissions dictate the treatment of wastewater methods. Table 8 summarises
number of plants with different methods and the number of population equivalent (pe) connected
to the plants. Population equivalent is the unit used to describe the size of a waste water
discharge. Population equivalent is defined as the biodegradable load (organic matter) in waste
water having a 5 day biochemical oxygen demand (BODs) of 60g of oxygen per day and does not
necessarily reflect the actual population of a community.
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Table 8.  Treatment plants and connections in 2006 (www.ssb.no).

Types of treatment plants No plants Connected population
equivalents (pe)*

Mechanical 1100 861 000

Chemical 257 1 503 000

Chemical / Biological 286 1 131 000

Other 1139 370 000

Total 2782 3 865 000

*Population equivalent is the unit used to describe the size of a waste water discharge. Population equivalent is defined as the
biodegradable load (organic matter) in waste water having a 5 day biochemical oxygen demand (BODs) of 60g of oxygen per day
and does not necessarily reflect the actual population of a community.

Other STPs include plants with direct discharge (after screening) to the recipient, small plants
(<50 PE) and soil-based plants with direct infiltration to the ground and special solutions.

Mechanical

Particulate matters are removed by sedimentation, screens or fine mesh sieves. It is used for
moderate removal of organic matter, but will also remove some particulate-bound nutrients,
micro-pollutants, heavy metals etc. Water-soluble micro-pollutants will mainly follow the
discharges from the STP into the recipient medium.

Chemical
Dissolved phosphorus is precipitated with metal salts (iron or aluminium) and coagulated to
larger flocks that can be removed by sedimentation, flotation or filtration. Chemical treatment
will also coagulate small particulate matters, colloids, and thereby achieve a high degree of
removal of organic matters (80%) and various degrees of heavy metals and organic micro-
pollutants.

In addition to the removed substances, chemical precipitation will produce sludge from the
formation of metal hydroxides (MeOH). The total sludge production will thereby be greater than
the amount of removed substances.

Chemical/Biological
In the biological treatment unit, micro-organisms are used for removal of dissolved organic
matters from the wastewater.

Biological removal of organic matters is normally an aerobic process, where micro-organisms
utilize organic matter for growth by oxidative degradation of dissolved organic matters. The
micro-organisms are either suspended (activated sludge) or fixed to surfaces (bio-film). The
biomass is removed from the wastewater by means of sedimentation or floatation.

Nitrogen removal is based on the same biological processes. Dissolved ammonium (NHy) is
converted to nitrate (NO3) in an aerobic nitrifying process. This unit is normally combined with
removal of dissolved organic matters. Nitrate is converted to nitrogen gas (N,) in an
anoxic/anaerobic denitrifying process.

The generated biomass is removed from the wastewater by means of sedimentation or floatation.
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Sludge production from these processes varies greatly, depending on treatment methods,
retention time and required degree of removal. In general terms, STPs with a combination of
chemical and biological treatment have greater potential to remove water-soluble micro-
pollutants from the water.

Removal of organic matter

Biological removal of organic matters is normally an aerobic process, where micro-organisms
utilize organic matter for growth by oxidative degradation of dissolved organic matters. The
micro-organisms are either suspended (activated sludge) or fixed to surfaces (bio-film). The
biomass is removed from the wastewater by means of sedimentation or floatation.

Nitrogen removal

Nitrogen removal is based on the same biological processes as discussed above. Dissolved
ammonium (NHy) is converted to nitrate (NO3) in an aerobic nitrifying process. This unit is
normally combined with removal of dissolved organic matters. Nitrate is converted to nitrogen
gas (N») in an anoxic/anaerobic denitrifying process.

The generated biomass is removed from the wastewater by means of sedimentation or floatation.

3.2.2. Sludge treatment

Sludge treatment includes stabilization and hygienisation according to Norwegian regulations.
Stabilizing sludge reduces odour. In addition sludge treatment comprises hygienisation for
pathogen control.

Sludge from the separation unit is thickened from 0.5-3% DM to 3-6% DM before it is led to
further sludge treatment. During or after treatment, sludge is dewatered to 25-40% DM.

Sludge produced in STPs has a high content of easily degradable organic matters and various
mixtures of plant nutrients and micro-pollutants that are adsorbed to or incorporated in the sludge
biomass. The sludge may also contain pathogens, but this is not evaluated in this risk assessment.

There are nine different combinations for sludge treatment in use in Norway (Figure 1). None of
the treatment methods will reduce inorganic pollutants such as heavy metals. However, some of
the biological processes have a potential to reduce and degrade persistent organic micro-
pollutants. Treatment methods combining both aerobic and anaerobic treatments have the highest
potential for removing inorganic pollutants. Volatile substances escape more easily from sludge
when the temperature is increased in the treatment process.

Thermophilic aerobic digestion (wet composting, in-vessel)

Composting is a biological process that digests organic material in the presence of oxygen.
Depending on the retention time, certain organic micro-pollutants may be degraded. A
thermopilic process reaches temperatures above 55 °C.
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Thermophilic aerobic pre-treatment + mesophilic anaerobic digestion
Anaerobic digestion is also a biological process in the absence of oxygen. Depending on the
retention time in the digester, certain organic micro-pollutants may be degraded.

Untreated sludge (thickened)

Thermophilic| | Pasteuri Thermal
aerobic sation hydrolysis
pretreatment
Thermophilic|| Mesophilic Mesophilic Mesophilic | | Mesophilic | [ Thermophilic
aerobic anaerobic anaerobic anaerobic anaerobic anaerobic
digestion digestion digestion digestion digestion digestion
Dewatering
Thermal Lime Com- Long
drying treatment posting term
storage

| Hygienised and stabilised sludge (biosolids) |

Figure 1. Processes for treatment of sewage sludge

Pasteurisation + mesophilic anaerobic digestion

Pasteurisation normally means a treatment process at 70 °C for at least 30 minutes. Anaerobic
digestion is a biological process in the absence of oxygen. A mesophilic process has temperature
between 35 - 40 °C. Depending of the retention time in the digester, certain organic micro-
pollutants may be degraded.

Thermal hydrolysis + mesophilic anaerobic digestion

In a thermal hydrolysis process, the temperature is increased to above 130 °C. The biological
fraction becomes more easily biodegradable in the digester. Depending on the retention time in
the thermal hydrolysis and in the digester, certain organic micro-pollutants may be degraded.

Mesophilic anaerobic digestion + thermal drying
Depending of the retention time in the digester, certain organic micro-pollutants may be
degraded.

Thermophilic anaerobic digestion

This process is operated at temperature above 55 °C. Depending of the retention time in the
digester, certain organic micro-pollutants may be degraded.
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Lime treatment

Dewatered sludge is treated by the addition of quick lime. The pH is increased up to 11-12, and
the temperature increases to above 55 °C. Biological activity stops and biodegradation of organic
micro-pollution is also stopped as a consequence.

Composting (windrow)

Composting is a biological process that digests organic material in the presence of oxygen.
Sludge is mixed half and half with garden waste or bark or wood chips and the heap is turned
several times during the composting period. Several organic micro-pollutants may be degraded.
A well run composting process reaches temperatures above 55 °C.

Long-term storage

Presently, long term storage is not a defined treatment method. Basically, sludge is stored for as
long as three years. Since the heap is hardly ever turned, there will be anaerobic zones with very
low biological activity. The temperature hardly exceeds 30 °C during this treatment. It is a slow
degradation of organic material and probably very little degradation of organic micro-pollutions
during the long-term storage.

3.3. Norwegian studies on the effects of sewage sludge applications to
soil

3.3.1. Levels and trends for some contaminants

3.3.1.1. Heavy metals (1993-2006)
The levels of heavy metals in sewage sludge have been reported by SSB since the early 1990ies.

For cadmium, lead, mercury and copper the decrease in the period 1993-2006 has been 20-40%,
while for zinc, nickel and chromium there has been only minor changes in the concentration level

(Figure 2).

Compared to the concentration levels of heavy metals in Norwegian sewage sludge reported in
1980 (Hallberg & Vigerust, 1981), the levels of heavy metals in the period 1980-2006 have been
reduced by 40 (zinc) to 90 (mercury and chromium) percent.
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3.3.1.2. Organic contaminants (1996-2007)

The levels of DBP, nonylphenol and nonylphenolethoxilates in Norwegian sewage sludge have
decreased significantly during the last ten years, while the level of ZPAH 6, LAS and DEHP have
decreased less or do not show any significant reduction during the last ten years.

As input data in the calculation of soil concentrations, we have used the mean concentrations in
sewage sludge from the last three investigations (2001-02, 2006 and 2006-07). This has been
done when sampling and analysis methodology have been comparable. For LAS, however, the
data from 2001-02 has been used, due to differences in analytical methods (Paulsrud, 1997;
Brevik, 2001; Nedland, 2006; Blytt, 2007).
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Figure 3. Concentrations of organic contaminants in sewage sludge from 1996-2007.
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3.3.1.3. Pharmaceuticals

Data on the occurrence of drug substances in sludge in Norway are sparse. Only two survey
studies have been performed so far (SFT, 2006; Thomas, 2007). Approximately 20 drug
substances have been investigated, but the criteria for the inclusion of these drug substances were
not outlined.

The latest study (Thomas, 2007) revealed considerable concentrations of antibacterial drug
substances belonging to the tetracyclines (e.g. oxytetracycline (<0.01-2 ug/g wet weight),
tetracycline (0.2-6.7 pg/g ww) and doxycycline (<0.01-1.3 pg/g ww) and fluoroquinolones
(ciprofloxacin (4-97.5 png/g ww)) in the sludges. In both surveys, estrogens were found only in
very low concentrations in the sludge samples.

3.3.2. Effects of contaminants on soil and plants

Only few studies have been performed to reveal the potential negative effects of sewage sludge
application to soils in Norway. The studies have focused on short term changes (i.e.1-4 years)
and cannot be used to confirm whether sludge applications prior to 2007 had any effect on the
exposure routes that will be evaluated in this risk assessment. Norwegian soils that have received
sewage sludge since the 1970ies have not been subject to monitoring for soil and plant quality.
Further more, the potential effects on soil living organisms have not been studied. One
consequence of this lack of experimental data is that the results from the modelling in this risk
assessment cannot be calibrated, and the exposure and effect assessments cannot be validated.

Some of the studies that have been performed regarding environmental contaminants in sewage
sludge may give an indication on the response of soil biota (mainly plants) and effects on soil
physical and chemical characteristics that may be expected when applying sewage sludge
according to present Norwegian legislations.

3.3.2.1. Uptake of heavy metals from sludge amended soils by plants

The influence of sewage sludge amended soil on plants content of heavy metals in Norway has
been investigated (Vigerust & Selmer-Olsen, 1985). Uptake of Cd, Cr, Cu, Hg, Ni, Pb, and Zn in
different food and feed crops was measured. Highest increases in plant concentrations were
measured for Zn and Ni, while the lowest increases were obtained for Cd, Pb and Cu.

An extensive number of experiments were performed in the period 1981-1983 (Vigerust &
Selmer-Olsen, 1985). These experiments can be divided into two categories: 1) Growing of food
and feed plants in soils from different parts of Norway that have received 0-120 tons of sewage
sludge per ha; 2) Growing of food and feed plants in soils (20 cm deep) mixed with 10 cm
sewage sludge or only sewage sludge (40 cm). The purpose of the experiments were to
investigate how sewage sludge influences the content of Cd, Cr, Cu, Hg, Ni, Pb, and Zn in food
and feed crops and to investigate how metal contents in different plant parts respond to sludge
application.
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The experiments show that Zn and Ni obtained the highest concentration increase in plants as a
result of sludge application, while Cd, Pb and Cu increased less with an increasing amount of
sewage sludge. The experiments also show that plant species responded differently to sludge
application. Other conclusions from the experiments were that application of sewage sludge to
soil influences soil pH, soil structure, total metal concentration in soil and thus also the metal
uptake in plants.

Analysis of different plant parts (root, stem, leaf and grain), performed in the same study
(Vigerust & Selmer-Olsen, 1985), showed that the concentration of Cd was higher in stem and
leaves, compared with grain or root.

Taking all the different plant part into account, the experiments performed by Vigerust & Selmer-
Olsen (1985) showed that the concentrations of Zn and Ni increased the most in plants after
sludge application, while Cd, Pb and Cu increased less or did not change at all (Figure 4).
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Figure 4. Uptake of heavy metals in food- and feed crops from soils that have received increasing
amounts of sewage sludge (multiply with 10 in order to get added sewage sludge in tons/ha).
The plant concentrations are given relative to reference plants (grown in soil with no sewage
sludge application).

It should be noted that the concentrations of heavy metals in sewage sludge used in the
experiments performed by Vigerust and co-workers in the early 1980ies, generally were higher
than at present time: the concentrations of Cd, Pb, Hg, Ni and Cr were 4-10 times the present
concentrations, while the concentrations of Zn and Cu were about twice the present levels in
sewage sludge (Amundsen et al., 2001).

3.3.2.2. Chemical and biological changes in soil due to sludge application

Experiments were performed in the period from 1996 to 2001 to look at changes in soil chemistry
and biology caused by sewage sludge applications. Three types of sewage sludge (lime-treated,
pasteurised and anaerobic stabilized sludge and anaerobic stabilized and thermal dried sludge)
were used (Amundsen ef al., 1997b). The sewage sludge was mixed with three different soil
types (loam, sandy loam and loamy sand) at rates proportional to 20 and 200 tons per ha which
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corresponded to the legal 10 and 100 years dosages. The concentrations of heavy metals in the
sewage sludge used in these experiments were only slightly higher than the concentrations found
in sewage sludge today.

Application of 20 tons of sewage sludge per ha (10 year dosage) did not result in significant
changes in the soil total content of metals. Detection limits, uncertainty and variations in the
methods used for analyses of trace metal species limits the possibilities for detection of those
minor changes in total contents caused by sewage sludge application. However, two hundred tons
of sludge per ha resulted in significant increases in both total and soluble Cd, Zn and Cu in soil.
Concentrations of soluble Cd and Zn were found to vary with soil pH, while soluble Cu was more
dependent on the amount of dissolved organic carbon (DOC) in soil solution.

In general, no negative effects on enzymatic (dehydrogenase, phosphatase and urease) and
microbial (soil respiration, ammonium oxidation potential) activities were observed after sludge
application. Soil enzymatic and microbiological activities increased proportionally with sludge
application. This trend was quite consistent throughout the period between 1997 and 2000, i.e.
implies positive effects on soil microbial activity were seen during the short-term period (i.e. 1-4
years after sludge application).

The conclusions from these experiments are that negative effects on soil microorganisms are rare
when exposed to Norwegian sewage sludge. Relatively low concentrations of contaminants and
high content of nutrients in sewage sludge, is the most likely explanation for the lack of negative
responses or effects.
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4. OVERVIEW OF THE EXPOSURE ROUTES

The Norwegian Food Safety Authority has asked for a risk assessment on the use of sewage
sludge as soil conditioner and specified 12 exposure routes to be included in the assessment
(Table 1). The exposure routes were selected after evaluations of the most important transfer
pathways of contaminants from sludge amended soil or sludge-soil mixtures (Aquateam, 2006).

A model to predict concentrations of the contaminants after application of the sewage sludge has
been developed in order to make a risk assessment of all the required exposure routes (Figure 5
and Table 1). The model involves a set of different scenarios for different applications of the

sludge.

Excretion of substances with feces and urine

Evapesate

-
9 Uptake and effects e s dl
Streams; lakes Runoff Soil > m

1

' N

Ground water ” g g 5

® & Feed for livestock
wn @
g = 8 .

v ~ Food-for consumption

/ human "
consumption 4+6
9+10

Figure 5. Overview of the exposure routes after use of sewage sludge as soil conditioner. The 12
exposure routes to be assessed are indicated with numbers.

The calculated concentrations of contaminants in soil or soil products after sludge application are
the basis for assessing the risks for some target organisms (e.g. soil organisms and effects on
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plants). Furthermore, the calculated soil concentrations are used to estimate concentrations in
plants, which in turn are used to estimate exposure levels for livestock and humans. The
calculated soil concentrations are also essential starting points for calculations of predicted
environmental concentrations (PECs) in aquatic environments in the vicinity of the sludge
amended areas.

VKM was also asked to take the potential accumulation of the contaminants in soil into account.
To achieve this, the mass balance of the contaminants through input by repeated use of sewage
sludge and other sources and output through vaporisation, biodegradation, leaching, and removal
through plant uptake has been estimated.

Four different sewage sludge application scenarios have been used to give maximum predicted
concentration levels of contaminants in soil using the following scenarios:

1. Application of 40 tons of sewage sludge per hectare every 10 years on agricultural soils
following the Norwegian regulation described in Section 3.1.

2. In accordance with the assignment from the Norwegian Food Safety Authority, an
assessment of applying a 50% higher dose than the upper legal application is performed
i.e. 60 tons per hectare every 10 years.

Application of 5 cm sewage sludge on green areas (mixed with 10 cm soil)

4. Application of 30% volume percent of sewage sludge in soil mixtures used in private
gardens.

These four application scenarios lead to the highest predicted ions of contaminants in soil. The
predicted concentrations of contaminants are estimated based on the actual levels found in
sewage sludge, and the quality classes for heavy metals defined in the legislation (Table 7) are
not used for this purpose. For medicines the concentration in soil is calculated be a tiered
approach.

A more detailed description of the model and all parameters involved in the risk assessment are
given in Chapter 5.

4.1. Exposure route 1: Plants

Uptake of contaminants by plants from soil is important for the exposure of animal and human
(exposure routes 4, 5, 6, 7 and 8) to the contaminants (Table 1). Dependent on soil physico-
chemical properties, only a fraction of the total contaminant concentration in soil is available for
plant uptake (bioavailable fraction).

The main route of uptake of contaminants into plants is through the root system (active and
passive uptake), but contaminants may also be absorbed through gaseous and particulate
deposition to above-ground shoots and through direct contact between soil and plant tissues. For
highly volatile pollutants, uptake of chemicals via leaf might be an important pathway. Possible
elimination processes of contaminants in plants are volatilization via leaf due to plant
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transpiration and plant metabolism. Due to lack of rate constants of these processes they are not
included in this risk assessment.

Transfer of contaminants from roots to above-ground plant parts (translocation) and further to
leaves and grain are particularly important for the transfer of contaminants from plant to animals
and human beings.

The predicted soil concentrations are used for the risk assessment of plants (PNEC;,; based on

European Commission Technical Guidance Document on Risk Assessment (TDG), see chapter
5.1.1).

4.2. Exposure routes 2-6: Animals

4.2.1. Soil living organisms

The soil ecosystem consists of producers, herbivores, predators and decomposers. When sludge is
added to soil, chemicals in the sludge are easily accessible to soil organisms. Plants and soil
organisms may accumulate inorganic and organic contaminants depending on their physio-
chemical and toxicokinetic properties.

Exposure of soil living organisms is either through digestion of sludge amended soil (solid phase)
or through soil solution that is more or less in equilibrium with the solid phase. Although most
soil organisms are physically exposed to pore-water and air, and soil particles, several studies
have shown that pore-water is the main exposure route for organic chemicals with low to
intermediate lipophilicity (Ronday et al., 1997; Jager et al., 2000; Ma et al., 1998). For highly
lipophilic substances, uptake through the gut might also be important (Belfroid et al., 1994; Ma et
al., 1998).

When pore-water that contains the fraction of the chemical that is available to the soil organisms
(i.e., the bioavailable fraction) is the main exposure route, - the bioavailable fraction of the total
soil concentration depends on the partitioning of a substance between the soil particles and the
pore-water at equilibrium. This relationship is used as a rational for extrapolation of toxicity data
from the aquatic to terrestrial environment, which may be useful in cases where no terrestrial
ecotoxicity data are available. For any combination of a specific soil and chemical, the
equilibrium partitioning parameter is termed the Kd-value (soil - pore-water partitioning
coefficient).

The sorption of chemicals and hence their bioavailability and toxicity to soil organisms, may
depend on soil characteristics. Strictly spoken this means that the results of tests conducted in
different soils, with different characteristics, cannot be compared as such, but should be
normalised to standard conditions. For non-ionic organic compounds the data should be
normalised on the basis of the organic matter content, because it is assumed that the
bioavailability for non-ionic substances is determined by the organic matter content only (EC,
2003). For metals, sorption in soil depends on soil characteristics such as organic matter content,
clay content and pH, and the complex issue of soil sorption is adressed with separately for each
individual metal.
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In this risk assessement maximum exposure concentration for accumulating contaminants (heavy
metals and some PAHs and PCBs) will be the concentrations after 100 years of sludge
application. For more rapidly degradable organic contaminants in this risk assessment, named
non-accumulating substances and defined as compounds with half-lives lower than 300 days, no
accumulations over time occur in the soil and the maximum exposure for soil organisms will
occur in the period just after sludge application.

4.2.2. Aquatic organisms

Exposure of aquatic organisms living in rivers or lakes close to areas where sludge are disposed
may be exposed to contaminants due to leakage, to drainage or erosion of soil. The leakage
potential of contaminants in the sludge is dependent on the same factors that govern the
distribution in soil pore water. Models have been developed to predict the concentration of
contaminants in drainage water based on the physio-chemical properties of the chemical, the soil
characteristics and metrological data.

Contaminants that are adsorbed to soil particles may be transported to the aquatic environment by
soil erosion, typically associated with snow melting and rain. Once the contaminants reach the
aquatic environment they are redistributed between the water, suspended sediments and the
bottom sediments.

Aquatic organisms inhabiting the water phase are mainly exposed to the dissolved fraction of
contaminants, although exposure to contaminants adsorbed to suspended sediments may also be
an important route for organisms that are filter-feeders.

Exposure of sediment-dwelling organisms may involve exposure through the pore-water and
through the gut when feeding on sediment with adsorbed contaminants. As described for the soil,
exposure through the pore-water appears to be the most important route for chemicals with low to
intermediate lipophilicity, while exposure through the gut may also contribute significantly to
exposure for highly lipophilic substances.

4.2.3. Production animals eating pasture and feed

Animals at pasture

For herbivore domestic animals as cattle, sheep, goats and horses at pasture, their whole ration
may be the pasture plants. However, dairy cows and goats usually also receive grain-based feed
(concentrate) when at pasture ranging from 0O to about 1/3 of total dry matter intake. As sewage
sludge has to be mixed into the soil it is not used in rough grazing areas. Cultivated species of
pasture plants (grass species) may grow in soil where sewage sludge has been used. According to
Norwegian legislation, cows have to be kept outdoors at least 8 weeks per year, and sheep and
goats at least 16 weeks per year. Sheep, goats and horses are usually not grazing sewage sludge
treated pasture but cattle may do so.

Animals at pasture, cattle in particular, may also ingest some soil. The soil intake may depend on
the pasture quality and the mineral need of the animals. The intake of soil is supposed to

constitute only up to some percentages (<5%) of the dry matter ration.
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Omnivore animals such as poultry and pigs moving outside may ingest grass and other
vegetables. They may also ingest considerable amounts of soil and soil organisms as earthwormes.
However, these animals may not usually move around in sewage sludge spread areas.

Animals receiving feedstuff

For herbivore domestic animals like cattle, sheep, goats and horses receiving feedstuff (exposure
route 6), the roughage use to constitute the main ration. In addition, concentrate (grain based
feed) or in some cases potatoes etc. are given at a certain ratio (up to about 1/3 of the dry matter
ration to these species).

Small grains, maize, oil seeds and array of seed leguems are common main ingredients in pig
feed. The main feed ingredients in poultry feeds are maize and small grains. These feedingstufts
may be grown in soil containing sewage sludge.

4.3. Exposure routes 7-12: Humans

4.3.1. Children eating sludge amended soil

It is well known that children may ingest particles at playgrounds (exposure route 7). The highest
concentrations of contaminants are found on soil surface due to the use of sludge-containing soil
mixtures for private gardens. In an epidemiologic study 90% of the children ingested less than
0.2 g soil per day (Calabrese et al., 1989). This amount of soil has been used by SFT to establish
quality classes for soil in kindergardens and playinggrounds for children in Norway (Alexander,
2006). VKM Panel 5 has therefore chosen to use 0.2 g soil/day as an amount a child could ingest
of soil per day in this risk assessment.

4.3.2. Humans eating plants

Humans may be exposed to contaminants from sludge through eating cultivated crop plants
produced on soil where sludge has been applied (exposure route 8). This exposure route can only
occur for contaminants absorbed from soil into plants. For plants where plant parts above the
ground are consumed, a further translocation of the contaminants from the roots to other parts
above the ground is required.

The exposure of humans from plant-derived food materials has been estimated using
consumption data from a national dietary survey (Norkost 1997, Johansson et al., 1999)
combined with estimated plant concentrations of heavy metals and organic contaminants for one
of the model plants.

4.3.3. Humans eating animal products

Humans may be exposed to contaminants from sewage sludge through the consumption of
animal-derived food products originating from animals grazing on sludge-amended soil
(exposure route 9) or fed with animal feed produced on materials from such fields (exposure
route 10). The contaminants could then be present either in the meat or entrails or the

Norwegian Scientific Committee for Food Safety 43
Vitenskapskomiteen for mattrygghet (VKM)



contaminant could be excreted in animal-derived food products such as milk or eggs. On the
other hand the contaminants may also be rapidly metabolized and excreted through faeces or
urine. (Metabolism and excretion does not imply “no exposure scenario” but rather diminished
level of residues).

The exposure to contaminants through consumption of meat and dietary products has been
estimated using food consumption data from the national dietary survey. For organic
contaminants, the model given in TGD is used for the biotransfer into food products such as
meat, milk and fat, while transfer of heavy metals metals have been estimated based on
bioaccumulation factor from published studies.

4.3.4. Humans drinking water

Contaminants from sewage sludge amended fields may leak into waterways, either to surface
water (exposure route 11) and/or ground water (exposure route 12) used for drinking water.
Humans may be exposed to contaminants dissolved in the water or adsorbed to particles. A large
proportion of the latter may be removed during filtration processes of the drinking water
treatment plants. This potential removal process is not corrected for in the exposure estimations
made in this report. A daily water consumption of 2 litres has been used in the exposure

estimates. This is the same amount used by the WHO when proposing maximum limits for
chemicals in drinking water (WHO, 2008).

4.3.5. Humans — total exposure (plants, animal products and water)

To estimate the total daily intake of contaminants from the use of sewage sludge, the exposures
from all possible exposure routes (7-12) should be combined. To estimate a total mean intake of a
contaminant from all sources, the mean intakes from the different food groups are summarised.
Since it is unrealistic that one person can be a high consumer of all food items, a high intake of
each contaminant has been estimated by combining the 95 percentile consumption of the food
item with the highest contribution to the mean intake and the mean intake from all other food

groups.

4.4. Structure of the risk assessment

The risk assessment has been divided into two parts according to the different contaminants listed
in terms of reference (Chapter 2):

= Part A: Risk assessment on heavy metals and organic contaminants (listed in Table 2)
= Part B: Risk assessment on pharmaceuticals (listed in Table 3)

Risk assessment on cosmetics and other contaminants listed in Table 4 is not included in this
report.
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S. PART A: RISK ASSESSMENT OF INORGANIC AND ORGANIC
CONTAMINANTS

In this part of the risk assessment heavy metals and organic contaminants listed in Table 2 in
terms of reference is to be assessed for the 12 exposure routes requested by the Norwegian Food
Safety Authority and described in Chapter 4.

The first step in the exposure estimation of all exposure routes is the estimation of the soil
concentration after sewage sludge application. Chapter 5.1 summarises the hazard identification
and characterization for the contaminants. The methodology and premises for risk assessment are
described in Chapter 5.2. Predicted concentrations in plants and water are essential for several
exposure routes in the risk assessment, and the methodology and premises for these estimations
as well as the estimated plant and water concentrations are presented in chapter 5.3 and 5.4.

The methodology used to predict exposure concentrations for various exposure routes is based
upon European Commission Technical Guidance Document on Risk Assessment (TGD), part II,
(EC, 2003). This document assists authorities in carrying out the environmental risk assessment
of existing and new substances. The methodology described in the TGD is not followed
completely, but is adapted to Norwegian conditions and in particular to the use of sewage sludge
according to Norwegian legislation. Modification of the methodology in TGD will be described
when relevant. VKM has chosen to do the modelling of all exposure routes in a conservative
way. This implies that the mass balance is not kept, meaning that the sum of each contaminant in
all compartments may be higher than the input value. The model is therefore used to identify
potential risks related to the application of sewage sludge. For substances where the estimated
concentrations exceeding the levels considered being safe, a further evaluation of the risk is
carried out in the discussion parts, taking experimental data into consideration.

5.1. Hazard identification and characterization

Environmental risk characterization

For environmental effects, the risk assessment is based on available Predicted No Effect
Concentration (PNEC) values for the aquatic and terrestrial environment. The PNEC values from
both the aquatic and terrestrial compartments are mainly adapted from EUs risk assessment
reports connected to the “Existing Chemicals” program. These PNEC values are usually
estimated by using available data from toxicity tests of relevant species from the terrestrial or
aquatic environment, including plants, algae, invertebrates and microorganisms. When data are
scarce, No Observed Effect Concentration (NOEC) or Effect Concentration (ECso - Effect
Concentration affecting 50% of tested individuals) for the most sensitive organism/species are
used and PNEC is estimated with a high assessment factor (AF). The AFs were developed as a
way of accounting for the several levels of uncertainty.
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For the aquatic environment, a PNEC can be derived that, if not exceeded, ensures an overall
protection of the environment. For many substances however, the pool of data from which to
predict ecosystems effects is limited (f.i. only short term toxicity data available). Therefore AF
must be used. The size of these depends on the confidence with which a PNEC can be derived
from the available data. The assessment factors are as follows:

Table 9.  Assessment factors (AF) used to derive PNEC values for the aquatic environment, according

to the TGD.
Available data Assessment factor (AF)
At least one short term L(E)Cs, from each of three trophic levels of 1000
the base-set (fish, Daphnia and algae)
One long-term NOEC (either fish or Daphnia) 100
Two long-term NOECs from species representing two trophic 50
levels (fish and/or Daphnia and/or algae)
Long-term NOECs from at least three species (normally fish, 10
Daphnia and algae) representing three trophic levels
Species sensitivity distribution (SSD) method 5-1

(to be fully justified case by case)

Field data or model ecosystems Reviewed on case by case basis

If a large data set from long-term tests for different taxonomic groups is available, statistical
extrapolation methods may also be used to derive PNECs. The effect assessment (with
assessment factors) can be supported by a statistical extrapolation method if the database on
Species Sensitivity Distributions (SSDs) is sufficient for its application. Environmental NOELs
(No Observed Effect Levels) are predicted based on the distribution of the measured dose-effect
relations. The uncertainty related to PNEC derived by this method is generally considered to be
lower than for PNECs derived by dividing the NOEC from one species with an assessment factor
and therefore have a lower assessment factor (Table 10).

When only aquatic PNEC values are available, a terrestrial PNEC can be calculated from the
aquatic PNEC. These calculated PNEC values might be regarded as more uncertain than the
others since there are no toxicology data from environmentally relevant species available. The
PNEC values used in the present risk assessment are given in Table 10 and Table 11. If the
predicted environmental concentrations (PEC) are below the PNEC, the risk related to the
chemical in question is considered to be low.

Grazing animals and animals eating feed

For the farm animals, values for their tolerable intake of substances based on risk assessment do
not excist in a similar manner as for humans. Thus, the hazard characterizations in relevant
species are based on original toxicological studies or reviews. Often, there is lack of relevant
studies available for the substances and animal species of concern.

Human risk characterization

For humans, available values for tolerable daily intake (TDI) or equivalent are used for
substances where this is available. For other substances, for which such values are unavailable,
other approaches such as a margin of exposure (MOE) are used. These safety values are given in
Table 12 and Table 13.
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5.1.1. Effects on plants and soil living organisms (exposure routes 1-2)

The soil community is a functional unit that handles the production and decomposition of plant
organic matter. The community includes microorganisms (bacteria, fungi and protozoan’s), soil
invertebrates (annelids, arthropods, nematodes, mites etc) and terrestrial plants. Recycling
nutrients is a key function in nature and avoiding detrimental effects on the soil community is
therefore crucial. In addition to the ecological aspect, direct negative effects on plants may cause
reduced crop yield and quality.

Enhanced soil concentrations of contaminants may have negative impact on the survival, growth
or reproduction of soil organisms that are the most commonly used endpoints for toxicity testing.
Microorganisms are central to nutrient cycling, where the C- and N-cycles are represented in
standard toxicity tests. To calculate a PNEC for soil living organisms, toxicity data on at least one
invertebrate, one plant and one microbial process are recommended (EC, 2003).

All the PNEC values used here are taken from international risk assessment reports, preferably
within the European Risk Assessment programme, but other sources are used where EU risk
assessment reports were not currently available. These risk assessments are the result of
comprehensive data compilations where individual test results are subject to an assessment of
quality and relevance, and a subsequent derivation of a PNEC value. In cases where several
PNEC values representing different soil types are suggested, a conservative value, which is
relevant to Norwegian conditions, is selected.

5.1.1.1. Inorganic contaminants

For most of the relevant metals in sewage sludge, toxicity data for soil organisms are available
and a PNEC value can be calculated either by use of an appropriate assessment factor or by
statistical derivation from species sensitivity distributions (SSD method).

For zinc, lead, copper, cadmium and nickel toxicity data on several trophic levels were available
and their PNECs were calculated by the SSD method. Individual references are given in Table
10, and readers are referred to individual references for further information on toxicity data
evaluation. For mercury and chromium, less data were available and PNECs were calculated by
the use of assessment factors. Chromium may be present in soil as either chromium (VI) or
chromium (III), but the EU risk assessment states that once released into soil; it is likely that
much of the chromium (VI) present will be reduced to chromium (III). Toxicity data are available
for chromium (VI) and are likely to be influenced by the rapid conversion to chromium (III) in
soil.

Direct toxicity to plants may be seen as inhibition of germination and growth, root damages,
chlorosis (loss of chlorophyll), necroses or wilting of leaf tips and edges. Excess accumulation of
one trace metal may sometimes appear as a deficiency symptom for another trace element due to
antagonistic effects, i.e. competition between ions during uptake. The degrees to which metals are
taken up and transported within the plant differ between metals and plant species. This has
implications both for phytotoxic effects and for metal concentrations in plant tissue used for feed
and food (see Chapter 5.3.).
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Table 10. PNEC values (mg kg soil DM) for inorganic and organic contaminants in soil and the AF
used. PNEC values are all taken from international risk assessment reports (see individual
references for detailed information). When several PNEC values were available, values
considered to be the most relevant for Norway, based on soil characteristics, were selected.

Compound PNEC soil AF Species Source
(mg/kg DW)

Cd 1.15 2 SSD* European Chemicals Bureau, 2007.

Pb 166 2 SSD EURAS, 2008.

Hg 0.3 1000 | Soil background | Euro-Chlor, Voluntary risk assessment, Mercury, 2004.

Ni 50 2 SSD Danish Environmental Protection Agency, 2006.

Zn 26 2 SSD VROM, 2008.

Cu 89.6 2 SSD European Copper Institute, 2008.

Crlll 62 1 PNEC, 1 European Chemicals Bureau, 2005.

Cr VI 0.035 10 Plants

DEHP >13 10 Plants European Chemicals Bureau, 2008.

DBP 2 100 Zea mays European Chemicals Bureau, 2004.

Octylphenol 0.0067** EqP Apporctodea | Environment Agency (UK), 2005.
calignosa

Octylphenoletoxilate - - - No PNEC available

Nonylphenol 0.3 10 Apporctodea | European Chemicals Bureau, 2002.
calignosa

Nonylphenoletoxilate - - - -

LAS 35 1 SSD HERA, 2007.

Naphthalene 1.0 10 Folsomia European Risk Assessment Report, 2006.

candida

Anthracene 0.13 50 F. fimetaria

Phenanthrene 1.8 10 F. fimetaria

Fluoranthene 1.5 10 Nitrification

Pyrene 1.0 10 F. candida

9H-Fluorene 1.0 10 F. fimetaria

Acenaphthylene 0.29 100 F. fimetaria

Acenaphthene 0.038 50 Lactuca sativa

Chrysene 0.55% EqP

Benzo[a]anthracene 0.079 10 | Oniscus asellus

Benzo[b]fluoranthene 0.28* EqP

Benzo[ghi]perylene 0.17* EqP

Benzo[k]fluoranthene 0.27* EqP

Benzo[a]pyrene 0.053 10 | Porcellio scaber

PCB, - - - -

*No terrestrial data available. PNEC calculated by equilibrium partitioning theory (EqP) from PNEC,qyagic-

** The PNEC value for octylphenol is very uncertain. The value is based on EqP from PNEC quatic. In the reference report it is
stated that the value for octylfenol is similar to nonylphenol and an expected PNEC would rather be in the same range as
PNEC ¢pesiic for nonylphenol (0.3 mg/kg).

- No PNEC available

5.1.1.2. Organic contaminants

Uptake and toxicity of organic chemicals in terrestrial organisms is less studied than for metals,
and for some of the contaminants in sludge such information is scarce or non-existent. Where
little information is available, estimated PNEC values are either very uncertain or calculation
may not be possible. As all PNEC values referred here are thoroughly discussed in the referenced
risk assessments, readers are referred to sources for detailed information.

48 Risk assessment of contaminants in sewage sludge applied on Norwegian soils



Based on equilibrium partitioning theory (EqP), PNEC values for soil organisms may be
calculated based on aquatic toxicity data and the soil — pore water partitioning coefficient. This
approach is only used if no terrestrial ecotoxicity data are available, and has been done in the
referenced risk assessments e.g. octylphenol and some of the high-molecular PAHs.

5.1.2. Effects on animals and aquatic communities (Exposure route 3-6)

Many metals are toxic to the environment and yet, they are naturally occurring in bedrock, soil
and water. Some metals, i.e. copper, chromium, zinc and nickel, are essential elements for
animals or plants but they are still toxic when the optimal concentration range is exceeded.

The toxic mechanisms of metals in cells are not fully understood, but generally the metals tend to
bind to NH- or SH-groups in proteins. Non-specific binding of metals to an organism results in
toxicity due to 1) blocking of the essential biological functional groups of biomolecules, 2)
displacing essential metal ions in biomolecules, and 3) modifying the active conformation of
biomolecules (Ochiai, 1977).

5.1.2.2. Aquatic organisms

Inorganic contaminants

Heavy metals are more or less toxic to all groups of aquatic organisms, but some general
differences in sensitivity are often seen. It is commonly accepted that mechanisms of metal
toxicity in algae are very different from those observed in fish and invertebrates. This seems
logical, as the border between the intra- and extra-cellular environments in algae is not a gill but
is generally composed of a polymeric cell wall and a plasma-membrane (European Copper
Institute, 2007).

Metals are present as various species in water. The free ionic form is generally the most
biologically available and hence, the most toxic form. Inorganic complexes i.e. with hydroxide
and carbonate which are formed in natural surface water are in general less toxic. Complexation
of metals with organic matter in the form of humic and fulvic acids also tends to reduce the
biological availability. The pH-value plays an important role in modifying the aquatic toxicity of
metals since it affects the chemical specification. In addition, H'-ions may compete with the
metal ions in binding to the biological ligands or uptake sites on the organisms. Similarly other
cations like Ca*" and Mg”" (i.e. the water hardness) generally reduces the uptake of metal ions by
competition. Models known as Biological Ligand Models (BLM) have been developed to predict
the complex interactions between abiotic factors such as water hardness, pH and dissolved
organic matter with the toxicity of various metals (Di Toro ef al., 2001).

For metals occuring in different oxidation states, differences in properties of these have to be
accounted for. Chromium occurs as chromium III or chromium VI in the environment. While
chromium III is an essential element in animal nutrition, chromium (VI) compounds are not
thought to be nutritionally useful forms of chromium. Due to the high mobility (bioavailability)
in biological systems and powerful oxidising properties of chromium (VI) compounds, these are
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considered to be much more toxic to biological systems than the chromium (III) forms (European
Chemicals Bureau, 2005).

Mercury may be transformed to methyl mercury by microbial metabolism in anaerobic
environments like sediments. Both forms of mercury are toxic to aquatic organisms. Mercury is
readily absorbed in tissues and in particular methyl mercury is accumulated in food chains.

Organic contaminants

The organic contaminants in sewage sludge included in this risk assessment have generally a low
solubility in water. In spite of this, water and aquatic organisms are important for transport and
distribution of these contaminants in the environment. The organic contaminants may
bioconcentrate in aquatic organisms and reach levels cause acute or chronic toxic effects even if
the concentrations in the water phase are low. Persistent contaminants not readily excreted may
bioaccumulate in food chains.

Many lipophilic organic contaminants, e.g. PAHs and PCBs do not affect specific organs, organ
systems or biochemical pathways. Rather, they cause reversible dysfunctions (Van Wezel &
Opperhuizen, 1995). Some of the most hazardous pollutants have additional specific modes of
toxic action. PCB congeners with a planar configuration bind to a specific receptor (Ah-
receptor), which causes changes in gene expression, affecting cell growth, form and function
(Bernes, 1998).

PAHs are known for their photoinduced toxicity (Arfsten et al., 1995). This may occur by
photosensitization or photomodification. Photosensitization generally leads to the production of
singlet oxygen, a reactive oxygen species (ROS), which is highly damaging to biological
molecules. Photomodification of PAHs, usually via oxygenation, results in the formation of new

compounds (oxyPAHs), and can occur under environmentally relevant levels of actinic radiation
(Lampi et al., 2006).

Some pollutants e.g. alkylphenols and phthalates have endocrine disrupting properties, which
may cause various physiological and behavioural effects in animals (White et al., 1994).

PNEC:s are available for most of the selected components from risk assessments carried out under
the European programme for existing chemicals or from the Water Quality Standards (WQS) that
have been developed for priority substances under the Water Framework Directive. The PNEC
and the WQS are assumed to protect from chronic effects from long-term exposure. For those
substances not included in the EU risk assessment or water quality standards, PNEC has been
obtained from other sources. The proposed PNECs for aquatic life in surface water are compiled
in Table 11. For PCBs no PNECs are available and toxicity data are not sufficient for calculation
of PNEC:s for various congeners according to the principles of the TGD.
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Table 11. PNECs for the assessed contaminants in the aquatic environment. The PNEC values are
extracted from the EU programme for risk assessment when available (published and drafts).
PNEC Source
ug/L
Cadmium 0.08’ EU RAR, (European Chemicals Bureau 2007)
Lead 7.2
Mercury 0.047+BC | WQS (Lepper 2002)
Nickel 5t EU RAR, (Danish Environmental Protection Agency 2006)
Zinc 7.8+BC EU RAR, (TNO/RIVM 2008)
Copper 7.8 EU RAR, (European Copper Institute 2007)
Chromium 34 EU RAR, (European Chemicals Bureau 2005)
DEHP nc.' EU RAR, (European Chemicals Bureau 2008)
DBP nc.' EU RAR, (European Chemicals Bureau 2004)
Octylphenol 0.12 WQS (Lepper 2002)
Octylphenoletoxilate 3.5 Calculated from LC50 (fish): 3.5 mg/l (ECOTOX)
Nonylphenol 0.33 WQS (Lepper 2002)
Nonylphenoletoxilate 125 Calculated from NOEC (frog): 1.25 mg/l (ECOTOX)
LAS 0.27 HERA (2007)
Naphtalene 2.4 WQS (Lepper 2003)
Acenaphtylene 1.3 EU RAR, (The Netherlands 2008)
Acenaphtene 3.8 EU RAR, (The Netherlands 2008)
Fenantrene 1.3 EU RAR, (The Netherlands 2008)
Antracene 0.1 EU RAR, (The Netherlands 2008)
Fluorene 2.5 EU RAR, (The Netherlands 2008)
Fluoranthene 0.1 WQS (Lepper 2002)
Pyrene 0.023 EU RAR, (The Netherlands 2008)
Benzo(a)anthracene 0.012 EU RAR, (The Netherlands 2008)
Chrycene 0.07 EU RAR, (The Netherlands 2008)
Benzo(b)fluoranthene 0.03 WQS (Lepper 2002)
Indeno (1,2,3-
cd)pyrene 0.006 WQS (Lepper 2002)
dibenzo(a,h)antracene 0.0014 EU RAR, (The Netherlands 2008)
Benzo(g,h,i)perylene 0.006 WQS (Lepper 2002)
Benzo(a)pyrene 0.05 WQS (Lepper 2002)
PCB, - -

!'No PNEC derived because of lack of toxic effects at the limit of solubility
2 Proposed PNEC for soft water

3 Proposed PNEC for most sensitive EU scenario (HC5/1)
* Proposed PNEC for most sensitive EU scenario (HC5/2)
- No PNEC available

5.1.2.3. Animals eating pasture and feed

Inorganic contaminants

The trace elements boron (B), cobalt (Co), chromium (Cr), copper (Cu), fluor (F), iodine (I), iron
(Fe), manganese (Mn), molybdenum (Mo), selenium (Se), silicium (Si), and zinc (Zn) are known
to be required by animal species for normal life processes. In addition, some other trace elements
may also be required, based on limited evidence obtained with one or more animal species.
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However, the animal intake of required trace elements should anyway be below certain limits as
all inorganic elements as most other nutrients may be unhealthy or even toxic to animals when
ingested in excess amounts.

The margin between the minimum amount required in the diet and amount that produces adverse
effects varies among the elements and according to conditions. Thus a wide array of trace
elements may imply a possibility of toxicity to animals. However, we will focus on those
elements that may represent more pressing practical problems for animal as well as human health
and about which considerable knowledge is available. These toxic elements include Cd, Pb and
Hg. Furthermore excess of Mo in the plants may create disease in grazing animals as it interferes
with Cu uptake and produces a secondary deficiency of Cu in grazing animals. On the other hand,
low Mo related to Cu in plants may create Cu intoxication in sheep in inland areas of Norway.
Fluor pollution and intoxication in grassing animals have been a local problem around aluminium
melting industry. A toxicological problem of flour via sewage sludge is not likely.

Cadmium is of particular concern due to the in general relatively high uptake in food/feed plants
combined with its accumulation and toxicity in animals as well as in humans. The rate of
absorption of cadmium in the animal diet depends on occurrence with other trace elements, and
the cadmium level may also influence the absorption of other elements, for instance it may
reduce the copper absorption in ruminants. The cadmium absorption in animals is usually below
10% (Osweiler, 1996). Upon absorption, cadmium is bound with high affinity to metallothionine
(MT), which represents the major transport form as well as maintainins cadmium in the
organism. Cadmium accumulates in the kidney and to a lesser extent in the liver. The cadmium
concentrations in muscle and milk are low and usually negligible. Cadmium does not readily
cross the placenta (Klaassen, 2008). Cadmium is released by lysosomal enzymes and particularly
in proximal tubular cells. Thus, kidney damage is the primary effect of Cd exposure.
Furthermore, Cd exerts a variety of other toxic effects including osteoporosis, neurotoxicity,
carcinogenicity and genotoxicity, teratogenicity, and endocrine and reproductive effects. In most
domestic animal species, distinct clinical symptoms are unlikely to occur if dietary Cd
concentration is below 5 mg/kg feed (EFSA, 2004a). However, as Cd disposition is significantly
influenced by dietary interactions with other elements as Zn, Cu, Fe and Ca, in some cases even
lower Cd concentration in the feed may induce adverse effects. The present maximum level for
Cd set by EU in complete feeding stuffs is 0.5 mg/kg (at moisture content of 12%) for most
animal species and 1.0 mg/kg for adult ruminants.

Lead toxicity affects several organs and tissues. A main effect is microcytic, hypochromic anemia
as a result of decreased survival time of red blood cells with excessive hemolysis and a decrease
in red blood cell formation from a block in the heme synthesis. In the kidneys, pathological
changes occur resulting in an amino aciduria, glucosuria and hyperphosphaturia. In the stomach
and small intestine, necrosis, hemorrhage and ulceration occur. In the brain, petechial
hemorrhages and loss of myelin from nerve sheaths, and after long term exposure cerebrocortical
softening, are reported. Lead intoxication also affects the skeleton, causing osteoporosis - reduced
bone matrix formation and excess resorption of mineral bone. Enlarged joints commonly occur in
lead intoxicated pigs and horses. The absorption from the gastrointestinal tract is variable but
generally low (usually <10%) (Osweiler, 1996; Mertz, 1986). It may vary with a range of factors,
among which other minerals as calcium are the most important. Young animals may show higher
absorption (up to 50%). Lead is transported in the red blood cells, and stored in liver and kidney
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and finally in the bones. Limited evidence suggests that lead is excreted in milk in a ratio that
equals approximately 5% of the blood concentration. Lead crosses the placenta and the foetal
blood level correlates with the maternal level, but may be some what lower (Klaassen, 2008). A
reliable estimate of dose-dependent effects is regarded as impossible due to lack of data (EFSA,
2004b). Lambs born from ewes exposed to a sub-clinical dose of 4.5 mg/kg dry matters feed
during gestation, showed decreased learning at one year of age (Carson et al., 1974). For adult
cattle, 100 mg/kg diets have been estimated as a maximum tolerable level (Bellof et al., 2000).
The present limit for lead in feed materials and complementary feed is 10 mg/kg (at moisture
content of 12 %) with the exception for green fodder (40 mg/kg), and 5 mg/kg for complete
feeding stuff.

Mercury combines preferentially with —SH groups and thus inhibits enzyme systems containing
such groups. Mercury accumulates in the cells” lysosomes and may be associated with their
rupture and thus destruction of cells. Mercury intoxication produces tissue necrosis, particularly
of the tubuli of the kidneys. Selenium protects against this effect probably via formation of
relatively insoluble selenium- mercury compounds of low toxicity. Organic alkylmercury
interferes with metabolic activity and prevents synthesis of essential proteins, leading to cellular
degeneration and necrosis. The brain is the most important target organ for alkylmercury.
Inorganic mercury are absorbed from the gastrointestinal mucosa at 7-15%, transported in red
blood cells and in particular accumulated in the renal cortex (Klaassen, 2008; EFSA, 2008a).
Inorganic mercury does not readily pass into the brain or cross the placenta barrier. The
distribution into milk and eggs seems to be limited. Alkylmercury are highly absorbed (>90%)
and distributed to all tissues including the muscles. Relatively high concentration is found in the
brain. Methyl mercury has been shown to cross the placenta barrier and may also more easily
than inorganic mercury distribute into milk and eggs. High levels of methyl mercury are found in
hair. For calves, yearling cattle, young pigs and chickens, NOAELs for methyl mercury have
been derived at 5.0, 11, 3.4, and 2.2 mg/kg feed, respectively (corresponding to 0.1, 0.23, 0.19
and 0.22 mg/kg b.w. per day, respectively). These animals were exposed for 90, about 60, 60 and
33 days, respectively. A LOAEL have been derived for yearling sheep at 7.7 mg/kg feed (0.23
mg/kg b.w. per day) when exposed for 42-59 days. The main clinical symptoms were
manifestations on dysfunction of the central nervous system with ataxia and incoordination, as
well as digestive, genito-urinary and skin problems (reviewed by EFSA, 2008). For inorganic
mercury, chronic toxicity was observed following ingestion 0.4 mg/kg b.w. per day over a period
of several weeks in a horse (Guglick et al., 1995). The main clinical signs were renal failure and
ulceration of the digestive tracts. The present limit for mercury in vegetable feed materials and
complete feeding stuff is 0.1 mg/kg (at moisture content of 12 %), and complementary feeding
stuff 0.2 mg/kg.

Nickel has low toxicity and generally above 250 mg/kg diet is required to produce signs of
toxicity in various animal species (Mertz, 1987). Essentiality of nickel in higher animals is
questionable. It has low absorption via food (about 1%).

Zinc participates in a wide variety of metabolic processes, supports a healthy immune system and
is essential for normal growth and development. Acute toxicity from excessive ingestion is
uncommon but gastrointestinal distress and diarrhea has been reported following ingestion of
beverages standing in galvanized cans. Following long-term exposure to elevated doses of zinc,
symptoms generally result from decreased dietary copper absorption and early symptoms of
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copper deficiency. The absorption from the gastrointestinal tract is homeostatically regulated.
About 20-30% of ingested zinc is absorbed (Mertz, 1986; Pond et al., 1995).

Copper is primarily absorbed in the small intestine, and the absorption shows high variability due
to dietary factors, in ruminants first of all dependent on the molybdenum and also of sulphur
concentrations. It is transported in the blood with selected proteins. Copper is utilized by
essentially every cell in the body bound to various copper dependent enzymes. Copper may
accumulate in the liver in sheep. Even normal levels of copper in feed (10-20 mg/kg) may cause
hepatic accumulation when the molybdenum level in the feed is low (less than 1 mg/kg). As the
copper: molybdenum increases above 6:1, the risk of copper accumulation increases, and diets
whose ratio is above 20:1 is very dangerous for sheep (Mertz, 1987; Pond et al., 1995; Radostits
et al., 2007). Toxic liver accumulation of copper can develop over a matter of weeks before a
haemolytic crisis may be released in affected animals. Affected animals show weakness,
anorexia, icterus, pale mucous membranes and dyspnoea. Cattle are normally far less sensitive to
copper. Pigs and poultry also appear to be relatively tolerant of high dietary copper. In pigs, 250
mg/kg feed and above produced liver toxicity wity jaundice (Suttle & Mills, 1966). The effects
were eliminated by providing additional levels of zinc and iron. In poultry, 500 mg/kg feed
slowed growth and egg production (Jensen & Maurice, 1979). Acute intoxication after short time
exposure with copper is not relevant in concern of use of sewage sludge. The general range for
acute effects in various species is 25-50 mg/kg b.w.

Chromium (trivalent) is an essential trace nutrient important for glucose metabolism. It has low
absorption (0.5-2%) and low toxicity. It is unlikely to be a toxicological problem in farm animals
via use of sewage sludge. Hexavalent chromium is more toxic and has a higher absorption (2-
10%). Accidental ingestion of high doses may cause renal failure but kidney damage from lower-
level chronic exposure is equivocal (Mertz, 1987).

Organic contaminants

As present elsewhere in the report, organic contaminants of concern in general show a low or
even negligible plant uptake. Thus, the animal exposure to these contaminants via plant uptake
may be low in relation to the potential concentrations available in the sewage sludge treated soil.
However, the organic compounds may also contaminate the surface of the growing plants.
Furthermore, when high concentrations are present in the sewage sludge and then in the soil, the
plant uptake of various organic compounds may potentially anyway be considerable and
constitutes a potential risk for animal health and carry-over to food products of animal origin. In
addition grazing animals ingest soil particles. These hazards are therefore characterized as far as
found relevant and possible from available data for animals eating pasture and feed.

The phthalates DBP and DEHP are lipophilic and have antiandrogenic action. Adverse effects are
documented after in utero exposure in experimental animals. Underdevelopment of reproductive
tissue of male offspring was found when rats were exposed to DBP at daily oral dosage levels of
50-100 mg/kg b.w. from day 10 to 22 of gestation (reviewed in Klaassen, 2008). A significant but
low incidence of similar effect was found after exposure of DEHP at 11 mg/kg b.w. and above.

Male piglets were exposed orally three times weekly to 300 mg/kg b.w. of DEHP between 3 and
7 weeks of age and compared with controls in a split-litter design to study endocrine,
morphological and behavioural effects related to reproductive development (Ljungvall et al.,
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2006; Ljungvall et al. 2008). Lasting effects on the hypothalamus-pituitary-gonadal axis were
suggested, as well as precocious maturity of bulbourethral glands with persistent effects lasting
into adulthood. To study kinetics of DEHP, male piglets were treated with a single oral dose at
1000 mg/kg b.w. (Ljungvall ef al., 2004). The parent compound did not consistently rise in the
blood above control level but its metabolite mono(2-ethylhexyl)phthalate (MEHP) reached the
systemic blood circulation. The halvlife of MEHP in the blod was about 6 hours.

Alkylphenols and their ethoxylates are lipophilic substances exerting apparent estrogenic action
in in vitro and in vivo testing systems. A 3-day uterotropic assay in prepubertal rats (three days
oral exposure) revealed significant increased uterine weight for 4-tert-octylphenol (OP) at 100
mg/kg b.w. and above per day, and for 4-nonylphenyl at 50 mg/kg b.w. and above per day (Laws
etal.,2000).

The effects of intrauterine exposure to OP on reproductive parameters were studied over 3
generations in pigs (Begh et al., 2001). Sows were treated daily from day 23 to 85 of pregnancy
with 0, 10 or 1000 ng/kg b.w. Treatment with OP extended pregnancy length and induced basal
cell proliferation in the cervical epithelium of the parental generation in a dose dependent way. In
F1 offspring of sows treated with the low dosage of OP, onset of puberty was accelerated, and
when F1 offspring (gilts and boars) from the high dosed sows were bred, they got reduced litter
size.

Sweeney et al. (2000) examined the pituitary gland and testes from lambs exposed in utero when
the ewes were injected subcutaneously twice weekly with OP equivalent to 1 mg/kg b.w. per day
from day 70 of gestation to birth. The treatment suppressed FSH #messenger RNA levels and the
number of FSH/A-immunopositive cells in the pituitary gland and reduced testis weight and its
number of Sertoli cells. In another experiment by the same group, ewes received a continuous
infusion of OPI at 1 mg/kg b.w. per day from days 110-115 of gestation. The foetuses were
chronically catheterized in utero and blood was sampled to monitor gonadotropin secretion. The
FSH concentration was suppressed but no effect was revealed on the LH concentration.

Ewes were twice weekly injected subcutaneously with OP equivalent to 1 mg/kg b.w. per day
from day 70 of gestation to birth or to weaning, or from birth to weaning to study the
reproductive development in ewe lambs (Wright et al., 2002). All treatment intervals advanced
the onset of puberty but did not disrupt FSH concentrations or the dynamics of ovarian follicular
growth. The same treatment protocol was used by Sweeney et al. (2007) to study FSH
concentrations and semen quantity and quality in postpubertal rams. The maternal pre- and/or
postnatal exposure to OP did not affect FSH concentrations, semen volume, percentage live,
motility or in vitro maturation/fertilisation characteristics, but exposure from birth to weaning
increased the number of morphologically abnormal sperm cells in the rams” ejaculates.

To conclude, exposure to the phthalates DBP and DEHP, and to the alkylphenols and their
ethoxylates during fetal or postnatal development may be the most senstive time periods for
longstanding effects still present when adult.
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LAS has minimal uptake in plant roots and tubers of various plants. The transport to the stem and
leaves is negligible. The risk of subsequent LAS transfer to animals and humans has also been
evaluated to be minimal (Schowanek et al., 2007).

PCBs accumulate in lipid tissue and tend to biomagnify primarily in the marine food web. PCBs
in plants grown on sewage sludge treated soil and used as pasture and feed are unlikely to reach
concentrations implying adverse effects in farm animals or significant residues in products.
However, residues in eggs and fat could constitute a problem if contaminated soil is available for
poultry and pigs. But sewage sludge is probably not used in such areas. A no observable adverse
clinical effect level for PCB (Aroclor 1254) of 5 mg/kg diet in broiler chicken has been found. In
pigs, 20 mg/kg diet (42 and 54% chlorine) was found to elicit effects on weight gain and
foetotoxicity. In lambs, 20 mg/kg diet (42 and 54% chlorine) was found to reduce feed efficiency
and the rate of weight gain (reviewed by EFSA, 2005a). The transfer rate to milk for PCBs in
ruminants varies from 5-90% (Rychen et al., 2008). Van Eijkeren et al. (2006) reported a transfer
rate into hens” eggs at 53 and 59%, respectively, for two of the main PCB congeners (PCB-138
and -153) and 49% for the most toxic congener (PCB-126). In growing animals continuously
exposed to PCB, the PCB concentration in the fat compartment will continuously increase and
steady state conditions will not be obtained (EFSA, 2005a).

Polycyclic aromatic hydrocarbons (PAHs) suppress the immune system, and metabolism via
cytochrome P450 releases potentially carcinogenic and mutagenic metabolites (Klaassen, 2008).
The acute toxicity is low, oral LDsgs of the representative compound pyrene in rats and mice are
2700 and 800 mg/kg, respectively (Wexler, 1998). The knowledge of potential effects of PAHs in
livestock is scarce. The PAHs are lipophilc and temporarily distributed into lipid rich tissues
before metabolism and potentially covalently binding to tissue constituents such as proteins and
nucleic acids, or expression in urine or faeces. Protein-bound metabolites are likely to persist, for
periods that do not exceed the normal lifetime of the protein itself. The whole body distribution
of PAHs has been studied extensively only in rodents. Sufficient information about PAH
concentrations in farm animal organs and tissues related to exposure levels are not available.
Concentrations of PAHs have been measured in various organs of pigs and cattle (Von Lucky et
al., 1992; Ciganek & Neca, 2006) but it is not possible to relate these levels to quantified intake.
The transfer of PAH compounds into milk has been studies in lactating goats after oral ingestion
(Grova et al., 2002; Grova et al, 2006; Grova et al., 2008). The milk transfer varied from
negligible to considerable for the various PAHs. When present, the hydroxylated metabolites
dominated. During oral administration of a mixture of PAHs at 20 pug/kg b.w. per day for 28
days, monohydroxylated fluorene and —phenanthrene reached maximum during the first exposure
week at 0.41 and 0.22 ug/L, respectively, whereas hydroxylated pyrene reached maximum of
0.97 ng/L after 14 days. Studies of milk transfer in goats after single oral exposure of C-14
labelled compounds have revealed rather low milk transfer for phenanthrene and pyrene (1.6-
1.9%) and below detection limit for benzo-a-pyrene (<0.2%), when compared to that of 2,3,7,8-
TCDD, which was mainly excreted in milk (7.8%) (Grova et al., 2002). Rychen et al. (2008)
indicate a transfer rate of PAHs to milk of 0.5-8%. A study of exposure pathways of PAHs for
farm animals has identified the feed as the major source (Ciganek et al., 2002). As PAHs have
carcinogenic potencies the levels in animal feed and their remaining environment should be as
low as possible.
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5.1.3. Effects on humans (exposure route 7-12)

Human exposure to contaminants from the different exposure routes (food and drinking water) is
summarized and the estimated intakes are compared to the tolerable daily intake (TDI), tolerable
upper intake level (UL)' or equivalent toxicologically derived limits. Tolerable weekly intake
(TWI) is used for persistent compounds. TDIs (TWIs) set by international scientific committees
such as WHO/FAO Joint Expert Committee for Food Additives and Contaminants (JEFCFA),
European Food Safety Authority (EFSA), EUs former Scientific Committee for Food (SCF) will
be used for substances where such internationally derived values are available.

For substances where no TDI or TWI has been derived, the significance of the sludge-related
human intake will be compared to a margin of exposure (MOE) for some substances. This
approach will be used for substances where previous international or national evaluations based
on MOE are available (e.g. NDL-PCBs, octylphenol, PAHs). Margin of exposure (MOE) is based
on the margin between the estimated exposure and the available no observed effect level (NOEL)
or lowest observed effect level (LOEL) from experimental studies or epidemiological
observations.

For substances where an internationally derived TDI/TWI/UL or MOE is not available, a national
derived value will be used when available.

5.1.3.1. Inorganic contaminants

Cadmium is absorbed in the intestines and accumulates in the kidneys and liver in particular. The
metal is excreted slowly (the biological half-life is 10-30 years) and is accumulated with age. The
largest concentration can be found in the cortex of the kidney. The effects of cadmium have been
well-documented in a number of experimental and epidemiological studies (WHO-IPCS, 1992).
Kidney damage with proteinuria is the primary effect of exposure to cadmium, sometimes
accompanied by perturbation of calcium and vitamin D metabolism, which may lead to loss of
bone mass and possibly osteoporosis. Long-term effects have also been observed in the liver, in
the organs associated with blood formation, the immune system and the cardiovascular system.

A tolerable weekly intake (TWI) set by EFSA at 2.5 pg/kg body weight on the basis of studies on
humans has been used in the evaluation (EFSA, 2009).

Lead accumulates in several tissues and organs of the body, and the intake of lead may result in
many different toxic effects, i.e. on the nervous system, blood formation and the kidneys. The
most important target following long-term, low level exposure to lead is the nervous system.

" “The maximum level of total chronic daily intake of a nutrient (from all sources) judged to be unlikely to pose a
risk of adverse health effects to humans. ‘Tolerable intake’ in this context connotes what is physiologically tolerable
and is a scientific judgement as determined by assessment of risk, i.e. the probability of an adverse effect occurring
at some specified level of exposure. ULs may be derived for various life stage groups in the population. The UL is
not a recommended level of intake. It is an estimate of the highest level of intake which carries no appreciable risk of
adverse health effects. To establish whether an exposed population is at risk requires a risk assessment to determine
what is the fraction (if any) of the population whose intake exceeds the UL and the magnitude and duration of the
excessive intake” (SCF, 2000).
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Small children, and foetuses in particular, are most vulnerable, and exposure to lead may result in
impaired development of cognitive functions (learning ability) and motor skills. The mechanism
underlying the neurotoxicity of lead is that lead passes easily through the blood-brain barrier,
causing cell death and interference with the transfer of signals between nerve cells and in support
cells. Lead is not genotoxic, but it can cause tumours in laboratory animals. Due to the effects of
lead on children and foetuses, the provisional tolerable weekly intake (PTWI) was set at 25 ng/kg
body weight by JECFA in 1986. The PTWI was based on studies on lead in children and was set
with the aim of avoiding the accumulation of lead in the body. In 1993 and 2000 JECFA
confirmed this PTWI value and expanded it to include all age groups (WHO, 1993; WHO, 2000).

Mercury: There are different forms of mercury, both inorganically and organically bound. Methyl
mercury is absorbed in the intestine (95%), crosses the placenta and blood-brain barrier and is
also excreted in breast milk. The average half-life is 70 days in adults (JECFA, 2003). Methyl
mercury is neurotoxic and the foetal brain is especially vulnerable. Increased concentrations of
methyl mercury may result in impaired cognitive skills as well as motor skills. In 2003, JECFA
revised its earlier assessment of mercury. The previous PTWI value for methyl mercury was
reduced from 3.3 to 1.6 pg/kg body weight (JECFA, 2003). PTWI for total mercury was maintain
at 5 pg/kg body weight.

Nickel: Nickel has not been shown to be essential for humans. Absorbed nickel is mainly
excreted in the urine, but to a minor extent also in bile and sweat. It is secreted into human milk
(Heseker, 2000). Orally ingested nickel salts can cause adverse effects on kidneys, spleen, lungs
and the myeloid system in experimental animals. Furthermore, perinatal mortality was reported to
be increased in the offspring of female rats ingesting nickel salts, even at the lowest administered
dose (1.3 mg nickel/’kg body weight/day). While there is evidence that inhaled nickel salts are
carcinogenic in rodents and humans, orally ingested nickel salts have not been shown to be
carcinogenic; however the data presently available are very limited (EFSA, 2005b). Individuals
sensitized to nickel through dermal contact and who have allergic contact dermatitis develop
hand eczema from oral, as well as dermal, exposure to nickel salts. Oral intakes of nickel as low
as about 500 microgram/day (about 8 microgram/kg body weight/day) have been reported to
aggravate hand eczema in nickel sensitized subjects. In the absence of adequate dose-response
data for these effects, it is not possible to establish a tolerable upper intake level (EFSA, 2005b)

The Panel on Nutrition, Dietetic Products, Novel Food and Allergy of VKM has also evaluated
nickel and they concluded as follows: “As nickel has not been shown to be essential for humans
and has no nutritional value, and since nickel may inhibit the absorption of divalent essential
metals, excessive intake from fortified foods and food supplements should be avoided until a
tolerable upper intake level can be established. Nickel should not be permitted in supplements or
fortified foods* (VKM, 2008a).

Zinc: Zinc is an essential element in the nutrition of mammals. It has been identified as an
integral part of numerous enzyme systems. The absorption of ingested zinc is highly variable and
a number of dietary factors have been found to interfere with the absorption of zinc both in
experimental animals and humans. High zinc concentrations are found in prostate, bone, muscle
and liver. The excretion takes place mainly via the gastrointestinal tract, and to a smaller extent
via urine and sweat. The biological half-life of zinc in humans is in the order of 1 year.
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Zinc is not stored in the body, and excess intakes result in reduced absorption and increased
excretion. Most reports on toxic effects of zinc in humans relate to acute effects such as nausea,
vomiting, epigastric pain, abdominal cramps and diarrhoea, and are usually associated with the
ingestion of acid drinks or food that have been stored in galvanized vessels. In humans, the most
prominent effects of acute zinc toxicity are gastrointestinal disturbances. The emetic dose of zinc
has been estimated to correspond to 225-450 mg (Fosmire, 1990). These effects are due to acute
irritation in the gastrointestinal tract.

Chronic zinc toxicity is associated with symptoms of copper deficiency. Adverse effects, such as
anaemia, neutropaenia and impaired immune response, are evident only after intake of zinc in the
form of dietary supplements in excess of 150 mg/day for long periods (SCF, 2003a)

Scientific Committee on Food (2003) expressed an opinion on the UL of zinc in 2003. A NOAEL
of 50 mg/day based on the absence of any adverse effects on a wide range of relevant indicators
of copper status (as the critical point) was used in their derivation of an UL. They established an
UL for adults, including pregnant and lactating women, of 25 mg Zn/day by applying an
uncertainty factor of 2 to the NOAEL of 50 mg/day (SCF, 2003a).

Copper: Copper is both an essential nutrient and a drinking water contaminant. Copper in living
organisms, including humans, forms an essential component of many enzymes (cuproenzymes)
and proteins, and the biochemical role for copper is primarily catalytic. The primary sources of
copper exposure in developed countries are via food and water. After oral exposure in mammals,
absorption of copper occurs primarily in the upper gastrointestinal tract and the majority of
copper is transported to the liver. Excretion in the bile is the main route of elimination in humans
with only minor amounts being excreted in the urine (SCF, 2003b).

Available data clearly show that copper can cause adverse effects in humans. The occurrence of
either acute or chronic systemic copper toxicity in humans, however, is rare, and tends to be
confined to certain subpopulations, such as populations with high copper concentrations in
drinking water, populations that utilise copper vessels e.g. for boiling and storing milk, and those
individuals who have a hereditary predisposition to copper toxicity (SCF, 2003b).

Scientific Committee on Food (2003) expressed an opinion on the UL of copper in 2003 (SCF,
2003b). Liver damage in humans was selected as the critical endpoint because it perhaps is a
more reliable indicator of long-term chronic ingestion of cobber than local gastrointestinal effect.
A NOAEL of 10 mg/day was based on the absence of any adverse effects on liver function as the
critical endpoint in humans. SCF derived an UL for adults of 5 mg/day based on the NOAEL of
10 mg/day and an uncertainty factor of 2 to allow for potential variability within the normal
population. The UL of 5 mg/day was not considered applicable during pregnancy or lactation due
to inadequate data related to this critical life stage (SCF, 2003b).

Chromium: Chromium is ubiquitous, occurring in water, soil and biological systems. It occurs in
two main forms; trivalent chromium (CrlIIl) and hexavalent chromium (CrVI). Analytical results
of earth samples are often given as total amount of chromium. Chromium may be present in soil
as either Chromium VI or Chromium III, but it is likely that much of the Chromium VI present
will be reduced to Chromium III.
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SCF evaluated Chromium III in 2000 and they concluded that there were insufficient data to
establish a UL for Chromium III (SCF, 2003c). In 2002 an Expert Group on Vitamins
and Minerals in UK (EGVM, 2002a) suggested a guideline level (GL) at 9 mg/day. Based on new
scientific literature, the Panel on Nutrition, Dietetic Products, Novel Food and Allergy in VKM
encouraged a restrictive GL at 1 mg/day for adults (VKM, 2007). They emphasise that further
studies are needed to conclude.

A TDI or UL value set by internationally recognized expert organs are available for several of the
metals (Table 12). No such value has been found for nickel and chromium. For chromium a GL
value of 1 mg/day has been used.

Table 12.  Tolerable weekly intake (TWI), upper intake level (UL) or other safety limits for heavy

metals used in this risk assessment.

TWI/PTWI UL Other safety parameters | Reference

Metals ng/kg bw/week mg/day mg/day
Cadmium 2.5 EFSA, 2009
Lead 25 JECFA, 2000
Mercury* 5/1.6 JECFA, 2003
Nickel - -
Zinc 25 SCF, 2003a
Copper Sk SCF, 2003b
Chromium®** _ _ 1 VKM, 2007

*Mercury (total)/methylmercury

**The UL of 5 mg/day was not considered applicable during pregnancy or lactation due to inadequate data related to this critical
life stage.

***QGuideline level (GL)

5.1.3.2. Organic contaminants

DEHP (Bis(2-ethylhexyl)phthalate): In 2005 the Scientific Panel on Food Additives, Flavourings,
Processing Aids and Materials in Contact with Food (AFC) in EFSA re-evaluated bis(2-
ethylhexyl)phthalate (DEHP) for use in the manufacture of food contact materials(EFSA, 2005c).
Based on all the available toxicological evidence, the Panel concludes that effects on
reproduction and development are the most sensitive end-points on which to base the risk
assessment. The Panel considers also that the Wolfe and Layton study (2003) was more robust
than those underpinning the previous NOAELs based on reproductive toxicity, and that a
NOAEL of 5 mg/kg bw/day related to testicular toxicity can be derived from it.

Based on the above statement, the Panel allocated a TDI of 0.05 mg/kg bw, based on a NOAEL
of 5 mg/kg bw/day and making use of an uncertainty factor of 100 (EFSA, 2005c¢).

Di-butylphthalate (DBP): In 2005 the Scientific Panel on Food Additives, Flavourings,
Processing Aids and Materials in Contact with Food (AFC) in EFSA re-evaluated di-
butylphthalate (DBP) for use in the manufacture of food contact materials (EFSA, 2005d). Based
on all the available toxicological evidence, the Panel concludes that effects on reproduction and
development are the most sensitive end-points on which to base the risk assessment for DBP.
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Previous reviews have identified as pivotal several rat reproduction studies conducted in the last
decade, which gave NOAELs or LOAELSs in the region of 50 mg/kg bw/day, with the critical
effect being on male reproductive development.

A developmental toxicity study in the rat (Lee et al., 2004), with dietary exposure to DBP during
the period from late gestation (gestational day 15) to the end of lactation (postnatal day 21), has
shown effects on the development of male and female offspring at lower doses than those found
previously, having examined the development of reproductive tissues in considerable detail at
various ages postnatally. Based on loss of germ cell development and mammary gland changes at
20 mg/kg in the diet (the lowest tested dose), EFSA noted that a NOAEL could not be
established. However, given the reversibility of the effects at all dose levels and especially at the
lowest dose level (20 mg/kg feed, which corresponds to 1.5 to 3 mg/kg bw/day) and also given
that in several reproductive toxicity studies with longer exposure periods only approximately 30-
fold higher NOAELs or LOAELs have been determined, a safety factor of 200, to derive a TDI
for DBP based on the LOAEL of 20 mg/kg feed from the Lee et al. (2004) study is considered
sufficient. According to the above statement, EFSA allocated a TDI for DBP of 0.01 mg/kg bw,
based on a LOAEL of 2 mg/kg bw/day and making use of an uncertainty factor of 200 (EFSA,
20054d).

Octylphenol, Octylphenol ethoxylates, Nonylphenols, Nonylphenol ethoxylates and LAS: No
safety paramters have been found for these organic contaminants. Establishment of new TDIs has
not been within the scope of this assessment, and therefore, a further description of octylphenol
ethoxylates, nonylphenols, nonylphenol ethoxylates and LAS has not been performed.

PAH: Among the PAHs, there are several mutagenic compounds, and some of them are possible
or probable human carcinogens (IARC Group 2A or 2B) (IARC, 1987, SCF, 2002d). Some PAHs
bind to the Ah-receptor and may trigger a number of toxicological effects on the immune,
reproductive and cardiovascular systems. However, the carcinogenic and genotoxic effect is
considered to be the most critical. Benzo[a]pyrene (BaP) has been classified by IARC in Group
2A as one of the most potent carcinogenic PAH compounds. Like several others PAH
compounds, when BaP is absorbed, it is metabolised in the liver and other tissues into reactive
compounds that can bind to DNA and cause mutations. It is believed that the carcinogenic
mechanism occurs primarily by mutations. BaP causes tumours in the stomach and liver, and in
combination with other PAHs it causes lung tumours as well as tumours in other organs.

JECFA assessed PAHs in February 2005 (JEFCA, 2005) and calculated the margin of exposure
(MOE) between the 'benchmark dose lower confidence limit' for 10% incidence (BMDL10) =
100 pg/kg body weight/day for tumours in laboratory animals and the estimated intakes. At an
estimated intake of 4 (average consumption) and 10 (high consumption) ng BaP/kg body
weight/day, margins of exposure of 25 000 and 10 000, respectively, were estimated. JECFA
concluded that at the estimated intake levels of BaP, there is little cause for concern for human
health. Nonetheless, JECFA recommended that measures should be implemented to reduce PAH
contamination in food. EFSA evaluated PAH in food and concluded that the sum of benzo
(a)pyrene, chrysene, benz(a)anthracene and benzo(b)fluoranthene (PAH4) were better indicators
of the occurrence of carcinogenic PAHs than benzo(a) pyrene alone or the sum of benzo(a)
pyrene and chrysene, while PAHS provided little added value compared to PAH4.
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Furthermore, EFSA concluded that the high consumers have an estimated MOE of 9500 — 10 800
which is close to the MOE of 10 000 recommended by EFSA and indicated a potential need for
risk management action (EFSA, 2008b). A Bench Mark Lower Dose (BMDL10) of 0.34 mg/kg
bw/day for PAH4 was used in the calculations of MOE.

A TDI or TWI is only available for few of the organic contaminants in sewage sludge (Table 13).
The Norwegian Scientific Committee for Food Safety has previously evaluated PAHs and NDL-
PCBs and based their evaluation on a MOE (VKM, 2007b; VKM, 2008b). The same principle for
the evaluation of these substances will be used here as in the previous evaluations.

PCB: Dietary PCB-exposure involves both dioxin-like PCBs (DL-PCBs) and non-dioxin-like
PCBs (NDL-PCBs). For the NDL-PCBs, there is no tolerable intake established by international
bodies working with risk assessment of contaminants. For the dioxins and DL-PCBs the TWI at
14 pg TEQ/kg body weight/week was established by the SCF in 2001.

They concluded that the overall margin of the body burden (MoBB2) is about 10, based on
median levels of NDL-PCBs in human milk samples in European countries (240 ng/g fat,
corresponding to a body burden of 48 pg/kg body weight, assuming a body fat composition of
20%) and the NOAEL BB of the most sensitive effects in rats (500 pg/kg body weight, based on
liver and thyroid toxicity). They noted that the observed effects in studies on NDL-PCBs might
be explained by minor contamination (in the range of 0.1%) with potent dioxins and/or DL-
PCBs. They also noted that subtle developmental effects, being caused by NDL-PCBs, DL-PCBs
and/or dioxins, may occur at maternal body burdens that are only slightly higher than those
expected from the average daily intake of these contaminants in European countries, which was
estimated to range between 10-45 ng/kg body weight per day on average (EFSA, 2005a).

Based on human studies involving perinatal exposure, benchmark dose calculations (5%
incidence in neurological and immune effects in children) indicate a 95% lower confidence limit
(BMDL) of approximately 1 ug PCB/g lipid in the body of the mother. Since effects of DL-PCBs
could not be differentiated from those of NDL-PCBs, these studies were excluded as a basis for
the evaluation of NDL-PCBs in EFSA’s opinion on NDL-PCBs (EFSA, 2005). However, a
recent study indicates that adverse effects on cognitive function are related to the total
concentration of dioxins and PCBs rather than dioxins and DL-PCBs (Lee et al., 2007). If the
toxicokinetic model of the EFSA opinion is used (EFSA, 2005a), a daily intake of 40 ng PCBs/kg
body weight/day would result in a serum level of 1 pg PCB/g lipid. Assuming that the 6 indicator
NDL-PCBs (sum of PCB-28, PCB-52, PCB-101, PCB-138, PCB-153 and PCB-180) constitute
about 50% of the BMDL value of 1 pg PCB/g lipid, this would correspond to 0.5 ng PCB6/g
lipid, and an intake of about 20 ng PCB6/kg body weight per day.

Recently, the French Food Safety Agency (Afssa) published their opinion on the establishment of
relevant maximum levels for NDL-PCBs in some foodstuffs (Afssa, 2007). In 2003, Afssa
adopted a reference dose of 20 ng/kg body weight/day for all 209 PCB congeners.

* BB: Total amount of substance in the body.
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The tolerable daily intake of 10 ng PCB6/kg body weight/day as established by Afssa, is half the
intake value of 20 ng PCB6/kg body weight/day that can be derived from the BMDL from human
studies described in the EFSA opinion (see above). Based on these considerations, VKM’s panel
5 decided to use 10 ng PCB6/kg body weight per day as a reference value in its evaluation of the
protective effect of the TWI for dioxins and DL-PCBs on NDL-PCBs in the diet of Norwegians

(VKM, 2007b).

Table 13. Tolerable daily intake (TDI) and other safety limits for human intake of organic

contaminants used in the risk assessment.

Contaminants TDI Other safety parameters Reference
pg/kg bw/day

DEHP* 50 EFSA, 2005¢
DBP 10 EFSA, 2005d
Octylphenols i i

Octylphenol ethoxylates - -

Nonylphenols i i

Nonylphenol ethoxylates - -

LAS - -

PAH4*** BMDL,, of 0.34 mg/kg bw/day**** | EFSA, 2008b
Sum PCB 6** BMDL,, of 20 ng/kg bw/day**** VKM, 2007b

* calculated from a TDI set by EFSA.

** PCB-28, -52, -101, -138, -153, -180

*#* Benzo (a) pyrene, chrysene, benz(a)anthracene and benzo(b)fluoranthene
*ax+*BMDL=Benchmark dose lower limit for 10% confidence interval

-No safety parameters available
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5.2. Predicted soil concentrations after sewage sludge application

The aim of this chapter is to estimate the soil concentrations of contaminants after long-term
application of sewage sludge. A range of processes affecting the fate of contaminants in soil have
been estimated, such as input from sewage sludge and other sources, biodegradation, leaking to
water, removal from soil through plant uptake and harvest have been discussed and the most
important factors have been incorporated into the mathematical modelling.

In all calculations, the mean concentrations of contaminants in Norwegian sewage sludge are
used. It was assumed that it was very unlikely that one particular site would receive the most
contaminated sludge every time sludge was dispersed. Furthermore, for substances where time
trends are available, it seems like there is a decreasing concentration in the sewage sludge for the
metals at most concern as well as certain organic contaminans (see Figure 2 and Figure 3). VKM
therefore found it reasonable to use the mean values and not the maximum values or similar.

The soil concentrations are estimated for three different time points: immediately after
application of the sewage sludge, 90 days after application and after 100 years with the maximum
allowed application, including a possible 50% increase in the maximum allowed use of sludge.
The concentrations immediately after sewage sludge application are used in the risk assessment
of non-accumulating substances while the 100 years are used in the modelling for accumulating
substances. This assumption has been chosen in similar work (Amundsen et al., 2000), and a time
scale of 100 years should be sufficient to uncover undesirable effects of accumulating
contaminants after use of sewage sludge. The concentrations after 90 days are assumed to
represent the average concentration during a growth season of 180 days and are used in the
calculation of plant concentrations for other exposure routes for non-accumulating substances.

The highest estimated soil concentration of contaminants has been used in the risk assessment of
the various exposure routes. Further, the highest possible concentration of contaminants (worst-
case scenarios) in the other compartments (water, plants) has been chosen for different exposure
routes. This means that maximum leaching has been estimated for the aquatic exposure routes,
while maximum uptake in plants has been used in other exposure routes. This approach implies a
variable mass balance for each compound.

At present, sewage sludge cannot legally be applied to soil used for vegetables, berries or fruit
production. The soil can only be used for production of these plants at minimum three years after
sludge application. Because of this, acute effects on vegetables following sewage sludge
application are not relevant. However, the long term effects of sewage sludge application to
agricultural soil (accumulation in soils) will be relevant since vegetables can be grown on soil
that have received sewage sludge for 100 years (berries and fruits are not considered relevant for
human exposure in relation to sewage sludge).

Sewage sludge cannot legally be used on pastureland. The regulations do not, however, give any
restrictions on growing grass on areas that earlier have been used for e.g. grain production and
which then may have received sewage sludge. These former grain production areas may in
principle also be used as pastures a year after sewage sludge application. In this risk assessment
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therefore, it is assumed that grass from pastureland as well as soil on pastureland are influenced
by sewage sludge i.e. 40 and 60 tons per hectare for 100 years.

Sewage sludge has to be mixed into the soil immediately and at the latest 18 hours after
application. Direct run off of sewage sludge has therefore not been taken into consideration in
this risk assessment. Erosion from soils that have received sewage sludge for 100 years is
however considered in the risk assessment of waterliving organisms.

5.2.1. Factors affecting the fate of contaminants in soil

There are regional and local differences in the composition and properties of Norwegian soils that
can be explained by different geological and varying climatic variations (e.g. temperature and
precipitation).

In this chapter, the variations in soil properties are discussed and the influence of sewage sludge
on these properties are emphasised.

The overview of regional differences in soil properties and Norwegian climatic conditions below
is based on data from Amundsen et al. (2000) collected as basis for risk assessment of Cd in
mineral fertilisers. Three regions defined by Amundsen et al., (2000) are relevant for this risk
assessment: Ostfold, Akershus and Vestfold (Region 1), Hedmark (Region 2), and Ser-Trendelag
(Region 3). These regions are important for the production of grains and vegetables and most of
Norwegian sewage sludge (about 70%) is produced and applied within these regions. In the
selection of data necessary for the model calculations, data from region 1 or values considered to
be representative for region 1 is used.

5.2.1.1. Dry soil bulk density

Soil bulk density (g/cm’) is highest in Region 1 where the clay content is highest and somewhat
lower in Region 2 where the content of organic matter is higher (Table 14). The mean dry soil
density for Norwegian agricultural areas is 1.1 g/cm’ while the dry bulk density in Region 1
and Region 3 is somewhat higher, 1.2 g/cm’ (or 1200 kg/m’) (Table 14).

Table 14. Mean, median, minimum and maximum dry soil density (g/cm®) of Norwegian agricultural
soils. (Data from Amundsen et al., 2000).

Region No of samples Mean Median Minimum Maximum
Region 1 102498 1.20 1.18 0.04 1.99
Region 2 16896 1.09 1.10 0.04 1.88
Region 3 36208 1.17 1.19 0.10 1.99
Country 186104 1.1 1.15 0.04 1.99

According to TGD (2003) the wet bulk density of the soil compartment may be calculated
according to the equation:
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RHO,, =Fsolid - RHO,,, + Fwater ,-RHO, . + Fair,, -RHO,

Where
RHOy,;; = bulk density of wet soil [kg m’3]
RHO i, RHOy4er, RHO,;: = density of solid phase, water and air: 2500, 1000 and 1.3 kg m™

Fsolidy,, Fwater,,;, Fairy,; = volume fraction of solid phase, water and air in soil: 0.6, 0.2 and 0.2

Using equation 1 the dry soil density is 1500 kg/m’ (TGD 2003) which is somewhat higher than
the measured densities in Norwegian soils (Table 14).

Since the organic carbon content in Norwegian soils is above European average, it was
decided to use a mean dry soil density of 1200 kg m~ in this assessment (equal to the Region 1
and 2). Using 1200 instead of 1500 kg m> in the calculations, results in higher soil
concentrations.

5.2.1.2. Sludge dry density

The density of sewage sludge is relevant when used in park areas and soil mixtures because it
will influence the calculated soil concentration.

In this risk assessment a bulk dry density of 500 kg m~ has been used (Aquateam, 2006).

5.2.1.3. Soil depth

The amount of soil that the sewage sludge is mixed into is dependent upon the depth of the soil -
mixing zone. When used in park areas, it is supposed that the sludge is mixed into the upper 0.1
meters of soil, while when used on agricultural soil a mixing depth of 0.2 meters is used. When
sewage sludge is mixed with soil to make artificial/commercial soil products, a mixing ratio of 30
percent sludge and 70% soil is used (which is in accordance with the Norwegian legislation).

5.2.1.4. Rainfall and leaching

There are large variations in annual precipitation across the country. In the southeastern parts of
Norway, the precipitation varies from 300-800 mm, but the region also has areas with extremely
low precipitation below 300 mm annually. The southeastern parts of Norway are characterised by
relatively high mean temperature, little wind and low air humidity (Table 15). The precipitation is
higher in the western parts of the country, ranging from 1500 to 3000 mm. Most of the
agricultural areas in this region have lower annual precipitation and the rainfall in these areas is
in the range of 1200-1500 mm annually. In general, this region is the windiest in Norway and has
the highest relative air humidity. In the northern parts of the country, the annual precipitation is
relatively high and the area is characterized by high wind velocity and low temperature (Table
15).
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Table 15.  Typical annual wind speed, air temperature, relative air humidity and precipitation for
different meteorological stations in Norway. The numbers are mean values for the period
1994-98. The estimated drainage rates are also shown. (Data from Amundsen e? al., 2000).

Meteorological Region Wind speed Air temperature Relative air Precipitation = Drainage
station m/sec °C humidity % mm ml/cm’/year
Oslo South East 2.8 6.2 75.2 680 30
Kjevik South East 3.6 7.2 71.5 1182 70

Sola South West 4.6 7.8 84.9 1225 90
Varnes Middle 3.5 5.5 75.9 824 60
Bode North 6.7 5.1 76.6 1207 100
Tromse North 34 2.6 75.3 1092 90

Due to humid and cold climate in Norway, the precipitation exceeds the evaporation in all major
agricultural areas. In the western and northern parts of the country, the drainage rates are quite
high and in general 2-3 times the typical rate for the agricultural areas in South East Norway
(Table 15).

These climatic variations are the reason why the amount of precipitation that infiltrates the soil
also varies throughout the country. In former risk assessments, a precipitation excess of 0.2-0.4
has been used (Amundsen ef al. 2000) even if the precipitation excess seems to be higher at least
in western and northern parts of Norway. Using data from Table 15, the precipitation excess
varies from 0.4 (Oslo) to 0.8 (Bode, Tremse, northern Norway). In the calculation of future soil
concentration in this risk assessment, a mean precipitation excess of 0.25 is used which is
identical to the default value suggested in TGD (EC, 2003). Using low values for the
precipitation excess will increase soil accumulation. In the calculation of drainage to surface
waters and surface runoff (Chapter 5.4.), other values based upon measurements at specific sites
have been used.

The significance of varying this parameter is highlighted in the sensitivity analysis (see Chapter
5.7.).

5.2.1.5. Overview of the parameters used in the risk assessment

Table 16 gives an overview of the parameter/defaults values used in the risk assessment of
sewage sludge.
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Table 16. Common parameters used for calculating soil concentrations after application of sewage
sludge. (Data from Amundsen et al., 2000).

Parameter Value Unit

Mixing zone green area/ploughing layer 0.1/0.2 meters
agriculture

Rate of sludge application: agriculture 40 and 60 tons ha" 10year™
Green area (one application) 5| cmsludge in 10 cm soil
Mixing ratio for artificial/commercial soil 30| % sludge and 70 % soil
products

Bulk density dry/wet soil 1200/1400 kg/m’

Density sewage sludge (dry) 500 kg/m’

Period of sludge application:

For contaminants with T %2 a year or less 0 and 90 days

For contaminants with T 2 more than a year 100 years

Fraction of precipitation infiltrating the soil 0.25 -

When calculating the exposure concentrations for water living organisms using the MACRO-
model (Chapter 5.4.) a soil clay content of 4-6% and a soil organic matter content of 3.5% was
used to maximize the exposure concentration.

5.2.1.6 Other factors affecting the fate of contaminants in soil not included in the model

The most important soil properties known to be decisive for the fate of contaminants in soils are
pH, content of clay and organic matter. Neither of these parameters are however included in the
model calculations that predicts future soil concentrations after sewage sludge application. But
they are included in the general discussion on how soil properties may influence future soil
concentrations and availability of contaminants in soils. One example of where these parameters
are applied is in the comparison of different models for Cd uptake in crops (Appendix Al). In the
discussion of modelling results it is useful to have an overview of both the level of these
parameters in Norwegian soils and the regional variations. Clay content and soil organic matter
influence the bulk density of soils that influence soil concentrations greatly.

Soil pH

The pH in Norwegian soils is mostly in the acidic range (Table 17). A considerable seasonal
variation in pH is typical for all the regions, but there are small differences in mean yearly pH
(Table 17). Mean pH in the Region 1 area is 6.1, a bit lower in Region 2 (5.9) and Region 3 (6.0).

Table 17. Mean, median, minimum and maximum pH in different regions and in the whole country.
(Data from Amundsen et al., 2000).

Region No of samples Mean Median Minimum Maximum
Region 1 102498 6.1 6.1 2.9 9.5
Region 2 16896 59 5.9 4.1 8.1
Region 3 36208 6.0 59 3.1 8.8
Country 186399 6.0 6,0 2.9 9.5
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Natural soil processes, as well as sludge application (except the lime stabilised), result in a
lowering of soil pH (e.g. Brady 1984). To maintain pH at an agronomical favourable level,
liming is necessary in most Norwegian soils. Soil liming is especially important in areas with
limited buffering capacity such as areas in Region 3.

In the risk assessment it is assumed that pH is kept constant (pH 6.1) throughout the period of
sludge application (100 years).

Clay content
The exact content of clay in Norwegian agricultural soils has not been determined on a regional

or national scale. Soils have been classified with regard to the clay content using a semi-
quantitative method which has been regularly calibrated against standard qualitative methods for

texture analysis. The data for the classification of about 186000 samples are presented in Table
18.

Table 18.  Percent distribution of soil samples of different clay content classes in different regions and
in the whole country. (Data from Amundsen ef al., 2000).

Region No of samples <5%  5-10%  10-25% 25-40% >40% >20.5%
clay clay clay clay clay (organic matter)
Region 1 102503 1.4 23.1 26.3 46.8 1.6 0.9
Region 2 16896 5.6 72.0 8.2 7.0 0.8 6.4
Region 3 36208 1.2 82.9 12.2 0.4 0.0 3.4
Country 186404 3.7 46.8 17.9 26.5 0.9 4.1

The clay content in Region 1 is markedly higher than in Region 2 and Region 3 due to influence
of marine clay in a large fraction of the agricultural soils in Region 1.

In the risk assessment, clay content of 25% is used in those cases where this parameter is
needed for calculation purposes. Soil with clay content of 25-40% is the most common in
Region 1 where most of the Norwegian sewage sludge is applied.

Organic matter
The cold and humid climate in Norway is the main reasons for relatively high content of soil
organic matter (SOM), with a mean value of 5.8% (Table 19).

Table 19. Mean, median, minimum and maximum of soil organic matter (%) in agricultural soils for
different regions and for the whole country. (Data from Amundsen et al., 2000).

Region No of samples Mean Median Minimum Maximum
Ostfold, Vestfold, Akershus 8589 4.7 4.0 0.1 20.3
Ser-Trendelag 1572 7.5 7.0 0.3 20.4
Hedmark 2461 5.2 4.4 0.1 20.2
Country 15870 5.8 4.8 0.1 20.4
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The mean content of SOM is highest in Region 2 and lowest in Region 1. Assuming SOM is
equal to 1.7 x soil organic carbons a SOM of'4.7% is equal to about 2.8% organic carbon.

The most apparent change that will occur after continuous sludge application is an increase in
SOM. Using the model ICBM (The Introductory Soil Carbon Balance Model) (Andrén &
Katterer, 1997; Kitterer & Andrén, 1999), the increase in soil organic carbon (assuming that
SOM generally contains 58% organic carbon) can be calculated when 40 and 60 tons of sewage
sludge is applied per ha every 10" year. The simulations show that application of 40 tons sewage
sludge per ha will increase the organic carbon content from 6.72 kg C/m* (mixing layer of 0.2 m,
soil density of 1200 kg/m?) to 9.6 kg orgC/m” within 100 years, while application of 6 tons will
increase the content to 10.52 kg orgC/m?’.

For public gardens and park areas, as well as for mixtures of soil and sewage sludge, the change
in soil properties after the first application will be more pronounced. Mixing 5 cm sewage sludge
into 10 cm soil or 30% sewage sludge with 70% soil (soil with density 1200 kg/m® and a SOM
content of 4.7%), will result in a soil with approximately 12% SOM (density 902 kg/m®) or an
organic carbon content of 6.9%.

Increased SOM content influences the distribution coefficients in soils (Kq4, Koc) and will most
probably reduce leaching and plant uptake which will in turn increase the fraction of contaminant
that accumulate in soil. The possible influence of SOM (in some equations written OM%) on
plant uptake is discussed in Chapter 5.3.

In the calculations in this risk assessment, a value of 4.7 % is used for SOM, which is the
mean value for Region 1.

5.2.2. Input of contaminants to soils

For most contaminants considered in this risk assessment, sewage sludge is not the only source of
input to soils, even if it is quantitatively the most important at the areas where it is applied. Other
sources contributing to the soil concentrations are atmospheric deposition (both local and long
range transport), mineral fertilisers, and lime. When relevant Norwegian data is available, these
sources of input are included in the exposure assessment of heavy metals. For the organic
contaminants, sewage sludge is the only contaminant source evaluated in the risk assessment,
even analysis of Norwegian soil samples also indicate that higher amounts of organic
contaminants such as PAHs and PCBs are deposited in southern compared to central and northern
Norway (Aamodt ef al. 1996; Lead et al. 1997).

5.2.2.1. Sewage sludge

Agriculture: As shown (Chapter 3.1.) the Norwegian regulations allow 40 tons dry weight per
hectare every 10 years (class I). In addition to the sludge dose permitted in the regulations, the
calculations have taken into consideration a 50% increase (60 tons dry weight per ha every 10
year) in the allowed amount according to the present regulations.

The mean concentrations of the contaminants found in Norwegian sewage sludge are used in the
risk assessment and are shown in Appendix Al.

The concentration in agricultural soils after one sludge application can be calculated according to
equation 1A:
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CSludgc ) AP PLSludgc XIO
DEPTH,,, - RHO,

CSludgeSoil 1 0)= Eq. 1A

Where

Csiudge soil 1 — concentration of contaminant in soil after one application of sewage sludge [t=0, mg kg’l]
Csiudge — concentration in dry sewage sludge [mg kg'] (Appendix Al)

APPLgj,qg. — dry sludge application rate [tons hectare'] (Table 16)

DEPTHjs,; — mixing depth of soil [m] (Table 16)

RHOs,; — bulk density of soil [kg m™] (Table 16)

The soil mixing depth for agricultural soils is 0.2 (Table 16). The change in soil density due to
the sludge application is not accounted for.

Equation 1A calculates the concentration of contaminant after a single sludge application. To
calculate the soil concentration after repeated applications of sewage sludge, equations 10A and
11A are used instead.

Park areas and soil mixtures

When using sewage sludge in park areas and soil mixtures, the change in soil density has to be
considered when calculating the soil concentration. In green areas, 5 cm sewage sludge is mixed
with 10 cm soil (33% sewage sludge on a volume basis), while 30% sewage sludge (by volume)
is mixed with 70% soil in soil mixtures. The calculation of soil concentrations for park areas and
soil mixtures are done according to equation 2A and 3 A, respectively:

067 ’ Csoil (0) ’ RHOsoil + 033 ’ Csludge(o) ’ RHOsludge
: = Eq. 2A
parkarea 0.67-RHO,, +0.33- RHO,,,, 1
0.7-C_,(0)-RHO,,, +0.3-C 0)-RHO,
Csoﬂmixmre _ sml( ) soil sludge( ) sludge Eq. 3A
0.7-RHO,,, +0.3- RHO,,,,,

Where

Copark area, soil mixture = CONCeNtration in park area or soil mixture [mg kgl

C.il(0) = concentration of contaminant in soil used in soil mixture [mg kg'']

Ciuage(0) = concentration of contaminant in sewage sludge used in soil mixture [mg kg'']
RHO,,; = bulk density of dry soil [kg m™]

RHO,45 = bulk density of dry sewage sludge [kg m”]

When calculating exposure concentrations after using sewage sludge in park areas and soil
mixtures, the sludge is applied only once. In the calculations of exposure concentrations for these
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applications, soil background values is used for heavy metals (Appendix Al), while for the
organic contaminants, soil concentration is set to be zero

5.2.2.2 Other sources

Atmospheric deposition (both local and long range transport)

The atmospheric deposition of contaminants due to long-range transport varies considerably
between regions in Norway. It has long been shown that there is a south-north gradient in the
deposition of acidifying compounds (SO, SO4, NH4, NO3) and heavy metals (Aas et al., 2008).

On soils that receive sewage sludge according to Norwegian legislation, the amount of heavy
metals added to soils through atmospheric deposition is small compared to the amount applied by
sewage sludge, even in the most loaded areas of Norway. A regional average contribution is
therefore calculated by using deposition data from monitoring stations throughout the country.
Table 20 shows the deposition rates used for various heavy metals.

Mineral fertilisers

The amount of heavy metals in mineral fertilisers depends mainly on the quality of the phosphate
rock used as raw material for P fertilizer. Complete fertiliser (Fullgjedsel® NPK) produced by
Yara is based on phosphate rocks from the Kola Peninsula that is known to have a low level of
heavy metals. As a consequence, the present contribution of heavy metals from mineral fertilizers
to agricultural soils in Norway is low. Table 20 shows the addition of heavy metals through
mineral fertilisers.

Lime

Liming of soils is performed regularly in Norwegian agriculture to maintain a favourable pH in
soils. The amount of heavy metals added through liming products is low compared to mineral
fertilisers and atmospheric deposition. Table 20 shows the addition rate for liming products.

Table 20. Annual input of heavy metals from atmospheric deposition, mineral fertilisers, liming
products and sewage sludge used in the risk assessment. The unit is mg/ha year. (Data from
Amundsen et al., 2000).

Parameter Cd Pb Hg Cu Cr Ni Zn
Atm deposition 347 7324 122 10740 2975 6560 40010
Mineral fertiliser 43 752 6670 6265 2416 5135
Liming products 51 940 1375 920 775 2000
Sewage sludge 40 tons/ha 3200 86800 3600 1070400 93600 55600 1304000
Sewage sludge 60 tons/ha 4800 130200 5400 1605600 140400 83400 1956000
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The input from other sources than sewage sludge is calculated according to equation 4A:

Input,,, + Input,, . +Input,;
Inpul‘os — At MinFert Lime Eq. 4A

DEPTHsoil- RHOsoil

Where

Inputos — sum of input from other sources than sewage sludge [mg-kg"-day™']
Input s, — annual average atmospheric deposition flux [mgm?-day™]
Inputysinper — annual average application of mineral fertiliser [mg-m>-day ']
Inputy ;.. — annual average application of contaminant using lime [mg-m™*-day™']
DEPTHg,j — mixing depth of soil [m]

RHOs,; — bulk density of soil [kg m™]

5.2.3. Soil background concentrations

The concentration of contaminants measured in agricultural soils is due to the background
concentration i.e. the concentration that is due to occurrence in the bedrock and natural sources
like forest fires, volcanoes etc. and the sources that is due to anthropogenic activity (mineral
fertilisers, atmospheric deposition, liming, and pesticides). In this risk assessment the
anthropogenic sources will be divided into sewage sludge and other sources. PECoca soil 1.€. the
soil concentration that is used is then calculated according to equation 5A.

PECLocal soil = PECregional natural soil + COther sources soil + CSludge soil Eq' 5A

As mentioned, sewage sludge has been applied to agricultural soils in Norway since the mid
1970s. Given that the regulations were followed with a permission of 40 tons sewage sludge per
ha every 10" year, local agricultural soils may have received 3-4 doses of sewage sludge since
the 1970s in areas where sewage sludge has been applied. During this period or at least prior to
1990, the concentration of contaminants in the sewage sludge was much higher than at present
time (Amundsen et al. 2001). Areas that received sewage sludge during this period may have
elevated concentrations of inorganic and organic contaminants, compared to the natural
background levels in those areas.

Studies that were used as the basis for the regional contaminant values did not distinguish
between soils that have received sewage sludge and those that did not. Taking into consideration
that only a limited number of agricultural soils receives sewage sludge during a hundred years
period (only 4.8 percent of the total grain area will receive the maximum amount of sewage
sludge within a 100 year period), it may be reasonable to assume that the concentration of
contaminants originally considered as natural background may be minimally influenced by the
application of sewage sludge.

In this risk assessment, we consider the application that has been going on for the last 30 years
as part of the soil background concentration (PEC, gionay)-
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For heavy metals the available data on soil background concentrations are presented in Appendix
Al and the input to agricultural soil from mineral fertilisers, atmospheric deposition and liming
products are summarized in Table 20. The database is extensive and makes a good basis for
separation of the contribution from sewage sludge from other sources in the exposure assessment.

However, for organic contaminants data on both natural background levels in soils and the
contribution from other sources is limited. Application of sewage sludge is therefore the only
source included in the exposure estimations for the organic contaminants.

5.2.4. Removal of contaminants from the soil

The removal processes of contaminants included in the calculations of soil concentrations are
volatilisation, leaching, biodegradation and plant uptake (assuming that the contaminant is
translocated to plant parts that are removed from soil). The overall first order removal constant
(k) is given by equation 6:

k =+ Kieach T Kptant T KBiosoil + Kvolat Eq. 6A
Where:
k — first order rate constant for removal from top soil
Kieach — first order rate constant for leaching from top soil [day™'] (Eq. 7A)
Kpiant — first-order rate constant for plant uptake from soil [day'] (Eq. 9A)
Kgiosoil — first-order rate constant for biodegradation in soil [day"'] (Eq. 10A)

kvont — first order rate constant for volatilisation from soil [day']] (Eq. 12A)

When considering the environmental dissipation of contaminants in soils after sludge application,
all four removal processes may be relevant for organic contaminants, while for inorganic
compounds, only leaching and plant uptake are relevant.

The higher the individual rate constant the more important is the process for the removal of the
contaminant. The relative importance of the different processes may be compared by ranking
their rate constants.

5.2.4.1. Leaching of contaminants from soil

As discussed in chapter 5.1.1.7. the precipitation and infiltration rate varies considerably in
Norway. A precipitation rate of 700 mm per year and infiltration of 25% (0.25) is assumed to be
representative for the southeastern parts of Norway were sludge production is largest (Region 1).
The significance of varying precipitation and infiltration is shown in the sensitivity analysis (see
Chapter 5.7.).

The leaching rate from the soil is calculated according to equation 7A:
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Finf
leach — K

i - RAINrate
Eq. 7A
-DEPTH

k

soil-water soil

Where

Finf,,; — fraction of rain-water that infiltrates into soil (0.25)
RAINrate — rate of wet precipitation (700 mm/year) [m day ']
Ksoitwater — SOil-water partitioning coefficient [m’-m™]
DEPTHy,,; — mixing depth of soil (0.2m)

Kieach —first order rate constant for leaching from soil layer [day™']

The soil-water partitioning coefficient, Koil-water, can be calculated using equation 8 A:

Kd

K =Fair ,-K + Fwater. ., + Fsolid -TS”(;’-RHOSOZ'Z Eq. 8A

soil-water soil air—water soil soil

Where

Fwater,,; = volume fraction of water in soil compartment [m3~m'3] (0.2, TGD 2003)
Fsolids,; = volume fraction of solid in soil compartment [m*m™] (0.6, TGD 2003)
Fair,,; = volume fraction of air in soil compartment [m*-m™] (0.2, TGD 2003)
RHOsolid — density of the solid phase [kg m™] (2500)

Kdoj — solids-water partition coefficient in soil [1 kg™]

Kair-water — @ir-water partitioning coefficient [m3 ‘m? ]

Ksoilwater — SO1l-water partitioning coefficient [m3 ‘m> ]

5.2.4.2. Uptake and elimination processes in plants

In the calculation of accumulation of contaminants over a long time-span (100 years) the removal
of the contaminants from the soil through plant uptake and harvesting has been taken into
account. Different scenarios for crop rotations, influencing the removal and thus the
accumulation, have been assessed:

1. Autumn wheat

2. Autumn wheat-autumn wheat-oat-barly-oil seed
3. Potato-autumn wheat-oat

4. Carrot-potato-wheat

5. Grass-grass-wheat

6. Grass

For results and differences between crop rotations with respect to contaminant accumulation, see
Annex Al.

The plant removal rate, k, (day™), was calculated according to equation 9A:
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CP'Ccrop 1
-0,001 ) 365

k lant = Eq. 9A
i DEPTH,,-RHO,,-C

soil soil "~ Shudge-soil
Where
Kpiant = plant removal rate, Kpjan [day'l]
CP = crop production [kg DW -m™> year ]
Cerop = concentration in crop [gkg' DW]
DEPTHjg,; — mixing depth of soil [m]
RHOs,; — bulk density of soil [kg m™]

C-siudgesoil — cOncentration in soil due to sludge in first year at t=0 [mg kg‘l]

The concentrations in agricultural crops are calculated using bioconcentration factors (BCFs) (see
Chapter 5.3.2.) an approach assumuing that plant concentrations are proportional to soil
concentrations. In the calculations of future soil concentrations (100 years), the annual removal
rate through crops in the 100 year period is calculated using the soil concentration after 50 years.
This is assumed to be the best estimate of average removal rate in the period.

5.2.4.3. Degradation of contaminants in soil

Biodegradation rates of organic compounds are influenced by several factors including
temperature, redox-potential, and microorganisms with capability to transform or degrade the
given contaminant. In most agricultural soils the upper 0.2m will be aerobic and most organic
contaminants degrade faster at these conditions compared to anaerobic conditions. Contaminants
such as brominated flame-retardants and PCBs, however, have a higher degradation rate under
anaerobic than aerobic conditions.

The DTsp used for the organic contaminants are taken from risk assessments reports performed in
the EU or from “Handbook of physical-chemical properties and environmental fate for organic
chemicals” (Mackay et al. 2006) (most contaminants).

Based upon the half-lives (DTso) for degradable contaminants, a first order degradation rate
constant is calculated and is converted to a rate constant, kpiosoit, by equation 10A:

Y
biosoil DTSO

biosoil

Eq. 10A

Kuiosoit — first-order rate constant for degradation in soil [day'l]

DT;gbiog,; — half-life for biodegradation in bulk soil [days]

The half-lifes used for the organic contaminants in this risk assessment are shown in Annex A2.
Abiotic degradation processes like hydrolysis and photo-oxidation may be relevant to the risk

assessment of removal processes in water phase, but this is less significant for soil and is not
included in the model.
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5.2.4.4. Volatilisation of contaminants from soil

The transfer of a substance from the aqueous- to the gas phase is estimated using Henry’s Law
constant.

The partition coefficient between air and water is calculated according to Eq. 11A

_ HENRY

air-water —

Eq. 11A
R-Temp

HENRY — Henrys law constant (Pa m’ mol™)

R — gas constant [Pa m’ mol” k']

Temp —[K] (285,TGD 2003)

As shown in Chapter 3.2.2. the sludge treatment process often involves temperatures above 50°C
that is far higher than Norwegian soil temperatures. Even so, for a few organic contaminants
volatilisation from soil may be an important removal process and volatilisation is therefore
included in the calculation of soil concentrations (Eq. 11A).

Henrys constant for the organic contaminants are shown in Annex 2A.

In TGD (EC, 2003), the transfer by diffisusion from soil to air is estimated using the classical
two-film resistance model. The rate constant for volatilisation from soil is given by equation 12A.

! = ! + 1 'Ksoil—water DEPT[—IM):[ Eq’ 12A
kasl,, -K kasl ., -K +Kasl g0

air—water soilair air—water

k
Where

volat

kasl,; = partial mass transfer rate constant at air-side of the air-soil interface [mrday™] (120, TGD 2003)
kaslsoiair = partial mass transfer rate constant at soil-air-side of the air-soil interface [m'day'l] (0.48, TGD 2003)

kaslgpiwater = partial mass transfer rate constant at soil-water-side of the air-soil interface [m-day'l] (0.48-10'5, TGD
2003)

Kair-water = @ir-water equilibrium distribution coefficient [mJ-mJ] (Eq.11A)
Ksoit.water = Soil-water partitioning coefficient [m3~m'3] (Eq. 8A)
DEPTHj,; = mixing soil depth [m]

Kyomt = first-order rate constant for volatilisation from soil

Volatilisation is probably of a minor importance in heat-treated sewage sludge.

5.2.4.5. Sorption and bioavailability

Sorption processes include adsorption (attachment to 2-D matrix), absorption (strong association
within a 3-D matrix like humus) and desorption. Sorption processes are highly dependent on the
properties of both the compound itself and the soil (pH, SOM and clay content). For metals,
charge and hydrophobicity influence the sorption. Polar organic compounds might be strongly
influenced by pH, while non-polar compounds are highly influenced by their hydrophobic
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properties and the soil content of organic matters. The hydrophobicity of a compound is
commonly expressed as its distribution between octanol and water (K,y) and is often used to
estimate bioaccumulation and association to organic matters. Sorption processes are represented
by sorption coefficient K soii (distribution between solid phase and water phase), Ko (soil organic
carbon — water distribution coefficient) or Kgqpom (partition coefficient to dissolved organic
matter). A compound’s sorption properties have practical impact for the spreading potential in the
environment and fate during treatment systems. For instance, hydrophobic compounds have
higher potential to be trapped in sludge than water-soluble compounds. The
lipophilic/hydrophobic properties of a compound will also influence the uptake potential in
plants.

The Kd-value depends on both soil and chemical specific properties. For neutral (non-ionic)
organic chemicals, the Kd-value is linearly related to the organic carbon content of the soil, and
the soil sorption can be expressed relative to the fraction of organic carbon (fo.) in the soil (the
Koc). For these non-ionic substances, the soil specific soil-pore water distribution coefficient can
be estimated from the K, using the simple formula Kd=K,.*f,.. For metals and cationic organics,
a similar relationship can be found between the Kd-value and the cation exchange capacity
(CEC) of the soil. The CEC for a specific soil depend on the soil pH. Anionic compounds tend
not to be subject to retention in soil.

For metals, the free ion has been suggested as the species available for uptake in organisms. As a
result, the bioavailability of metals in soil varies and this can be predicted by determining free-
ion characteristics, such as soil pH: In turn, pH will also— influence sorption properties as well as
metal speciation (Spurgeon & Hopkin, 1996; Van Beelen & Fleuren-Kemild, 1997; Smit and van
Gestel, 1998; Lock et al., 2000), organic matter content (Spurgeon & Hopkin, 1996; Van Beelen
& Fleuren-Kemild, 1997; Smit & van Gestel, 1998), and/or cationic exchange capacity (Smit &
van Gestel, 1998; Lock et al., 2000). These characteristics are reflected in models currently
suggested for assessing the toxicity of e.g. zinc to terrestrial invertebrates (see e.g. Lock &
Janssen, 2001a). However, recent studies show that some complexes (e.g., chloride complexes of
Cd; OH- and COs-complexes of Cu) are also available for uptake in plants, and that other cations
may influence uptake of metals in a concept known as the biotic ligand model (Thakali, 2006).

Estimating the bioavailability of metals and organic contaminants from soil-pore-water
partitioning studies performed on freshly contaminated soils in the laboratory generally
overestimates the available fraction compared to historically contaminated soils. For instance,
aged zinc-contaminated soils are less toxic than predicted from these models (Lock & Janssen,
2001b), and this is also the case for other metals and for organic chemicals (Alexander, 2000).

5.2.4.6. Summary of removal processes of contaminants in soil

For heavy metals, only leaching and plant uptake are relevant removal processes. For Cu and Zn,
plant uptake is the most important removal processes, while leaching is the most important
removal process for Cd, Pb, Hg, Cr and Ni. In general, the removal constants are small, clearly
indicating that only a minor fraction of added heavy metals through sludge amendments are
removed from the soil (i.e. high accumulation rate). The calculated removal constants for heavy
metals are summarized in Appendix A3.
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For all organic contaminants biodegradation is the most important removal process. In the
sensitivity analysis the main focus is on the biological degradation.

The leaching rate calculated by equation 7A is used only for the calculation of removal from soil
and not for calculation of surface and groundwater concentrations. The uncertainty in the
leaching rate is therefore discussed in chapter 5.4. Volatilisation contributes considerably to the
removal only for naphthalene. The uncertainty and eventual variation in constants important for
volatilisation (Kp) is therefore not considered in the sensitivity analysis.

5.2.5. Choice of exposure time for the estimation of maximum soil concentration

Repeated application of sewage sludge is accepted within existing regulations. Persistant
contaminants may therefore accumulate if not removal processes such as run-off with water,
uptake in and removalof plants and evaporation exceed the input from sewage sludge and other
sources. For such compounds, concentrations in soils will increase until a steady state
concentration is reached. The time needed to reach steady state will depend on the soil
concentration prior to the sludge application, the total amount of contaminant added through
different sources, and the removal processes occuring. Previous calculations have shown that it
may take several hundred years for heavy metals to reach the maximum levels in soil where
sewage sludge can be applied (Amundsen & Gronlund 1997). For most heavy metals, it may take
even longer to reach steady state conditions in soils. Several hundred or thousands of years,
represent time spans that are incomprehensive in any risk management perspective.

Since 100 years seem reasonable both in a management and practical perspective (10 doses of
sewage sludge every 10" years), it was decided to use the soil concentration after 100 years as the
maximum exposure concentration for substances accumulating in soil.

The soil concentrations are estimated for three different time points: immediately after
application of the sewage sludge, 90 days after application and after 100 years with the maximum
allowed application, including a possible 50% increase in the maximum allowed use of sludge
(Table 21). The concentrations immediately after sewage sludge application are used in the risk
assessment of non-accumulating substances (DTs50<300 days) while the 100 years are used in the
modelling for accumulating substances (DTsp>300 days). The concentrations after 90 days are
assumed to represent the average concentration during a growth season of 180 days and are used
in the calculation of plant concentrations for other exposure routes for non-accumulating
substances.
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Table 21.

Description of exposure pathways (defined exposure routes) in the risk assessment, soil depth
for the exposure routes, rate of sludge application which results in maximum exposure
concentration, and averaging time used in the exposure calculation for the various exposure
routes. For non accumulating substances the soil concentration 90 days after application is
used to estimate the plant concentration in animal and human exposure.

Exposure | Target Soil Rate of sludge application Average time exposure
route nr. organism depth
(m) Degradable Non-degradable
contaminants contaminants
(days) (years)
Plant
1 Plants 0.2 -40 or 60 tons of sewage sludge 0 100
per ha every 10™ year
-5 cm of sewage sludge applied at
0.1 gardens or park areas
Animals
2 Soil organisms | 0.2 -40 or 60 tons of sewage sludge 0 100
per ha every 10" year
-5 cm of sewage sludge applied at
0.1 gardens or park areas
3 Aquatic 0.1 -5 cm of sewage sludge applied at | 0 100
organisms gardens or park areas
4+5 Grazing 0.2 -40 or 60 tons of sewage sludge 90 100
animals per ha every 10" year
6 Animals eating | 0.2 -40 or 60 tons of sewage sludge 90 100
feed per ha every 10" year
Humans
7 Children eating | 0.1 -5 cm of sewage sludge applied at | 0 Not relevant
soil gardens or park areas
-30 percent sewage sludge in
commercial soil products used in
private gardens
8 Humans eating -40 or 60 tons of sewage sludge 90 100
plants per daa every 10" year
9+10 Humans 0.2 -40 or 60 tons of sewage sludge 90 100
eating animal per daa every 10" year
products
11+12 Humans 0.1 -5 cm of sewage sludge applied 0 100
drinking water at gardens or park areas

5.2.6. Calculations of soil exposure concentrations

To calculate the mean concentrations equation 13 A is used (EC, 2003):
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Clocalsoi,:%+é CSO,.,I(O)—IZPﬂ Je Eq. 13A

topsoil topsoil
Where

Inputos - sum of input from other sources than sewage sludge [mg-kg'-day']
t—average time [days]

k—kleach+kplant+kbiosoil+kvolat (Eq. 6A)

Kiopsoit — first order rate constant for removal from top soil [day'l]

Cioi 1(0) — initial concentration in soil after first application of sewage sludge [mg kg'']

Clocal,; — average concentration in soil over T days [mg kg™']

Equation 13A calculates the average concentration within a certain time (t) after sludge
application. To calculate the initial concentration in soil after a certain number of applications of
sewage sludge (i.e. after 10-100 years), equation 14 A is used (EC, 2003):

X-1
Csludge,, , (0)=Csludge,,,(0)- [l + Y Facc" } Eq. 14A

n=1
Where

Csludge,,; x — concentration in soil after X applications of sewage sludge [mg kg™']
Csludge,,;i | — concentration in soil after first application of sewage sludge at t=0 [mg kg']

Facc —fraction of a substance that remains in the top soil at the end of a year (Eq. 15A) (acc: accumulation)

The fraction of the substance that remains in the top soil at the end of a year is given by equation
15A:

365k
Facc=¢

Eq. 15A
Where:
k— first order rate constant for removal from top soil [day'] (Eq. 6A)

Facc — fraction accumulation in one year (Eq. 14A)

5.2.6.1 Estimated concentrations of heavy metals in soil after sludge application

The soil concentrations after 100 year of sewage sludge application to agricultural soils and after
using sewage sludge on park areas and in soil mixtures are given in Table 22.

The increase in agricultural soil concentration after sludge application is highest for Hg, Cu, Zn
and Cd (536, 381, 142 and 108%) and lowest for Ni, Cr and Pb (20, 25 and 27%). With the
exception of Hg, all calculated soil concentrations are within the “natural” concentration range in
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Norwegian soils that is expected due to geological and other natural variations. For Hg, however,
the calculated concentrations (0.20-0.27 mg/kg, Table 22) are well above the highest
concentrations measured in Norwegian agricultural soils (0.12-1.15 mg/kg, Esser 1996).

Logically, there should be no increase in soil concentrations for Pb, Cr and Ni since the
concentrations in sewage sludge are lower than the natural soil concentrations. However, for
agricultural soils, the model does not account for the volume of sewage sludge, but considers the
sludge as a chemical. On the other hand, the organic fraction of sewage sludge will continue to
degrade after sludge treatment and by this increasing the concentration of heavy metals in the
sludge. It is still not fully understood how the organic fraction of the sewage sludge will
influence the bioavailability of metals in soils. A fraction of the organic matter in sewage sludge
resists decomposition, and could provide protection against plant metal uptake for decades.
However, soluble organic fractions raise the carrying capacity of soil solutions for metal cations
at any particular pH by forming soluble metal-organic complexes.

Applying sewage sludge on agricultural soils (40 and 60 tons per hectare every 10" year), in park
areas (5 cm mixed into 10cm of soil) and in soil mixtures (30% by volume), will result in Cu soil
concentrations above 50 mg/kg soil which is the maximum permissible concentration in soils that
may receive sewage sludge (or other organic fertilizers) (Table 6). The calculated concentrations
of the other heavy metals will be below these maximum permissible levels for all types of sludge
applications investigated.

Table 22. Predicted soil concentrations of inorganic contaminants (mean soil values in mg/kg DW)
after application of sewage slugde in soil mixture, park areas and respectively 40 and 60 tons
sewage sludge on agricultural soil after 100 years.

Cd Pb Hg Ni Zn Cu Cr
Conc. sewage sludge (mean) 0.80 22 0.90 14 326 268 23
Conc. in agricultural soil, other sources, 100 years 0.02 04 0.01 0.41 2.0 0.78 0.42
Conc. in soil (background) 0.22 24 0.05 21 64 19 27
Conc. in soil, sewage sludge, 40 tons, 100 years 0.13 3,6 0.15 2.3 54 44 3.9
Conc. in soil after 100 years, 40 tons 0.35 28 0.20 23 118 63 31
Conc. in soil (background) 0.22 24 0.05 21 64 19 27
Conc. in soil, sewage sludge, 60 tons, 100 years 0.20 5.4 0.22 3,5 81 66 5.8
Conc. in soil after 100 years, 60 tons 0.42 29 0.27 25 145 86 33
Park areas, 5 cm sewage sludge, 10cm soil 0.32 24 0.19 20 109 62 27
Soil mixture, 30% sewage sludge (w/w) 0.31 24 0.17 20 104 57 27

5.2.6.2. Estimated concentrations of organic contaminants in soil after sludge application

The calculated predicted soil concentrations of organic contaminants listed in Table 2 are shown
in Table 23. Sources like atmospheric deposition (long-range transport, local industry, road
traffic), pesticides, and irrigation water may contribute regionally and locally to the general
background level of most organic contaminants in soils. Due to lack of representative background
data for Norwegian soils, however, the background level for organic contaminants is not included
in the calculated PECs.
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Some data exists, however, that give an indication on what concentration levels that may be
expected in Norwegian soils (Appendix A4).

The calculated agricultural soil concentrations of DEHP after 40 and 60 tons of sludge
application per ha (0.89 and 1.3 mg/kg, Table 23), are comparable to the levels shown in
Appendix A4. This indicates that the contribution sewage sludge to agricultural soil
concentrations contribute at the same level as other sources. The calculated concentrations of
DEHP in park areas and soil mixtures (Table 23) are much higher than values shown in Appendix
A4 and sewage sludge therefore must be considered the main source for DEHP in these areas
whenever sludge is used.

The calculated concentration of DBP in agricultural soils (0.011 and 0.016 mg/kg) is
approximately 10 times lower than what is assumed to be the background concentration
(Appendix A4). Calculated concentrations for park areas and soils mixtures are comparable to,
but still somewhat lower than background concentrations.

No data exist on the background concentration of octylphenol and octylphenolethoxilates in soils.

The calculated short term (0 days) concentration levels of nonylephenol and
nonylephenolethoxilates in agricultural soils (0.41-0.74 mg/kg) are at the same level or somewhat
higher than the assumed background concentrations (Appendix A4). The calculated soil
concentrations of octyl- and nonylephenols including ethoxilates in park areas and soil mixtures
(Table 23) are significantly higher than the assumed background level (Appendix A4).

The calculated short term (0 days) concentrations of LAS for agricultural soils, park areas and
soil mixtures (Table 23) are far higher than expected actual background concentrations
(Appendix A4).

The calculated levels of PCBs in agricultural soils after applying 40 and 60 tons of sewage sludge
per ha every 10™ year for 100 years (0.0013 and 0.0019 mg/kg, Table 23), are below the
background 0,003 mg/kg which is the mean concentration determined in Norwegian agricultural
soil in the early 1990ies (Appendix A4). The calculated soil concentrations of PCB in park areas
or soils mixtures are 0,002 mg/kg (Table 23), which is also below the background level for PCBs
in Norwegian soils (Appendix A4).

The calculated concentrations for sum PAH in agricultural soils which have received 40 and 60
tons per ha are 0.04 and 0.06 mg/kg, which are well below the levels measured in topsoil in
podzol profiles (Aamodt ef al., 1996). Also the calculated soil concentrations for park areas (0.38
mg/kg) and soil mixtures (0.34 mg/kg) are below the level found in forest soils.
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Table 23. Predicted soil concentrations of organic contaminants (mg/kg DW) after application of
sewage slugde in soil mixture, park areas and respectively 40 and 60 tons sewage sludge on
agricultural soil after 0 days, 90 days and 100 years. The concentrations after 100 years are
immediately after the last application.

Compound Time Sewage Agricultural soil Park areas Soil mixture
sludge (mg/kg DW) mg/kg DW
Mean 40 tons 60 tons |5 cm sewage sludge,| 30% sewage
10 cm soil sludge (w/w)
DEHP 0 day 49.2 0.89 1.3 9.1 8.1
90 days 0.68 1.0 6.9 6.2
100 years 0.90 1.3 - -
DBP 0 day 0.34 0.011 0.016 0.11 0.10
90 days 0.003 0.005 0.01 0.01
100 years 0.011 0.016 - -
Octylphenols 0 day 0.47 0.10 0.15 1.0 0.90
90 days 0.02 0.02 0.16 0.14
100 years 0.10 0.15 - -
Octylphenol ethoxylates 0 day 0.57 0.009 0.01 0.09 0.08
90 days 0.001 0.001 0.01 0.01
100 years 0.009 0.01 - -
Nonylphenols 0 day 29.6 0.49 0.74 5.0 45
90 days 0.08 0.12 0.8 0.72
100 years 0.49 0.74 - -
Nonylphenol ethoxylates 0 day 243 0.41 0.61 4.1 3.7
90 days 0.03 0.05 0.33 0.30
100 years 0.41 0.61 - -
LAS 0 day 1441 24 36 245 218
90 days 3.1 4.6 31 28
100 years 24 36 - -
TPAH4 0 day 0.006 0.009 0.062 0.055
90 days 0.005 0.007 0.047 0.042
100 years 0.006 0.009
>PAHs 0 days 1.8 0.04 0.06 0.38 0.34
90 days 0.02 0.03 0.23 0.20
100 years 0.04 0.06 - -
>PCB, 0 days 0.012 0.0002 0.0003 0.002 0.002
90 days 0.0002 0.0002 0.002 0.001
100 years 0.0013 0.0019 - -

~PAH4: Sum of benzo (a)pyrene, chrysene, benz(a)anthracene and benzo(b)fluoranthene, ZPAHs: sum of 16 PAHs, ZPCB;: Sum
of PCB-28, PCB-52, PCB-101, PCB-118, PCB-138, PCB-153, PCB-180.
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5.3. Predicted concentrations in plants after sewage sludge application

This chapter discusses some important factors involved in plant uptake. Furthermore, the model
used to calculate plant concentrations are described and plant concentrations are estimated.
Uptake and concentration of contaminants in plants are not endpoints in the risk assessment, but
important factors both for the accumulation of persistent contaminants in soil through the
contaminant removal process and for estimating the exposure of animals and humans to the
contaminants from sewage sludge.

The most important pathway for plant uptake of heavy metals and organic contaminants from
soils, including pore water, is through the roots. Only this uptake will be considered in the plant
uptake calculations in the present risk assessment. Uptake of contaminants through other
exposure routes, such as uptake of evaporated contaminants from the air through the leaves are
assumed to be of little significance and are not included in the exposure estimations.

The transfer of contaminants from bulk soil into the root zone (rhizosphere) is primarily mediated
by the regular water uptake in the plants. The concentrations of contaminants in soil water are
dependent on their mobility in soil. Despite considerable progress in recent years, the significance
of factors such as speciation of e.g. trace metals, their mobility and transport remain an important
area of research. Plant uptake processes involve predominately passive transport, caused by the
plants water uptake and natural transpiration, however active uptake has been found for some
compounds and some plant species (Bromilow & Chamberlain, 1995).

Another challenge in order to predict plant uptake based on measured soil concentrations is that
soil conditions in the rhizosphere might be quite different from those in bulk soil. Through root
respiration and excretion of root exudates plants influence pH, organic acid content, redox
conditions etc. that in turn may influence the mobility and bioavailability of contaminants. Plant
species differ widely in their ability to absorb and accumulate contaminants. Thus, to base plant
uptake estimations on parameters measured in bulk soil may give uncertain results. However, as
rhizosphere measurements are very labour-intensive and methodologically difficult to carry out,
bulk soil analyses are usually the only measurements available, and will thus be used in the
present risk assessment.

Transfer of contaminants from roots to above-ground parts (translocation) and further to leaves
and grain is particularly important for the subsequent transfer of contaminants from plants to
animals and human beings. Transport of contaminants from the root system to the stem, leaves
and storage organisms, e.g. seeds, tubers, follows the same pathways as other compounds in the
plants via the vascular transport system (include xylem (up-flow) and phloem (both up and down
flow). During the translocation, the contaminants have to penetrate several plant tissues and at
least one cell membrane. Water and solutes diffuse laterally into adjacent tissues and may
become concentrated in plant shoot, tubers and fruits (McFarlane, 1995). This process is
dependent on the equilibrium between water in the vascular system and the aqueous solution in
cell tissues, and the sorption to cell walls. The translocation and accumulation in above-ground
plant parts depends therefore on the combination of their aqueous solubility and their solubility in
the lipid-rich cell membrane.
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As already mentioned; in this risk assessment, the predicted plant concentrations are based only
on soil/root exposure. Concentrations in both root- and above ground plant materials are
estimated for a range of crops. For accumulating contaminants, e.g. for heavy metals and organic
compounds with half-lives > 300 days, uptake in plants are estimated both one year and after
hundred years with repeated sludge application. For degradable organic contaminants, the
estimated soil concentration 90 days after sewage sludge dispersal is used in the estimations of
plant concentrations. This is considered to represent the mean of an average soil concentration
during the growth period in Norway of approximately 180 days.

5.3.1. Factors influencing the uptake

Plants only absorb the bioavailable fraction of a contaminant in soil. The bioavailable fraction of
a contaminant will differ between plant species, several soil bio-physico-chemical parameters and
characteristics of the contaminant itself. Measurements and prediction of bioavailable forms of
contaminants in soil, and thereby the plant uptake, remain an important area of research. The
plant uptake of contaminants predicted in this risk assessment is based on results from studies of
relationships between plant uptake and well-defined parameters describing the contaminant and
the soil conditions.

Soil pH and content of clay, organic matter and (hydro) oxides influence the mobility of
contaminants in soil. Increasing content of organic matter in soil usually decreases the
concentration of bioavailable metal species and organic chemicals in soil solution. A fraction of
the organic matter in sludge will resist decomposition and could provide protection against e.g.
plant metal uptake for decades. On the other hand, availability of sludge-born metals to plants is
generally highest immediately after the application of sludge to soil. The reason for this initial
high bioavailability is that rapid organic matter decomposition produces soluble organic carriers
for metals. Organic matter appears to have different roles in controlling trace metal availability.
Insoluble organic matter effectively inhibits uptake of contaminants that bind strongly to organic
matter and thereby are prevented from diffusing to roots. However, soluble organics raise the
carrying capacity of soil solutions for several sludge-borne metals forming soluble metal-organic
complexes from where plants can extract the metal.

In addition to soil and the contaminants’ chemical properties, the composition and physiology of
the plant root itself is of importance, e.g. the plant lipid content. The plant uptake is based on
equilibrium between the element concentration in soil water and the aqueous phase within the
plant root and the chemical sorption to lipophilic root constituents’ components, including
membranes and cell wall lipids (Briggs et al., 1983). Lipophilic organic compounds have a
higher tendency to absorb to plant root lipids than hydrophilic chemicals. The lipophilic property
of an organic chemical expressed as the octanol-water partition coefficient (Koy), is therefore
included in most equations and models for uptake of non-ionic organic chemicals in plant roots.
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5.3.2. Uptake models for inorganic compounds

The root uptake and translocation of contaminants in plants involves complex processes both in
the soil and in the plant (chapt. 5.3.1) and algorithms describing e.g. the relationship between
plant concentrations and various soil parameters (e.g. total element concentration in soil, organic
matter and clay content, pH, concentration of competing metal) are known for only a limited
number of contaminants. In this risk assessment, therefore, plant concentrations are calculated
using bio concentration factors (BCFs). This approach is based on the fact that the concentration
of trace metals in plants or different parts of the plant (stem, leaf, grain etc.) is proportional to the
total concentration in soil (Eq. 16A).

The BCFs are based upon empirical data (see Annex AS5) where different plant species are grown
on soil with varying properties. BCFs may differ not only between soils and plant varieties, but
also between plants within the same plant variety (i.e. between geno types within the same
variety).

In this risk assessment BCFs for leafy vegetables, carrots, potatoes, cereals and gras have been
used. The BCFs have been calculated using different models (Chapter 5.3.3) or they are
modifications of BCFs taken from literature (inorganic contaminants).

=Csoil-BCF

grain,stem,leaf

Cplant Eq. 16A

grain,stem,leaf
Where

Cplantgsin, siem, 1eaf = CONCeNtration in grain, stem, leaf [mg kg'1 dw]
Csoil = total concentration in soil [mg kg™ dw]

BCF grain, stem, leaf = bioconcentration factor for the actual plant part [dw plant/dw soil]

5.3.2.1. Predicted concentration of inorganic contaminants in plants

Table 24 shows shows the concentrations of heavy metals in different plant groups (i.e. leafy
vegetables, root vegetables, etc.) growing in soil where 40 tons or 60 tons sewage sludge per ha
and per 10" year, after 100 yrs (i.e. after 10 doses of sewage sludge) has been applied. The plant
concentrations are estimated based on BCFs. Thus, the plant concentrations are correlated with
the accumulated soil concentrations after 100 years of 40 or 60 tons/ha/10™ years application
(Table 22). For comparison, the background values for heavy metal concentrations in the plants
growing in soil without any sewage sludge application are given (background).

The estimated figures show that for the heavy metals Cd, Hg, Zn and Cu sewage sludge
application becomes the major source for plant uptake when the doses is as high as 60
tonns/ha/10yr. In addition to having only harmful effects on plant growth, Cd and Hg are
certainly also unwanted in plant products for consumption by animals or human beings. Our
estimations suggest about 50% increases in plant Cd concentration relative to the background
values when the 60 tons/ha/10™ year level is considered. Compared to the 40 tons/ha/ 10" year
level it represents an unwanted increase, as well. The plant Hg concentration at the 60
tons/ha/10™ years is not very high. However, at this application level sewage sludge represents
81% of the antropogenic source and any increase is alarming due to the toxisity of the element.
Zn and Cu are essential plant nutrients, but higher plant concentrations than desired might be
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toxic to the plant or animals and human being consuming the plant product. As Zn concentration
from 20 to 150 mg/kg DM is usually considered as the desired plant concentration. An increase
to 44 mg/kg DM (Table 24) is certainly thus not alarming. For Cu plant concentrations between 2
and 20 mg/kg DW is the desired level. Taking other sources into account, 100 years with
application of 60 tons sewage sludge per ha per 10™ year will lead to an excess in cereals (22
mg/kg DW).

88 Risk assessment of contaminants in sewage sludge applied on Norwegian soils



10L €Cl 099 8 6'8 695 1200 sein
L9S 66 1439 99 L 19% LT0°0 S[ea10))
00T 43 681 €C 4 €91 9000 so[qe1agaa 100y
81 001 81 4! ¥6 4! €l I8 €000 S9[qeI0T9A AJBa] wnrwoIy))
¥C181 6C6¢1 I8¥¢l 9876 €91 [430i% IT0 sein
800CC ¥1691 0L€91 9LTII 861 968y 970 S[ea1s)
L9LL 0L6S 8LLS 086¢ 0L 8CLI 600 $91qe1939A 100y
LL LOLL 0L6S 69 8LLS 086¢ 0L 8CLI 600 S9[qe1089A AJeo] ddop
611y 0oLzce TLSEE €eIst LYS TO8LI 8C0 sein
LL6YT 8LET £€8¢€0¢ 8816 (433 £9801 LT°O S[eaI10))
[€9L1 6CL6 88¢evl 9819 1% 899L cro S9[qe19TaA 300y
99 8LOVY [¥435¢4 Sy 0L6S€ Y1291 98¢ 0LT61 0¢€0 so[qe1agoA AJea ourz
8YL1 €ve L991 91 8¢ LLY1 0L0°0 sein)
98yl 90¢ LIv] 8¢l 104 ¢stl 0900 S[eaI1d)
6vL Y01 SIL 69 4! €€9 0€0°0 so[qe1o50A 300y
4! 144 €L 01 00¢ (14 ¢8 vy 1200 S9[qe1089A AJeo] T9OIN
67 v I'C 91 S00 61°0 1100 seln
¢'e 6C 9'C 61 LO°0 090 €100 S[ea1d))
(4! 01 16°0 £L9°0 200 120 000 S91qe189A 100y
18 1 0’1 YL 160 L9°0 200 120 000 S9[qe1oT9A AJBa] Ao
80¢ 8¢ S61 4 9T L91 L000 sein)
194 9y 14 I'e €0 0¢ 60000 S[eaI0))
68 91 ¥'8 I'T 11°0 7L €000°0 $o1qe19894 100y
81 St I'8 €l [44 145 9¢°0 9¢ 2000 S9[qeIag8aA AJea] peo
6 (44 8L 8¢C 8¢ 9 10 NeAlg)
9¢ 94 Ly L1 €C 8¢ €10 S[eaI10))
6¢ 81 €€ Cl 9’1 0¢ 60°0 so[qe1aSaa 100y
9 6 [474 9¢ 8L 8¢ 8¢ 9 120 S9[qeIa8aA AJeo] wnpupe)
[©103 Jo 33pnjs ¢/, ung adpnIS [ 8103 Jo 33pnjs ¢/, ung agdpnis SIBIA (0T punoidyoeg 109 adfy yueq JUBIWERIUOD)
$90.1N0S
Sa1e3k 00T 9 09 sIe3k 001 9 0 PYO dtuegiouy
‘(MQ) W31om A1p uo 33/31 ul UdAIS Ik S[OAYT JUBUIEBIUOD YoBd 10J (D)
$10}0€] SUONEIUSOUOI0IQ JuIsn Poje[no[ed dJe SUONeNudU0d pajoIpald ay L, Teak 0] A10A0 [10S [EINYNOLITE U0 o3pN[s 9Temas Suo)
09 pue suo} O A[oAnoadsal jo uoneorjdde jo s1eak ([ 10ye sjueld JUSILJIP U SJUBUTWERIUOD JIUBTIOUI JO SUOIIBIUIIUOD PAIPAI]  “HT dqeL

89

Norwegian Scientific Committee for Food Safety

Vitenskapskomiteen for mattrygghet (VKM)



5.3.3. Uptake models for organic compounds

Several different generic plant uptake models for organic chemicals have been published. The
models vary widely in their structure, complexity and in input requirements, ranging from
regression-based simple steady-state equations describing a plant BCF for a single chemical
parameter to complex and parameter-intensive dynamic models with several compartments
(e.g. root, stem, foliage, fruit compartments) and uptake both from soil and air. Different
crop-specific models have been developed by Stefan Trapp and co-workers (2003) and
include models for uptake in foliar vegetation (Trapp and Matthies, 1995), in roots (Trapp e?
al., 2007), and in potato (as a tuber and not a root fruit) (Trapp et al., 2007). Trapp has also
developed a plant uptake and transport model for ionic chemicals (Trapp, 2004). A
comprehensive comparison and evaluation of different plant uptake models has been
performed by UK Environment Agency (Collins ef al., 2006). Models compared in that study
were Trapp & Matthies (1995), Travis & Arms (1988), Topp et al. (1986), Chiou et al.
(2001), Ryan et al. (1988), Hung & Mackay (1997), and Briggs et al. (1982, 1983).

Since it was beyond the scope of this risk assessment to make our own comparison or
verification of existing models, it was decided to select plant uptake models based on the
evaluation of Collins and co-workers (2006). For predicting shoot concentration, the model of
Ryan et al. (1988) and Briggs et al. (1982, 1983) proved to the best ones. However, the model
by Ryan and coworkers (1988) was slightly better than Briggs and coworkers (1982, 1983)
and was therefore chosen in this risk assessment. The model of Ryan et al. (1988) is a semi-
mechanistic understanding of plant uptake and is based on the empirical studies of Briggs e?
al. (1982, 1983) including compounds in the range of log Koy from 0-4. Even with the log
Kow restriction in other experiments (Briggs et al., 1982, 1983), the shoot uptake model of
Ryan and coworkers (1988) showed also a good verification at log Kow range of 4.5 — 6.5 in
the evaluation done by Collins and coworkers (2006).

Prediction of root concentrations was found to be generally poor for all six models reviewed
(Collins et al., 2006). The best models were those by Travis and Arms (1988) and Trapp and
Matthies (1995), however, these models had a tendency to under-predict and over-predict
uptake, respectively. The model by Travis and Arms (1988) was established only for above
ground plant parts but was evaluated both for uptake in leafy and root vegetables. In addition,
the model by Travis & Arms (1988) showed in general, a better result for the estimation of
root concentrations than leaves concentration. Both of these models are applied in our risk
assessment (Collins et al, 2006). Travis & Arms (1988), regression is obtained from a wide
range of empirical data with different types of plants and chemicals with log K, ranging
from 1.15 to 9.35. The model proposed by Trapp & Matthies (1995) (a mechanistic, generic
and one-compartment model), incorporates the volume fraction of lipids in the calculations, as
well as Koy

Since the plant uptake models by Ryan ef al. (1988) is applied in the risk assessment
procedure for contaminated land in Norway (SFT, 1999), this root uptake model is also
included even though it showed highly over-prediction of root concentrations in the
comparison performed by Collins et al. (2006).

All applied models in the risk assessment include the lipophilic property of the compound,
expressed as log Kow. Log Koy 1s per definition only for neutral (non-dissociated) compounds,
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while log D is the octanol-water distribution coefficient that combines log K, and pK, (acid
dissociation constant) and produces an apparent partition coefficient for any pH value. The
phenolic acids included in this risk assessment are all weak acids (pKa for 4-nonylphenol has
been reported to be 10.7, Romano, 1991) and it is assumed that these compounds are present
as neutral (non-dissociated) at pH 6.1 which is chosen pH for this work.

Trapp’s (2004) model for uptake into roots and translocation of ionic compounds is highly
complex and includes processes such as lipophilic sorption, electrochemical interactions, ion
trap, and advection in xylem. A calculation for predicting uptake of ionic drugs in plants is
not performed in this work.

The highest concentration calculated by the selected models was used for risk assessment for
further endpoints depending on plant uptake.

5.3.3.1. Ryan et al. (1988).

The soil-to-plant root (root concentration factor, RCF) (Eq.17A) and the soil-to plant stem
(stem concentration factor, SCF) (Eq. 18A) concentration factors modelled by Ryan et al.
(1988) are calculated as:

RCF= (00,77log1<uw1,52+0’82:(ﬁJ Eq. 17A
+ ocJ oc

Where

RCF — calculated soil-to-plant root concentration factor [ug g' FW plant/ ug g DW soil]
K,w — octanol-water partition coefficient for the chemical

8 — soil bulk density [g DW ¢cm™]

0 — soil-water content by volume [cm’ cm™]

K, — organic carbon-water partition coefficient for the chemical [cm’ g DW]

F,. — fraction of organic carbon in the soil

0,43 ©gK,, 1,782
SCF = €0°%5"¢ 295 10,82 7| 0,784-10 {=52) |9 ] |Eq 18A
i 0+5K0L'fa(;

Where

SCF — calculated soil-to-plant stem concentration factor [pg g FW plant/ pg g’ DW soil]
K,w — octanol-water partition coefficient for the chemical

8 — soil bulk density [g DW cm™)

0 — soil-water content by volume [cm’ cm™]

K., — organic carbon-water partition coefficient for the chemical [cm® g’ DW ]

F,. — fraction of organic carbon in the soil

5.3.3.2. Modified Trapp and Matthies, 1995 (from TGD).

In this model calculation of contaminant concentration in root tissue is based on equations
where K,y is corrected slightly for the differences between plant lipids and octanol (Trapp &
Matthies, 1995). The Kpjant-water can be calculated as:
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K it waier = Fwater,,, + Flipid ., - Kow® Eq. 19A
Fwaterppn volume fraction water in plant tissue [m3-m3] 0.65
Flipidpjan volume fraction lipids in plant tissue [m3 -m3] 0.01
Kow octanol-water partitioning coefficient [m*m’]
b correction for differences between plant lipids and octanol [-] 0.95
Ko lant-water partition coeff.between plant tissue and water [(mg'm plant®)/(mg-mwater’)]

Concentration in root tissue (Equation 20A) in mainly governed by physical sorption, and is
given by:

K L] C
] . »
CT"OOtplam _ p ant];vaOte;—I porewater Eq. 20A
plant
Ko ant-water partition coeff.between plant tissue and water [m*m’]
Crore-water concentration in porewater of soil [m3-m3]
RHOpjan bulk density of plant tissue [kg-m3] 700
Crootyjant concentration in root tissue of plant [mg-kg'FW]

5.3.3.3. Travis and Arms (1988).

The model by Travis and Arms is established for above-ground plant parts (Equation 21A)
but have also been evaluated both for uptake in leafy and root vegetables by Collins et al.
(2006). The bioconcentration factor by Travis and Arms is as follow:

log BCF=1.588—-0.578 -log K, Eq. 21A

Where
BCF — bioconcentration factor for above-ground plant parts (ug kg FW plant/ug kg DW soil)
Kow — octanol-water partition coefficient for the chemical

5.3.3.5. Predicted concentration of organic contaminants in plants

Predicted concentration of organic contaminants in plants is calculated based on the above
mentioned different uptake models. Estimated concentrations of organic contaminants in
plants growing in soil applied 40 tons or 60 tons sewage sludge are shown in Table 25. Soil
concentration 90 days after the 1% sludge application is used for non-accumulating
compounds. For accumulating compounds the soil concentration after 100 years application
(every 10" year) is chosen for estimating plant uptake.

Only the predicted concentration that comes out highest is presented in Table 25. The result
shows that the model by Ryan et al., 1988 is the one that gives the highest predicted
concentration for all the contaminants in Table 25 except for DEHP where Travis & Arms,
1988 gave the highest value and for root vegetables were the model by Trapps and Matthies
applied in TGD (EC, 2003) gave the highest predicted concentrations.
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The model by Trapps and Matthies gives increased uptake in root with increased lipophility of
the compound. Highest estimated concentrations were seen for DEHP, followed by
nonylphenols, nonylphenol etoxilates and ocylphenol (Table 25). The order reflects the
compounds half lives, log K,w, and soil concentration after sewage sludge application, where
DEHP showed the highest estimated soil concentration (1.0 mg/kg DW), relatively high K,
(7.5) and half'life (300 d). The phenols had log K, around 4-4.5, t;» 5-10 days and initial soil
concentration from 0.001-0.12 mg/kg DW. For the above-ground plant parts (leafy
vegetables, grass and cereals) nonylphenol etoxylates, nonylphenol and ocylphenol gave
highest estimated concentration. This change of order (e.g. much lower DEHP concentration),
reflect that estimated translocation of organic compounds to above-ground parts follows a
bell-shaped curve in relation to lipophility.

As mentioned, the applied plant uptake models are valid only for neutral organic compounds.
Prediction of plant uptake and further risk assessment of human or animal eating feed is
therefore not performed for dissociable compounds except for the phenolic acids. These
compounds have pK, higher than 10 (Romano, 1991) and are assumed to mainly be present as
neutral compounds at pH 6.1. A calculation for predicting uptake of ionic compounds by the
model by Trapp (2004) is not performed in this risk assessment. For surface active
compounds like e.g. LAS, Kow is not suitable prediction of environmental fate, and no
models are available so far. Growth experiments with LAS uptake in plants have been
performed in Denmark (Gren, 1998; Petersen, 2003; Laturnus, 2007). Modeling of uptake of
LAS different models, including Trapp and Matthies model in TGD, gave an high
overestimation related to measured concentration (Gren, 1998), however, as know, none of
these models are suitable for predicting uptake neither ionic nor surface active compounds. In
an article about risk assessment for LAS in sewage sludge used on agricultural soil
(Schowanek, 2007), the authors claim no build-up or adverse impact on animal/human health
have been reported for agricultural fields which has received sludge with high LAS levels for
up to 30 years. Even there is relatively high concentrations of LAS in sewage sludge, their
fast degradation (t;, 8 days, Appendix A2), minimal uptake in plants and low
bioaccumulation in the environment (Tolls 2000), reduce the risk of biotransfer via plants to
animals and humans. Ingestion of agricultural food products is not expected to contribute to
any significant extent to the total LAS exposure of consumers (HERA, 2007).
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5.4. Predicted water concentrations after sewage sludge application

Spreading sewage sludge on agricultural land or on green areas may results in increased levels
of contaminants in both surface- and ground water. This may pose a risk of effect on biota in
surface waters as well as humans drinking surface water or ground water. Transport of
contaminants from the soil to surface water occurs through the drainage system or by runoff
on the soil surface. The amount of contaminants leaching into surface water depends on soil
type, meteorological conditions and the physical/chemical properties of the contaminants.
Models developed for estimation of leakage of pesticides to surface waters have been used for
the prediction of concentrations of sludge contaminants in surface water.

Most drinking water in Norway originates from surface water sources. Surface waters used as
drinking water sources are more remote from the agricultural land where sludge is applied
than the primary receiving waters. Therefore, a higher dilution factor (100) has been used to
calculate the PEC for drinking water. The concentrations of contaminants in the ground water
have been set equal to the estimated pore water concentrations in shallow ground water at 1 m
depth in the soil profile.

5.4.1 Drainage to surface water

The leakage of contaminants from sludge mixed to agricultural soil into drainage water has
been calculated using the model MACRO GV (Stenmo ef al., 2005). The program is linked to
the simulation model MACRO 5.0 (Larsbo & Jarvis 2003) using input data on weather, crop,
soil texture and properties of the contaminant. The model simulates the leakage to ground
water at 1 m depth in the soil and it is assumed that this water may be diverted to surface
water through the drainage system. The simulation period in this model is 26 years. A safety
factor is included in the simulations in accordance to the practice used in the Focus-scenarios
(FOCUS 2000), which were used in the EU for the risk assessment of pesticides.

5.4.1.1. Parameterization of the model

A file containing climatic data for 26 years is used in the simulations. Parameters included are
temperature, precipitation, radiation and humidity. The data selected are from Kongsvinger
annual mean temperature 7.8 °C and 785 mm precipitation. The crop is spring cereal and the
soil type is river deposited soil with 30-60% sand and 4-6% clay. Experience from modelling
leakage of pesticides has shown that this soil type represents a worst case in terms of leakage
potential. The chemical contaminants are characterized with regard to half-life and Koc. The
sludge dose used in simulation is 60 tons/ha added every ten years. The initial concentration
in the soil is calculated assuming that the sludge is mixed into the upper 10 cm of the soil.
The content of organic carbon in the soil after addition of sludge is assumed to be 2%.

The model output includes the mean and the 80™ percentile of the contaminant concentration
in drainage water for each year and the mean concentration in ground water at 1 m depth.

5.4.2 Surface run-off

The transport of contaminants from the sludge to surface by run-off on the surface of soils has
been calculated using the Pesticide Root Zone Model (PRZM3).
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The Pesticide Root Zone Model (PRZM3) is a one-dimensional, dynamic, compartment
model that can be used to simulate chemical movement in unsaturated soil systems within and
below the root zone.

PRZM3 can be used to estimate runoff, leaching and associated pesticide loading. The model
uses a Soil Conservation Service curve number technique to estimate runoff and the Universal
Soil Loss Equation (USLE) to estimate erosion. Evapotranspiration is estimated directly from
pan evaporation or based on an empirical formula. Evapotranspiration is divided among
evaporation from crop interception, evaporation from soil and crop transpiration. Water
movement is simulated by the use of generalized soil parameters, including field capacity,
wilting point and saturation of water content. A more detailed description of the model can be
found in Carousel et al. (2006).

5.4.2.1. Parameter estimation

The parameter estimation is normally performed at two stages: an uncalibrated simulation
followed by a simulation with calibration of the most sensitive parameters to fit the measured
values from field trials. The hydrology module is always calibrated first and the pesticide
module last. This is important, as water is the carrier of pesticides through the soil and
knowledge of the water flow is a prerequisite of a valid description of the movement of
pesticides in soil. This procedure has been suggested in the Cost Action 66 project
(Vanclooster et al., 2000). Normally three main sources of information are used for parameter
estimation: measurements or calculations based on measurements, the PRZM3 manual or
other literature sources and expert judgments. After calibration validation is the next step. In
the validated simulations, it is not allowed, according to Good Modelling Practice, to alter
parameters with the exception of data changes that are dependent in the climate and pesticide
properties due to the introduction of additional pesticides in the experimental field.

5.4.2.2. Prerequisite for the simulations of sludge

The simulation of the runoff is based on real data from a field trial at a farm (Foss gérd, Lier)
in the period from 1998 to 2001. The physical and chemical properties of the soil are
described in Appendix A6 (in Norwegian). The size of the field plot was 40x25m with 5.9%
slope and a slope length of 40m. The water run-off from plot number 2 was calibrated by
using observed data in 1998 (Figure 6 and Figure 7) and validated with data from the year
2000 (Figure 8). There is a good correlation between the observed and the estimated values,
indicating a good prediction by the model.
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Figure 6. Calibrated run-off water 1998 (plot 2)
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Figure 7. Calibrated cumulative run-off water 1998 (plot 2)
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Figure 8.  Validated cumulative run-off water 2000 (plot 2)

Instead of using pesticides, the simulation was performed with sludge (60 tons) applied on
bare soil and incorporated in the soil down to 20 cm. The concentrations of the compound
added correspond to the calculated amount of active ingredient according to the content of the
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different contaminant in the sludge. Ten years of climate data were used for the simulation.
The output of the simulation is shown as concentrations of the simulated ingredients in the
run-off solution at the edge of the field based on daily runoff events (Figure 9). No safety
factor is included in the calculations. For the organic compounds, decay rates data from
Chapter 5.2 are used. For the heavy metals, rates are set to the maximum of the model.

Suface rur-off bercclalpyren

Cemcentration (/)

010002000
0100 2004
0100, 2007

Figure 9. Concentrations of benzo[a]pyrene in surface run-off after 10 years as simulated by the
PRZM3 model.

5.4.2.3. General comments to the results

According to Carousel et al. (2006), the PRZM3 model enable modeling of the fate of organic
chemicals such as pesticides as well as organic and inorganic nitrogen species. In Norway, the
model has previously been used and tested with field data from pesticide leaching and run-off.
In this exercise, calibration with real field data from sludge amendments have not been done,
only the water-flow has been calibrated. Therefore the results from the simulation should be
handled with care.

5.4.3. Predicted concentrations in surface waters

Maximum concentrations in surface waters draining agricultural areas where sludge has been
applied can be estimated from the sum of concentrations in drainage water and surface run-
off. Furthermore, it is assumed that the drainage and run-off water is diluted a factor 10 in the
primary recipient.
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Table 26. Estimated concentrations of metals and organic contaminants in surface water draining
agricultural areas after application of sewage sludge. Other sources for the contaminants
are not included in the estimations. The concentrations in water draining through the soil,
the run-off water on the soil surface and the total concentrations are given. PECsyce water
= predicted surface water concentrations. The drainage and run-off water is diluted a
factor 10 in the primary recipient.

Substance Drainage Run-off Sum PE Csurtace water
ng/l ng/l ng/l ng/l
Cadmium 4.56E-15 0.027 0.027 0.0027
Lead 4.98E-22 0.368 0.368 0.0368
Mercury 5.60E-23 0.015 0.015 0.0015
Nickel 3.67E-22 0.236 0.236 0.0236
Zinc 3.20E-21 5.53 5.53 0.553
Copper 2.80E-21 4.55 4.55 0.455
Chromium 0.2 0.2 0.02
DEHP 0.038 0.038 0.0038
DBP 1.07E-11 0.022 0.022 0.0022
Octylphenol 2.46E-09 0.022 0.022 0.0022
Octylphenol etoxilate 2.12E-12 1.60E-09 1.60E-09 1.60E-10
Nonylphenol 5.80E-15 0.00007 7E-05 7E-06
Nonylphenol etoxilate 2.95E-11 2.95E-11 2.95E-12
LAS 8.15E-19 0.00014 0.00014 1.4E-05
Naphtalene 9.91E-04 0.00099 0.000099
Acenaphtylene 5.58E-06 0.33 0.330 0.033
Acenaphtene 6.22E-06 2.95 2.95 0.295
Fenantrene 1.21E-12 0.34 0.34 0.034
Antracene 2.23E-14 0.01 0.01 0.001
Fluorene 1.30E-07 0.52 0.52 0.052
Fluoranthene 0.099 0.099 0.0099
Pyrene 3.06E-20 0.228 0.228 0.0228
Benzo(a)anthracene 0.02 0.02 0.002
Chrycene 0.075 0.075 0.0075
Benzo(b)fluoranthene 0.095 0.095 0.0095
Indeno (1,2,3-
cd)pyrene 0.053 0.053 0.0053
dibenzo(a,h)antracene 0.0037 0.0037 0.00037
Benzo(g,h,i)perylene 0.022 0.022 0.0022
Benzo(a)pyrene 0.035 0.035 0.0035

The calculations show that surface run-off is the dominating route of transport of pollutants

from the soil to surface waters.
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Table 27. Estimated concentrations of organic contaminants and metals in drinking water obtained
from ground water and surface water reservoirs after application of sewage sludge as soil
conditioner on nearby soil. Other sources for the contaminants are not included in the
estimations. The concentrations of contaminants in the ground water have been set equal
to the estimated drainage water concentrations. An additional dilution factor (10) has
been used to calculate the PEC for surface drinking water.

Substance Ground water Surface water
ng/l ng/l

Cadmium 4.56E-15 0.00027
Lead 4.98E-22 0.00368
Mercury 5.60E-23 0.00015
Nickel 3.67E-22 0.00236
Zinc 3.20E-21 0.0553
Copper 2.80E-21 0.0455
Chromium 0.002
DEHP 0.00038
DBP 1.07E-11 0.00022
Octylphenol 2.46E-09 0.00022
Octylphenol etoxilate 2.12E-12 1.6E-11
Nonylphenol 5.80E-15 TE-07
NFEOL1 2.95E-11 2.95E-13
LAS 8.15E-19 1.4E-06
Naphtalene 9.91E-04 9.9E-06
Acenaphtylene 5.58E-06 0.0033
Acenaphtene 6.22E-06 0.0295
Fenantrene 1.21E-12 0.0034
Antracene 2.23E-14 0.0001
Fluorene 1.30E-07 0.0052
Fluoranthene 0.00099
Pyrene 3.06E-20 0.00228
Benzo(a)anthracene 0.0002
Chrycene 0.00075
Benzo(b)fluoranthene 0.00095
Indeno (1,2,3-cd)pyrene 0.00053
dibenzo(a,h)antracene 3.7E-05
Benzo(g,h,i)perylene 0.00022
Benzo(a)pyrene 0.00035
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5.5. Grazing animals and animals eating feed: exposure assessment
and carry-over in animal products

Production animals may be exposed to contaminants in sewage sludge through grazing and by
getting feed from plants grown on sludge-amended areas. In addition the animals may be
exposed to the contaminants by consumption of water affected by the sewage sludge. The
latter route of exposure is not assessed in this risk assessment. The estimated water
concentrations (Chapter 5.4) are, however, very low and are probably of minor importance for
the exposure.

The intake of concentrates (grain-based feed), roughage and soil for the different production
animals is given in Table 28 depending on if they are grazing pastureland or receiving
feedstuff. As mention in Chapter 4.2.3 cattle, sheep, goats and horses at pasture may get their
whole feed ration from pasture plants. However, dairy cows and goats usually also receive
grain-based feed (concentrate) when at pasture. Cattle in particular, may also ingest some soil
depending on pasture quality and the mineral need of the animals. The intake of soil is
supposed to constitute only up to some percentages (<5%) of the dry matter ration.

Poultry and pigs moving outside may ingest grass and other vegetables and may also ingest
considerable amounts of soil. However, these animals may not usually move around in
sewage sludge spread areas.

Roughage use to constitute the main ration for herbivore domestic animals like cattle, sheep,
goats and horses receiving feedstuff (exposure route 6). In addition, concentrate (grain based
feed) or in some cases potatoes etc. are given at a certain ratio (up to about 1/3 of the dry
matter ration to these species).

The dry matter intake relative for body weight for the different production animals is listed in
Table 28. All values are based on Pond et al. (1995).
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Table 28.  Dry matter intake of farm animals related to body weight and their relative intake of
concentrates, roughage and soil.

Animal species Weeks at Percent DW Animals at pasture Animals receiving feed
pasture intake Ratio of total intake (DW) Ratio of total intake (DW)
related to bw Concentrates ~ Roughage Soil | Concentrates Roughage Soil
Cattle
Calves 8 3 0.1 0.85 0.05 0.25 0.75 0
Young heifers 8 2.7 0.1 0.85  0.05 0.25 0.75 0
Dry cows 8 1.7 0.1 0.85 0.05 0.15 0.85 0
High lactation cows 8 4 0.35 0.6 0.05 0.35 0.65 0
Sheep
Newly weaned lambs 16 5.0 0 0.98 0.02 0.25 0.75 0
Finishing lambs 16 4.0 0 098  0.02 0.25 0.75 0
Adult sheep maintenance 16 2.0 0 0.98  0.02 0.1 0.9 0
Sheep with suckling 16 4.0 0 0.98  0.02 0.25 0.75 0
twins
Goats
Kids 16 3.5 0.1 0.88  0.02 0.1 0.9 0
Adult goats maintenance 16 2 0.1 0.88  0.02 0.1 0.9 0
High lactating goats 16 6 0.25 0.73  0.02 0.25 0.75 0
Horses
Adult maintenance 16 1.5 0.25 0.7 0.05 0.3 0.7 0
Mares in lactation 16 3 0.25 0.7 0.05 0.3 0.7 0
Pigs
Newly weaned piglets 10 0.9 0.1 0
Growing pigs 4 0.9 0.1 0
Adult pigs maintenance 1.2 0.9 0.1 0
Lactating sows 32 0.9 0.1 0
Poultry
Growing chickens 10 0.9 0.1 0
Laying hens 6 0.9 0.1 0

5.5.1. Exposure to inorganic contaminants for grazing animals and animals receiving
feed

Table 29 shows the background and predicted total intake of inorganic contaminants from
sewage sludge, and Table 30 the predicted intake via grazing and received feed grown on
cropland where sewage sludge have been used. The level of sewage sludge used for this
calculation is 60 tons per 10" year for a period of 100 years, which implies a 50% increase
compared to the present allowed level at 40 tons per 10™ year as a worst case scenario.The
predicted intake is based on the figures in Table 28 that shows the ratio of total dry matter
intake for the different animals both at pasture and those receiving feed inside.
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5.5.2. Concentration of inorganic contaminants in meat and liver for human
consumption

Cadmium

Cadmium accumulates in the kidney and to a lesser extent in the liver. The cadmium levels in
liver and kidney are highly correlated. In cattle and pigs fed elevated concentration of
cadmium in the diet for 2-3 months, the correlation coefficients between cadmium in liver and
kidney for cattle (N=57) and for pigs (N=37) were 0.98 and 0.87, respectively (Lyche &
Bernhoft, 2005, unpublished report). The cadmium concentrations in the kidneys were 4-5
times higher than in the livers. In cattle, a daily dose of cadmium at about 0.07-0.08 mg/kg
b.w. (Correspondingto about 2.5 mg/kg total dry matter diet) for 2 months resulted in a liver
cadmium level of 0.5 mg/kg (which is the maximum permissible cadmium level in livers for
human consumption). This corresponds to a total cadmium intake of 4.5 mg/kg b.w. during
the exposure period. Thus, a biodisposition factor of 0.1 for liver concentration of cadmium
related to total cadmium intake per kg body weight may be derived. The cadmium residues in
meat and milk are low and usually negligible (Klaassen, 2008). In pigs fed elevated levels of
cadmium for 2-3 months the liver cadmium level was about 150 times higher than the
corresponding level in muscles, and the correlation coefficient was 0.82 (N=25) (Lyche &
Bernhoft, 2005, unpublished report). The cadmium liver: muscle ratio was even higher for
cattle.

In the present risk assessment, a liver: muscle ratio of 200 for cadmium in various animal
species is used. The biodisposistion factor used is 0.1 for liver concentration and 0.0005 for
meat concentration related to total cadmium intake per kg body weight.

Lead

Lead is far less absorbed in the plants than cadmium and in addition a biotransfer factor from
feed intake to liver or kidney seems to be lower than for cadmium. Experimental studies in
cattle, sheep and pigs fed diets containing lead levels at 15-25 mg/kg dry matters indicate that
although residues in the liver and kidney were elevated compared with control animals, they
remained below the maximum permissible levels for animal products (0.5 mg/kg fresh weight
in offal’s) (referred in EFSA, 2004b). As for cadmium, the lead concentration in muscles is
usually negligible. In sheep a feed concentration of lead at even 100 mg/kg dry matter did not
exceed the maximum permissible levels in liver and kidneys. However, in calves fed 100 mg
lead/kg dry matter feed for 100 days (corresponding to 3 mg/kg b.w. per day), liver and
kidney contained 2.3 and 4.7 mg/kg, but muscle tissue remained below the limit of detection.
Thus, the biodisposition factor of lead in the calf liver related to the total lead intake per kg
b.w. during the 100 days was 0.008.

Thus, the biodisposition factors used in the present risk assessment are 0.008 for liver and
0.00004 for meat concentration related to total lead intake per kg body weight using a liver:
muscle ratio of 200 for lead in various animal species.

Mercury
For mercury even less quantitative data concerning transfer into animal products are available.

For inorganic mercury the absorption and disposition is not very different from that of lead,
and as an approximation due to lack of more exact data, the same biodisposition factor for
liver and muscle may be used. Organic (methyl) mercury is the relevant compound to assess
since the absorption is higher than for inorganic mercury and the distribution into eatable

Norwegian Scientific Committee for Food Safety 105
Vitenskapskomiteen for mattrygghet (VKM)



products as meat, and probably also into milk and eggs is considerable. In chickens fed
methyl mercury in the diet for 8 weeks (0.05-1.35 mg/kg feed), the biodisposition factor into
muscle of 0.7-1.0 may be derived (concentration in muscle from this exposure related to the
total dose per kg b.w.). The corresponding disposition factor for liver was somewhat higher.
In eggs from laying hens fed the same concentrations in the diet for 28 weeks, a steady state
after 4 weeks was found for most doses. At steady state the biotransfer factor from feed to
eggs was 0.13. The data on methylmercury levels in sewage sludge is limited but available
data indicate that methylmercury constitute ca 3% or lower of the total mercury concentration
(Carpi et al., 1997; Shoham-Frider et al., 2007). Therefore, we chose to neglect the risk of
methyl mercury in the present risk assessment.

For the other inorganic compounds, risks related to possibly elevated residues in animal
products seem unlikely.

Only the mean intake figures (ug/kg b.w. for their whole lifespan) for calves, young heifers,
finishing lambs, growing pigs and growing chickens are used to calculate the predicted
concentration in meat and liver since most of the food products humans eat are from these
animal species.

Table 31. Bio disposition factors (BDF) for inorganic contaminants and the following
concentrations in meat and liver (ug/kg w/w) when mean intake figures for calves, young
heifers, finishing lambs, growing pigs and growing chickens are used (ug/kg b.w. for
their whole lifespan).

Cd Pb Hg
BDF Meat 0.0005 0.00004 0.00004
BDF Liver 0.1 0.008 0.008
Concentration Meat 0.44 0.26 0.003
Concentration Liver 89 52 7.6

5.5.3. Exposure to organic contaminants for grazing animals and animals eating feed

Table 32 shows the predicted intake of organic contaminants in animals after grazing and/or
receiving feed grown on cropland where sewage sludge have been used. The level of sewage
sludge used for this calculation is 60 tons per 10™ year for a period of 100 years, which
implies a 50% increase compared to the present allowed level at 40 tons per 10™ year as a
worst case scenario. The predicted intake is based on the figures in Table 28 which shows the
ratio of total dry matter intake for the different animals, and the predicted concentration in
plants (Table 25).

Risk assessment of contaminants in sewage sludge applied on Norwegian soils
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5.5.4. Concentration of organic contaminants in meat and liver for human consumption

The concentrations of organic contaminants in meat and milk have been calculated using
biotransfer factors from TGD (EC 2003). As stated by TGD, the biotransfer factor is defined
as the steady state concentration in a receiving medium (meat, milk) divided by the animals'
daily intake of the substance in source media (air/grass/soil/drinking water).

BTF _107746+log1{ow

meat™

BTFm = 1 0—8.l+10g Kow

In this risk assessment, the respective biotransfer factors are used to calculate concentrations
of in meat and milk after grazing and eating feed grown on soil that have been amended with
sewage sludge.

Using bio transfer factors given in TDG predicted concentration in meat and milk could be
calculated (Table 1). The predicted intake is calculated by using mean intake figures for
calves, young heifers, finishing lambs, growing pigs and growing chickens since most of the
food products humans eat are from these animal species.
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5.6. Exposure assessment humans (exposure route 7-12)

5.6.1. Total exposure - humans

The estimated concentrations of contaminants in food products as a result of dispersal of
sewage sludge are combined with food consumption data. The food consumption data used in
the exposure estimations are given in Table 34, and the estimated plant concentrations are
found in Chapter 5.3. Table 34 also describes which model plant is used for the estimation of
concentrations in individual food plants.

Table 34. Consumption of vegetables, meat and dietary products in Norway (NORKOST, 1997)
and the model plants used for estimation of the concentrations.

Food item Mean High consumption Model used for concentration
consumption (95™ percentile)
g/day g/day
Cereals 202 412 Cereal
(wheat. oats rye. barley)
Potato 122.6 261.2 Root plant
Carrot 31.6 98 Root plant
Swede 10.3 50 Root plant
Sum root plants 165 409
Cabbage 3.6 16 Leafy vegetables
Cauliflower 0.5 2.8 Leafy vegetables
Chinese cabbage 3.9 14.8 Leafy vegetables
Cucumber 5.8 22.2 Leafy vegetables
Tomato 5.8 22.2 Leafy vegetables
Peppers 3.9 14.8 Leafy vegetables
Sum leafy vegetables 23.5 93
Mixtures 21.3 67.8 Root plant
Unspecified vegetables 37.8 104.5 Root plant
Meat* 59.10 129.60 -
Liver* 0.70 4.50 -
Milk* 462.90 1091.50
Cheese* 31.10 80.00
Butter* 3.20 24.00

* Animal-derived foot items are not included in the calculations for heavy metals since no transfer factor was
available. Furthermore is is generally known that intake of the toxic heavy metals such as lead and cadmium is
very low from meat products due to low concentrations in meat and low consumption of liver and kidneys in
Norway.

The estimated intakes of the metals from food are summarized in Table 35 and Table 36. The
estimated intakes from high consumers of the food item with the highest contribution to the
estimated total dietary intake are also given. For metals, the background intake from plant-
derived food items and carry-over through consumption of animal-derived food items have
been estimated by estimating plant concentrations based on background soil concentrations
and are included in the overall estimated intake for all metals. Intake of 3 heavy metals
(cadmium, lead and mercury) included in the EU SCOOQOP projects from fish and crustaceans

Risk assessment of contaminants in sewage sludge applied on Norwegian soils
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have been added to the estimated dietary intake from plants and animal-derived food products
(respectively 3.55, 2.17 and 4.06 ng/day) (SCOOP, 2004). These intake estimates seem to be
high. The median intake of Cd from fish and crustaceans has been estimated to 0.67 in
another estimation of Cd intake (Fange, 2005). Similarly, the intakes estimated in SCOOP of
Hg and Pb are probably overestimated. They are still used as additional intake from these
food items, as other data were not available for all 3 metals. The use of these intakes from fish
and crustaceans contribute to overestimations of the intakes of these metals. No intake from
fish and crustaceans has been included in the intake estimates for the other metals as no data
has been available to the working group.

For organic contaminants the background soil concentrations have not been included in the
soil concentrations, and the mean intake from previous estimations of the Norwegian dietary
intake have been added to the estimated intake from sewage sludge to give an estimation of
the total intake following application of sewage soil. The Norwegian median dietary intake of
PAH4 estimated by EFSA was used for PAHs (EFSA, 2008b) and the intake previously
estimated for PCBs was used for PCB¢ (Helen E. Kvalem, personal communication, Kvalem
et al., in press).

The estimated intake from drinking water following contamination of water sources as a
consequence of leakage following sewage sludge application is minimal (< 1% of the
estimated intakes) and will not affect the estimated intakes.
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The estimated intakes of Cd, Pb and Hg may be compared with the results from the
estimations made within the report on task from the Scientific Cooperation (SCOOP, 2004).
The estimated total dietary intakes of Cd and Pd in Norway in this project were comparable to
previous estimations of the intake of these metals (SCOOP, 2004; Fange, 2005). There are
some differences relating to contribution from different food categories. These differences are
likely to at least partly be derived from the different approaches used, especially related to
modelling versus use of analytical results and a different categorazation of food items. The
accordance with previous estimations increases the reliability of the modelling.

No other estimates of the intake of the other metals from food have been available to VKM. It
s therefore not possible to estimate the total intake for those metals, and only the contribution
originating in soil conenctrations has been included, which excludes other dietary sources
such as fish and crustaceans.
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The estimated levels of exposure to organic contaminants from food are generally low. For
most of the contaminants there are no other estimates of the human exposure from food in
Norway available for comparision. The estimates indicate that consumption of root plants
such as potatoes may be a major source of exposure to certain organic contaminants such as
PCBs and PAH4 following the use of sewage sludge on agricultural soil. VKM considers this
to be an artifact of the model used for plant uptake. Experimental studies show that less PCB
is absorbed into potatoes than predicted by the models. Furthermore, most of tha PCB in
potatoes will be present in the peel (further discussed in Chapter 5.8.3.). The model is
therefore considered to overestimate the human exposure to PCB from root vegetables. This
will probably also apply to other organic contaminants.

5.6.2. Children ingesting soil

As described in Chapter 4 children may ingest soil particles at playgrounds. VKM Panel 5 has
chosen to use 0.2 g soil/day as an amount a child could ingest of soil per day. In Table 38 and
Table 39 intake of inorganic and organic contaminants from 0.2 g sludge-treated soil is
estimated.

There were only minor increases in the concentrations of contaminants when sewage sludge
was added to different types of soil. The estimated intakes were only slightly higher than the
intakes from soil with present background levels of inorganic contaminants (Table 38). The
estimated intakes from soil are much lower than the estimated intakes from food (Table 35
and Table 36).

Table 38. Intake (ug/day) of some inorganic contaminants in children eating 0.2 g soil/day.
Inorganic Present Agricultural soil, 60 tons
Contaminant background After 100 years Park area Soil mixture
Cadmium 0.04 0.09 0.06 0.06
Lead 4.8 6 4.7 4.7
Mercury 0.01 0.06 0.04 0.04
Nickel 4.2 5 4 4
Zinc 13 31 22 21
Copper 3.8 18 12 11
Chromium 5.4 6.7 53 53

For organic contaminants data on background levels in soil were not available, and the
estimated intakes could not be compared with intakes from soil not influenced by sewage
sludge (Table 39). The estimated intakes of organic contaminants among children eating soils

are much lower than the estimated intakes from food (Table 37).

Table 39.

Intake (ug/day) of some organic contaminants in children eating 0.2 g soil/day.

Agricultural soil, 60 tons
Organic contaminant After 100 years Park area Soil mixture
DEHP 0.3 1.8 1.6
DBP 0.0009 0.02 0.02
Octylphenols 0.005 0.2 0.2
Octylphenolethoxylates 0.0002 0.02 0.02
Nonylphenols 0.02 1 1
Nonylphenol ethoxylates 0.01 0.8 0.8
LAS 0.9 49 49
Sum PAH4 0.01 0.8 0.8
SUM PCBg 0.00005 0.0004 0.0004

Risk assessment of contaminants in sewage sludge applied on Norwegian soils
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5.7. Sensitivity analysis - Discussion of methodology for exposure
modelling

Sensitivity analysis involves calculations on how various constants and algorithms influence
the results of the risk assessment. In every step of the model calculations, several values may
be used (i.e. the concentration in sewage sludge, partitioning coefficients, etc).

5.7.1.1. Local versus regional exposure scenario

For all the exposure routes, the calculated local concentration (local exposure scenario),
PECyroca, may be used as a worst-case scenario. The worst-case scenario implies that humans
and animals in the area of sludge application consume food or feed only from that area i.e. an
area that receives the highest permissible amount of sewage sludge over 100 years. For
humans, this is an unrealistic scenario since most of the consumed food is not from local soils
but from the local supermarket.

For grazing animals, the use of sludge amended local soils is a more realistic exposure
scenario since these animals may receive all their food from the local sludge-treated farmland.

To make a more realistic scenario for the human exposure of accumulating contaminants, we
have to consider what fraction of the agricultural area receives sewage sludge.

The total area for grain production in Norway was 0.31 million ha in 2006 (84 780 ha (27 %)
wheat, 149 750 ha (48%) barley, 72 820 ha (23%) oat) (SSB 2006). Assuming that the
maximum amount of sewage sludge applied annually is 40 tons/ha and the annual production
of sewage sludge for agriculture is 60 000 tons (about 60 % of the total production), 15 000
ha will receive the maximum amount of sewage sludge every year. Taking into consideration
that the total Norwegian area for grain production is 0.31 million ha, only 4.8% of the area
will receive the maximum permissible amount of sewage sludge in 100 years time. If all
sewage sludge amended to agricultural soils is amended on areas used for wheat production,
(84 780 ha), nearly 18% of the wheat area will receive the maximum amount of sludge during
a 100 year period.

Regionally this may be somewhat different. In Oslo and Akershus counties the total area used
for grain production was 60 970 ha and the wheat area 16 880 ha. In 2002 the amount of
sewage sludge used for agricultural purposes was 23 119 tons (SSB 2008) and the grain
production area which receive maximum amount of sewage sludge therefore is 5780 ha.
During a 100 year period 9.5% of the total grain area or 34% of the area used for wheat
production may have received sewage sludge.

Today 70-80 percent of Norwegian grain production is for feed production (mainly barley and
oat). In a normal year 75% of the wheat for human consumption in Norway is produced
domestically, 25% is imported. The Norwegian wheat for human consumption is produced
(tons) in four counties:

o Vestfold: 57000
o Ostfold: 135000
e Akershus: 81000
e Hedmark: 49000
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This amount (322 000 tons) is processed at four mills in Norway. The wheat produced in
Vestfold is milled in Skien and Oslo (Bjelsen), the wheat produced in Ostfold is treated at
Vaksdal (Bergen), Skien and Trendelag (Buvika), the wheat produced in Akershus is milled
at Bjolsen (Oslo) and the wheat produced in Hedmark is milled at Bjolsen and Trendelag
(Kilde: Olav Bruvik, Norgesmollene AS).

The distribution of grain products from the mills is mostly regional which means that Oslo
and Akershus counties will have the highest fraction of locally produced wheat. Based upon
the information given above, this means that in a worst case scenario as much as 34% of the
Norwegian produced wheat consumed by the population in Oslo and Akershus may have
received maximum amount of sewage sludge. However, taking into account that some of the
wheat produced in Vestfold and Hedmark (106 000 tons) also is milled at Bjelsen, the fraction
of sewage sludge produced wheat is smaller, assumably about 20-25% (some of the wheat
from Vestfold and Hedmark also will be produced on sludge amended soils).

The above information shows that the human exposure for sewage sludge produced wheat
vary depending on the scale of exposure (national, regional) and whether sludge is amended
to wheat areas only or to all grain areas (wheat, barley, oat) (Table 40).

Table 40. Overview of amount of sludge for agricultural production, area used for total grain and
wheat production and percentage of area that will have received the maximum
permissible amount of sewage sludge after 100 years. Data for Norway and Oslo and

Akershus.
Sludge Area (ha) Area (%) recieving max sludge within 100 years
(tons/year) Grain Wheat Grain Wheat
Norway 67000 313390 84780 5.3 19.8
Oslo/Akershus 23000 60970 16880 9.4 34.1

A realistic worst-case scenario may be that 10% of the wheat consumed by the population in
Oslo and Akershus in 100 years comes from sludge amended-areas.

5.7.1.2. Changes in soil properties with time

As mentioned (Chapter 5.2.1.6) an increase in SOM is expected after 100 years of sludge
application to an agricultural soil. Increased SOM content will increase the sorption of both
heavy metals and several organic contaminants in soils, reducing leaching and increase the
fraction of contaminants accumulating in soils.

The degradation rates for compounds with low K, in soil seem to be relatively high while
compounds with high K, have long degradation rates in soils (DTs, month-years) and may
accumulate in the soil. Since the biological uptake of contaminants from soils is
concentration-dependent, a compound’s persistence in soil has an obvious impact on potential
uptake both in the short and long term. In sustainable agricultural practice, the total input rate
of organic contaminants to soil should not exceed the rate of degradation. The modelling of
future soil concentrations show that DEHP, the sum PCB; and benzo(b)fluoranthen,
indeno(123cd)pyrene, dibenzo(ah)antracene, benzo(ghi)perylene and benzo(a)pyrene
accumulate in the soil. One important question in this context is whether the application of
sewage sludge also increases degradation of organic contaminants, compared to the standard
conditions used when determining the DTso. Application of sewage sludge increases the
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amount of soluble organic carbon and nutrients in the soil and also increases the general
microbial activity in the soil.

5.7.1.3. Discussion of plant uptake models (metals)

Using an algorithm for calculation of plant metal concentrations, explained in Appendix Al
or using BCFs, also explained in Appendix Al, represent two different ways of calculating
plant trace metal concentration as a consequence of plant uptake from soil. The plant
concentrations (plant uptake values estimated in pg (or mg) kg’ DM (by algorithms or by
BCFs, or by direct use of measured plant concentration values) is then transformed to amount
of trace metal removed in pg (or mg)/m> by relating the plant metal concentration to the
actual crop production in kg/m* (amount of crop yield and which type of growth) in Norway
during a 100 year sequence.

The use of BCF’s are based on the fact that for most trace metals, a positive correlation
between plant trace metal concentration and total concentration of the same element in soil is
found. The BCF reflects the relationship between the total amount in soil and the
concentration in plant, i.e. the bioavailable fraction of the total soil content. As described in
Chapter 5.3., the bioavailable parts of the total soil concentration is dependent on soil
physico-chemical conditions that may vary with soil types (pH, content of clay minerals,
(hydro) oxides, organic matter, etc.), climate and management practise. These variations are
not considered using BCF. Strictly speaking, a BCF is relevant only for a particular soil, in a
particular climatic situation (e.g. the ambient climatic conditions during one particular growth
season), for a particular plant species (also genotypic variety of a species). Since such
universal correlation studies are lacking, estimated BCFs are used to approach relationships
under other conditions than those they were originally based on.

For a few trace elements (particularly Cd), several studies on relationships between soil
physico-chemical relationships and plant uptake have been carried out. Based on these
studies, multiple regression equations including correlations between those soil characteristics
that are most important for the bioavailability of the trace metal and the plant concentration
are developed. Usually these equations include soil pH and organic matter content, but
sometimes also percentage of clay, (hydro) oxides and concentrations of competing trace
elements. As mentioned in Chapter 5.3., rhizosphere conditions may be quite different from
bulk soil conditions. The coefficients used in the algorithms (Appendix Al) may reflect these
differences, as they appear to relate measured plant concentrations to bulk soil characteristics.
However, the coefficients in the algorithms may be as site specific as the BCFs (method 2).

5.7.1.4. Discussion of plant uptake models (organic contaminants)

Selection of plant uptake models for this risk assessment was based on the evaluation and
comparison of several models performed by Collins and co-workers (2006). In addition, the
root uptake model by Ryan and co-workers (1988) was included since it is applied in
Norwegian risk assessment procedure for contaminated land.

The models used in the calculation of plant concentrations are validated only for neutral
organic compounds. In a paper discussing the limitation in EU Chemical Risk Assessment
Scheme (Trapp & Schwarz, 2000), it is emphasised that the root concentration model in the
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TGD document (Trapps & Matthies, 1995) is applicable for fine roots and not for root
vegetables. In the comparison of different models by Collins ef al. (2006), this model came
out as the best one for root uptake prediction, however, with an overestimation for compounds
with log K,, above approximately 4.5 which include several of the contaminant groups
assessed in this assessment.

An increase in SOM will decrease plant uptake using models that include porewater
concentrations (Trapp & Matthies 1995 used in TGD 2003) because of reduced Kg/Ko-
values. An increase in organic carbon content from 2% (f,. used in the present calculations) to
4 % which is the calculated organic carbon content in sludge amended soils after 100 years,
will reduce plant uptake with 50 %.

An experimental method to quantify the effect of medium composition on the diffusive
diffusive conductivity for hydrophobic organic chemicals has been described (Mayer et al.,
2005). Experimental data using this method were compared to a developed model for
diffusive uptake of organic chemicals from soil into potatoes, and also to field measurement
in order to validate the method (Trapp et al., 2007). This work showed that diffusion through
potato was slower than diffusion through carrot, and that estimated accumulation of PAHs in
potato was in agreement with the field results. Furthermore, this plant specific model requires
several assumptions and has limited applicability; for instance when validated for neutral
chemicals, the soil pore-water concentration is calculated from K, and does not account for
the factors and processes influencing the pore-water concentration. In addition, metabolism of
the chemical in the potato is not included, and the model is based on a steady-state solution
that does not consider differences in time and space.

Evaluation and selection of plant uptake models in this risk assessment has clearly showed the
variation in out-put with the different models and it is important to be aware of the several
factors and situations that may render a model outside its applicability. Explanations for the
differences in predicted and experimental results are: 1) bias inherent in the experimental
procedures adopted, ii) use of inappropriate input parameters, and iii) deficiencies in the
model theory such as failure of the models to adequately quantify the processes or failure of
the models to consider all the relevant processes.

For chemicals that pose a risk in a risk assessment, one must carefully evaluate the limitation
of the models or other not valid assumptions that might have been overlooked. For certain
chemicals, laboratory and/or field studies are the only way of gaining plant uptake
information. Example of such chemicals is perfluorated compounds, which are neither
lipophilic nor hydrophilic and will not be able to be modelled neither by any existing uptake
models, nor the model for ionic compounds.

5.7.1.4. Sensitivity analysis

In the calculation of soil concentrations (exposure concentrations), three steps are crucial for
the final result:
1. Setting of overall parameters (precipitation excess (soil infiltration), soil depth, soil
density)
2. Input of contaminants to soils (content of contaminants in sewage sludge)
3. Removal of contaminants from the soil (leaching, plant uptake, biodegradation,
vaporisation)
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The significance of various parameters for the final result of the risk assessment should be
evaluated. In the sensitivity analysis below the significance of

Soil density

Precipitation excess (soil infiltration)

Soil distribution coefficient (K4/Koc-values)
Degradation rates

Significance of K, for plant uptake

Nk Wb =

are discussed. The significance of these parameters on soil concentrations, plant
concentrations and human exposure are shown for all heavy metals, DEHP, LAS,
nonylphenol, benzo(a)pyrene, phenanthrene, PCB-28 and PCB-180.

1. Soil density

Soil concentrations of heavy metals decrease as soil density increases (Table 41). The
decrease for e.g Cd is 8-9%, while the decrease for Hg is 15-16%. The decrease is much less
for Pb and Cr (2-3%).

Table 41.  Soil concentrations (mg/kg) after 100 years of sludge application using soil density of
1200 used (in model) and 1500 kg/nr’.

Soil density(kg/m") Sludge application Cd Pb Cu Cr Hg Ni Zn

1200 40 tons/ha, 100 years  0.38 283 68.5 31.8 0.22 24.1 125
60 tons/ha, 100 years 0.44 29.8 919 335 0.29 24.9 153
1500 40 tons/ha, 100 years 035 274 58.7 309 0.18 23.5 113

60 tons/ha, 100 years 0.39 287 774 322 0.24 24.1 135

Since the exposure for the various endpoints is proportional to soil concentration, the human

dietary exposure to heavy metals after 100 years of sludge application also decreases (Table
42).

Table 42. Human mean dietary intake (ng/day) of heavy metals after 100 years of sewage sludge
application. Calculations made for soil density of 1200 (used in the model) and 1500
kg/m’. The dietary intake is sum of background, sewage sludge and other sources
(atmospheric deposition, mineral fertilisers and lime).

Soil density (kg/m’) Cd Pb Hg Cu Cr Ni Zn
1200 23,2 8,3 1,1 6840 165 487 10569
1500 20,8 8,0 0,9 5766 158 471 9333

2. Precipitation excess

The precipitation excess has been set to 0.25 i.e. 25% of the precipitation infiltrates the soil.
As mentioned this is the default value used in TGD (2003), but is in the lower range of what
could be expected in Norway. Using density 1200 kg/m’ the significance of increasing the
infiltration (which increases leaching from the soil) to 0.4 and 0.8 is calculated (Table 43).

As can be seen, the infiltration rate has almost no effect on soil heavy metal concentrations.
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Table 43.  Soil concentrations (mg/kg) of heavy metals using different parameters for precipitation
excess (0.25 is used as default in the model).

Precipitation

excess Sludge application Cd Pb Cu Cr Hg Ni Zn

0.25 40 tons/ha, 100 years 0.38 28.3 68.6 31.8 0.22 24.1 125
60 tons/ha, 100 years 0.44 29.8 92.0 33.5 0.29 249 153

0.4 40 tons/ha, 100 years 0.38 28.3 68.4 31.8 0.22 24.1 125
60 tons/ha, 100 years 0.44 29.8 91.7 33.5 0.29 249 153

0.8 40 tons/ha, 100 years 0.38 28.2 68.0 31.8 0.22 24.1 125
60 tons/ha, 100 years 0.43 29.8 91.2 33.5 0.29 249 152

3. Soil distribution coefficient

The distribution coefficient is important for leaching of contaminants from the soil. For the
heavy metals, however, reducing or increasing the K4 values relative to the default used in the
model calculations has relatively little effect on future soil concentrations (Table 44) and the
effects are generally lower than the effect of increasing soil density from 1200 to 1500 kg/m3
(Table 41).

Table 44.  Soil concentrations (mg/kg DW) of heavy metals calculated using different K4-values.

Cd Pb Cu Cr Hg Ni Zn
Kd (default) 500 1000 1000 2000 1000 1000 1000
40 tons/ha, 100 years 0.38 28.3 68.5 31.8 0.22 24.1 125
60 tons/ha, 100 years 0.44 29.8 91.9 33.5 0.29 24.9 153
Kd 30 100 100 200 100 100 100
40 tons/ha, 100 years 0.36 28.1 66.6 31.8 0.21 24.0 123
60 tons/ha, 100 years 0.41 29.6 89.1 334  0.28 24.8 149
Kd 5000 5000 5000 10000 5000 5000 5000
40 tons/ha, 100 years 0.39 28.3 68.7 31.9 0.22 24.1 125
60 tons/ha, 100 years 0.44 29.9 92.2 33.5 0.29 24.9 153

The sensitivity analysis shows that soil density has a more pronounced effect on the
calculated soil concentrations than precipitation excess and distribution coefficients.
Increasing soil density from 1200 to 1500 kg/m’ reduce soil concentrations from 2 (Pb, Cr) to
15% (Hg) when using sewage sludge for 100 years. Other factors have less influence on soil
concentrations and thereby on the long-term human and animal exposure.

4. Degradation rates

For organic contaminants biological degradation in soils is the most important removal
process (Chapter 5.2.6). The significance of varying this parameter for the exposure
concentrations after 7, 30 and 90 days after sludge application is shown for DEHP, NPEO and
benzo(a)pyrene (Table 45). In the calculations the half-life (days) is reduced to 50% and
increased 10 times. This is done because an increase in half-life will be the worst case with
regard to future soil concentration. Decreasing soil temperatures will often lead to reduced
degradation in soil (increased half-life) for organic contaminants.

Risk assessment of contaminants in sewage sludge applied on Norwegian soils
t=) = t=)



Table 45. Exposure concentrations by varying half-lives (t;,) for DEHP, LAS and benzo(a)pyrene
0, 7,30 and 90 days after sludge application.

Days after DEHP LAS Benzo(a)pyrene

sludge application | t;.150 300 3000 | ty,.4 8 80 t12.183 365 3650
0 1.14 1.14 1.14 30.9 30.9 30.9 0.0012 0.0012  0.0012
7 0.94 0.95 0.95 16.2 20.2 25.1 0.00098  0.00099  0.001
30 0.9 0.92 0.95 5.86 10.5 23.1 0.00095  0.00097 0.00099
90 0.8 0.87 0.94 1.97 3.95 18.9 0.00087  0.00093 0.00099

Changes in degradation rate have practically no influence on mean soil concentrations of
DEHP and benzo(a)pyrene, but have a profound effect on LAS that has a much shorter half-
life (Appendix A2).

For contaminants with a relatively short half-life in soil (DBP, nonylphenol, octylfenol incl
the ethoxilates, LAS) the degradation rate therefore may have a considerable effect on the
human and animal exposure for these contaminants. Calculation of human dietary intake by
using different degradation-rates shows that the half-lives have a huge effect on the calculated
dietary intake (Table 46). In these calculations the log Kow-values given in Table 47 are used.

Table 46. Model calculations of mean human dietary intake of organic contaminants using different
degradation rates in soils (DTs, half-life).
Nonyl- Benzo(a)

DEHP phenol LAS Phenantrene pyrene PCB180
DTs (days) (default) 300 10 8 50 365 13000
Consumption (pg/day) 117 30.3 804 0.68 0.082 0.016
DTs (days) (50% decrease) 150 5 4 25 180 6500
Consumption (pug/day) 116 15.2 402 0.46 0.080 0.014
DTs (days) (10 times increase) 3000 100 80 500 3650 130000
Consumption (pg/day) 4277 123 3836 1.04 2.58 0.018

5. Significance of K, for plant uptake

The octanol-water partition coefficient (Koyw) is a crucial factor in the calculation of BCF for
plants. As shown in Chapter 5.3.3. all three models that have been used in the calculation of
plant BCFs include K,y. Since plant uptake is only of minor importance for the removal of
organic compounds from soils (Appendix AS5) and thereby for future soil concentrations for
accumulating compounds, plant uptake first of all is important for human and animal
exposure of these compounds.

In the risk assessment calculations a value close to the mean value of the values given by
Mackay et al. (2006) is used, while in the sensitivity calculations the minimum and maximum
values are used (Table 47). Compounds that range of log K, cannot be taken from existing
databases, minimum and maximum values are selected as 0.5 and 0.5 (log-units) lower and
higher, respectively, than the value actually used in the assessment.

According to Mackay et al. (2006) any calculated log K, value above 7 should be regarded
as suspect, and any experimental or calculated value above 8 should be treated with extreme
caution. In this assessment two substances have log K,y values above 7 i.e. DEHP and
PCB180. For DEHP we have used the value used in the risk assessment of DEHP (EU, 2008),
while the value used for PCB180 is the mean of the calculated values given in Mackay et al.
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(2006). A value of 7.2 for PCB180 seems however reasonable: it is somewhat higher than for
PCB138 and PCBI153 (as could be expected), and it is the average of 12 values (mostly
calculated, but also some measured).

As shown in Table 47 decreases in logK,,, results in an increase or no change in plant uptake
for most compounds, but a slight decrease for nonylphenol and LAS. Increasing logKqy
compared to the default (mean) values used in the risk assessment results in lower plant
concentrations for all compounds except for LAS that increase when increasing logK,,, from
3.7to 4.2 (Table 47).

Table 47. Calculated plant concentrations (pg/kg DW) with varying logKow-values. The plant
concentrations are calculated varying the K,,-value (min, default, max). The default
value is used in the model calculations in this risk assessment.

w=minimum (K,,, variation)
Benzo(a)
Concentrations in plants DEHP Nonylfenol LAS Fenantren pyren PCB28 PCB180
Log K, (min) 4.7 4.1 3.2 43 59 4.4 6.6
Leafy vegetables 100 36 2769 0.77 0.02 0.0095 0.00130
Root vegetables 4.45 263 7318 7.57 0.89  0.029 0.073
Potatoes 4.45 263 7318 7.57 0.89  0.029 0.073
Cereals 76 13 977 0.78 0.02 0.0038 0.00012
Gras 76 13 977 0.78 0.02 0.0038 0.00012
K,w=risk assessment (Table 48)
Log K, (Table 48) 7.5 4.5 3.7 4.5 6.1 5.6 7.2
Leafy vegetables 2.40 38 3956 0.77 0.02 0.0019 0.00059
Root vegetables 2029 510 16866 10.19 1.39 0.40 0.27
Potatoes 2029 510 16866 10.19 1.39 0.40 0.27
Cereals 1.83 13 1396 0.62 0.01 0.0008 0.00005
Gras 1.83 13 1396 0.62 0.01 0.0008 0.00005
Kow=maximum (K, variation)
Log K, (max) 9.6 6.4 4.2 4.8 8 5.8 7.4
Leafy vegetables 0.15 7.98 4768 0.73 0.0013 0.0015 0.00045
Root vegetables 200562 15218 40036 18 88.39 0.62 0.42
Potatoes 200562 15218 40036 18 88.39 0.62 0.42
Cereals 0.11 2.82 1683 0.40  0.0010 0.0006 0.00004
Gras 0.11 2.82 1683 0.40  0.0010 0.0006 0.00004

The logK, values have larger influence on plant concentrations of carrot and potatoes than
on cereals and grass. The reason for this is that the models used to calculate BCF for root
crops (EC, 2003 and Ryan et al., 1988) are more influenced by logK,. than the model used to
calculate BCF for cereals and grass.

The human intake of organic contaminants also increases when K, increases (Table 48). As
shown in Table 37, potatoes, carrot and unspecified vegetables are the most important source
for the organic contaminants in question. The reason for this is that underground vegetables
accumulate organic compounds due to high lipid content in the peel.
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Table 48. Human intake (ng/day) of selected organic contaminants eating cereals, vegetables, meat
and milk grown on soils that have received sewage sludge (60 tons/ha every 10" year)
for 100 years. The intake values given are calculated varying the K,,-value (min, default,
max). The default value is used in the model calculations in this risk assessment.

DEHP  Nonylphenol LAS Phenantrene Benzo(a)pyrene PCB28 PCB180
Kow min 4.7 4.1 3.2 43 59 44 6.6
Consumption Mean 14 19 678 0.65 0.06 0.003 0.005
Consumption High 19 48 1696 1.61 0.16 0.007 0.013
Kow (default) 7.5 4.5 3.7 4.5 6.1 5.6 7.2
Consumption Mean 136 37 1399 0.83 0.10 0.027 0.018
Consumption High 355 91 3541 2.11 0.25 0.071 0.048
Kow max 9.6 6.4 4.2 4.8 8 5.8 7.4
Consumption Mean 13454 974 3008 1.3 5.9 0.04 0.03
Consumption High 34988 2428 7706 33 15 0.11 0.07

The percent changes in intake of these contaminants for cattle on pasture is summarised in
Table 49. For most compounds a decrease in Kow increases the intake in grazing cattle
because the uptake in cereals (concentrated feed) and gras increase.

Table 49. Percent change in daily intake (ug/kg day) of selected organic contaminants in cattle on
pasture when varying K.

DEHP Nonylphenol LAS Phenantrene Benzo(a)pyren PCB28 PCB180

Kow-Min 4.7 4.1 32 4.3 59 4.4 6.6
K,w-Default 7.5 4.5 3.7 4.5 6.1 5.6 7.2
Kow-Max 9.6 6.4 4.2 4.8 8 5.8 7.4
Percent change (Min) 3608 -4 -30 30 30 386 71
Percent change (Max) -84 -79 21 -33 -90 -23 -14

Heavy metals

Soil density has the most pronounced effect on calculated soil concentrations compared to
precipitation excess and Kd-values. The significance of increasing soil density from 1200 to
1500 kg/m® does not influence the conclusions regarding human exposure of heavy metals.
The changes in soil concentrations when varying soil density, precipitation excess, and Ky-
values within reasonable limits, will neither influence the conclusions regarding effects on
plants and soil organisms.

Organic contaminants
Variations in logKow-values are much more important for human and animal exposure of
organic contaminants than degradation rate.

5.7.1.5. Sensitivity analysis, groundwater calculations

To investigate how the groundwater concentrations vary as the input parameters K4 (K,.) and
degradation rate (DTso) changes, calculations were performed for LAS. The concentrations of
LAS given in Table 27 was calculated using K4=100 and DT5,=8 days. Increasing the half-life
ten times (8 to 80 days), increase groundwater concentration to 1.85x10” which is a
substantial increase from 8.2x10"° (Table 50). The same profound increase in soil
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concentration is achieved by using Kd 10 instead of 100. In this case the mean groundwater
concentration increase to 5x107 i.e. the increase is in the same range as the increase caused by
increasing the half-life. Decreasing the K4 value to 1 increase groundwater concentration to
1.6 pg/l that probably is close to the detection limit for this compound.

The results of the sensitivity analysis (Table 50) show that both degradation rate and K4
values are very important for the results of the groundwater calculations. The sensitivity
analysis also indicates that even in the worst-case scenarios (long halvlifes, less binding to
soil) the contaminant concentrations in the groundwater will be in the pg/l-range.

Table 50. Concentrations (pg/l) of LAS in groundwater using different half-lives and distribution
coefficients (K4-values). The “default-value” is calculated using K;=100 and DTs,=8

days.
Kd-value / DT50 =4 DT50 =8 DT50 =80
1 1.599006
10 1.44E-04
100 1.65E-24 8.15E-19 1.85E-05
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5.8. Risk characterisation of the exposure routes

Comparing the predicted concentrations with the relevant toxicological-based values for
acceptable exposure levels set by relevant national or international bodies where available
performs the risk characterisation for each exposure routes. For the environmental effects, the
predicted concentrations of each contaminant have been compared to the predicted no effect
concentrations (PNEC) for soil and aquatic environments and the TDI or equivalent have
been used to assess the risk associated with the human exposure. No such general recognized
threshold value is available for grazing animals.

The accumulated concentration after 100 years is used for accumulating contaminants, while
the maximum concentration just after application of sludge is used for substances with a high
removal rate. This was considered to be a conservative approach. It should be pointed out that
for accumulating compounds this is an overestimate since the available sewage sludge
produced in Norway will not be sufficient to cover more than 5% of the area for cereal
production at the maximum allowed application rate. Furthermore, the mass balance is not
kept constants and it is likely that the total amount of modelled contaminant in all
departments will exceed the input of the contaminant.

5.8.1. Risk characterisation: Plants and other soil organisms (exposure route 1+
2)

As explained in Chapter 5.1., the PNEC values for soil are set to protect both plants and other
soil-living organisms.

5.8.1.1. Risk characterization for soil-living organisms exposed to inorganic contaminants
from sewage sludge

Table 51. PEC (from Table 22), PNEC (from from Table 10) and RQ for inorganic contaminants in
soil after application of 40 and 60 tons/ha/10™ year for 100 years.
PEC PNEC RQ
mg/kg DW mg/kg DW
Metal | Agricultural Agricultural | Park Soil Agricultural | Agricultural | Park Soil
soil, 40 years soil, 60 years | areas | mixture soil, 40 years | soil, 60 years | areas | mixture
Cd 0.35 0.42 0.32 0.31 L15 0.30 0.37 0.28 0.27
Pb 28 29 24 24 166 0.17 0.17 0.14 0.14
Hg 0.20 0.27 0.19 0.17 0.3 0.67 0.90 0.63 0.57
Ni 23 25 20 20 50 0.46 0.50 0.40 0.40
Zn 118 145 109 104 26 4.5 5.6 42 4.0
Cu 63 86 62 57 89.6 0.70 0.96 0.69 0.64
Cr Il 31 33 27 27 62 0.50 0.53 0.44 0.44

The model shows that the risk quotients (RQ) are above 1 for Zn (see a more detailed
discription beneath) and close to 1 for Cu and Hg. Thus, an application rate of sewage sludge
of 60 tons/ha/10 year for 100 years may result in soil concentrations exceeding the PNEC
values for these metals and hence, a toxic effects on soil living organisms (plants and/or other
soil-living organisms) in agricultural and park areas, as well as in soil mixtures with the
current levels of metals in the sewage sludge can not be excluded. The PNEC values for Zn
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and Cu are estimated according to the SSD model with low assessment factors (AF)
Concentrations exceeding these values may therefore have a negative impact on the most
sensitive species. The PNEC value for Hg is based on toxicity data in invertebrates, and a
large assessment factor of 1000 is used. There is little toxicological data available for soil
living species and hence a large AF has been used when the PNEC value has been derived.
This means that exceeding this PNEC value will reduce the safety margin between the
exposure and levels known to have effect on soil living organisms.

Risk characterisation for Zn
The ratio PECadd/PNECadd for agricultural soils (40 and 60 tons sewage sludge per ha) and
for park areas and soil mixtures are >1.

In a generic risk assessment, where site-specific information on soil properties is lacking, the
lab-to-field correction is applied to the added concentration. According to EU-risk
assessment, this leads to a lab-to-field corrected risk ratio of 0.8 [=(61/3)/26] for the
agricultural soils receiving 40 tons of sewage sludge per hectare. The corresponding risk
ratios for agricultural soils (60 tons per ha), park areas and soils mixtures are 1.2, 0.6 and 0.8,
respectively (Table 52).

Table 52. Calculated PECadd, corrected PECadd-values, and PECadd/PNECadd calculations for Zn
(see text for explanation).

Agricultural Agricultural Park areas Soil mixture
soil, 40 soil, 60
Factor | Parameter years years

Calculated soil conc

(Table 22) 125 155 109 104

PECadd 61 91 45 40

PECadd/PNECadd 2.3 3.5 1.7 1.5

PECadd lab-field corr 20 30 15 20
Lab-to field correction 3/2* | PECadd/PNECadd 0.8 1.2 0.6 0.8
PECadd soil type corr
Sandy soils 0.4 | PECadd soil type corr 152 228 112 100
Marine clay soils 1.7 | PECadd soil type corr 35 54 26 23
River clay soils 3.5 | PECadd soil type corr 17 26 12 11
Soil type corrected Soil type corrected
Sandy soils 0.4 | PECadd/PNECadd 2.0 2.9 1.4 1.9
Marine clay soils 1.7 | PECadd/PNECadd 0.5 0.7 0.3 0.5
River clay soils 3.5 | PECadd/PNECadd 0.2 0.3 0.2 0.2

*2 is used for soil mixtures

In the case of 60 tons per hectare, the risk ratio is > 1. Following the procedure from the EU
risk assessment, the soil-type correction should be used, provided sufficient information is
available on the soil type. Site-specific correction factors (BioFs.i) vary from 0.4 to 3.5 (se
above). Using BioFs for sandy soil, marine clay soils and river clay soils the factors are 0.4,
1.7 and 3.5, respectively (Table 52). The soil type corrected PEC,q4s is 228, 54 and 26 mg/kg.
The further lab-to-field correction results in risk ratios 0£2.9, 0.7 and 0.3 (Table 52).

This means that sewage sludge application on sandy soils will result in a potential risk for soil
living organisms and there is a need for limiting the risks. However, most Norwegian sewage
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sludge is applied on more clay-like soils (risk ratios are well below 1 (Table 52)). To make
more site-specific risk assessment of sewage sludge applied on agricultural soils, information
about soil background values, clay- and organic matter content, and pH is needed.

5.8.1.2. Risk characterization for soil living organisms exposed to organic contaminants from
sewage sludge

Table 53. PEC (from Table 23), PNEC (from Table 10) and RQ for organic contaminants in soil.

PEC mg/kg DW PNEC RQ RQ RQ RQ
Compound Time Agricultural Park  Soil Agricultural Park Soil
soil areas mixture | mg/kgDW soil areas mixture
40 tons 60 tons 40 tons 60 tons

DEHP 0 day 0.89 1.3 9.1 8.1 >13 <0.07 <0.10 <0.70  <0.62
90 days 0.68 1 6.9 6.2 <0.05 <0.08 <0.53 <048
100 years | 0.9 1.3 - - <0.07 <0.10 - -

DBP 0 day 0.011 0.016 0.11 0.1 2 0.006  0.008 0.06 0.05
90 days | 0.003 0.005 0.01 0.01 0.002  0.003  0.005 0.005
100 years | 0.011 0.016 - - - 0.006  0.008

Octylphenols 0 day 0.1 0.15 1 0.9 0.0067 15 22 149 134
90 days 0.02 002 0.16 0.14 3.0 3.0 24 21
100 years 0.1 0.15 - - 15 22 - -

Octylphenol 0 day 0.009 0.01 0.09 0.08 -
ethoxylates 90 days | 0.001 0.001 0.01 0.01
100 years | 0.009  0.01 - -

Nonylphenols 0.3
0 day 049 0.74 5 4.5 1.6 2.5 17 15
90 days 0.08 0.12 0.8 0.72 0.3 0.4 2.7 2.4
100 years | 0.49  0.74 - - 1.6 2.5

Nonylphenol 0 day 0.41 0.61 4.1 3.7 -
ethoxylates 90 days 0.03 0.05 033 0.3
100 years | 0.41 0.61 - -

LAS 0 day 24 36 245 218 35 0.7 1.0 7.0 6.2
90 days 3.1 4.6 31 28 0.1 0.1 0.9 0.8
100 years 24 36 - - 0.7 1.0
Naphtalene 0 day 0.008  0.006  0.06 0.06 1 0.008  0.006 0.06 0.06
90 days 0.003  0.002  0.02 0.02 0.003  0.002 0.02 0.02
100 years | 0.008  0.006 0.008  0.006
Acenaphtyle
ne 0 day 0.0006 0.0004 0.004  0.004 0.29 0.002  0.001 0.01 0.01
90 days | 0.0003 0.0001 0.002  0.002 0.001  0.000 0.01 0.01
100 years | 0.0006 0.0004 0.002  0.001
Acenaphtene 0 day 0.002  0.002  0.02 0.02 0.038 0.06 0.04 0.4 0.4
90 days | 0.001  0.001 0.009  0.009 0.03 0.02 0.2 0.2
100 years | 0.002  0.002 0.064  0.043
Fenantrene 0 day 0.012  0.008  0.08 0.08 1.8 0.007  0.004 0.05 0.05
90 days | 0.006 0.004 0.04 0.04 0.003  0.002  0.02 0.02
100 years | 0.012  0.008 0.007  0.004
Antracene 0 day 0.001  0.001 0.009  0.009 0.13 0.010  0.006 0.07 0.07
90 days 0.001  0.000 0.004  0.004 0.005  0.003 0.03 0.03
100 years | 0.001  0.001 0.010  0.006 - -
Fluorene 0 day 0.005 0.004  0.04 0.04 1 0.005 0.004 0.04 0.04
90 days | 0.003 0.002  0.02 0.02 0.003  0.002  0.02 0.02
100 years | 0.005  0.004 0.005  0.004
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PEC mg/kg DW PNEC RQ RQ RQ RQ
Compound | Time Agricultural Park  Soil Agricultural  Park Soil
soil areas mixture | mg/kgDW soil areas mixture
40 tons 60 tons 40 tons 60 tons
Fluoranthene 0 day 0.006  0.004  0.04 0.04 L5 0.004  0.003 0.03 0.03
90 days 0.004  0.003  0.03 0.03 0.003  0.002 0.02 0.02
100 years | 0.006  0.004 0.004  0.003 - -
Pyrene 0 day 0.007  0.005  0.05 0.05 1 0.007 0.005  0.05 0.05
90 days 0.005  0.003  0.03 0.03 0.005  0.003 0.03 0.03
100 years | 0.007  0.005 0.007  0.005 - -
Benzo(a)anth
racene 0 day 0.002  0.001 0.01 0.01 0.079 0.02 0.01 0.15 0.15
90 days 0.001 0.001 0.008 0.008 0.02 0.01 0.11 0.11
100 years | 0.002  0.001 0.02 0.01 - -
Chrycene 0 day 0.003  0.002  0.02 0.02 0.55 0.005  0.004 0.04 0.04
90 days 0.002  0.002  0.02 0.02 0.004  0.003 0.03 0.03
100 years | 0.003  0.002 0.006  0.004 - -
Benzo(b)fluo
ranthene 0 day 0.003  0.002  0.02 0.02 0.28 0.01 0.007 0.07 0.07
90 days 0.002  0.002  0.02 0.02 0.008  0.006 0.06 0.06
100 years | 0.003  0.002 0.012  0.008 - -
Indeno
1,2,3-
cd)pyrene 0 day 0.001 0.001 0.01 0.01
90 days 0.001 0.001 0.01 0.01
100 years | 0.002  0.001
Dibenzo(a,h)
antracene 0 day 0.0005 0.0003 0.003 0.003
90 days 0.0004 0.0003 0.003 0.003
100 years | 0.0007 0.0004
Benzo(g,h,i)p
erylene 0 day 0.002  0.001  0.02 0.02 0.17 0.01 0.01 0.09 0.09
90 days 0.002 0.001 0.01 0.01 0.01 0.01 0.07 0.07
100 years | 0.003  0.002 0.02 0.01 - -
Benzo(g,h,i)p
erylene 0 day 0.001 0.001 0.009 0.009 0.053 0.03 0.02 0.18 0.18
90 days 0.001 0.001 0.007 0.007 0.02 0.01 0.14 0.14
100 years | 0.001  0.001 0.03 0.02 - -

The model indicates that octylphenol and nonylphenol are the only organic contaminants that
may reach concentrations above the PNEC value. These are both non-accumulating
contaminants with short soil half-lives (10 days) and the highest concentrations are reached
shortly after each application of sewage sludge. The uncertainty related to these PECs is also
large since the estimations are based on occurrence in few samples of Norwegian sewage
sludge.

Octylphenol has a very low PNEC in soil. There is very little information on environmental
toxicity of octylphenol, and especially in the terrestrial environment. The PNEC value is
therefore estimated from an aquatic PNEC value, based on a limited dataset. This conversion
of an aquatic PNEC value to a soil PNEC is hampered by uncertainty and these PNEC values
should be used with care. More information on both occurrence and effect of octylphenol is
therefore needed to improve the risk assessment of this compound.

The PNEC has been adopted from a risk assessment of octylphenol by UK Environmental
Agency (2005). No experimental data on the effect of octylphenol on terrestrial organisms
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were available and a provisional PNEC was calculated using the environmental partitioning
approach from the aquatic PNEC (0.122 pg/l). The provisional PNEC is 0.0059 mg/kg wet
weight that has been converted to mg/kg dry weight in this report. Comparisons with
nonylphenol, for which experimental data on toxicity to soil organisms are available, indicate
that the provisional PNEC for octylphenol may be overly conservative. In the EU Risk
Assessment Report for nonylphenol PNECsoil has been calculated to 0.3 mg/kg wet weight,
i.e. a factor 50 times higher than the provisional PNEC for octylphenol. The aquatic PNEC is,
however, only 2.7 times higher for nonylphenol than for octylphenol. Based on the similarity
of the PNECs for surface water for the two substances, the UK Risk Assessment Report
concludes that the low terrestrial PNEC for octylphenol needs careful consideration.
Assuming that the difference in PNEC; should be same as PNEC,quasic for the two substances
the PNEC,, for octylphenol would be 0.11 mg/l. However, the calculated PECs for
octylphenol is sludge amended soil as shown in Table 53 are still higher than this, indicating
that octylphenol will pose a risk of effects in the soil environment. Octylphenol is not
accumulating following repeated application of sewage sludge.

5.8.2. Risk characterisation: Animals (exposure routes 3-6)

5.8.2.1. Aquatic organisms

Since information on the background levels of contaminants in the primary recipients of
drainage from agricultural soils in Norway are not known, the risk assessment for the aquatic
environment can only be made for the contribution of chemicals from sludge, i.e. the added
risk.

The assessment shows that the risk quotients are below 1 for all the selected substances
(Table 54). Only for some of the PAHs, RQs are above 0.1. This indicates that the use of
sludge for soil fertilization and the leakage of the assessed organic pollutants from the sludge
will not pose a risk of toxic effects in the aquatic environment.

For two of the PAHs (pyrene and indeno(1,2,3-cd)pyrene the risk quotients are close to 1,
which means that the contribution of these compounds from sludge application to the surface
waters may cause concentrations which are close to the limit when effects are expected to
occur in surface waters. The unknown contributions from other sources to the soil and to the
surface waters will probably result in exposure concentrations that exceed the PNEC. It
should be noted, however, that the main route of transport of these substances from the soil to
the surface water is through surface runoff and the estimated concentrations represent
maximum concentrations occurring at the first runoff event after sludge application. The
model used for calculation of runoff predicts a rapid decline of the concentrations, which will
decrease the risk for effects.
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Table 54. PEC, PNEC and RQ for aquatic organisms in surface water as a result of application of

sewage sludge in soil.

PEC PNEC RQ
Contaminants pg/l pg/l ng/l
Cadmium 0.0027 0.08 0.0338
Lead 0.0368 7.2 0.058
Mercury 0.0015 0.047+BC 0.032*
Nickel 0.0236 5 0.00472
Zinc 0.553 7.8+BC 0.071*
Copper 0.455 7.8 0.0583
Chromium 0.02 34 0.0059
DEHP 0.0038 n.c. -
DBP 0.0022 n.c. -
Octylphenol 0.0022 0.12 0.0183
Octylphenol etoxilate 1.60E-10 1.7 4.58E-11
Nonylphenol 7E-06 0.33 2.12E-05
NFEOI1 2.95E-12 0.13 2.36E-14
LAS 1.4E-05 0.27 5.185E-05
Naphtalene 0.000099 2.4 4.13E-05
Acenaphtylene 0.033 1.3 0.0253
Acenaphtene 0.295 3.8 0.0776
Fenantrene 0.034 1.3 0.0262
Antracene 0.001 0.1 0.01
Fluorene 0.052 2.5 0.0208
Fluoranthene 0.0099 0.1 0.099
Pyrene 0.0228 0.023 0.991
Benzo(a)anthracene 0.002 0.012 0.1667
Chrycene 0.0075 0.07 0.1071
Benzo(b)fluoranthene 0.0095 0.03 0.3167
Indeno (1,2,3-
cd)pyrene 0.0053 0.006 0.8833
dibenzo(a,h)antracene 0.00037 0.0014 0.2642
Benzo(g,h,i)perylene 0.0022 0.006 0.3666
Benzo(a)pyrene 0.0035 0.05 0.07

*The risk quotient is based on the PNEC 4

No PNEC value for the evaluated substances in the aquatic environment is expected to be
exceeded as a result of sewage sludge application. Two PAHs (pyrene and indeno (1, 2, 3-
cd)pyrene) are estimated to reach a water concentration approaching the PNEC value (Risk
quotient of 0.99 and 0.88 respectively). The model is considered to be a conservative model,
and hence the content of contaminants in sewage sludge is considered to constitute a
negligible risk to the aquatic environment following application of sewage sludge for
agricultural use.

5.8.2.3. Exposure to grazing animals and animals eating feed

Inorganic contaminants

For cadmium, 100 years use of sewage sludge will almost double the daily intake compared
with the background intake of today. For calves, young heifers and lambs, the total feed
concentration would contain about 0.1 mg/kg of Cd, which is 50 times below a commonly
regarded lower risk level for toxicological effects at 5 mg/kg diet.
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For lead, the corresponding use of sewage sludge will imply about 25% increased daily intake
compared with the per se background level. However, the calculated background lead intake
in grazing animals is relatively high and any increase would imply an increased risk for subtle
effects in animals, particularly developemental effects in young animals when exposed during
gestation or early postnatally. Lambs from sheep exposed to 4.5 mg/kg feed during gestation
showed reduced learning capability when tested at one year of age (Carson et al., 1974). This
feed concentration of lead is about 2 times the derived dietary concentration for the grazing
animals on sewage sludge treated fields.

For inorganic mercury, such use of sewage sludge will imply about 5 times increased animal
intake. The highest intake of inorganic mercury would be in grazing animals (up to 0.5 ng/kg
b.w. per day). Toxicological data of inorganic mercury in farm animals is almost lacking but
the few data available, as well as the data from laboratory animal, indicate that the intake after
using sewage sludge would be far below a level of toxicological significance.

For copper, the concentration in pasture grass and feed grown on fields treated with sewage
sludge for 100 years, and thus, the animal intake would increase 4-5 times compared with the
background levels of today. The increased levels would still be within an acceptable normal
range. For sheep an increased level could result in copper accumulation and toxicity if
combined with too low levels of influencing minerals, particularly molybden.

For zinc, a double intake has no toxicological significance. About 20% increased intake of
nickel and chromium will neither constitute an animal toxicological problem.

Organic contaminants

The oral doses of the phtalates DBP and DEHP which are found to elicit reproductive effects
in rats and pigs after in utero exposure are about 5-6 orders higher than the calculated
exposure via pasture and feed from field treated with sewage sludge.

For alkylphenols (octylphenol and nonylphenol) and their ethoxylates, data on farm animal
for risk characterization is lacking. However, oral doses for short time exposure producing
uterotropic effect in rats were 5-6 orders higher than the calculated exposure via sewage
sludge. Subcutaneous treatment with octylphenol in ewes during gestation or postnatally
disrupting the reproductive development of the offspring was 3 orders higher than that
calculated from the ingestion of grass/feedingstuff after sewage sludge treatment.

LAS is not regareded as a farm animal problem as far as the uptake in plants is minimal.

For sum PCBs the feed level shown to produce adverse clinical effects and reduce weight
gain in pigs and lambs was almost 7 orders above the feed level calculated from the ingestion
of grass/feedingstuff after sewage sludge treatment.

For PAHs effect data after chronic/repeated exposure in farm animals are lacking. The
calculated levels in grass/feedingstuff after sewage sludge are in general low but as the
compounds have carcionogenic properties their levels should be as low as possible. However,
the farm animals have restricted lifespan and the carcinogenic risk and consequences are far
less than correspondingly for humans.
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Rhind and coworkers in the United Kingdom have extensively studied effects of pasture
treatment with sewage sludge at a level of 2 x 2.25 tonnes of dry matter per year for up to 5
years. They have measured the soil concentrations, and uptake, distribution and effects in the
grazing sheep and their lambs. In treated plots, moderately increased soil levels of endocrine
disrupters like phtalates and alkyl phenols to about 50% increase relative to controls were
found (Rhind et al., 2002). The concentrations of potentially toxic metals were of similar
order but differed with individual element (Rhind ef al., 2005a). Small, if any, increases in
tissue concentrations of the organic and inorganic compounds in the animals due to grazing
on sewage sludge treated pasture were revealed (Rhind et al., 2005a; 2005b; Wilkinson et al.,
2003). Furthermore, there was no significant effect of sludge treatment on milk concentrations
of alkylphenols and phtalates (Rhind et al., 2007). Nevertheless, exposure through this route
was shown to be associated with perturbation of fetal testis development, fetal overian
function and altered emotional and exploratory behaviour in the weaned offspring (Erhard and
Rhind, 2004; Paul et al., 2005; Fowler et al., 2008). The sewage sludge was not ploughed into
the soil during these experiments, but the animals were removed from the pasture for 3 weeks
after the treatment. Thus, the contaminants may have been more available to the animals via
soil and soil-contaminated herbage than when ploughed as demanded in Norway. Anyway,
pre and postnatal exposure to the sewage sludge, with its cocktail of environmental chemicals
or other factors, was found to perturbate the development of the young sheep.

The results from Rhind and coworkers show that the mixture of compounds in sewage sludge
may elicit adverse effects in young animals. Their results may not be directly relevant for the
Norwegian way of using the sewage sludge, but indicate that effects not easily explained from
measured or predicted concentrations of known contaminants, may occur.

5.8.3. Risk characterisation: Humans (Exposures routes 7-12)

5.8.3.1. Human exposure to inorganic contaminants from food and drinking water

The estimations of the mean intake, based on the assumption that all agricultural soil, is
treated with 40 or 60 tons sewage sludge/hectare/10 year is shown and compared with the
safety parameters (TDI, UL and others) in Table 55.
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Table 55.

Estimated dietary exposure to metals through consumption of food produced assuming all

food items were produced on sludge treated soil and toxicological safety values for each
contaminant. Intakes are estimated for mean consumption of all food items and for high
comsumers of cereals (the food items with the highest contribution to the mean dietary

intake of all metals). Background intakes (estimated intakes without sewage sludge
application) have been estimated for both mean consumption of food items and high

comsumers of cereals. Mean body weight for adults is 70 kg. The toxicological safety
parameters are expressed in pug/kg bw/day.

Cd Pb Hg Ni Zn Cu Cr
Background intake (ng/day) 15 88 42 406 4359 1416 131
Background intake. High consumers (pg /day) 21 16 44 669 6641 2444 228
40 ton sludge/10 year
Mean intake from food produced on sludge soil (pg/day) 22 99 48 458 8180 4734 152
Mean intake from food produced on sludge soil (ug/kg bw/day) 0.31 0.14 0.07 6.5 117 68 2.2
High consumers of cereals (ng/day) 32 15 53 755 12460 8172 264
High consumers of cereals (ug/kg bw/day) 0.46 0.21 0.08 11 178 117 3.8
60 ton sludge/10 year
Mean intake from food produced on sludge soil (ng/day) 26 10 5.1 480 10024 6365 162
Mean intake from food produced on sludge soil (ug/kg bw/day) 037 0.14 0.07 69 143 91 2.3
High consumers of cereals (ug /day) 38 16 5.8 792 15269 10986 281
High consumers of cereals (ug/kg bw/day) 0.54 0.23 0.08 11 218 157 4.0
Safety parameters* (ug/kg bw/day) 036 3.6 0.71 - 357 71 14

*Tolerabel daily intake (TDI) for Cd, Pb and Hg. Upper intake level (UL) for Zn and Cu. Guideline level for Cr.

-No safety parameter available.

Estimations taking into account the limited availability of sewage sludge are shown in Table

56.

Table 56. Estimated dietary exposure to metals (ug/kg bw/day) - different percentage of the total
production area in Norway is treated with sewage sludge. Intakes are estimated for mean
consumption of all food items and for high comsumers of the cereals (the food items with
the highest contribution to the mean dietary intake of all metals). Mean body weight for
adults is 70 kg.

60 ton sludge/10 year Cd Pb Hg Ni Zn Cu Cr

ug/kg bw/day

Mean consumer

Background intake + Other sources 021 0.13 0.06 58 62 20 1.9
Mean consumer 5% treated soil 023 0.13 006 60 68 25 19
Mean consumer 10% treated soil 024 0.13 0.06 6.0 72 28 1.9
Mean consumer 20% treated soil 025 0.13 0.06 6.1 80 35 20
Mean consumer 30% treated soil 027 0.13 0.06 62 88 42 20
Mean consumer 50% treated soil 0.30 0.14 0.07 64 104 56 2.1
Mean consumer 100% treated soil 0.37 0.15 0.07 6.9 143 91 23
High consumer

Background intake, High consumers + Other sources 030 022 006 96 95 35 33
High consumer 5 % treated soil 0.33 0.19 0.06 9.8 104 42 33
High consumer 10% treated soil 0.34 0.19 0.06 99 110 48 34
High consumer 20% treated soil 036 020 0.06 10 122 60 34
High consumer 30% treated soil 0.38 0.20 0.07 10 134 73 3.5
High consumer 50% treated soil 043 021 007 11 158 97 37
High consumer 100% treated soil 0.54 022 0.08 11 218 157 4.0
Safety parameters™® 036 36 0.71 - 357 71 14

*Tolerabel daily intake (TDI) for Cd, Pb and Hg. Upper intake level (UL) for Zn and Cu. Guideline level (GL) for Cr.

-No safety parameter available.
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The estimations shows that using the realistic amounts of sewage sludge available (enough to
cover <10% of the agricultural soil with 40 tonns/10 year) the use of sewage sludge on
Norwegian crop land is unlikely to lead to a metal concentration in food that will constitute
any significant risk of to the general population (Table 56).

Locally, vegetable farmers or others covering their daily consumption of vegetables grown on
soils that has received the maximum amount of sewage sludge during 100 years will exceed
the toxicological safe parameter for Cd and Cu. The probability of this scenario has not been
looked at by VKM. It may be desirable to consider the probability of this scenario.

The estimations do however, indicate that dispersal of sewage sludge has a potential to
increase the human exposure to Cd and other metals through food consumption. This potential
increase in metal intake, and particularly of Cd, Cu and Hg, is undesirable. On the other hand,
the application of other fertilizers may have a similar contribution to the increase of dietary
cadmium as sewage sludge. The model also shows that the dietary exposure to mercury may
increase significantly with time, but will still be well below the PTWI. The estimated mean
human intake of the other metals from food and drinking water affected by the application of
sewage sludge are all below the TWI/UL (Table 56). Cereals are expected to be the main
source of dietary intake of metals after application of sewage sludge, followed by potatoes.
The potential increase in dietary intake of toxic metals demonstrates the need to continue the
ongoing efforts to reduce the levels of toxic metals in sewage sludge.

5.8.3.1. Human exposure to organic contaminants from food and drinking water

The estimated dietary intake of the organic contaminants where a TDI is set is well below the
tolerable intake, even when use of sewage sludge on all cropland has been assumed (Table
57).
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A realistic proportion of the crop producing area treated with sewage sludge (<10%) the
exposure of the general population to PCBs and other organic contaminants in food will
increase marginally, indicating that the additional exposure following use of sewage sludge is
of minor importance.

Locally, the models indicate that vegetable farmers or others covering their daily consumption
of vegetables grown on soils that has received the maximum amount of sewage sludge during
100 years, will have an intake of PCBs exceeding the toxicological safe intake of these
compounds, with no safety margin (Table 57). The main sources of intake of PCB in the
estimates are potatoes and other root vegetables. There are, however, available experimental
data with different varieties of potatoes and carrots grown in soil with PCB levels comparable
with the soil concentrations expected after 100 years with repeated use of sewage sludge
(Zohair et al., 2006), clearly demonstrating that the modelled values are grossly
overestimating the PCB concentrations in these food items. Residues of PCBs in four
cultivars of potatoes and three cultivars of carrots organic farmed were measured by Zohair et
al. (2006). The measured soil concentration of PCB; in this organically-farmed soil was
slightly higher than the estimated soil concentration after 100 year with 50% higher sludge
dose than legal limit, 3 — 5 pg/kg DW versus 2 pglkg DW, were suitable for comparison.
Congener PCB-138 was among the abundant both in soil (Zohair et al., 2006) and in the
sludge amended soil in this risk assessment. The peels and cores were measured separately in
the study (Zohair et al., 2006), and as observed by other studies (O’Connor et al, 1990, WHO
1998) where the concentrations in the peels were higher compared with the core. In three of
the cultivars, the PCB5 in the peels and the cores were in the range 0f 0.639-0.715 ng/kg fresh
weight and 0.065-0.287 ug/kg fresh weight, respectively. In the fourth cultivar, the
concentration was higher, 1.38 and 0.6 pg/kg fw in the peel and core, respectively. The higher
accumulation of PCBs in peels than in cores is related to the higher lipid content in peels. The
estimated PCB; concentration in potato in this risk assessment is 5.6 pg/kg fw that is
considerably higher than the concentrations measured in the potato cores by Zohair et al.,
(2006). The potatoes in Zohair’s study were grown in soil with slightly higher PCB
concentration than in our estimated soil concentration.

There are several possible reasons for this discrepancy. For example, in our assessment - the
model by Trapp & Matthies (1995, applied in TGD) was used for calculation of PCBs
concentrations in root vegetables. It is shown in the evaluation by Collins et al. (2006) that
this model gave an over-estimation for compounds with increasing log K, above 4.5-5. Since
PCBs have log K,y in the range of 5.2 — 7.2, the overestimation might be rather high.

Trapp et al. (2007) have recently published a more specific potato model (see also Chapter
5.7.1.4.). A test calculation for uptake of PCB-138 in potato with use of the same soil
concentration, Koy, Ko etc as in this risk assessment, was performed. The estimated root
concentration of PCB-138 with the use of the TGD-model was at least 50 times higher than
the newer potato model. Potato is a tuber and is a part of the stem and not connected to the
root system and the transpiration stream. The study by Trapp et al. (2007) showed that
diffusion through potato was slower than diffusion through carrot and obtained a reduced
BCF than previous model.

It is important to note that the highest concentration of lipophilic compounds accumulate in
the peeling. In the study by Zohair and coworkers (2006), it is estimated that as much as 52-
100% of the PCBs are removed after peeling. In areas with specially suspected high content
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of lipophilic organic compounds, peeling root fruits may reduce concentration in edible parts.
At present sewage sludge is not allowed to be used in soil where root vegetables are grown.

Taking the overestimate of PCBs concentrations in vegetables and the limited availability of
sewage sludge into consideration, it is concluded that the dietary PCB intake following
application of sewage sludge constitute a low risk for the general population. Peeling of root
fruits grown in contaminated soil is recommended.

The Margin of Exposure (MOE) between the estimated exposure to PAH4 following use of
sewqage sludge on all crop-producing soil and the BMDL,, for PAH4 is 4250. This is also
considered to be a gross overestimate of the intake due to overestimations of the uptake in
potatoes as for PCBs. The estimated intake of PAH4 as a consequence of use of sewage
sludge is well below the intake estimated from other sources (VKM, 2007b) and would have a
low contribution to the overall intake.

Conclusion

The use of sewage sludge in agriculture will not lead to any significant risk for the general
population related to the dietary intake of most contaminant. There may be an undesired
increase in the intake of mercury and copper. The cadmium and copper intake may exceed the
tolerable daily intake for local vegetable farmers only consuming vegetables from sludge-
amended soil. VKM recommend a survey of the concentration of cadmium, copper and
mercury in agricultural products derived from fields where sludge repeatedly has been
applied. The estimations even indicate a potential undesirable increase in intake of PCBs for
people consuming only vegetables from sludge-treated area. This increase would be
considerably lower if the vegetables are peeled. A continuation of the present practice of not
using sewage-sludge on soil for vegetable production will further limit the potential increase
in PCB intake.

5.8.3.2. Children eating sludge amended soil

Inorganic contaminants
It may be concluded that children eating sludge-amended soils will not be at risk due to the
content of heavy metals (Table 58).
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Table 58. Estimated intake (ug/kg bw/day) of inorganic contaminants in children eating 0.2 g
soil/day. Mean body weight for children is assumed to be 10 kg. Safety parameters are
given as ug/kg bw/day to allow direct comparision with the estimated intake. Mean body
weight for children is assumed to be 10 kg.

Present Agricultural soil, Park area Soil mixture Safety
background 60 tons parameter*
After 100 years

Contaminant ug/kg bw/day ug/kg bw/day ug/kg bw/day ug/kg bw/day ug/kg bw/day
Cadmium 0.004 0.009 0.006 0.006 0.36
Lead 048 0.60 047 047 3.6
Mercury 0.001 0.006 0.004 0.004 0.71
Nickel 0.42 0.50 0.40 0.40 B
Zinc 1.3 3.1 2.2 2.1 357
Copper 0.38 1.8 1.2 1.1 71
Chromium 0.54 0.67 0.53 0.53 14

*Tolerabel daily intake (TDI) for Cd, Pb and Hg. Upper intake level (UL) for Zn and Cu. Guideline level (GL) for Cr.
-no safety parameters available

Organic contaminants

Soil concentrations of ZPAH4 and XPCBg due to application of sewage sludge are far below
the soil concentrations allowed for housing estates where vegetables are grown and consumed
(Table 59). In addition, the calculated exposure by eating 0.2 g of sludge-amended soils daily

is far below the safety parameters.

Table 59.

Estimated intake (ug/kg bw/day) of organic contaminants in children eating 0.2 g

soil/day. The toxicological safety parameters (TDI/MBDL,) are expressed in ug/kg
bw/day. Mean body weight for children is assumed to be 10 kg.

Agricultural soil, 60 tons Safety
Organic contaminant | After 100 years Park area Soil mixture | parameter
ug/kg bw/day ugkgbw/day | ugkgbw/day | ugkgbw/day

DEHP 0.03 0.18 0.16 50
DBP 0.00009 0.00218 0.00218 10
Octylphenols 0.0005 0.020 0.020 -
Octylphenolethoxylates 0.00002 0.002 0.002 -
Nonylphenols 0.002 0.10 0.10 -
Nonylphenol ethoxylates 0.001 0.08 0.08 -
YPAH4 0.001 0.08 0.08 340%
YPCB; 0.000005 0.00004 0.00004 0.02*

-no safety parameters available

*BMDL,

Conclusions

The estimated intake of contaminants from intake of 0.2 g soil/day is low. The estimated

intakes of contaminants are well below the toxicological safe intake values for all substances
were such a value has been available. Even for substances where such a value not is available

the intake is low and considered to constitute a low risk.

140 Risk assessment of contaminants in sewage sludge applied on Norwegian soils




6. PART B: RISK ASSESSMENT OF MEDICINES

The European Medicines Agency (EMEA) and the EU legislation, apply the term human or
veterinary medicinal products (HMPs and VMPs) i.e. for products that consist of one or more
active drug substances and various excipients. Furthermore, in EU regulations on
environmental impact of HMPs and VMPs the term drug substance is used while regarding
food safety following use of VMPs in food animals drug residues is applied. In the present
risk assessment we apply the terms medicinal products, medicines, pharmaceuticals, drug
substances or drug residues depending on the context.

Human-used medicines may by multiple routes or exposure pathways (see figure 5, Chapter
4) reach the environment (Halling-Serensen et al, 1998). Following the use of medicines in
humans, drug substances and their metabolites will be discharged to wastewater and end up in
sewage sludge. Drug substances may also end up in sewages sludge after disposal of expired
and unused medicines into the toilet.

Other sources which can potentially introduce drug substances into the environment are
leaching from landfills following disposal of expired and unused medicines, release of
unabsorbed externally applied medicines (e.g. lotions) to surface waters from activities such
as swimming, excreta from animals including pets and other domestic animals, and industrial
manufacturing waste waters. These exposure routes were however not the subject of this
assessment.

Directive 2001/83/EC requires that an environmental risk assessment shall accompany an
application for a marketing authorisation for a human medicinal product (HMP). It should be
noted that whatever impact such a medicinal product is expected to have on the environment
this does not constitute a criterion for refusal of a marketing authorisation by the EMEA
(EMEA, 2006).

An environmental risk assessment is, however, only required for new medicinal products
(from June 2006). This implies that for most medicines approved for marketing authorisation
in Norway an environmental risk assessment has not been completed.

Norwegian screening studies of contaminants in sewage sludge have only involved a limited
number of drug substances (SFT, 2006, Thomas, 2007), and the inclusion criteria for the drug
substances in these studies are not based on any systematic evaluation of environmental or
human risk or probability of occurrence in the sludge.

VKM Panel 5 therefore decided to develop a tiered approach to estimate the concentrations of
the various drug substances, originated from the use of HMPs, in Norwegian sewage sludge
and thereby identify those that may be potential hazards to the environment or human health
following application of sewage sludge to soils. The outcome of this tiered approach was a list
of drug substances, for which a risk assessment was performed. The exposure scenarios for
these drug substances are estimated in the same way as in the risk assessment of other
contaminants performed in Part A.
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6.1. Hazard identification of medicines

6.1.1. Introduction

Medicines are developed with the intention of performing biological effects. It is therefore
recognised that medicines may pose potential environmental hazards if they enter the aquatic
or terrestrial ecosystems (Fent et al., 2006). By entering into the drinking water or the food
chain they might also become a hazard for human health.

The human-used medicines (HMPs) recognized as potential environmental and food hazards
are primarily medicines used in high volumes and drug groups with special properties such as
hormones, anticancer drugs and antibacterial drugs (Jergensen & Halling-Serensen, 2000:
Halling-Serensen ef al., 1998). These four groups can be described as follows:

1.

High volumes HMPs include drug groups such as non-steroid anti-inflammatory drugs,
beta-blockers and lipid lowering agents. For these drug substances, an environmental risk
assessment (ERA) can be performed according to the methods establish for other chemical
contaminants (Ladnge & Dietrich 2002)

A typical example is diclofenac, a non-steroidal anti-inflammatory drugs used as
analgesic, anti-arthritic and anti-rheumatic medicines. The inhibition of the prostaglandin
synthesis by inhibition of cyclooxygenase (COX) is thought to be the principle
mechanism of action. Diclofenac is decomposed mainly by photolysis and oxidation using
ozone whereas biodegradation under environmental conditions is slow. In consequence, it
has been detected in rivers, lakes and waste treatment facilities in different countries
(Buser et al., 1998, Ternes 1998). It is reported that the use of diclofenac in animals has
led to a sharp decline (> 95 %) in the population of the oriental white-backed vulture
(Gyps bengalensis) in the Indian subcontinent (Oaks et al., 2004, Shultz et al., 2004). By
feeding on carcasses of diclofenac-treated livestock the vultures accumulated the drug that
resulted in death by renal failure.

Hormones are substances involved in cell signalling. They are effective at low
concentrations (ng/l level) and as pharmaceuticals they are used as natural, nature-
identical and synthetic substances. As contaminants in the ecosystem, hormones have
been shown to disrupt biological signal pathways (Daston et al., 1997).

The synthetic estrogen 17-a-ethinylestradiol (EE2) is one of the few drug substances for
which significant extents of absorption to sludge and ecotoxicological affectivity has been
documented (Temes et al., 2002, Caldwell et al., 2008, Sumpter et al., 2005, 2008). EE2
has been detected in sewage treatment plant effluents in low nanogram-per-liter (ng/l)
levels and occasionally also in surface waters in e.g. the U.S., U.K., Canada, Brazil,
Germany. Reproduction dysfunctions in fish were identified as most sensitive endpoints in
aquatic species (Ldnge et al., 2001). Combining data from 39 published articles; non-
observed effect concentrations (NOECs) for reproductive effects could be established for
26 fish species.

. Anticancer drugs are optimally designed to kill/inhibit malignant tumour cells at doses

that allow enough unaffected cells in critical tissues with high cell proliferation rates to
survive so that recovery can occur. Different substance groups with specific mechanisms
of actions are used in anticancer chemotherapy; however, all are generally genotoxic and
mutagenic already at relatively low concentrations.
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Several studies on the acute environmental toxicity of anticancer drugs have been
performed in in-vitro or in-vivo ecotoxicological tests using i.e. bacteria, algae, daphnids
or fish species. The hydrofolate reductase inhibitor methotrexate has been shown to elicit
acute effects in ciliates only at 45 mg/l and teratogenicity in fish embryos was observed at
even higher concentrations (Henschel af al.,, 1997). It was therefore concluded that acute
toxicity to aquatic organisms is unlikely to occur at the concentrations currently measured
in the environment. However, few data on chronic effects due to long-time low exposure
are available.

4. Antibacterial drugs are compound that kill or inhibit the growth of bacteria. Antibacterial
drugs comprise a forth group of importance due to their potential for resistance
development caused by selection for resistant bacteria.The development of antibacterial
resistance is usually favoured by sub-inhibitory concentrations of these drugs.
Antibacterial drugs can be found with increasing frequency in waste waters and sewage
sludge, and in parallel, an increased level and frequency of resistant bacteria in the
environment has been observed (Reinthaler et al, 2003). Combined effects of different
antibacterial drugs that were higher than predicted based on the assumption of
concentration addition were shown.

In a study on the occurance of E. coli in sewage and sludge it was shown that
microorganisms with resistances to antibacterial drugs accmulated in the sludge
(Reinthaler et al., 2003). E. coli strains were found which were resistent to 16 out of 24
tested antibacterial drugs (penicillines, cephalosporines, carpanemes, aminoglycosides,
quinolones, and others); the highest resistance rate (up to 57%) was found for tetracycline.
It was concluded that agricultural use of sludge without adequate desinfection will lead to
the dessimination of resistant bacteria in the environment.

6.1.2. Number of drug substances on the Norwegian market

Since 2000, the number of new drug substances marketed in Norway has increased by
approximately 270 and reached a total of 1414 in 2006 (LMI, 2007) (Figure 10). The majority
were used in humans although veterinary medicines are also included. Many drug substances
are marketed in various pharmaceutical forms (salts, capsules, etc.) so that the actual number
of available medicinal products was about 2500 in 2006 (LMI, 2007).
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Figure 10. Number of human and veterinary medicinal products and drug substances in medicines
marketed in Norway 2000 - 2006 (LMI, 2007).

6.1.3. Occurrence data of drug substances in sludge in Norway

Data on the occurrence of drug substances in sludge in Norway are sparse. Only two survey
studies have been performed so far (SFT, 2006, Thomas, 2007). In the first study (SFT,
2006), sewage sludges from six STPs were investigated for 18 drug substances. In the second
study (Thomas, 2007), 20 drug substances were determined in sewage sludge samples from
VEAS (Vestfjorden avlepsselskap), a STP that serves a population of approximately 440 000
in the counties Oslo and Akershus, in addition to several large hospitals. In total, 610 000
population equivalents are connected to this STP that uses both chemical and biological
treatments of the effluent. The study revealed antibacterial drug substances belonging to the
tetracyclines (e.g. oxytetracycline (<0.01-2 pg/g wet weight), tetracycline (0.2-6.7 ng/g ww)
and doxycycline (<0.01-1.3 pg/g ww) and fluoroquinolones (ciprofloxacin (4-97.5 ng/g ww))
in the sludges. In both surveys, estrogens were found only in very low concentrations in the
sludge samples.

The criteria for the inclusion of the 18 and 20 drug substances, respectively, were not outlined
in these two surveys and the selection made might overlook some important ones. Therefore,
VKM Panel 5 has chosen to develop a tiered approach for the risk assessment of drug
substances in Norwegian sewage sludges. At the starting point, all 1414 drug substances
marketed in Norway were included. In the tiered process described below, the number was
narrowed down by the application of specific criteria in several consecutive steps. Finally, the
drug substances that had been determined to be the most relevant were evaluated.

Generally, the concentration of a drug substance in sewage sludge in a specific geographical
area will depend on several factors, including:

e The consumption volume of a HMP in a specific geographical area

e The proportion of sewage sludge in the specific geographical area connected to a STP
e The fraction of the drug substance metabolised in the human body

o The biodegradation of the drug substance in the STP

e The ability of the drug substance to absorb to the sludge
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6.1.4. Selection of drug substances for the risk assessment by a tiered approach

This chapter describes the tiered approach that was applied to identify the drug substances that
require individual risk assessments. The calculation of predicted environmental concentrations in
sludge (PECqugee) for the drug substances taking into concideration sales volumes, their
physicochemical properties, drug metabolism in the human body and in vitro biodegradation data
is critical in this evaluation process and basis for the use of specific cut-off values.

e Starting point: All HMPs marketed in Norway

e Tier 0: Initial exclusion of veterinary medicinal products. Exclusion of drug
substances due to their properties, i.e. substances not considered toxic (e.g.
proteins, vitamins), because of minor use or because of their formulation.

e Tier 1: Calculation of maximum PECqgge (max). Exclusion of drug substances that
have a PECudge (maxy lower than the cut-off concentration of 587nug/keg,
corresponding to <100pg/kg in soil.

e Tier 2: Exclusion of drug substances following a 1* refinement of the PECqjydge
considering physicochemical properties. Recalculation of PECgudge (Tier 2).
Application of the cut-off value as in Tier 1.

e Tier 3: Exclusion of drug substances following a 2" refinement of the PECudge
considering the in vivo drug metabolism in the human body. Recalculation of
PECgdge (Tier 3)- Application of the cut-off values as in Tier 1 and a cut-off
concentration of 59ug/kg for anicaner drugs and hormones.

e Tier 4: Exclusion of drug substances considering experimental data on
biodegradation and removal efficiencies in the STPs.

6.1.5. Calculation of predicted concentrations in sewage sludge (PECjyqgc)

a) Maximum PECgygge (Tier 1)

A worst-case PECgjudgemax) €stimations for the drug substances included in Tier 1 of the
assessment were calculated by application of “rules” given in point 4.2, in the EMEA
guideline on the environmental risk assessment of medicinal products for human use (EMEA,
20006):

e As a worst case scenario it was anticipated that the entire load of drug substances
entered into the STP was all retained in the total amount sewage sludge produced.

e The use of the medicines was distributed evenly throughout the year and in the
selected geographic area (counties).

e We anticipated that the excreted drug substances were evenly distributed in the total

amount of sewage sludge produced in the selected geographic area

e In Tier 1, metabolism in the human body was not taken into account.

e In Tier 1, degradation of the drug substance or removal through effluent water in the
STP was not taken into account.
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The PECqudge (max) for drug substances is calculated as ratio of the annual sales of the drug
substance in a defined geographical area (M,.) and the yearly sludge production in the STPs
in the same area (Msjudge)-

PECsludge (max) — Mact/Msludge * 10_6 [Mg/kg] Eq- 1B
Where:
PECgiudee maxy = predicted maximum concentration of an drug substance in sewage sludge
My = the annual sales of the drug substance in a defined geographical area [kg]
Miudge = the yearly sludge production in the STPs in the same area [tons]

The production and usage of sewage sludge varies considerably between the various regions
in Norway. In sparsely populated rural area, e.g., Troms and Finmark, only a minor
proportion of the households are connected to public sewage systems and consequently, the
HMP consumed here will be discharged directly into recipient waters. The calculation of
PECijudge (max) based on the usage of HMPs for all Norwegian counties would therefore lead to
overestimated values. However, since 97% of the households in the counties Ostfold,
Akershus, Oslo, Hedmark, Oppland, Buskerud and Vestfold are connected to STPs, only data
from these counties were used for the calculation of the PECjjudge (max) 1n this risk assessment.

The total amount of sludge produced in these seven counties (Mgjudge) accounted for 63 932
tons that represents 64% of the total amount of dry sewage sludge that was produced in
Norway in 2006 (SSB, 2006). The 2006 sales statistics for HMP in the seven counties were
obtained from the Norwegian Institute of Public Health. The sales data were expressed in kg
for each drug substances (Mact).

The total consumption volume of HMPs was considered equal to the annual sales, assuming
that the patients actually used the medicines they had purchased. Data from Sweden indicate
that more than 90% of the sold HMPs are used (Swedish Medical Products Agency, 2004).
Even if comparable data are not available for Norway, it can be assumed that the patients’
behaviour is similar in both countries. It was also assumed that surplus/unused HMPs are
disposed via the sewage wastewater.

b) PECjudge (Tier 2) considering physiochemical properties (Kow or Koc) (Tier 2)

The lipophilicity of a drug substance is an important determinant for the fraction that is
absorbed to sludge. In a discussion paper for calculating concentrations of human drug
substances in surface water, EMEA recommended to assess the interaction potential of drug
substances with sludge (EMEA-CPMP, 2005).

The equilibrium distribution of the amount absorbed to sludge and the amount remaining in
the water is given by a substance’s distribution coefficient (Kq). For organic molecules such
as drug substances, Ky is often estimated by using the octanol-water distribution coefficient
and by consideration of the fraction of organic carbon in the sludge (Shea, 1989):
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Ki= foc¥0.41 * Kow

Where:
Ky = distribution coefficient of a drug substance between sludge and water
foc = fraction of organic carbon in sludge
Kow = distribution coefficient of a drug substance between octanol and water

Generally, the Ky value of a substance is dependent on its physiochemical properties as well
as the organic matter content, mineral content, and/or pH of the sludge. If logKy < 1.5 this
implies minor binding to sludge.

However, for substances containing polar functional groups, weak bases or acids, the
correlation weakens as polarity increases and the sludge-water distribution gets pH-dependent
(Oppel et al., 2004). Therefore K4 for the various drug substances can not be estimated using
the respective K, values as the vast majority of such substances are weak bases or acids.

The variability of the K4 of a drug substance among soils often is due to differences in organic
matter content and can be reduced by adjusting Ky for soil organic carbon content.
Considering the organic carbon partition coefficient (K,.) and normalizing the partition
coefficient to the organic carbon fraction of the soil (f,.), Kg may also be estimated by the
following equation (Hansen et al., 1999):

Kq = foc * Koc Eq. 2B
Where:
K4 = distribution coefficient of an drug substance between sludge and water
f,. = fraction of organic carbon (0.35 in Norway )
K. = distribution coefficient of a drug substance between organic carbon (100%) and water

The mean organic matter content in Norwegian sewage sludges was 62.5% in 1996 (SSB
2008). Numbers given vary from 30% to 70% organic matter (Amundsen et al., 2001) and
25% to 60% (Dgaard et al., 2008), depending on the sludge treatment. Assuming that 50% of
the organic material is organic carbon, the f,.-values vary from 0.13 to 0.35. Therefore, fo. =
0.35 is in the upper range of what can be expected for Norwegian sewage sludges, especially
for anaerobically treated sludge and lime-amended sludge.

Based on the K4 or K, value, the predicted concentration of a drug substance in sludge
(PECqiudge) can be calculated using the following equation (Stuer-Lauridsen et al., 2000):

M, *10°
V.IK,+M

PECsludge(TierZ) [“g/kg] EQ- 3B

sludge

Where:

PECquqge (tier 2y = predicted concentration of a drug substance in dry sewage sludge [pug/kg]

M,..= the annual sales of the drug substance in a defined geographical area [kg]

K4 = distribution coefficient of a drug substance between sludge and water

V.= the annual wastewater volume that enters the STPs in the included geographical area [m’]; assuming
water density 8 = 1, volume is equal to weight [tons]

M4ge = the yearly sludge production in the STPs in the same area [tons]
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The volume of waste water (V) used in the included area was calculated considering the
number of inhabitants in 2006 and estimated use of wastewater per capita. By January 1%
2006, the number of inhabitants was 2 151 755 in the Norwegian counties included in this risk
assessment. A wastewater volume (V) of 200 liters inhabitant™ day'1 was estimated for
Norway (SSB, 2006), resulting in a total annual usage of 1.52*10'' liters year. This
corresponds very well to value used by EMEA for the calculation of PECgyfacewater (EMEA,
2006). The yearly sludge production in the STPs in the area of interest (Mgjudge) Was 63932
tons (SSB, 2006).

Table 60 shows the increase of the predicted ciprofloxacin concentrations in sewage sludge
and soil with increasing f..-values.

Table 60. Predicted ciprofloxacin concentrations in sewage sludge and soil with different f,.-values.
Levels are given in pg/kg DW.

f,-value | Sewage sludge Agricultural soil Soil mixture
40 tons 60 tons 30% sewage sludge (v/v)
ng/kg DW pg/kg DW | pg/kg DW pg/kg DW
0.2 1106 18.44 27.66 168
0.25 1323 22.05 33.07 200
0.3 1521 25.36 38.03 231
0.35 1704 28.40 42.60 258
0.4 1872 31.21 46.81 284

However, the distribution coefficients K4 or K, are available only for a few drug substances.
Therefore, we have introduced a novel approach to estimate K, and consecutively Kg, by
using the in vivo volume of distribution (Vp) of a drug substance. This method is based on the
following hypothesis:

The volume of distribution (Vp) is the apparent volume into which a drug distributes in the
body at equilibrium. It is a pharmacokinetic parameter that relates the amount of a drug
substance in the body, i.e. the dose administered (D), to its concentration (c) in a reference
fluid (e.g. plasma): Vp = D/c.

The Vp of a drug substance depends on its physicochemical properties like the octanol-water
distribution coefficient (Koy), the pKa value and the molecular size, but also on individual
characteristics of the human body (e.g. the proportion of fat). A lipophilic drug substance with
a high octanol-water partition coefficient (K,.) will have a higher Vp than a less lipophilic
substance because it will accumulate in the fat more easily.

In this approach, lipophilicity is assumed to be the determining factor for distribution of a
drug subtance, either in vivo (Vp) or in sludge (Kq). Other determinants like the acidity seem
to be of lesser importance because pHs are relatively constant in human body (about pH 7.3)
as well as in sludges (ranging from pH 7 to 8). Therefore, the drug substances which in
general are weak acids or bases will mainly occur in one charge state. However, distribution
in sludges and human plasma might not completely be comparable considering the high
carbon content (f,c = 35% in Norway) in the sludges.
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Nonetheless, assuming paralleled sensitivities of Vp_and Ky or Ko, respectively, with regard
to drug substance properties and ambient factors in e.g. plasma or sludge, allows to draw the
empirical equation Ko ~ p.

The Vp of drug substances are usually known from pharmacokinetic studies which are
performed during the developmental phase of new HMPs. In the present risk assessment, Vp
data were therefore used to estimate K, values for the drug substances included in Tier 2
because only a few experimentally determined K,. were available.

The equation relating Ko to Vp was developed using the experimental data of 18 drug
substances with known log K, and log Vp (Table 61).

Table 61. Data on log K, and log Vp for 18 drug substances.

Drug substance Log K. Log Vp Reference
Atenolol 2.17 -0.022 William et al. 2004
Cyclophosphamid 2.50 -0.469 Genka et al. 1990
Diclofenac 2.92 -0.769 Gharfurian ef al. 2006
Ethinylestradiol 3.66 0.578 Gharfurian ef al. 2006
Ibuprofen 2.59 -0.903 Gharfurian et al. 2006
William et al. 2004
Iphosphamid 2.50 -0.559 Krisna et al. 2001
Ketoprofen 2.45 -0.796 Kokki H et al. 2002
Metformin 2.03 -1.221 JN 2002 vol 15(4) 398-
402. www.sin-italy.org
Naproxene 2.54 -0.796 William et al. 2004
Noretisteron 3.43 0.342 William et al. 2004
Oxazepam 2.65 -0.004 Gharfurian ef al. 2006
Salbutamol 1.51 -1.301 William et al. 2004
Terbutalin 2.73 -0.427 William et al. 2004
Estradiol 3.47 0.477 William ef al. 2004
Desipramine 4.19 1.572 Devena et al. 1980
Flouoxetin 4.29 1.602 DKMA product summary
Citalopram 4.40 1.207 Rompono et al. 2006
Imipramine 3.99 1.324 William et al. 2004

Plotting log K, versus log Vp revealed a linear correlation between both values (Figure 11).
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Figure 11. Relationship between log K,,. and log Vp, for the 18 drug substances included in Table 61
("= 0.8597).

Linear regression resulted in the equation:

log Ko =3.01+0.821*logVp Eq. 4B

Where:
K, = distribution coefficient of a drug substance between sludge and water
Vp = volume of distribution at equilibrium in the human body

¢) PECudge (Tier 3) considering drug metabolism in the human body (Tier 3)

Most drug substances are metabolised in vivo to facilitate elimination from the body. The
metabolites are mainly excreted via urine or bile and may thus reach the environment.
Metabolisation reactions include phase I reactions like oxidation, reduction or hydrolysis and
phase II reactions like conjugations to glucuronides, peptides and sulphate (Figure 12). Phase
I metabolites might be more reactive and toxic than the parent drug whereas phase II
metabolites are normally inactive substances. Both phase I and phase Il reactions change the
physiochemical behaviour of a drug substance leading generally to greater hydrophilicity.
[For a comprehensive overview of drug metabolism, see e.g. Gibson & Skett 2001]

If the main metabolites of a drug substance may have a potential for activity they should
ideally be included in an environmental risk assessment. It should also be noted that phase II
metabolites such as chloramphenicol glucuronide and N-4-acetylated sulphadimidine may be
reconverted to the parent substances chloramphenicol and sulphadimidine, respectively, e.g.,
in samples of liquid manure (Berger et al., 1986).

Sewage sludge may contain a mixture of drug substances, metabolites, and degradation
products formed by both chemical degradation processes and bacteria. However, evaluating
the available data, only parent drug substances (designated as drug substanses) have been
assessed in the present risk assessment.
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Figure 12. Metabolic pathways of drug substances forming phase I and phase Il metabolites. Phase
I metabolites may also degrade. Solid lines indicate transformation into more water-
soluble molecules. Dotted lines indicate reconversion of phase II metabolites into less
water-soluble molecules, caused by bacterial or chemical processes. (Reproduced partly
after Halling-Serensen et al., 1998).

Drug substances may be metabolized in vivo so that less unaltered substances are excreted via
urine and faeces than the dose administered. Metabolites are generally more hydrophilic than
the parent substances although exceptions exist for the so-called pro-drugs that are activated
by in vivo metabolism.

Metabolites will mostly have a decreased affinity to sludge when compared to the parent
substance. Distribution data for metabolites are scarce, but because of the metabolites’ more
hydrophilic molecular properties, their volumes of distribution (Vp) are usually lower than
those of the parent substances. Metabolites will therefore follow the effluent wastewater in the
treatment plant to a larger extent than the parent substances and were consequently excluded
in the 2™ refinement of the PEC;judge calculations (Tier 3).

The PECqjuqge values obtained in Tier 2 were re-calculated using Equation 5B by multiplying
the fraction of the given dose of the drug substance not metabolized in the human body
(excreted unchanged) with PECgjuqge(Tier 2)-

PECsludge(Tier 3) = PECsludge(Tier 2) * fexcretion unchanged Eq.5B
Where:

PECiudge(Tier 3y = predicted concentration of a drug substance in sewage sludge [pg/kg]
PECsudge(Tier 2) = predicted concentration of a drug substance in sewage sludge [pg/kg]
foxcretion unchanged = fraction of administered drug substance that is excreted unchanged

6.1.6. Application of cut-off concentrations in the tiered approach

Drug substance in human medicinal products (HMPs) and veterinary medicinal products
(VMP) may have harmful effects if they end up in the environment. In Europe, mandatory
risk assessment for VMPs has been implemented by Directive 1981/852/EEC as amended by
Directive 1992/18/EEC states. The European Medicines Agency (EMEA) has stated that

Norwegian Scientific Committee for Food Safety 151
Vitenskapskomiteen for mattrygghet (VKM)




precautionary measures that may be necessary to reduce such risks have to be identified
(EMEA 2000, EMEA 2007).

For HMPs, the environmental impact should be assessed according to Directive 2001/83/EC
as amended by Directives 2002/98/EC, 2004/24/EC, and 2004/27/EC, but it has also been
stated that in any event this impact should not constitute a criterion for refusal of a marketing
authorisation.

In the guidelines it is assumed that for the majority of drug substances exists a threshold value
below which the risks for environmental harm is negligible. For VMPs, EU applies a cut-off
concentration of 100 pg/kg soil, which was derived from calculating the predicted maximum
environmental concentration (PEC ) in soil after spreading manure/slurry as fertiliser. If the
PECax of a VMP is below 100 pg/kg, EMEA does not consider it necessary to do an
environmental risk assessment. A soil concentration < 100ug/kg of drug substance is below
the level shown to have toxic effects in studies conducted on earthworms, microbes, and
plants with VMPs currently registered in USA (EMEA, 2000).

In agreement with the EMEA guidelines, VKM Panel 5 has chosen to apply the cut-off
concentration of 100 pg/kg soil (Cut-Offye;)) also in the evaluation of HMPs in the present risk
assessment. Drug substances with a predicted environmental concentration (PECgjugge) below
this threshold are considered to represent negligible risks and are excluded from the risk
assessment.

For drug substances like hormones and anticancer drugs that usually excert effect at very low
concentrations (s. 6.1.1. Introduction), VKM Panel 5 has applied an additional safety factor of
10. Therefore, the cut-off concentration for these substances was set to 10 pg/kg soil.

The corresponding cut-off concentrations for sludge (Cut-Offi,ge) Were calculated for
application in agricultural areas under consideration of the guidelines regarding dry sludge
application and mixing depth of soil as well as the bulk density of dry soil ( Part A, Chapter
5).

Cut-Offqee = Cut-Offyoi * DEPTH; i * RHOoi/ APPLgjugge *10 [ng/kg] Eq. 6B
Where:
Cut-Offqq = cut-off concentration for drug substances in dry sewage sludge [ug/kg]
Cut-Off,,; = cut-off concentration of drug substances in soil (10 or 100 ng/kg) [ug/kg]
APPLgyq4e. = dry sludge application (40 or 60 tons/hectare) [t/ha]
DEPTH,,; = mixing depth of soil (0.2 m) [m]
RHO,; = bulk density of dry soil (1200 kg/m®) [kg/m’]

For park areas and horticultural soil mixtures, Cut-Offu4e. concentrations were calculated
under consideration of two different mixing ratios of soil and sludge (Part A, Chapter 5).
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Park areas:

Cut-Offjygge = Cut-Offyoi * (0.67 RHOs51+ 0.33 RHOg140e)/0.33 RHOg40.  [1g/kg] Eq. 7B
Soil mixtures:

Cut-Offguage = Cut-Offo * (0.7 RHOg01+ 0.3 RHOg1uage)/0.3 RHOg1uqge
Where:

[ngkg] Eq.8B

Cut-Offyq4.. = cut-off concentrations for drug substances in dry sewage sludge [ng/ kg]

Cut-Off,,; = cut-off concentration for drug substances in soil (10 or 100 pg/kg) [ng/kg]
RHO,; = bulk density of dry soil (1200 kg/m’) [kg/m"]
RHOq4e = bulk density of dry sewage sludge (500 kg/m’) [kg/m’]

Cut-off concentrations for drug substances in sludge (Cut-Offsu4ec) Were calculated for the
three sludge application scenraios (agricultural areas, park areas, horticultural soil mixtures)
and the two cut-off concentration in soil (Cut-Offsi), 100 pg/kg or 10 pg/kg, using the
equations 5B, 6B, and 7B (Table 62).

Table 62. Calculated cut-off concentrations for active substances in sludge (Cut-Offjqgc)
corresponding a cut-off concentration in soil of 100pug/kg for most active substances and of
10 pg/kg for hormones and anticancer drugs. Three application forms, in agricultural areas,
in park areas and in horticultural soil mixtures, are considered.

Agricultural areas Park areas Soil mixtures
40 t/ha 60 t/ha 5 cm sewage 30% sewage

Application parameters sludge, 10cm soil sludge (w/w)
Cut-Offjuqge 6000 4000 587 660
(corresponding to 100 pg/kg
Cut-Offi.) [ng/kg] [ng/kg] [ng/kg] [ng/kg]
Used in TIER 1-3
Cut-Offuqge 600 400 59 66
(hormones, anticancer drugs)
(corresponding to 10 pg/kg [ng/kg] [ng/kg] [ng/kg] [ng/kg]
Cut—Offsoil)
Used in TIER 3

It should be noted that cut-off concentrations (Cut-Offjuqec) decrease with increasing amounts
sludge used per ha agricultural area. The lowest Cut-Offiuqe. concentrations were calculated
for the application of sludge in park areas.

In the approach to identify active substances in Norwegian sludges which might be hazardous
to the environment, substances whose calculated PECj,4qc concentrations were similar to or
higher than the lowest Cut-Offiqec concentrations (587 pg/kg and 59 pg/kg, respectively)
were evaluated in the different steps of the tiered process.
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6.1.7. Identification of relevant substances in Norwegian sewage sludges by a tiered
approach

Starting point: All HMPs marketed in Norway =1414

Tier 0: Initial exclusion of veterinary medicinal products. Exclusion of various drug
groups by application of the Anatomical Therapeutic Chemical Classification
System (ATC) (Appendix B1):

Initial exclusion of veterinary medicinal products.

ATC Group B: Vitamins, electrolytes, amino acids, peptides, proteins,
carbohydrates, vaccines and herbal medicinal products are exempted due to the
nature of their constituents. Such substances/products are also exempted from
the requirement of a pre-marketing environmental risk assessment for HMP by
EMEA because they are unlikely to result in significant risk to the environment
(EMEA, 2006).

ATC Group D: Dermatological preparations are applied locally, and therefore,
the amount of drug substance ending into wastewaters and sewage sludge
cannot be assessed reliably. In general, large-scale dermatological HMPs do not
contain high-potent drug substances.

ATC Group S: Drug substances in preparations for sensory organs (eyes, ears,
nose) are applied locally and only in limited amounts. The ratio that is entering
the environment cannot be assessed reliably.

ATC Group V: Preparations which are used against intoxications, for diagnostic
puposes as well as nutrients represent minor use, biologically inactive
substances and nature identical substances. Therefore, they are considered to be
of negligible environmental risk.

The number of drug substances was reduced by Tier 0 to =595

Tier 1: Exclusion of drug substances that maximum predicted concentrations in sludge
[PECsludge (max), (calculated by Eq. 1B, s. 6.1.5)] lower than the cut-off
concentration [Cut-Offsludge = 587 pg/kg, (calculated by Eq. 7B, s. 6.1.6)].

For hormones, anti-cancer drugs, and antibacterial drugs, cut-off concentrations
were not applied in Tier 1.

For HMPs containing combinations of drug substances, PECguqe Wwere
calculated exclusively for the main substance if the other ingredients were
either electrolytes (e.g. KCI is added to diuretic HMPs) or instable under
aerobic conditions (e.g. adrenalin). This was decided case by case.

For substance that are pro-drugs (e.g. tetracycline may be given as the pro-drug
lymecykline), the amount sold is derived from the sales volume of the pro-drug.
The 137 drug substances with PECguge (max) above the Cut-Off sludge
concentration were from different therapeutical groups. Additionally, 7
hormone drugs, 28 anti-cancer drugs and 37 antibacterial drugs were transferred
to the next step in the tiered approach.

The number of drug substances was reduced by Tier 1 to =209
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Tier 2: Exclusion of drug substances by a 1st refinement of the PECqju40_considering
physicochemical properties like lipophilicity. Recalculation of PECqjugge (Tier
2) (by Eq. 3B, s. 6.1.5) by taking into concideration the distribution coefficient
of drug substance between sludge and water [(Kd), calculated by Eq. 2B, s.
6.1.5] that is derived from the organic carbon partition coefficient (Koc). If
Koc were not available from literature, they were calculated from the in vivo
volumes of distribution [(Vp), as in Eq. 4B, s. 6.1.5)].

The Vp were derived from the special product characterizations (SPCs)
published by the Norwegian Medicine Agency (www.legemiddelverket.no),
the Swedish drug catalogue FASS (www.fass.se), Goodman and Gilman (11
ed), and PubMed (Medline). For the majority of the drug substances, Vp was
given as ranges, and the upper value was chosen for each substance to
calculate the PECsludge.

Applying the 1st refinement of the PECgjuqge to the outcome of Tier 1 led to the
identification of 70 drug substances from different therapeutic groups with
PEC;udge(Tier2) exceeding Cut-Offgugee = 587 pg/kg. Additionally, 7
hormones, 28 anti-cancer drugs and 37 antibacterial drugs were transferred to
the next step in the tiered process.

The number of drug substances was reduced by Tier 2 to =142

Tier 3: Exclusion of drug substances by a 2™ refinement of the PECquqze considering
the in vivo drug metabolism. Recalculation of PECgjugge(rier 3) (by Eq. 5B, 6.1.5)
by excluding the estimated fraction of metabolised drug substance (fexcretion

unchanged) .

Data on the metabolism of the different drug substances were obtained from
special product characterizations (SPCs) published by the Norwegian
Medicinal Agency), the Swedish drug formulary FASS (www.fass.se) and
PubMed (Medline). For drug substances for which the fraction metabolized
was given as a range, the lowest value was selected resulting in the highest
estimate for PECgjuqge.

Applying the 2st refinement of the PECgy4gc to the outcome of Tier 2 led to the
identification of 17 drug substances from different therapeutic groups with
PECijudge(riers) €xceeding Cut-Offgugee = 587 ng/kg.

Additionally, for hormones, anti-cancer drugs and antibacterial drugs, the
dedicated Cut-Offjugee = 59 pg/kg (calculated by Eq. 7B, s. 6.1.6) was applied
for the evaluation of the PECjudge(ticr3). Only 5 of antibacterial drugs remained
(Table 63).

The number of drug substances was reduced by Tier 3 to =22
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Table 63. Drug substances with PECjqge(riers) €Xceeding Cut-Offsludge = 587 pg/kg (Cut-Offsludge
=59 ng/kg for hormones, anti-cancer drugs and antibacterial drugs). Information on the
substances’ biodegradation in sludge has been included.

Therapeutical Group Drug Substance PECudge(miersy Biodegradation in sludge or soil

[ng/kg] (% degraded or half-life in days)

Alimentary tract and metabolism

Drug used in diabetes Metformin 40202 No information available®

Drug for peptic ulcer Ranitidin 1760 No information available®

Intestinal anti-inflammatory agent | Mesalazin' 39268 No information available®

(Vp not applicable)

Blood and blood forming organs

Anti-thrombotic agent Dipyridamole 1008 Not readily biodegradable in OECD

301assay”

Cardiovascular system

Beta-blockers Sotalol 866 Only 2% degradable over 28 days period in

OECD 301b assay®
Metoprolol 753 No information available®
767 26% degraded over 28 days in OECD 301E
Diureticum Hydrochlorotiazide assay
1352
Angiotensin Il antagonists Losartan® Photodegradable®
Irbesartan 2920 26% degraded over 28 days in FDA 3.11
assay”

Lipid-lowering agents Atorvastatin 2014 Less than 10 % aerobically biodegraded

within 28 days®

Antimicrobial agents

Tetracyclines Tetracycline® 885 Less 1 % degraded after 28 days in OECD

301F assay”

Penicillin with extended spectrum | Mecillinam® 693 Rapidly biodegraded in activated sludge; T'%

0,5-0,7 days*

Beta-lactamase sensitive penicillin | Phenoxymethyl -penicillin 1647 Probably rapidly biodegraded as mecillinam

Beta-lactamase resistant penicillin | Dicloxacillin 872 Probably rapidly biodegraded as mecillinam

Fluoroquinolone Ciprofloxacin 1704 Persistent in sludge

Musculo-skeletal system

Anti-inflammatory agent Ibuprofen 2036 More than 90% were found to be

degraded in STPs already after six hours
(Buser et al., 1999).

Muscle relaxant Carisoprodol 3983 No information available®

Nervous system

Analgeticum Paracetamol 5134 99% biodegradable in 5 days OECD

302A assay®

Anti-epileptics Gabapentin 2302 No information available®

Levetiracetam 722 No information available®

Anti-psychoticum Chlorprothixene 963 Not readily degradable in all Estimation

Programs Interface (EPI) Suite models®
developed by US-EPA (www.epa.gov)

Respiratory organs

Anti-histamine Fexofenadine 989 Persistent as no mineralisation in 28

days FDA 3.11 assay”

1. Includes also: Balsalazide, a pro-drug metabolised in the gut to mezalazine; 100% metabolism to mezalasin was assumed; and sulfalazine,
a pro-drug metabolised in the gut to sulfapyridin and mesalazine; 100% metabolism to melzalazin was assumed.

2. Pro-drug to EXP3174.

3. Includes lymecycline, a pro-drug to tetracycline

4. Includes pivmecillinam, a prodrug to mecillinam

a. www.fass.se

b. Novartis (1999). Safety data sheet for Hydrochlorothiazide 13.07.1999

c. Toxikon Environmetal services 1993 “Losartan (MK -0954): Determination of aqueous photolysis, july 2 1993.
d. Halling-Serensen B et al. (2000), J. Antimicr. Chemother. 46: 53-58

e. Joss A et al. 2006, Water Research 40:1686-96

Drug substances in Italics are extensively biodegraded in sludge and soil.
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Tier 4:

Exclusion of drug substances considering biodegradation in the STPs. Substances
that degrade rapidly in sewage sludge was considered to be of low environmental
concern. From the 22 drug substances identified by Tier 3, 7 could be excluded
because of their instability in sludge:

Ibuprofen and its metabolites are extensively biodegradable; more than 90% were
found to be degraded in STPs already after six hours (Buser ef al, 1999). The
antibacterial drugs mecillinam, phenoxymethylpenicilin and dicloxacillin are rapidly
degraded because the betalactamase ring in the molecule is subjected to hydrolysis.
Paracetamol degraded rapidly in biodegradation simulation assay; approximately
99% disappeared over 5 days (Joss et al, 2006). Hydrochlorohtiazide and
irbesartan were shown to biodegrade with more than 25% in degradation
experiments simulating soil environments (Novartis, 1999).

Exclusion of drug substances considering experimental data on STP removal
efficiencies. The 15 drug substances that were identified by the tiered approach to
be potentially hazardous to the environment via the dispersal of sewage sludge
belong to different therapeutical groups and have different molecular properties.
This reflects the various substances’ individual affinities to sludge and varying
removal efficiencies from the wastewater in a STP. A review on SPT influent and
effluent concentration data compiled from 115 studies (Miege et al., 2007) illustrate
this diversity (Figure 13):

Drug substances like iopromide, tamoxifen, carbamacepin, erythromycin,
dextropropoxyphene and metformin apparently neither do bind to sludge nor
biodegrade because their STP influent and effluent concentrations are practically
identical. However, the PECguge(tiersy predicted for metformin in the present
assessment (Table 63) was rather high and requires validation by measured real-life
results. VKM Panel 5 has therefore chosen to exclude metformin for further
evaluation.

A considerable number of drug substances have removal efficiencies in the range
from 20% to 70% from the wastewater in a SPT (Figure 13). This group includes
beta-blockers like atenolol, propanolol and metoprolol, antibacterial drugs like
trimetroprim, sulfamethazine, sulfamethoxazole and ciprofloxacin as well as lipid-
lowering agents like clofibric acid.

Several drug substances generally are removed from the wastewater in a STP to
more than 80%. Among these are paracetamol, ibuprofen, naproxene and estrogens
like estrone, 17-B-estradiol, 17-a-estradiol. In the present assessment, however,
paracetamol and ibuprofen have been excluded because of their potential for
extensive biodegradation in sludge.

Mesalazin is an intestinal anti-inflammatory agent that acts locally in the gastro-
intestinal tract. Thus, the Vp cannot be determined as it is not appropriate.
Consequently, K. could not be derived (Eq. 4B, s. 6.1.5) and the refinement of
PECsudge(max) by using Kq4 (Tier 2) was not possible. Therefore, the PECgjyqge finally
estimated for mesalazin (Table 63) appears to be rather high, but in reality the
consideration of the substance’s lipophilicity and binding characteristics is lacking.
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Removal % by activated sludge plants (STP) of different
pharmaceuticals
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Figure 13. Removal efficiencies [%] of high volume pharmaceuticals in STPs calculated by
comparing the mean influent and effluent concentrations (Miege ef al., 2007; Halling-
Serensen: unpublished data from different STPs in Copenhagen).

Applying biodegradation and removal efficiencies data to the outcome of
Tier 3 led to the identification of 14 drug substances for which an
environmental risk assessment had to be performed.

The number of drug substances was reduced by Tier 4 to = 14

6.1.8. Summary of the tiered approach

The tiered approach on the 1414 drug substances on the Norwegian market led to the
identification of 14 specific drug substances for which an environmental risk assessment had
to be performed (Table 64).

For a final evaluation, the PECg,g Were recalculated (Eq. 3B and Eq. 5B, s. 6.1.5) by varying
the fraction of organic carbon in sludge [(foc), Eq. 2B, s. 6.1.5]. As described before (s. 6.1.5),
the upper range of organic carbon that can be expected in Norwegian sewage sludges,
foc=0.35, was used for the determination of PECgyqg 1n Tier 2. If the lower range, f,c = 0.13, is
used in the same equations, the PECyjyqqc are considerably lower (Table 64).

The tiered approach was conducted by application of worst-case values/scenarios for the
different parameters that were applied in the four steps of the exclusion process. Parameters
given in ranges, those with the maximum impact were applied in the calculations of the
PECgidge. Therefore, the resulting PECgugee as well as the number of drug substances
identified are likely to be overestimated. However, tetracycline and ciprofloxacin may be
exceptions because of their high affinity to zwitterions (Halling-Sorensen ef al., 2003).
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Table 64. Drug substances included in the environmental risk assessment as identified by the tiered
approach. PECjq,. are calculated using the lower and upper range for f,. (0.13 and 0.35,
respectively) in Norwegian sludge.

Drug groups Drug substance PECguage (foc =0.35) PECguage (foc =0.13)
[ng/kg] [ng/kg]

Alimentary tract and

metabolism

Intenstinal anti- Mesalazin 39268 Unaffected*

inflammatory agent

Drug for peptic ulcer ~ Ranitidin 1760 719

Blood and blood

forming organs

Anti-thrombic agent Dipyridamole 1008 420

Cardiovascular

system

Beta-blockers Sotalol 866 367
Metoprolol 753 352

Angiotensin IT Losartan' 1352 517

antagonists

Lipid-lowering agents ~ Atorvastatin 2014 957

Antimicrobial agents

Tetracyclines Tetracycline® 885 358

Fluoroquinolone Ciprofloxacin 1704 742

Musculo-skeletal

system

Muscle relaxant Carisoprodol 3983 1526

Nervous system

Anti-epileptics Gabapentin 2302 894
Levetiracetam 722 276

Anti-psychoticum Chlorprothixene 963 559

Respiratory organs

Anti-histamine Fexofenadine 989 476

"Prodrug to EXP3174

’Includes lymecycline, a pro-drug to tetracycline
As Vg is not set for mezalasin PECsludge is based on worst case (i.e. f,. has not been used to calculate PECjyqge)

Summarizing the tiered approach used for the identification of drug substances for which an
environmental risk assessment, concerning the use of sewage sludges as soil conditioner, had
to be performed it can be observed that the different refinement steps for PECge had
different impact on the reduction of substance numbers (Figure 14).

Most importantly, the refinement of the PECu4e in Tier 2 taking into account the
physiochemical properties of the drug substances (Eq. 3B, s.6.1.5) considerably reduced the
total number of substances that had PECjjuqg €xceeding the Cut-Offijuqe concentrations (Eq.
7B, s. 6.1.6) estimated for soils containing sewage sludges from Norwegian STPs.

Comparing the PECjjuqge of three drug substances with different physiochemical properties at
the different steps in the tiered exclusion process (Table 65) demonstrates the impact of the 1
(Tier 2) and ond (Tier 3) refinements of the PECgjudge(max) that were calculated in Tier 1. The
PECgdge of the hormone tibolone, the substance with the highest in vivo volume of
distribution [(Vp), Eq. 3B and 4B, s. 6.1.5] and the largest fraction excreted unchanged [(fe),
Eq. 5B, s. 6.1.5], was the least affected by the refinements.
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Table 65. Reduction of predicted sludge concentrations (PECgyqee) for three drug substances by the
tiered approach.

Drug substances PECsludge(Tier 1) PECsludge(Tier 2) PECsludge(Tier 3) % reduction
[ng/kgl [ng/kg] [ng/kg] (PECuagectier 3/
PECsludge! Tier 1)

Anticancer drug 7221 2382 24 0.03

Mycophenolic acid

Antibacterial drug 589 266 266 42.5
Spiramycin

Hormone drugs 61 61 61 100
Tibolone
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Total number of active drug substances approved in human and veterinary
medicinal products in Norway is 1414

Tier 0: Initial exclusion of veterinary medicinal products and of human
medicinal products due to their properties, minor use and application
forms reduce the number of active drug substances to 595.

Tier 1: Calculation of maximum predicted concentrations in
sludge (PECiudge (max))- Application of Cut-Offgqe concentration
(587 pg/kg) for drug substances in sludge (except for anticancer
drugs, some hormones and antibacterial drugs) reduced the
number of active drug substances to 209.

Tier 2: Recalculation of PEC gge(tier 2) for the 209 drug
substances considering physicochemical properties. This step
reduced the number of active drug substances to 142 (Cut-
Offjuqe concentration of 587 pg/kg applied, but not for
antibacterial drug, anticancer drugs and some hormones)

Tier 3: Recalculation of PECjudge(Tier 3)
considering the in vivo drug metabolism for the
142 substances. This step reduced the number
of active drug substances to 22 (Cut-Offyyqg.
concentrations of 587 pg/kg and 59 pg/kg
(anticancer drugs, hormones) applied).

Tier 4: For the 22 active drug
substances available information on
biodegradation and other relevant
information were used to exclude drug
substances. This step reduced the
number of drug substances to 14

14 substances to be
assessed

Figure 14. Summary of the tiered approach used to select drug substances for which an
environmental risk assessment, concerning the use of sewage sludge as soil conditioner,
had to be performed.

6.1.8.1. Validation of the PECjjuqe values

The occurrence of drug substances in e.g. sludge depend on the prescribing patterns that may
vary considerably between countries and the amount of sludge produced in STPs. Unless the
prescribing patterns are similar, data on the occurrence of drug substances in sludge from one
country cannot be used to validate data from another country.

As there are few available occurrence data for drug substances in sludge from Norwegian
STPs (SFT, 2006; Thomas, 2007), the possibilities to validate the estimated PECgjuqge values
are limited. In the study by Thomas (2007) the concentrations of drug substances in sludge
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were measured in wet weight and the results could not be compared with the estimate
PEC;judge values on dry weight without further calculations. For the substances investigated
by SFT (2006) their measured concentrations were found substantially higher for zopiklone
and linezolid, within the same order for ciprofloxacin and ethinylestradiol while for the other
substances the measured values were substantially lower compared to the estimated PECgjuqge
values (Table 66).

Table 66. Concentrations of human drug substances (ng/kg DW) found in sewage sludge from 6
different STPs in Norway (SFT, 2006) and PECjjyee (Lg/kg DW) estimated in the present

assessment.
BE BE VEAS VEAS TAU | TAU | REM | SOL | RA-2 | PECgyge
tier 3
Drug substance | nglkg | pghkg | pgikg ng/kg nglkg | pg/kg | pglkg | pgkg | pg/kg l(ug/ks; bW
DW DW DW DW DW DW DW DW DW
Zoplikon <400 | <400 <400 <400 1000 500 630 | <400 830 112
Trimethoprim <5 <5 <5 <5 63 23 70 <5 12 516
Sulfamethoxazo <5 <5 <5 <5 5.0 <5 20 <5 <5 64
le
Ciprofloxacin 3300 | 3500 2300 2100 2700 | 1700 | 1100 100 3800 1704
Furosemid 35 40 <30 <30 79 75 <30 <30 50 513
Fluoxetine 41 31 32 <30 <30 <30 <30 <30 <30 465
Felodipine 25 <20 23 39 <20 | <30%* 62 <20 <30%* 312
Estrone'™” 40 31 12 9.0 17 21 8.4 <Q* 9.4 Not
relevant®
Beta-estradiol™” | 6.1 <3* 1.2 33 5.9 1.2 0.84 | <2% 35 28
Ethinylestradiol <5* <3* <0.5 <2* <3* <2* 0.64 <2* <2* 6
Ibuprofen <50 | <50 <50 <50 <50 | <50 | <50 | <50 <50 2036%
Linezolid <20 <20 <20 <20 <20 <20 720 <20 <20 5

BE: Bakkelaget STP, VEAS: VEAS STP, TAU: Tensbergfjorden aviep:

D Also produced in the human body

2 Not approved in any human medicines in Norway

utvalg STP, REM: Remmendalen STP, SOL: Solumsfrand STP, RA-2: Sentralrenseanlegget STP

% Beta-estradiol — synonyms are estradiol and 17B-estradiol

 Degrade rapidly in STPs

*Higher detection limit due to interference
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6.2. Hazard characterisation of medicinal products

The 14 identified drug substances (Table 64) belong to several classes of medicinal products,
including compounds for the alimentary tract and metabolism treatment (ranitidin, mesalazin),
the cardiovascular system (metoprolol, losartan, atorvastatin), antimicrobial agents
(tetracycline, ciprofloxacin), muscular-skeletal system (carisoprodol), nervous system
(gabapentin, levetiracetam, chlorprothixene), and respiratory organs (fexofenadine).

No hormone drugs were identified, and only two antibacterial drugs were among the
identified drug substances.
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Table 67. Structure of the selected drug substances.
Drug substance CAS no Molecular structure | Drug substance | CAS no Molecular structure
Mesalazin 89-57-6 oW Tetracycline 60-54-8 it i e
LM <:-r--"‘-._,z"‘-".;,."‘ .\1. L—.
- NS
o W
Ranitidine 66357-59-3 B St Ciprofloxacin 85721-33-1 - '»lf--*w ! i
-‘-\\_\_;_.-“'-.,H -
Q
L b -
Dipyridamole 58-32-2 o, ___g____lfv. Carisoprodol 78-44-4
A L
I e . f P
Sotalol 3930-20-9 T I Gabapentin 60142-96-3 5
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Metoprolol 37350-58-6 ) I Levetiracetam 102767-28-2 :
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- 99
QX 11 O
Atorvastatin 134523-00-5 i Fexofenadine 83799-24-0 } o T
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6.2.1. Aquatic environment

A search on ecotoxicology data reveals that data are only available for ten out of the 14
identified drug substances and only for aquatic species (Table 68). No data for terrestrial
species is presently available even that the Knappe project EU database was available. PNEC
values are generally in levels between 100 and 6000 pg/L for most of the drug substances.
These values are probably far higher than any measured concentration level due to leaching of
these compounds from biosolids.

For the drug substances metoprolol, atorvastatin and the antibacterial drugs tetracycline and
ciprofloxacin PNEC values for the aquatic environment are less than 1 pg/L. Therefore, these
compounds could probably pose an effect in the aquatic environment.

Table 68. PNEC values for aquatic organisms for the 14 selected drug substances.

Drug groups Drug substance PNEC,, ater Source
ng/L
Alimentary tract and Mesalazin 6078 Jones et al. 2002 Water research
metabolism
Ranitidin 167 SLM
Blood and blood Dipyridamole -
forming organs
Cardiovascular Sotalol 97.7 fass.se
system
Metoprolol 58.3 fass.se
Losartan 143 fass.se
Atorvastatin 0.13 Brain 2004
Antibacterial drugs Tetracycline’ 0.31 fass.se
Ciprofloxacin 0.52 Robinson et al., 2005
Musculo-skeletal Carisoprodol 1592 Ecosar
system
Nervous system Gabapentin 1100 UK env agency
Levetiracetam -
Chlorprothixene -
Respiratory organs  Fexofenadine -
- No PNEC available

6.2.2. Soil environment

Since PNEC data for the terrestrial environment were not available, it is not possible to
perform an initial hazard characterisation for the drug substances for this environment.
Transformation of aquatic effect data to terrestrial effect data using the conversion:
PNECierrestrial = kd (DW_s0il) * PNEC,quaic may identify a level of effects in the terrestrial
environment (Table 69). However, such data should be used carefully as specific mechanisms
for soil organisms are not taken into account using the proposed equation.
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Table 69. PNEC for soil and plants (PNECi1ane) for the 14 selected drug substances.

Drug groups Drug substance *PNECsoit/plant
pg/L
Alimentary tract and metabolism | Mesalazin 12.2
Ranitidin 5277
Blood and blood forming organs | Dipyridamole -
Cardiovascular system Sotalol 4095
Metoprolol 589
Losartan -
Atorvastatin 11
Antibacterial drugs Tetracycline 8.8
Ciprofloxacin 26
Musculo-skeletal system Carisoprodol 24368
Nervous system Gabapentin 20460
Levetiracetam -
Chlorprothixene -
Respiratory organs Fexofenadine -

*PNEC,, iwpiant 18 calculated form PNEC 4, using the equation:
PNECierrestrisk=Kd* PNEC,quatic. Kd is given in Table 71.

6.2.3. Humans

6.2.3.1. Acceptable Daily Intake (ADI)

For VMP the approach used by the Committee of Veterinary Medicinal Products (CVMP) for
the evaluation of the safety of residues in food for human consumption is based on the
determination of Acceptable Daily Intake (ADI) for the drug substance. However, as only a

limited number of drug substances are used both in food producing animals and in humans,
ADI are established for a few of the HMPs.

The ADI values identified for HMPs are applied in the present risk assessment to evaluate
residues of HMPs in soil mixtures (intake by children) and food following uptake in plants.

6.2.3.1. Threshold of Toxicological Concern (TTC)

The threshold of toxicological concern (TTC) is a pragmatic risk assessment tool that is based
on the principle of establishing a human exposure threshold value for chemicals, below which
there is a very low probability of an appreciable risk to human health. It proposes that, in the
absence of a full toxicity database, a minimum value of exposure can be identified for many
chemicals based on their chemical structure and the known toxicity of chemicals with similar
structural characteristics.

The application of the TTC principle in safety evaluations of chemical contaminants in food
has recently been reviewed and evaluated by the VKM (VKM, 2006). The concept of generic
thresholds by analysing toxic effects of chemicals, according to their chemical structure was
developed by Munro et al. in 1996, however, genotoxic and non-genotoxic carcinogenic
substances were not included in this analysis. Based on a “decision tree” approach developed
by Cramer et al. in 1978, a total of 613 chemicals were classified into one of three structural
classes, I, II and III, reflecting a presumed low, moderate and serious toxicity (Box 1). The
toxicological reference database used for the classification contained 137, 28 and 448
chemicals in class I, IT and III, respectively.
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Box 1. Cramer’s structural classes (Cramer et al, 1978)

e (Class I: substances with simple chemical structures, for which efficient modes of metabolism exist or
other data suggests a low degree of oral toxicity, i.e. substances normally present in the body.

e (lass II: intermediate substances; they have structures that are less clearly innocuous compared with
substances in class I, but do not have structures indicative of toxicity, or of a clear lack of knowledge
of their characteristics, as substances in class III. Most of these substances have functional groups
that are similar to, but somewhat more reactive than functional groups in class I, or they have more
complex structures than substances in Class I, but they are common components of food.

® (lass III: substances with structures that do not indicate strongly that they are innocuous, or that have
indications of significant toxicity, or have reactive functional groups.

The TTC values established for the various group of substances as summarized by Barlow
(2005) and VKM (VKM, 2006) are shown in Table 70.

Table 70. Human exposure threshold of toxicological concern (TTC) values currently used or
suggested to be used for chemicals (Barlow, 2005; VKM, 2006).

Type of chemical ug/60 kg person/day ug/kg body weight/day
Genotoxic compounds 0.15° 0.0025
Non-genotoxic carcinogenic compounds 1.5° 0.025
Organophosphates 18° 0.3

Cramer class IIT 90¢ 1.5

Cramer class II 540° 9

Cramer class | 1800" 30

*TTC value not used at present, but suggested for genotoxic compounds by the ILSI Europe Expert Group.

"TTC value used in regulation of food contact materials in U.S.A. (ToR), and in risk assessment of flavouring substances by the Joint
FAO/WHO Expert Committee on Food Additives (JECFA).

°TTC value not used at present, but suggested for organophosphates by the ILSI Europe Expert Group.

4STTC values used by the Scientific Committee on Food (SCF)/the European Food Safety Authority (EFSA)/the EU Flavour Information
System (FLAVIS) Working Group, and JECFA, for risk assessment of chemically defined flavouring substances, and for natural flavour
complexes (NFCs) by the Expert Panel of FEMA (the Flavor and Extract Manufacturers Association of the United States) in U.S.A.

In the present risk assessment, we selected the TTC value set for genotoxic compounds for all
the anticancer drugs, as they may be potential genotoxic. For all the other HMPs for which no
ADI are established and for which there are no indications of being genotoxic, the TTC value
for Cramer III chemicals (1.5 ng/kg body weight/day), reflecting a presumed serious toxicity,
was selected as reference limit to assess exposure in humans. This is a conservative approach
that is assumed to give a high level of protection.

6.3. Predicted soil concentrations of medicines after sewage sludge
applications

The methodologies used in the calculation of soil concentrations of drug substance are similar
to the methodology used for heavy metals and organic contaminants described in chapter 5.2.
The starting concentrations in sludge have not been analysed but have been estimated by
modelling as described in 6.1. The common parameters used in the calculations are given in
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Table 16, while specific chemical and physical data for the various drug substances are given
in Table 71.

Table 71.  Predicted concentration of drug substance in sewage sludge (PECjjy4e), and chemical and
physical constants used in the model calculations of soil and plant concentrations.

Drug groups Drug substance PEC;juage  Vd Koc soil | Kd soil| logKoc DT soil | LogK,,*
mg/kg I/kg I/kg I/kg Days

Alimentary tract and

metabolism Mesalazin 39.3 - 1 0.02 1 360 0.98'
Ranitidin 1.76 1.7 1582 31.6 4.44 360 0.27%

Blood and blood Dipyridamole

forming organs 1.01 1.4 1349 27.0 4.07 360 2.74!

Cardiovascular Sotalol

system 0.87 24 2100 42.0 1.58 180 0.24°
Metoprolol 0.75 4.9 3773 75.5 1.79 20 1.88
Losartan 1.35 0.69 755 15.1 5.96 90 4.0'
Atorvastatin 2.01 5.4 4086 81.7 4.31 180 6.36

Antibacterial drugs  Tetracycline 0.46 1.5 1427 28.5 1.76 180 -1.3°
Ciprofloxacin 1.70 3 2522 50.4 1.55 360 0.28°

Musculo-skeletal Carisoprodol

system 3.98 0.7 764 15.3 2.86 360 2.36'

Nervous system Gabapentin 2.30 0.89 930 18.6 1.77 360 -1.1°
Levetiracetam 0.72 0.7 764 15.3 - 360 -0.49"
Chlorprothixene 0.96 15.5 9711 194.2 5.65 360 5.18°

Respiratory organs Fexofenadine 0.99 5.8 4333 86.7 4.89 360 2.81"

* Data from ChemlIdPlus (http://chem.sis.nlm.nih.gov/chemidplus/chemidlite.jsp); 'Calculated using the
programme Kowwin 1.67 (EpiSuite); “experimental data.

The volume of distribution (Vp) for the different drug substances were used to calculate Koc
(using equation 4) and to calculate K4 values using the general relationship Kd= f,. * Koc
(with soil £,c=0.02).

The soils half-lives (DTso soil) were estimated using information from Table 63 and from
(Daughton & Ternes, 1999). For drug substances that have been shown to be persistent in
sewage sludge (ciprofloxacin, chlorprothixiene, fexofenadine), a DT soil of 360 days were
used. If degradations had been tested according to the OECD 301 test (or similar test) a DTs
soil of 180 days were used. Because losartan is shown to be photosensitive (Table 63) a DTs
soil of 90 days was used. According to Daughton & Ternes (1999) a removal efficiency of
83% has been measured for metoprolol and a DTsy soil of 20 days was used in the
calculations. For the other drug substances no information about stability and degradation
exists and since it cannot be excluded that they are persistent, a DTy soil of 360 days were
used in the calculations (conservative estimate).

The Kow-values used in the calculations of BCFs for plant uptake are predicted using the

program Kowwin 1.67 (EpiSuite) or experimental values found in the database ChemidPlus
(Table 71).

6.3.1.1. Input of drug substances to soils

The concentrations of drug substances in sewage sludge used in the model were calculated
using the tiered approach described in Chapter 6.1. It lack of data on background
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concentrations of drug substances in the soil, the background concentrations were set equal to
zero (as for the organic contaminants).

6.3.1.2. Removal of drug substances from soil

Leaching, biodegradation and plant uptake are assumed to be the most important processes in
the removal of drug substances from the soils.

Leaching (kreacn) is calculated according to equation 7A (part A), biodegradation is calculated
using equation 10A (part A), while the removal rate of drug substances through plant uptake
is calculated according to equation 9A (part A).

The mean concentration of drug substances in soils over a certain time period after the first
application of sewage sludge was calculated using equation 13A (e.g. the average soil
concentration in the 90 day period after sludge application). To calculate the initial soil
concentration after a certain number of sewage sludge applications (e.g after 10 or 100 years),
equation 14A (part A) was used.

6.3.1.3. Soil concentrations of drug substances

The calculated soil concentrations of drug substances are shown in Table 72. The mean soil
concentrations of most drug substances are in the range 5-50 ug/kg DW in the 90 day period
after sludge application, with the exception of metformin which has a calculated mean soil
concentration of nearly 600 pg/kg and carisoprodol which has a concentration of 77 pug/kg.
For ranitidin, ciprofloxacin, carisoprodol, gabapentin, levetiracetam, chlorprothixene and
fexofenadine, which half-lives (DTs soil) are set to 360 days, the soil concentrations after
100 years are slightly higher because of accumulation in the soil.
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Table 72. Predicted soil concentrations (mg/kg DW) of 14 drug substances in agricultural soils,
park areas and soil mixtures. Mean soil values in the period of 0, 90 days and 100 years
are shown for agricultural soils, while the period is 0 and 90 days for park areas and soil

mixture.
Drug substance Time after Sewage Agricultural soil Park areas Soil mixture
application sludge
Predicted 40 tons 60 tons 5 cm sewage 30% sewage
value sludge, sludge (w/w)
10cm soil
Mesalazin 0 day 39.3 0.654 | 0.9817 6.69 5.95
90 days 0.354 | 0.5315 3.26 2.90
100 years 0.654 | 0.9817 - -
Ranitidine 0 day 1.76 0.029 0.0440 0.30 0.27
90 days 0.023 0.0341 0.02 0.02
100 years 0.030 0.0449 - -
Dipyridamole 0 day 1.01 0.017 | 0.0252 0.17 0.15
90 days 0.013 | 0.0195 0.13 0.12
100 years 0.017 | 0.0258 - -
Sotalol 0 day 0.87 0.014 0.0216 0.15 0.13
90 days 0.010 0.0156 0.04 0.09
100 years 0.014 0.0216 - -
Metoprolol 0 day 0.75 0.013 0.0188 0.13 0.11
90 days 0.004 0.0056 0.04 0.03
100 years 0.013 0.0188 - -
Losartan 0 day 1.35 0.023 0.0338 0.23 0.20
90 days 0.014 0.0213 0.15 0.13
100 years 0.023 0.0338 - -
Atorvastatin 0 day 2.01 0.034 0.0503 0.34 0.31
90 days 0.024 0.0359 0.25 0.22
0.034 0.0503 - -
Tetracycline 0 day 0.89 0.008 0.0114 0.08 0.07
90 days 0.005 0.0079 0.05 0.05
100 years 0.008 0.0114 - -
Ciprofloxacin 0 day 1.70 0.028 0.0426 0.29 0.26
90 days 0.022 0.0329 0.22 0.20
100 years 0.029 0.0434 - -
Carisoprodol 0 day 3.98 0.066 0.0996 0.68 0.60
90 days 0.051 0.0770 0.52 0.47
100 years 0.068 0.1016 - -
Gabapentin 0 day 2.30 0.038 0.0576 0.39 0.35
90 days 0.029 0.0433 0.29 0.26
100 years 0.038 0.0577 - -
Levetiracetam 0 day 0.72 0.012 0.0180 0.12 0.11
90 days 0.009 0.0139 0.09 0.08
100 years 0.012 0.0184 - -
Chlorprothixene 0 day 0.96 0.016 0.0241 0.16 0.15
90 days 0.012 0.0187 0.13 0.11
100 years 0.016 0.0247 - -
Fexofenadine 0 day 0.99 0.016 0.0247 0.17 0.15
90 days 0.013 0.0192 0.13 0.12
100 years 0.017 0.0254 - -
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6.4. Predicted concentrations of drug substances in plants after sewage
sludge application

The models for uptake of contaminants in plants are not developed for polar or ionisable
compounds. Most drug substances have functional groups and are ionised at a certain pH. An
improved model for plant uptake has been published, but VKM has not access to the needed
input parameters or the expertise to be able to take these models in use. Uptake of drug
substances into plants was therefore not estimated in this risk assessment.

6.5. Predicted concentrations of drug substances in surface- and
groundwater after sewage sludge application

The calculation of the concentrations of the drug substances in groundwater and surface water
was performed using the same models as used for heavy metals and organic contaminants
(described in Chapter 5.4).

For all the included drug substances except from levetiracetam, the surface runoff is more
important for transport of the drug substances to water recipients than drainage through soil
(Table 73). PEC surface water is calculated assuming that the drainage water and surface
runoff are diluted by a factor of 10.

Table 73. Calculated concentrations of drug substances in drainage water (groundwater), runoff,
and PEC surface water (assuming that the drainage water and surface runoff are diluted

by a factor of 10).

Drug substance Drainage  Run-off Sum PEC surface water

ng/L ng/L ng/L ng/L
Mesalazin 39 2x10™ 39 3.9
Ranitidin 0.11 0.49 0.60 0.06
Dipyridamole 0.12 17 17 1.7
Sotalol 0.0041 34 34 0.34
Metoprolol 1x10™" 0.0005 0.0005 0.00005
Losartan 0.03 0.16 0.20 0.02
Atorvastatin 0.0001 0.21 0.21 0.021
Tetracycline 0.02 0.18 0.20 0.02
Ciprofloxacin 0.02 0.36 0.37 0.04
Carisoprodol 1.1 1.3 2.5 0.24
Gabapentin 0.53 0.75 1.3 0.13
Levetiracetam 0.35 0.23 0.59 0.06
Chlorprothixene | 3.8x10™" 45 45 0.45
Fexofenadine 0.0003 6.3 6.3 0.63
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6.6. Exposure assessment — production animals

The exposure of food production animals to drug substances following the use of sewage
sludge as soil conditioner could not be estimated due to the lack of information on
concentrations in plants.

6.7. Exposure assessment - humans

6.7.1.1. Children eating soil added sewage sludge

For the 14 identified drug substances through the tired approach, environmental cut-off
concentrations have been used (tiered approach), based on the assumption that levels of drug
substances below 100 ng DW/soil would not be of ecotoxicological concern. This cut-off
concentration is, however, not appropriate to evaluate risk for humans.

Soil mixture is added 30% w/w sewage sludge. Children eating such soil mixture could be
exposed to drug substances present in the sludge, and a daily consumption of 0.2 g soil has
been used in the calculations (see Chapter 4.3.1.).

To identify drug substances of possible concerns for children eating soil ADI or TTC values
where used as cut-off concentrations instead of the environmental cut-off concentrations used
in the tiered approach described in Chapter 6.1.6. For most drug substances, the TTC value
for Cramer III chemicals where used (1.5 pg/b.w./day), while the TTC value set for genotoxic
compounds (1.5 pg/b.w./day) where used for all the anticancer drugs (see Chapter 6.2.3.).

The intake of a drug substance of children should therefore not exceed 15 ng/day (most drug
substances) or 0.025 pg/day (anticancer drug), assuming a body weight of 10 kg for children
eating soil.

To calculate estimated PEC in soil mixture, the tiered approach described in Chapter 6.1. was
used. The refined PEC in Tier 3 (PECisoil (tier 3)) Was regarded as the likely concentration of a
given drug substance in soil mixture after use of sewage sludge. To facilitate the comparisons
with cut-off concentrations for human exposure, the concentrations of each drug substance
was estimated in 0.2 g soil.

Table 74. Estimated PEC in Tier 1, 2 and 3 of drug substances in 0.2 g soil mixture following
application of 30 % w/w sewage sludge in soil mixtures. Concentrations are given in pg

in 0.2 g soil.
Tier 1 Tier 2 Tier 3
Drug groups Drug substance PECsit max) PECsqii tier 2) PECsqii tier 3)
pgin 0.2 g soil pg in 0.2 g soil pgin 0.2 g soil
Antineoplastic agents Capecitabine 0.03 0.001 0.0001
Hydroxycarbamide 0.04 0.003 0.001
Anti-androgens Bicalutamide 0.03 0.03 0.0006
Immunosupressive
agents Ciclosporin 0.05 0.01 0
Azathioprine 0.03 0.006 0.006
Mycophenolic acid 0.22 0.07 0.0007
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When calculating maximum concentration in 0.2 g soil mixture (PECsii (max) for all drug
substance (n=595) identified in Tier 0, six substances, all anticancer drugs, obtained an
estimated maximum concentration in 0.2 g soil mixture above 0.025 ng in Tier 1 (Table 74).
Following the 1*" refinement of PECs; (tier 2) 1n Tier 2, two of these substances would obtain
an estimated concentration in 0.2 g soil above 0.025 pg. Following the 2™ refinement of
PEC;oil (tier 3) In Tier 3 none of the drug substances would exceed the cut-off concentration of
0.025 pg/0.2 g soil mixture.

6.7.1.2. Humans eating food produced on sludge amended soil

The exposure of humans to drug substances in food following the use of sewage sludge as soil
conditioner could not be estimated due to the lack of information on concentrations in plants
and in food producing animals (see Chapter 6.4.).
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6.8. Risk characterisation

6.8.1. Risk characterization for soil organisms and plants

In Table 75 PECs, PNECs and RQs for drug substances in soil are shown. All RQs are well

below 1.
Table 75. PEC, PNEC and risk quotients (RQ =PEC/PNEC) for drug substances in soil.
Drug substance PEC PEC PEC PNEC RQ RQ RQ
Agricultural Park areas  Soil mixture Agricultural Park areas Soil
Soil (60 ton) soil (60 ton) mixture
Mg/kg DW  mg/kg DW  mg/kg DW | mg/kg DW
Mesalazin 0.98 6.7 6.0 12 0.08 0.56 0.5
Ranitidin 0.04 0.30 0.27 5277 0.5x10°  3.6x10° 3.2x10”
Dipyridamole 0.03 0.17 0.15 - - - -
Sotalol 0.02 0.15 0.13 4095 0.5x10°  3.6x10° 3.2x10”
Metoprolol 0.02 0.13 0.11 589 0.3x10*  2.2x10* 1.9x10™
Losartan 0.03 0.23 0.2 - - - -
Atorvastatin 0.05 0.34 0.31 11 0.005 0.03 0.02
Tetracycline 0.01 0.08 0.07 8.8 0.001 0.009 0.008
Ciprofloxacin 0.04 0.29 0.26 26 0.02 0.01 0.01
Carisoprodol 0.10 0.68 0.6 24368 0.4x10°  2.7x10° 2.5x10”
Gabapentin 0.06 0.39 0.35 20460 | 0.3x10°  1.9x10° 1.8x107
Levetiracetam 0.02 0.12 0.11 - - - -
Chlorprothixene 0.02 0.16 0.15 - - - -
Fexofenadine 0.03 0.17 0.15 - - - -

6.8.2. Risk characterization for aquatic organisms

In Table 76 PECs, PNECs and RQs for drug substances in surface water are shown. All RQs

are well belove 1.

Table 76. PEC, PNEC and RQ for the various drug substances for aquatic organisms in surface
water as a result of application of sewage sludge in soil.
Drug groups Drug substance PEC PNEC RQ
Alimentary tract and metabolism | Mesalazin 39 6078 0.0006
Ranitidin 0.06 167 0.0004
Blood and blood forming organs | Dipyridamole 1.7 - -
Cardiovascular system Sotalol 0.34 97.7 0.0003
Metoprolol 0.00005 58.3 8.6x10°
Losartan 0.02 143 0.0001
Atorvastatin 0.021 0.13 0.16
Antibacterial drugs Tetracycline 0.02 0.31 0.06
Ciprofloxacin 0.04 0.52 0.08
Musculo-skeletal system Carisoprodol 0.24 - -
Nervous system Gabapentin 0.13 1100 0.0001
Levetiracetam 0.06 - -
Chlorprothixene 0.45 - -
Respiratory organs Fexofenadine 0.63 - -
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6.8.3. Risk characterization humans

The estimated concentrations for all drug substances in soil mixture after use of sewage
sludge as soil conditioner is lower than the food safety reference values (TTC, ADI). VKM
Panel 5 considers it unlikely that consumption of soil mixture added sewage sludge will pose
any risk to the children’s health.
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6.9. Antibacterial drug residues in sewage treatment plant water,
sludge and soil: Development of antibacterial resistance

6.9.1. Introduction

The most important location for the development antibacterial resistance is probably in the
gut of humans or animals receiving antibacterial drug therapy. Resistant bacteria and
resistance genes that have developed due to presence of antibacterial drugs in the gut will be
excreted together with the faeces. When that faeces becomes part the waste water sludge,
resistant bacteria and resistance genes may reach arable land if the sludge is used as soil
conditioner. Such resistance may be further spread, either vertically or by horizontal spread of
genetic elements to other bacteria (see bacteria (I) in Figure 15).

A second way, but probably less important as described above, is the resistant development
due to a selection pressure of dissolved antibacterial drug residues in sewage water, typically
in the pg/l concentration level (see bacteria (II) in Figure 15). Those residues may exert a
selection pressure to bacteria that favours resistance development in the sewage treatment
plant (STP) (resistant bacteria III and IV in Figure 15). Again the sludge may, as above,
contain genetic elements that can at a later stage be transferred to other bacteria (resistant
bacteria V and VI in Figure 15).

Finally, a third way that may impose a selection pressure can happen in the soil compartment
itself due to antibacterial drug residue molecules (typically in the low pg/kg soil DW). They
are transported with sludge to the topsoil and desorbs from the waste to the soil compartment.
Theoretically, they can exert a selection pressure to existing soil bacteria which may develop
resistance (resistant bacteria V and VI in Figure 15). These genetic elements may again be
transferred to other soil bacteria. Probably this is the less important way of inducing resistant
elements into the soil compartment.

In the present risk assessment, we have assessed the risk of increase of the occurrence of
antibacterial-resistant bacteria and resistance genes in soil following application of sludge as
fertilizer by evaluating the likeliness of development of resistance by the antibacterial drug
residues contained in the STP water, in the dry sludge and in soil.

Various sludge treatment methods that are applied prior to the use of sludge in agriculture are
intended to remove pathogenic microorganisms and may also reduce the presence of
pharmacologically active substances. Although treatment of sludge may decrease, but not
eliminate, the problem, inadequate sludge treatment cannot be excluded as a contributor to the
spread of resistant bacteria to the environment. It should be noted that naturally occurring
antibacterial drugs (antibiotics) often degrade more readily in the environment than synthetic
antibacterial drugs (Jorgensen & Halling-Sorensen 2000).
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Into sewage water: Resistant bacteria AB drugs in STP water: Development of
and genes coding for resistance (I) resistant bacteria (II)

In sludge:
* AB drugs: Development of resistant bacteria (III)

* Multiplying of resistant bacteria and transferring of genes coding for resistance to
sludge bacteria (IV)

In soil:
* AB drugs: Development of soil resistant bacteria (V)

 Multiplying of resistant bacteria and transferring of genes coding for resistance
to soil bacteria (VI)

Figure 15. Schematic description of the various pathways for development and spread of
antibacterial (AB) drug resistance in sewage treatment plant (STP) water, sludge and in
soil bacteria following application of sludge as soil conditioner.

As above introduced, the presence of antibacterial drug residues in the STP-water and in
sludge may exert selection pressures in these segments and thus contributes to the
development and dissemination of antibacterial resistance. These resistant bacteria and
resistance genes may be transferred to soil following application of sludge as fertilizer and
transferable resistance genes are likely be transferred to soil bacteria as the resistance genes
frequently neither respect phylogenetic nor ecological borders. Soil bacteria can then act as a
reservoir of resistance genes from which the genes can be further disseminated and ultimately
end up in human pathogens (Figure 15). Application of sewage sludge containing
antibacterial drug residues may also contribute to a reservoir of resistant bacteria in soil.
Many bacteria that have their ecological niches in soil and water are from nature themselves
well equipped with resistance mechanisms.

Data on the occurrence of antibacterial resistance in sewage sludge from Norwegian sewage
treatment plants or in soil following use of sewage sludge as fertilizer are not available. But
even if such data were available, the assessment of the impact to human health from
occurrence data, e.g. in soil, is not possible as models to perform such an assessment are
actually non-existing.
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6.9.2. Hazard identification and characterisation

It is generally acknowledged that antibacterial resistance is an emerging human health
problem as this inevitably will lead to increased number of suboptimal treatments and
treatment failures of bacterial diseases. The emergence and spread of antibacterial resistance
are complex possesses. They are driven by numerous interconnected factors and selective
pressure from exposure to antibacterial drugs resulting in emergence of resistant bacteria that
subsequently will be predominating within the population is considered the most important
factor.

Several different mechanisms are involved in the development of resistance to antibacterial
drugs. Exposure to antibacterial drugs may cause intrinsic processes or mutations in bacterial
DNA (e.g. chromosome, plasmid) resulting in reduced susceptibility or resistance to one or
more antibacterial drugs (Lipsitch & Samore 2002). Furthermore, acquisition of resistance by
bacteria through uptake of new genetic elements through horizontal gene transfer coding for
resistance is another mechanism (Lipsitch & Samore 2002; Yazdankhah et al, 2006).
Resistance genes may be acquired by uptake of pieces of DNA originating from the
chromosome of other bacteria or by acquiring mobile genetic elements such as plasmids or
transposons (Davies 1994). This increases the occurrence of resistance genes associated with
transferable genetic elements, and may entail further dissemination of resistance genes to
other bacterial species (Lipsitch & Samore 2002).

Various studies have reported the presence of multiresistant bacteria both in untreated and
treated sludge (Boczek et al.,, 2007; Ferreira et al., 2006; Ferreira et al., 2007; Prado et al.,
2008; Schluter et al., 2007). Although treatment of sludge reduces the number of bacteria,
including the resistant ones, it will not entirely eliminate all such bacteria. If inadequately
treated sludge is used as fertilizer, agricultural products used as food or animal feed may be
contaminated (Ensink et al,, 2007; Heaton & Jones 2008; Keraita et al., 2008), and such
phenomena have been the sources of several outbreaks of enteropathogenic infections (Heaton
& Jones 2008). Proved spread of enteropathogenic pathogens may be regarded as indications
on spread of other enterobacteria (Hoiby ef al., 1995) and these may carry resistance genes.

Bacterial DNA that contain resistance genes can be released to soil from microorganisms after
treatment of sludge. Bacterial DNA may persist in soils for weeks and months (Picard et al,,
1992; Recorbet et al., 1993; Romanowski et al, 1991) but the biological activity of DNA
released into natural soils has been demonstrated for bacterial DNA for limited periods of
time (Nielsen et al.,, 1997b). The stability of DNA in soils is dependent upon several factors
like soil type, its composition and pore sizes, temperature, soil moisture, aeration,
concentration of in/organic nutrients and salts, pH, bacterial activity and density, extracellular
enzymatic activity, and soil interaction with meso-macrofauna and flora (Nilsen, 1997c).
Mostly in laboratory models the transformation of bacterial DNA to environmental bacteria
have been demonstrated in several studies and often due to an induction of antibacterial drugs
in concentration at much higher level (mg/kg DW soil) than found in natural soil environment
(Nielsen et al., 1997a; Nielsen et al, 2000; Nielsen et al, 1997b; Smalla et al, 2000).
Transformation to soil bacteria of antibacterial resistance genes from manure used as
fertilization has also been confirmed (Binh ef al., 2008; Heuer & Smalla 2007), and again this
has been demonstrated only at the mg/kg DW manure of an antibacterial drug. The frequency
of such transformation is depending on several factors like the number of bacterial species
capable of transferring genes, factors that regulate their host range, the nature and availability
of transferred DNA, the transfer efficiencies, and the selective pressure acting on the bacterial
transformation (Nilsen, 1997¢).
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6.9.2.1. Field conditions

Sengelov et al. (2003) reported that resistance to tetracycline, macrolides and streptomycin
was measured for a period of 8 months in soil bacteria obtained from farmland treated with
pig manure slurry. The control soil was not amended with animal manure. The occurrence of
tetracycline-resistant bacteria was elevated after spread of pig manure slurry but declined
throughout the sampling period to a level corresponding to the control soil. Higher load of pig
manure slurry yielded higher occurrence of tetracycline resistance after spreading; however,
the tetracycline resistance declined to normal occurrence defined by the tetracycline resistance
occurrence in the control soil. Results obtained indicate that tetracycline resistance levels in
soil are temporarily influenced by the addition of pig manure slurry and that increased amount
may result in increased levels of resistance for a shorter time.

In a second field study in southern consistently reported that the level of aerobic antibiotic-
resistant bacteria in the soil over time and soil fauna community was assessed in relation to
application of manure containing antibacterial drugs to the agricultural fields (Halling-
Serensen et al., 2005. The level of both CTC- and TYL-resistant bacteria was affected in the
soil by amendment of manure, but declined during the study to the same level as observed at
the beginning.

The informations of spreading of genetic material from biosolids to soil under field conditions
are still very limited. Demoling & Baath (2008) reported that no long-term persistence of
bacterial pollution-induced community tolerance was observed in tylosin-polluted soil.

6.9.2.2. Use of minimum inhibitory concentration (MIC)

The susceptibility of a bacterial strain to an antibacterial drug is expressed as its minimum
inhibitory concentration (MIC) towards that drug. MIC is defining the lowest concentration of
a given antibacterial drugs that inhibits growth of a bacterium under standard laboratory
conditions. For clinically-resistant bacterial strains (Smaill, 2000) the MIC values are usually
between 0.25-16 pg/ml (mg/L). In susceptible bacteria, the MIC values usually range
between 1 ng/ml (ug/L) and the breakpoint (Andrews, 2001). A similar range of susceptibility
has been suggested for non-pathogenic bacteria (Halling-Sorensen, 2000; Lutzhoft et al,
1999). Bacteriological breakpoints provide information regarding the in vitro susceptibility of
bacteria to antibacterial drugs.

Kiimmerer and Henninger (2003) suggest that concentrations of antibacterial drugs in sewage
water with 10% effects (MIC o) on bacteria could be used as PNEC with respect to promotion
of resistance. Since there are no published data on 10% effect concentration for bacteria (e.g.
MIC,y), Kiimmerer and Henninger suggest using MICsy and dividing this value with 10. To
describe the risk of promotion of resistance the PEC of the various antibacterial drugs in
sewage water, the authors compared this value with the corresponding PNEC value and the
authors applied PEC/PNEC- values of >1 and > 10 as risk levels, 10 being the highest level.
But in contrast to toxicological effects, antibacterial resistance may be favoured by sub-
inhibitory concentrations of antibacterial drugs, i.e. by concentrations lower than the MIC
value for the species in question. Whilst very low concentrations of antibacterial drugs may
induce already existing resistance mechanisms in bacteria, higher concentrations are needed
to exert a selection pressure that gives the antibacterial-resistant strains a selective advantage
(Courvalin, 2008). Furthermore it is not likely that resistance is promoted at concentrations of
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antibacterial drugs substantially lower than the MIC value. Consequently, the method used by
Kiimmerer and Henninger (2003) to characterize the risk of promotion of resistance is not
applicable, i.e. PEC/PNEC >10 is not likely to exert any selection pressure.

In the present risk assessment VKM Panel 5 has chosen to use the wild type MIC value for
each antibacterial drug for two common enterobacteria (see Table 77) as reference values for
resistance development. The wild type MIC values are taken form the European Committee of
Antimicrobial Susceptibility Testing (EUCAST). The wild type MIC values were chosen
because these are considerably lower than the clinical breakpoint MIC values and are
therefore more conservative.

Little information is available regarding synergic interactions between antibacterial drugs
present in sludge. Such possible synergic effects may theoretically promote mutation in
bacteria and thus act as selection pressures.
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Table 77. Wild type MIC values (range, png/L) for the antibacterial drugs for two common
enterobacteria, E.coli and E.facium.
MIC values MIC values
Group of substances Drug substance pg/L png/L
E. coli E. facium
Tetracyclines Tetracycline' 1000-3000 250-2000
Doxycycline 250-4000 125-500
Oxytetracycline - -
Amphenicols Chloramphenicol 2000-16000 2000-32000
Penicillins with extended spectrum  Amoxicillin 1000-8000 125-8000
Ampicillin® 1000-8000 250-4000
Mecillinam’ 64-1000 -
Piperacillin 500-8000 1000-16000
Beta-lactamase sensitive penicillins Phenoxymethylpenicillin - -
Benzylpenicillin - 125-16000
Beta-lactamase resistant penicillins  Dicloxacillin - -
Cloxacillin - -
Cephalosporins (1* generation) Cefalexin - -
Cefalotin - -
(2™ generation) Cefuroxime 500-8000 -
(3" generation) Cefotaxime 16-250 -
Ceftazidime 32-500 -
Ceftriaxone 8-125 -
Monobactams Aztreonam 32-125 -
Carbapenems Meropenem 8-125 64-8000
Sulfonamides Sulfamethoxazole 8-125 64-8000
Trimethoprimes and derivatives Trimethoprim 125-2000 -
Macrolides Erythromycin - 125-4000
Clarithromycin - 64-4000
Azithromycin - -
Spiramycin - -
Lincosamides Clindamycin - -
Aminoglycosides Tobramycin 250-2000 2000-32000
Gentamicin 125-2000 2000-32000
Fluoroquinolones Ciprofloxacin 4-32 250-4000
Ofloxacin 32-250 500-64,000
Glycopeptide antibacterials Vancomycin - 250-4000
Nitrofuran derivatives Nitrofurantoin 4000-64000  16000-256000
Steroidantibacterials Fusidic acid - -
Other antibacterials Linezolid - 500-4000
Antimycotic antibacterials Amphotericin B - -
Antituberculostatic antibacterials Rifampicin - -

ncludes lymecycline, a prodrug to tetracycline; “Includes pivampicllin, a prodrug to ampicilllin; *Includes pivmecillinam, a

prodrug to mecillinam

- ; This species is a poor target for therapy with that antibacterial drug (and thus resistance is unlikely to develop) or data not

public available
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6.9.3. Exposure assessment of antibacterial drugs to bacteria in STP-water, sludge and
soil

The exposure of bacteria in the STP water (PECsrp-water), in the dry sludge (PECqjudee) and in
the soil (PEC,,;) to the various antibacterial drugs was calculated as follows:

PECSTP-water (H-g/l) = Mact_ Mmetab / (VW ) Eq- 9B
Where:
\Y, = the annual usage, in weight of active substance, of the antibacterial drugs in question in the included
geographical area
Vy = the total annual wastewater volume that enters the STPs in the included geographical area (see chapter
6.1.3.3)

Mty = the amount of the antibacterial drugs in question metabolised in the human body

In the calculation of PECgrp.water sorption of the antibacterial drugs to sludge was not taken
into consideration as it was assumed that this occurred gradually in the treatment phase in the
STPs; the PECsrp.water Values calculated are thus considered to be conservative.

PECgage (ng/kg) for the various antibacterial drugs was calculated by use of the tiered
approach described in 6.1.3 and PEC,,; (ng/kg) for the various antibacterial drugs were
calculated for the various application scenarios on the basis of the estimated PECyjudqe values
for the different antibacterial drugs.

The estimated PECgsrp.water Values (Table 78) were approximately in the same size as those
estimated by Kiimmerer and Henninger (2003) in German STP influent water; the differences
seen may be explained by differences in prescribing patterns of antibacterial drugs.

It should be noted that for the PEC values given in Table 78, biodegradation of the
antibacterial drugs in the STP water, sludge or soil has not been taken into consideration.
Thus the PEC values for antibacterial drugs for STP water, sludge and soil for this part of the
risk assessment may be regarded as conservative.
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Table 78. PEC for antibacterial drugs in STP water (amount metabolised in human body excluded)
and in sewage sludge, in soil and in park areas.
PEC PEC PEC PEC PEC
STP water  Sewage Agriculture Agriculture Park areas
Drug substance sludge (40 tons/ha) (60 tons/ha) (30% w/w)
ng/L pg/kg pg/kg soil pg/kg soil pg/kg soil
Tetracycline' 2 885 15 22 134
Doxycycline 1 155 3 4 23
Oxytetracycline 0.4 116 2 3 18
Chloramphenicol 0.003 1 0.02 0.03 0.2
Amoxicillin 4 544 9 14 82
Ampicillin® 1 285 5 7 43
Mecillinam® 3 693 11 17 105
Piperacillin 1 46 1 1 7
Phenoxymethylpenicillin 13 1647 27 41 250
Benzylpenicillin 3 480 8 12 73
Dicloxacillin 6 872 15 22 132
Cloxacillin 0.1 9 0.1 0.2 1
Cefalexin 2 306 5 8 46
Cefalotin 2 123 2 3 19
Cefuroxime 2 144 2 4 2
Cefotaxime 1 141 2 4 21
Ceftazidime 0.2 21 0.3 1 3
Ceftriaxone 0.1 9 0.2 0.2 1
Aztreonam 0.01 1 0.02 0.04 0.2
Meropenem 0.3 29 0.5 1 4
Sulfamethoxazole 1 64 1 2 10
Trimethoprim 1 516 9 13 78
Erythromycin 1 416 7 10 63
Clarithromycin 0.3 261 4 7 40
Azithromycin 0.1 112 2 3 17
Spiramycin 0.3 266 4 7 40
Clindamycin 0.2 26 0.4 1 4
Tobramycin 0.05 6 0.1 0.1 1
Gentamicin 0.04 7 0.1 0.2 1
Ciprofloxacin 2 1380 23 35 209
Ofloxacin 0.1 39 1 1
Vancomycin 0.1 21 0.4 1 3
Nitrofurantoin 0.2 42 1 1 6
Fusidic acid 0.001 0.1 0.002 0.003 0.02
Linezolid 0.02 5 0.1 0.1 1
Amphotericin B 0.02 8 0.1 0.2 1
Rifampicin 0.2 86 1 2 13

ncludes lymecycline, a prodrug to tetracycline; “Includes pivampicllin, a prodrug to ampicilllin; *Includes pivmecillinam, a
prodrug to mecillinam
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6.9.4. Risk characterisation

The risk of increasing the occurrence of antibacterial resistant bacteria and resistance genes in
soil following application of sewage sludge as soil conditioner has been assessed by
evaluating the likeliness of development of resistance by the antibacterial drug residues
contained in the STP water, in the dry sludge and in soil.

Table 79. Comparison of PEC for antibacterial drugs in STP water (amount metabolised in human
body excluded), in sewage sludge, in soil and in park areas with wild type MIC values

(range, pg/L) for the antibacterial drugs for E.coli and E.facium.

PEC PEC PEC PEC MIC values | MIC values
STP water  Sewage Agriculture Park areas pg/L pg/L
Drug substance sludge (60 tons/ha) (30% w/w)

ng/L png/kg pg/kg soil pg/kg soil E. coli E. facium
Tetracycline' 2 885 2 134 1000-8000 | 250-2000
Doxycycline 1 155 4 23 250-4000 125-500
Oxytetracycline 0.4 116 3 18 B -
Chloramphenicol 0.003 1 0.03 02 2000-16000 | 2000-32000
Amoxicillin 4 544 14 82 1000-8000 | 125-8000
Ampicillin2 1 285 7 413 1000-8000 250-4000
Mecillinam® 3 693 17 105 64-1000 -
Piperacillin 1 46 1 7 500-8000 1000-16000
Phenoxymethylpenicillin 13 1647 41 250 - -
Benzylpenicillin 3 480 12 73 - 125-16000
Dicloxacillin 6 872 22 132 - -
Cloxacillin 0.1 9 02 1 - -
Cefalexin 2 306 8 46 - -
Cefalotin 2 123 3 19 - -
Cefuroxime 2 144 4 22 500-8000 -
Cefotaxime 1 141 4 21 16-250
Ceftazidime 0.2 21 1 3 32-500 -
Ceftriaxone 0.1 9 0.2 1 8-125 -
Aztreonam 0.01 0.04 02 32-125 -
Meropenem 0.3 29 1 4 8-125 64-8000
Sulfamethoxazole 1 64 2 10 8-125 64-8000
Trimethoprim 1 516 13 78 125-2000 -
Erythromycin 1 416 10 63 - 125-4000
Clarithromycin 03 261 7 40 - 64-4000
Azithromycin 0.1 112 3 17 - -
Spiramycin 0.3 266 7 40 - -
Clindamycin 0.2 2 1 4 - -
Tobramycin 0.05 6 0.1 1 250-2000 | 2000-32000
Gentamicin 0.04 7 0.2 1 125-2000 | 2000-32000
Ciprofloxacin 2 1380 35 209 4-32 250-4000
Ofloxacin 0.1 39 1 6 32-250 500-64,000
Vancomycin 0.1 21 1 3 - 250-4000
Nitrofurantoin 0.2 42 1 6 4000-64000 16000-

256000

Fusidic acid 0.001 0.1 0.003 0.02 - -
Linezolid 0.02 0.1 1 - 500-4000
Amphotericin B 0.02 02 1 - -
Rifampicin 0.2 86 2 13 - -
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Table 79 shows that the PECgtp.water values for the various antibacterial drugs are several
orders of magnitude lower than the corresponding lowest MIC values for E. coli and E.
facium. 1t is therefore unlikely that antibacterial drug resistance will be promoted in the STP
water.

The PECquge values for the various antibacterial drugs are considerably lower than the
corresponding highest MIC values for E.coli and E. facium (Table 79), and in many of the
cases the PECyqqe values were also lower than the lowest MIC values. An exception is
ciprofloxacin for which the PECgjuqg value was found to be several order higher than the
highest MIC values for E.coli (i.e. MIC for strains with low sensitivity). As ciprofloxacin is a
persistent substance (Sukul & Spiteller, 2007) it is unlikely that it will be degraded in the
sludge.

The PEC,,i values for the various antibacterial drugs following application of sewage sludge
on agricultural land (Table 79) are substantially lower than the MIC values for E. coli and E.
facium. An exception is ciprofloxacin for which the PEC,; values are close to the MIC values
for the bacterial strains with lowest susceptibility.

VKM Panel 5 concludes that it is unlikely that antibacterial resistance may be promoted in the
STP water, in the sludge or in the soil following application of sewage sludge as fertilizer. An
exception may be for ciprofloxacin due to the long-term persistence of such substances in
soils because of its covalent binding to i.e. Ca, Mg, Al and Fe and indication of a limited
mobility of fluoroquinolones into the subsoil (Golet et al., 2003).
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6.9.5. Comparison of usage of antibacterial drugs in human and veterinary medicine

According to the terms of reference the contribution of certain pharmaceuticals
(antibacterial drugs) from the agriculture sector should be compared with the contribution
from sewage sludge. In Norway, antibacterial drugs are not applied for plant protection
thus the only contribution from the agriculture sector is treatment of food producing
animals. Due to time constraint it was not possible to calculate PEC panre and consequently
PEC,.i, by application of a tiered approach taking into concideration metabolism of the
antibacterial drug in the animal body, potential biogdradation in manure and soil etc.
Therefore, we present the “gross” contribution from use in animals and humans, i.e. overall
national sales of veterinary and human antibacterial drugs in Norway in 2006 (Table 80).

Table 80. Sales, in kg active substance, of veterinary and human antibacterial drugs in Norway in
2006. Sales data were obtained from the Norwegian Institute of Public Health and
represent wholesalers level. Antibacterial drugs for farmed fish are not included.

Veterinary antibacterial drugs Kg | Human antibacterial drugs Kg

Group of substances Group of substances

Aminoglycosides 157

Tetracyclines 278 Tetracyclines 2169

Sulfonamides, combinations' 197
Amphenicols 7

Penicillins with extended spectrum 303 Penicillins with extended spectrum 3826

Beta-lactamase sensitive penicillins 2070 | Beta-lactamase sensitive penicillins 16 392
Beta-lactamase resistant penicillins 2187

Comb. of penicillins and beta-lactamase inhibitors 290 Comb. of penicillins and beta-lactamase inhibitors 325
Cephalosporins, 1% generation 1311
Cephalosporins, 2™ generation 633
Cephalosporins, 3™ generation 721
Monobactams 5
Carbapenems 133
Trimethoprim and derivatives 477
Comb. of sulfonamides and trimethoprim, incl.

Comb. of sulfonamides and trimethoprim, incl. deriv. 1652 | deriv. 1076

Sulfonamides 20
Macrolides 2991

Lincosamides 19 Lincosamider 528
Other aminoglycosides 30

Fluoroquinolones 29 Fluoroquinolones 974

Comb. of penicillins and aminoglycoside antibacterials 529
Glycopeptide antibacterials 27
Polymyxins 11
Steroid antibacterials 14
Nitrofuran derivatives 124

Other antibacterials® 154 Other antibacterials® 13
Antimycotic antibacterials 0,2
Antibacterials for tuberculosis 32

Beta-lactamase antibacterials, comb with other

antibacterials 749

Total 6449 | Total 34 005

Mncludes aminoglycosides and beta-lactamase sensitive penicillins; “Includes only pleuromutilins; *Includes only linezolid
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7. CONCLUSION

The application of sewage sludge as soil condtioner implies a potential dispersal of a wide
range of contaminants in agricultural soils. These contaminants may be further transported to
different environmental compartments such as air, surface water, ground water and nearby
streams. Furthermore the contaminants in soil may be absorbed into plants used for food or
feed production or grazing purposes and result in animal and human exposure to the
contaminants through feed or food. The Norwegian Scientific Committee for Food (VKM)
was asked to assess the risk a list of contaminants or group of contaminants in sewage sludge.
This list of contaminants (Table 2) was prepared after a pilot project where available
information on occurrence in Norwegian sludge and available toxicological information had
been collected. The predicted environmental concentrations (PECs) in soil and water, as well
as human and animal exposure to the contaminants following the use of sewage sludge on
Norwegian soils have been estimated by use of validated mathematical model equations
recommended in the European Union’s (EU) Technical Guidance Document for Risk
Assessment of Chemicals (TGD). The guidelines were not always completely followed in the
work, but to some extent adapted to Norwegian conditions when relevant. In case of
adaptation to Norwegian conditions it is clearly discussed in the report. The exposure of the
aquatic environment has been estimated by use of models developed, validated and used for
pesticides.

The risks associated with the estimated levels of exposure were then assessed by comparing
the estimated exposure levels to available estimated safe levels of exposure, such as predicted
no effect concentrations (PNECs), or tolerable dayily intake (TDI).

There is very limited information on the occurrence of pharmaceuticals in Norwegian sewage
sludge. The selection of pharmaceuticals included in the few studies available appears not to
be based on risk of effect or probability of occurrence. Therefore, a tiered approach to
estimate the concentrations of pharmaceuticals in sewage sludge was developed. The potential
concentrations in sewage sludge were estimated based on statistical information on sold
amounts of pharmaceuticals and sewage sludge production volumes. The estimations were
gradually refined by taking factors such as water solubility, biotransformation, and
environmental degradation into account. The output of the tiered approach was a list of 14
pharmaceuticals with potential occurrence in soil after sewage sludge application exceeding
the EMEA cut off value of 100 pg/kg soil. A more detailed risk assessment of these 14 drug
substances was performed by using the same methods as used for other contaminants.

VKM was asked to assess the current use of sewage sludge in Norway and a potential
increase of 50% of the present maximum use of sludge. The assessment takes into account
dispersal of sewage sludge on all food crop producing soil as well as soil for feed production.

Only risks associated with chemical contaminants and medicines in sludge have been
assessed. Other relevant aspects such as pathogens and the potential risk of eutrophication of
the aquatic environment following sewage sludge application were outside the scope of this
assessment. Furthermore, the risk of application of sewage sludge on areas with grazing
animals without ploughing within 18 hours has not been evaluated. Metabolites of the
assessed substances formed either in humans (drug substances) or in the environment are not
evaluated. Furthermore, the establishment of new tolerable weekly intake (TWI) or Predicted
No Effect Concentration (PNEC) values has not been within the scope of this assessment and
the lack of such values has been pointed out as data gap for some substances. In addition, the
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mathematical models applied for uptake in plants have not been validated for ionisable and
polar compounds. Drug substances often fall into these categories and uptake in plants are
therefore not estimated for these substances and consequently human and animal exposure to
drug substances through plant consumption could not be estimated. The risks have been
assessed chemical by chemical, since no methodology for the risk assessment of the mixture
occurring in sewage sludge is available. Most of the estimated exposures are well below any
predicted effect concentration, making any interaction less likely, unless the contaminants
have the same mode of action (VKM, 2008c).

Effects on soil environment (plants and other soil organisms)
Metals

The estimated soil concentrations of metals following repeated application of sewage
sludge are all below the relevant soil PNEC values. Metals in sewage sludge applied
according to the assessed scenarios are consequently assumed to constitute a low risk
to the soil environment.

Calculations show that soils amended with the maximum amount of sewage sludge
(40 tons per hectare every 10" year) increase their total concentrations of cadmium
(Cd), mercury (Hg), zinc (Zn) and copper (Cu) 2-4 times during 100 years. The soil
concentrations are not estimated to exceed the PNEC values for the terrestrial
environment during a time period of 100 years. Only minor changes occur for the
other metals. Cadmium and Hg are of particular concern due to their inherent toxic
properties in both animals and humans. A certain increment of lead (Pb) may also be
of toxicological concern. Only minor changes were found to occur for the other
metals.

Organic contaminants

The concentration of linear alkylbenzenesulphonate (LAS) in park areas and soil
mixtures far exceeds the PNEC value for soil living organisms and plants.

Octylphenol is the only assessed organic contaminant that is estimated to reach soil
concentrations exceeding the PNEC in agricultural soils. This contaminant is,
however, degradable in soil and the highest soil concentrations are reached
immediately after each sewage sludge application. There is also limited information
available on the effects of this compound in soil, and the used PNEC value is therefore
estimated from an available aquatic PNEC and a large safety factor has been used in
the assessment (Table 10). The available occurrence data for octylphenol in
Norwegian sludge are limited and levels are uncertain. Thus, VKM Panel 5 considers
octylphenol to constitute a relatively low risk to the soil compartment.

Some polycyclic aromatic hydrocarbons (PAHs) and some polychlorinated biphenyls
(PCBs) are expected to accumulate with repeated use of sewage sludge in a 100 years
period. Calculations indicate that the concentrations of these compounds are well
below the PNEC value at the end of the 100-year period.

No PNEC value for the environment has been available for octylphenol ethoxylates,
nonylphenol ethoxylates and PCBs.
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Medicines

No PNEC values for drug substances in soil have been available in this work. Soil
PNEC values have been estimated from the aquatic environment where PNEC values
for a range of drug substances have been set. This estimation is based on the
partitioning coefficients (K4 values). The estimated PNEC values should be used with
special care for drug substances due to their chemical properties, making calculations
based on the Kq4 value particularly uncertain.

The estimated soil concentrations of drug substances are low (concentration range
0.01 — 2 mg/kg DW) and well below the estimated PNEC values. VKM still consider
the drug substances in sewage sludge to constitute a low risk to the soil compartment.

Aquatic environment

Neither metals and organic contaminants nor drug substances have been estimated
to reach the environmental PNEC values on short or long term. The use of sewage
sludge therefore seems to constitute a negligible risk to the aquatic environment. A
risk assessment of PCB in the aquatic environment could not be performed due to lack
of PNEC values.

Food production animals

Generally, meat-producing animals have a short life span and are consequently not
expected to be a subject to long-term effects of substances with potential for
accumulation. Milk-producing and breeder animals have a longer life span but the
expsoure to contaminants through application of sewage sludge may anyway be
regarded as low. The results of this known-compound-approached risk assessment
indicate a neglicible risk concerning animal health for a range of compounds.
However, lead seems to be an exception and may constitute a risk in young animals as
the estimated extra contribution from sewage sludge to a high background level may
imply an intake level close to that shown to reduce learning capability in lambs. In
addition, there are limitations of relevant toxicological data for several of the
compounds. Furthermore, there is not possible to assess the combined effects of the
coctail of known and unknown chemicals in sewage sludge. However, perturbated
development is revealed in young ruminants pre- and postnatally exposed to
contaminants via fields treated with sewage sludge three weeks before grazing.

Human exposure

Humans are potentially exposed to contaminants from dispersal of sewage sludge
through consumption of crop plants grown on sludge-treated soil, consumption of
meat from food-producing animals grazing on or given feed based on crops produced
on this soil or through consumption of drinking water.

Metals

Intake of metals from consumption of food from sewage sludge treated soil is assumed
to constitute a low risk to the general population.

It is highly unlikely that a major fraction of the vegetables consumed by the general
population will be grown on soil treated with the maximum amount of sewage sludge
due to the limited availability of sewage sludge. Locally, vegetable farmers who cover
their daily consumption of vegetables grown on soils that has received the maximum
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amount of sewage sludge during 100 years will exceed the PTWI for Cu and Cd. The
probability of this scenario has not been looked at.

There is no model available from the TGD to assess the transfer of metals from feed to
animal-derived food products. A relationship between animal intake of Cd, Pb and Hg
and concentrations in muscle and liver has been estimated based on available values in
the literature. The additional intake of metals from animal-derived food products or
drinking water as a consequence of use of sewage sludge as fertilizer is estimated to
be very low (< 5% of estimated total intake) and of little concern.

There are uncertainties relating to the potential presence of methylated Hg in sewage
sludge. Methyl-Hg have a higher absorption and accumulation in muscle tissue
compared to Hg. The few available studies indicate that 4% of the Hg in sewage
sludge is methylated. Given that this is a representative value, sewage sludge will only
represent a minor source of dietary Hg and Methyl-Hg.

The human intake of the other metals are estimated to be low and of little concern. A
verification of the assumption that chromium is mainly present as Cr III and not the
more toxic Cr VI may be desirable.

Organic contaminants

Sewage sludge application on agricultural soil is estimated to have a low contribution
to human intake of these contaminants from food for the general population.

The estimations indicate a higher contribution to food intake for individuals only
consuming vegetables grown on sludge-amended soil. These estimations are probably
overestimations since the calculated values are unrealistic high in root vegetables
compared to experimental data from relevant field studies. VKM has not evaluated the
probability of a scenario of a farmer consuming only vegetables from his own fields
with maximum allowed amounts of sewage sludge.

The carry-over from feed to animal-derived human food has been estimated according
to the TGD and considered to have little impact on the estimated total dietary intake.

Development of antibacterial resistance

It is unlikely that antibacterial resistance may be promoted in the STP water, in the
sludge or in the soil following application of sewage sludge as fertilizer. An exception
may be for the fluoroquinolone ciprofloxacin in soil due to persistence and limited
mobility of fluoroquinolones into the subsoil.

Knowledge Gaps

In order to perform risk assessment for environmental contaminants in sludge, as well as in
other media, knowledge about their chemical properties, sources, persistence, environmental
distribution, toxicity and health effects are needed. For relative new potential environmental
pollutants there are still gaps of knowledge and for the emerging compounds (e.g. selected
drugs) the need for knowledge is rather broad.

PNEC-values for soil environments are lacking for several substances and the knowledge
about environmental effects and occurrence for drug substances is generally scarce.

VKM has identified some specific knowledge gaps in the risk assessment of sewage sludge
applied on soil:
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Sludge

e Occurrence data for certain contaminants are scarce, particularly for drug substances.

e Speciation of certain metals in sewage sludge and soil, and particularly the occurrence
of methylated Hg.

Soil

e Accumulation of drug substances in soil and the influence of soil type, pH, redox
conditions, organic matter content etc.

e Lack of knowledge for behaviour in soil such as e.g. biodegradation, distribution
coefficients (K4, Koc), plant uptake) for several compounds under Nordic soil
conditions and climate.

o Effects of organic matter on stability/mobility of trace metals in soil.

o PNEC-values for several contaminants in soil.

e Effect on soil dwelling organisms on most important drugs in Norwegian list.

e Influence of environmental factors on absorption of trace metals and organic
contaminants (speciation, soil parameters, plant types, etc).

o Several factors related to plant uptake:

o Uptake of surface active organic compounds, e.g. perfluorinated compounds
into plants. Probably experimental data is needed since log K,y is not suitable
for predicting their environmental fate.

o More experimental data and evaluation of existing models is needed.

Information about absorption and translocation of trace metals in plants.

o Absorption and translocation of polar and ionisable organic contaminants in
plants. Improved models are available, but the input information needed is not
easily available.

O

Aquatic environment
e The main data gaps identified are lack of PNEC values for certain compounds.

Food production animals

e There is little information about the effects of contaminants on food production
animals. More information about the potential exposure through plant consumption
may however limit the number of contaminants for which more toxicological
information is needed.

o Effects of mixed chemical exposure via sludge on grazing animals after ploughing the

sludge.

Humans

e TDIs or similar safety factor for human risk assessment for certain organic
contaminants.

e Improved exposure estimates are needed. These would largely depend on improved
models or experimental data for plant concentrations in edible parts.

Recommendations

e Continuous efforts to reduce the levels of toxic heavy metals such as Cd, Hg,
Cu and Zn in Norwegian sewage sludge are recommended.
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e Measure concentration of the 14 drug substances in sewage sludge that have
been identified in this risk assessment (Table 64) to validate the predicted
environmental concentration of these drug substances in sewage sludge.

e It is important to monitor the pattern of use of chemicals in the society and
follow the potential occurrence of new chemicals into the sewage and fate of
these in the sewage treatment plants.

e An evaluation of compounds with less data available (Table 4). VKM Panel 5
is of the opinoun that there is a need to evaluate which compound that should
included in a risk assemment of these compounds.

e It should be considered to establish/initiate test fields for agricultural soils
receiving different kind of organic wastes including sewage sludge, manure
and composts. The test sites should focus on achieving information on soil
accumulation, leaching, biodegradation, and plant uptake of inorganic and
organic contaminants. Data on soil and plant concentrations of contaminants
will give valuable information for animal and human risk characterisation
following sewage sludge application to Norwegian soils. Measures to prevent
accumulation of undesired contaminants in soil could also be addressed at
these sites.

e Evaluation and validation of models used in risk assessments, e.g. plant
uptake. Different plant specific models exist but they should be validated.
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APPENDICES — PART A

Appendix Al

Background concentrations inorganic contaminants
Cadmium

Content in Norwegian sewage sludge and soil

The content of cadmium in sewage sludge has decreased during the last decade (Table Al).
Today the mean concentration in sewage sludge is only 20% of the concentration in 1980.

The maximum permissible concentration of cadmium in class I sludge (allowing 4 tons per
daa) is 0.8 mg kg™, the same as the mean concentration in 2005 (Table A1). Applying 4 and
6 tons sewage sludge per daa every ten years results in an annual application of 320 and 480
mg/daa.

Table A1. Mean concentration of cadmium (mg kg-1 dm) in Norwegian sewage sludge in the
period 1980-2005 (Amundsen et al. 2001; SSB 2007).

1980 1991 1995 1996 1997 1998 1999 2000 2001 2003 2005 % reduction
(1980-2005)
Cd 4 1.7 1.1 1.0 086 097 096 1.0 098 0.9 0.8 80

There has been no national survey of heavy metals in Norwegian agricultural soils. The
existing data for Cd in soils therefore consist of scattered investigations first of all from
southeastern Norway. The data presented here are the best available information from the
different regions (Table 4).

The concentration of Cd in Norwegian agricultural soils is generally quite low with a median
value of 0.24 mg Cd/kg (Table 4). The mean and median values in region 5 (north-eastern
part of Norway) is influenced by industrial activity in north-western Russia (Almas et.
al1995). The level of Cd found in region 4 (Nord-Trgndelag) is probably representative for
the level of Cd in region 5.

The alum shale areas have a mean content of Cd in the soil, which is 6-7 times higher than
the rest of the country (Table A2).

Table A2. Mean, median, minimum and maximum concentrations of HNOs- extractable Cd
(mg/kg DM) in agricultural soils in different regions and in the whole country (Amundsen et

al. 2000).
Region' No of samples Mean Median Minimum Maximum

@stfold, Akershus+Oslo, Vestfold 47 0.18 0.17 0.09 0.33
Vest-Agder and Rogaland 31 0.21 0.19 0.03 0.4
Sgr-Trgndelag 51 0.11 0.11 0.02 0.26
Eastern Finmark 48 0.75 0.72 0.32 1.75
Alun shale areas in Hedmark 64 1.39  1.13 0.04 4.3
Whole country 241 0.6 0.24 0.02 43
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The concentration of Cd in Norwegian agricultural soils varies from 0.05 to more than 4 mg
kg-1 (Table A2), while the median concentration is 0.24 mg kg-1 dm (used in the risk
assessment), which amounts to 72 000 mg Cd daa-1. The annual amount applied by 4 and 6
tons of sewage sludge is equal to 4.4 and 6.6% of the amount in soil on a 10 year basis.

Removal processes from soils

The crop production per unit area and the concentration of contaminant in the crop are the
basis for all calculations of crop removal. Crop production in 2005 (Table A3) is numbers
given by SSB (2006) and the concentrations in the crops is either measured or it is calculated
using BCFs or algorithms describing the concentration dependence between crop content and
soil parameters.

Table A3. Crop production (SSB 2007), water content of crops and concentrations of Cd in
various crops (Amundsen et al. (2000)).

Crop production Measured concentration in plant
Crop Kg daa-1 year-1 (ww) Water content (%) Kg m-2 (dm) Cd (ug kg-1 dm)
Wheat 469 15 0.39865 60
Barley 369 15 0.31365 17
Oat 355 15 0.30175 24
Potato 2600 70 0.78 54
Carrot 3500 70 1.05 270
Salad 1900 70 0.57 2000
Grass 1057 30 0.7399 50
Oil seeds 214 30 0.1498 82

One way to estimate the crop concentrations of contaminants is to use BCFs (Table A4).

Table A4. BCF for Cd in stem and root and calculated crop concentrations of cadmium using

these BCFs.
Crop BCF Crop Conc.
(ng/kg)

BCF stem 0.15

BCF root 0.7

Leafy vegetables 154
Other vegetables (carrot) 154
Potatoes 154
Cereals (wheat, oat, barley) 33

The second way of calculating the crop concentration is to use algorithms describing the
relationship between plant content and various soil parameters including the total
concentration in the soil (Table AS).
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Table AS. Calculations of crop concentrations using algorithms from Eriksson (1996).

Crop Algoritm Time (year) +/- (%)
0 100

Leafy vegetables logCdp=7.86-0.72pH+logCds 2656 4869 83

Carrot (root) Cdp=1516-165pH-7.6(%0OM) 597 571 -4

Potato (tuber) Cdp=193-24.1pH-0.94(%OM)+39Cds 69 74 7

Oat (grain) Cdp=139-18pH-1.79 (%OM)-0.28(%Clay)+52Cds+0.13Zns 52 56 8

Wheat (grain) Cdp=78.8-7.26pH-1.58(%OM) +0.8(%Clay)+184.8Cds-0.73Zns 36 81 122

Cd,=Cd concentration in plant (ug kg DM); Cd,=Cd concentration in soil (mg kg DM); Zn,=Zn concentration
in soil (mg kg"' DM) (competing ion); %OM=Percentage organic matter in soil (adsorb Cd); %Clay=Percentage
clay in soil (adsorb Cd); pH=soil pH

In the calculations 10% clay content is used, soil pH (CaCl,) is 5.3, and organic matter is
5.8%.

Comparison of the calculated removal rates (Table A6) for five crop rotations shows that the
largest differences between the methods are for rotations involving potatoes and carrots.

Table A6. Comparison of calculated crop removal rates for Cd.

Measured crop Eriksson
Crop rotations content BCF 1996
ug m-2 year-1
1 Autumn wheat 23.9 13.2 14.5
2 Autumn wheat-autumn wheat-oat-barley-oil seed 14.5 13.2 13.7
3 Potato-autumn wheat-oat 24.4 48.8 28.0
4 Carrot-potato-wheat 117 98 232
5 Grass-grass-wheat 32.6 29.0 22.8
Mean removal 42.4 40.5 62.2

The mean removal rate (considering all crop rotations) using the measured concentrations in
crops and BCFs are almost equal (Table A6), while using the crop concentrations calculated
from the plant-soil algorithms (Eriksson 1996), the removal rate is 50% higher.

Soil concentrations used in the calculation of plant removal

When calculating the amount of contaminant that is removed by plant uptake different
approaches are possible. The soil concentration is the basis for the plant removal. In this
assessment different approaches will be used for heavy metals and organic contaminants.

1. Plant uptake of heavy metals during a 100 year period
When calculating the annual removal rate for heavy metals during a 100 year period the
calculated soil concentration due to sludge application in 50 years is used plus the background
concentration.

Most organic contaminants have a half-life in soils much shorter than one year. This means
that after the first growing season the organic contaminant is degraded and the uptake
thereafter is only dependent on the background concentration. During the 100 year period the
soil concentration of most organic contaminants will be influenced by sludge application only
in 10 out of 100 years. In this risk assessment the plant removal rate will be calculated using
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the mean soil concentration in the 90 days period after sludge application. The background
concentration is not included in the calculations for organic contaminants.

2. Plant uptake after 100 years of sludge application
When calculating the maximum exposure concentration of heavy metals for humans and
animals the calculated soil concentration after 100 years of sludge application is used. For
organic contaminants the calculated mean soil concentration in the 90 day period after sludge
application will be used to calculate maximum exposure concentration.

The background concentration is not included in the calculations for organic contaminants.

The reason for omitting the background concentration in the calculations for organic
contaminants is that the background level for most substances is generally unknown. When
calculating the plant removal rate in agricultural soils concentrations (receiving sludge once
every 10" year), the level of background concentration is more important than in calculations
regarding park areas and soil mixtures. Due to lower application rates for agricultural soils the
background concentration will be higher than the sludge applied concentrations most of the
time for many substances.

Lead

Content of lead in Norwegian sewage sludge and soil

Concentrations of lead in Norwegian sewage sludge has decreased by about 80 percent in the
period 1980-2005, but the concentrations of lead the last 10 years have been relatively
constant (Table A7).

Table A7. Mean concentration of lead (mg kg-1 dm) in Norwegian sewage sludge in the period
1980-2005 (Amundsen et al. 2001; SSB 2007).

1980 1991 1995 1996 1997 1998 1999 2000 2001 2003 2005 % reduction
(1980-2005)
Pb 118 36 24 25 22 22 24 21 16 22 21,7 82

The concentration of Pb in Norwegian agricultural soils varies from a few mg kg-1 to about
80 mg kg-1 (Table A8). Mean and median concentrations of Pb in soils are equal to (or
somewhat higher than) the mean concentration in sewage sludge reported in 2005 (SSB 2007)
indicating that the accumulation potential for Pb in agricultural soils when applying sewage
sludge is small.

Table A8. Soil concentrations of lead in Norwegian agricultural soils (data from Esser 1996).

Mean Media Min- Ma
n X

Pb 239 214 3.5-77.7
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Mercury

Concentrations of mercury in soil and sewage sludge

The concentration of mercury in sewage sludge is reduced by 94 percent in the period 1980-
2005. There has also been a marked decrease during the last ten years (Table A9).

Table A9. Mean concentration of mercury (mg kg-1 dm) in Norwegian sewage sludge in the
period 1980-2005 (Amundsen et al. 2001; SSB 2007).

1980 1991 1995 1996 1997 1998 1999 2000 2001 2003 2005 % reduction
(1980-2005)
Hg 12 2.1 14 1.2 1.3 1.3 095 0.90 0.83 0.,90 0.7 94

The mean mercury concentration in sewage sludge is about 15 times higher than the mean
concentrations for agricultural soils (Table A10). The potential for soil accumulation is
therefore quite high for mercury.

Table A10. Concentration of mercury (mg/kg) in agricultural soils (data from Esser 1996).
Mean Media Min- Ma
n X

Hg 0.047 0.045 0.005-0.12

Nickel

Nickel in sewage sludge and soil

The concentration of nickel in sewage sludge has been constant during the last 10 years, but
the mean concentration in the sludge has decreased by 58% since 1980. The level of nickel in
sewage sludge is lower than the mean concentration in Norwegian agricultural soils (Table
All).

Table A11. Mean concentration of nickel (mg kg-1 dm) in Norwegian sewage sludge in
the period 1980-2005 (Amundsen et al. 2001; SSB 2007).
1980 1991 1995 1996 1997 1998 1999 2000 2001 2003 2005 % reduction
(1980-2005)
Ni 42 12 13 13 12 15 14 15 13 14 17,5 58
Table A12. Concentrations of nickel in soils in Norway (data from Esser 1996).
Mean Median Min - Max
Ni 21,1 15,6 0,7 - 85,6
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Zinc

Concentration in soil and sewage sludge

Table A13. Mean concentration of zinc (mg kg-1 dm) in Norwegian sewage sludge in the
period 1980-2005 (Amundsen et al. 2001; SSB 2007).
1980 1991 1995 1996 1997 1998 1999 2000 2001 2003 2005 % reduction
(1980-2005)
Zn 687 376 373 376 360 340 361 317 303 326 331 52

The mean concentration of Zn in sewage sludge is about 5 times higher than mean soil
concentrations (Table A13 and Table A14).

Table Al4. Concentrations of zinc in soils from different regions in Norway (data from
Amundsen et al. 2000).
No of
Region samples Mean  Minimum Median Maximum
1 118 78 17,4 74,5 199
243 31 25,9 7,3 25,9 157
4 51 65,2 27 64 108
5 48 36 8,75 28,8 145
6 53 112 25 108 282
Whole
country 301 71,3 7,3 66,7 282
Copper

Concentrations in sewage sludge and soil

The concentration of Cu in sewage sludge has been constant during the last 10 years (Table
A15). The mean concentration in sewage sludge is 14 times higher than the mean
concentration in agricultural soils.

Table A1S. Mean concentration of copper (mg kg-1 dm) in Norwegian sewage sludge in
the period 1980-2005 (Amundsen et al. 2001; SSB 2007).
1980 1991 1995 1996 1997 1998 1999 2000 2001 2003 2005 % reduction
(1980-2005)
Cu 474 399 300 271 299 287 248 244 227 268 269 43

Copper soil concentrations vary considerably and in many areas the concentrations are too
low to maintain plant nutrition.
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Table Al6. Concentrations of copper in soils in Norway (data from Esser 1996).
Mean Median Min - Max

Cu 19,2 15,6 1,7-87,1

Chromium

Concentrations of chromium in sewage sludge and soil

The concentration of Cr in sewage sludge has been relatively constant during the last 10
years, but there has been a significant reduction (89 %) since 1980 (Table A17).

Table A17. Mean concentration of chromium (mg kg-1 dm) in Norwegian sewage sludge
in the period 1980-2005 (Amundsen et al. 2001; SSB 2007).
1980 1991 1995 1996 1997 1998 1999 2000 2001 2003 2005 % reduction
(1980-2005)
Cr 233 30 26 30 41 29 30 25 25 23 254 89

The mean concentration level of Cr in sewage sludge is about the same as the mean
concentrations in Norwegian agricultural soils (Table A17) and the accumulation potential for
chromium in most soils due to sludge application therefore is small.

Soil concentrations of chromium vary considerably in Norwegian soils (Table A18).
Application of sewage sludge with a content equal to or lower than the soil concentration will
not lead to elevated soil concentrations with time

Table A18. Concentrations of chromium in Norwegian agricultural soil (0-5cm) (data
from Esser 1996).

Mean Median Min - Max

Cr 27.1 206 14-922
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Concentrations of organic contaminants in sewage sludge

DEHP, DPB, octylphenole, octylphenolethoxilates, nonylphenole,
nonylphenolethoxilates and LAS

For the contaminants DEHP, DPB, octylphenol, octylphenolethoxilates, nonylphenol,
nonylphenolethoxilates and LAS mean values from investigations of Norwegian sewage
sludge performed in 2001/2002 (Nedland 2002) and 2006/2007 (Blytt 2007), as well as results
from the screening investigation performed in 2006 (Nedland and Paulrud 2006). Only values
above detection limit are used in the calculations.

In the risk assessment the mean concentration for these contaminants in Norwegian sewage
sludge is used.

Table A19. Concentrations of DEHP, DPB, octylphenol, octylphenolethoxilates,
nonylphenol, nonylphenolethoxilates and LAS in sewage sludge (mg/kg DM).
Oktylfenol- Nonylephenol-

DEHP DBP  Oktylfenol etoksilat Nonylfenol ethoksilate LAS
Minimum 13 0.12 0.26 0.16 12.3 5.7 570
Maximum 178 2.8 32.5 0.93 44 39 3200
Mean 49 0.34 0.47 0.57 32 28 1400
Median 53 0.64 5.9 0.53 30 24 1441
N 52 41 52 12 52 51 40

PAH

For PAHs the mean values from investigations of Norwegian sewage sludge performed in
2001/2002 (Nedland 2002) and 2006/2007 (Blytt 2007) are used. Only values above
detection limit are used in the calculations.

In the risk assessment the mean concentration for the different PAHs in Norwegian sewage
sludge is used.

Table A20. Concentrations of PAHs in sewage sludge (mg/kg DM).
Naphtalene Acenaphtalen Acenaphten Fenantren Antracen Fluoren
Minimum 0.053 0.01 0.015 0.18 0.014 0.062
Maximum 1.4 0.041 0.26 1.1 0.13 0.71
Mean 0.26 0.02 0.08 0.42 0.04 0.18
Median 0.33 0.02 0.10 0.48 0.05 0.21
N 40 10 30 40 33 33

Benzo(b.j.k) Indeno (1.2.3-cd)

Fluoranthene Pyrene Benzo(a)antracen Crysene fluoranten pyren
Minimum 0.076 0.086 0.029 0.04 0.021 0.017
Maximum 0.6 0.69 0.24 0.32 0.36 0.16
Mean 0.21 0.25 0.05 0.10 0.09 0.05
Median 0.23 0.27 0.07 0.12 0.12 0.06
N 40 40 40 40 40 34
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Dibenzo(a.h)antracene

Benzo(g.h.i)perylene Benzo(a)pyrene Sum PAH 16

Minimum 0.014 0.022 0.012 0.62

Maximum 0.029 0.19 0.14 4.3

Mean 0.02 0.07 0.05 1.80

Median 0.02 0.09 0.06 2.1

N 6 33 28 52
PCB

For PCBs the levels in sewage sludge in 2001/2002 (Nedland 2002) in most samples were
below the limit of detection. Data from the investigation performed in 1996 therefore were
used as basis for input values for the different PCB congeners. In the table below the
concentrations of PCB congeners from the 1996-investigation are shown. As input data in this
risk assessment 25% of these values is used which results in 0.012 mg sum PCB/kg sludge,
which is at the same level as the mean value found in the 2001/2002-investigation (0.014
mg/kg dm; Nedland 2002). Since the level of PCBs is not measured in Norwegian sewage
sludge since the 2001/2002-investigation, and the level of PCBs in sewage sludge is assumed
to have decreased since 2001, we assume that the input values given in the table below are in
the upper range of present sewage sludge concentrations.

Table A21. Concentrations of PAHs in sewage sludge (mg/kg DM).
PCB-28 PCB-52 PCB-101 PCB-118 PCB-138 PCB-153 PCB-180 PCB:
1996/97
Mean 0.0067 0.0041 0.008 0.006 0.0127 0.006 0.0038 0.0473
Risk 0.0017 0.0010 0.0020 0.0015 0.0032 0.0015 0.0010 0.0118
assessment
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Appendix A2
Table A22. Chemical parameters for organic contaminants used in the risk assessment of
sewage sludge.
Kn
Kd*> Ty [Pam’®mol
Compound CAS #' MW log K,,, [Lkg'][day”] 1 Ref
DEHP 117-81-7 390.6 7.5 1E+05 300 4,46E-02 EU (2008)
DBP 84-74-2 278.34 457 63 20 1,32E-01 EU (2003)
4-Octylphenol 27193-28-8, 140-66-9 206.32  4.12 25 10 4,90E-01 Mackay et al. 2006
Octylphenolethoxilate 9002-93-1 250.32 4 21 5 4,90E-01
4-Nonylphenol 25154-52-3, 104-40-5 220.35  4.48 66 10 1,57E+00  Mackay et al. 2006
Nonylphenolethoxilate 9016-45-9 264.35 4 21 5 1,57E+00
LAS 68411-30-3 418 3.7 20 8 4,90E-01 Jensen 1999
Naphftalene 91-20-3 128.17 3.3 10 30  4,89E+01  Mackay et al. 2006
Acenaphtylene 83-32-9 152.19 3.9 30 50 1,16E+01 Mackay etal. 2006
/Acenaphtene 83-29-9 15421 3.9 34 50 1,48E+01 Mackay et al. 2006
Phenanthrene 85-01-8 178.23 447 170 50 5,50E+00 Mackay et al. 2006
Anthracene 120-12-7 178.23 445 200 50 6,60E+00 Mackay et al. 2006
Fluorene 86-73-7 16622 42 59 50  7,80E+00 Mackay et al. 2006
Fluoranthene 206-44-0 20225 5.1 1514 150 1,10E+00 Mackay et al. 2006
Pyrene 129-00-0 202.25 5.1 676 200 1,10E+00 Mackay et al. 2006
Benz(a)anthracene 56-55-3 22829 554 6172 150 8,00E-01 Mackay et al. 2006
Chrysene 218-01-9 22829 581 5253 300 5,00E-01 Mackay et al. 2006
Benzo(a)pyrene 50-32-8 25231 6.1 9160 365 7,90E-03  Mackay et al. 2006
Benzo(b)fluoranthene 205-99-2 25231 578 2188 450 5,10E-02  Mackay et al. 2006
Indeno(123cd)pyrene 193-39-5 276.33  6.87 10482 600 2,90E-02  Mackay et al. 2006
Dibenz(ah)anthracene 53-70-3 27835 6.6 18804 600 7,40E-03  Mackay et al. 2006
Benzo(ghi)perylene 191-24-2 27633 622 26942 600 2,70E-02  Mackay et al. 2006
PCB-28 7012-37-5 25754 5.6 632 1000 3,0E+01  Mackay et al. 2006
PCB-52 35693-99-3 29199 5.8 1590 3600 1,7E+01  Mackay et al. 2006
PCB-101 37680-72-3 32643 62 7960 3600 1,7E+01  Mackay et al. 2006
PCB-118 31508-00-6 32643 6.5 12620 3600 1,2E+01  Mackay et al. 2006
PCB-138 35065-28-2 360.88 7.0 15900 6900 1,1E+01  Mackay et al. 2006
PCB-153 35065-27-1 360.88 7.0 20000 6900 1,0E+01  Mackay et al. 2006
PCB-180 35065-29-3 39532 7.2 79600 13000 3,2E+00  Mackay et al. 2006
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Appendix A3
Table A23. Summary of calculated removal constants (Eq.6) for heavy metals
Removal process Eq 6 Eq no Cd Pb Cu Cr Hg Ni Zn
Leaching kleaching 7 3.20E-06 1.60E-06 1.60E-06 7.99E-07 1.60E-06 1.60E-06 1.60E-06
Plant uptake kplant 9.17 1.96E-06 1.79E-08 4.45E-06 1.47E-07 2.74E-07 5.64E-07 2.82E-06
Volatilisation kvolat 11.12
Biological deg  kbiosoil 10
Sum 5.15E-06 1.62E-06 6.04E-06 9.46E-07 1.87E-06 2.16E-06 4.42E-06
Table A24. Summary of calculated removal constants (Eq 6) for organic contaminants
Octyl- Octylfenol- Nonyl- Nonylphenol-
Removal process Eq 6 Eqno DEHP DBP fenol ethoxilat  phenol ethoxilate LAS
Leaching kleaching 7 13E-08 2.5E-05 6.4E-05 7.6E-05 2.4E-05 7.6E-05 7.9E-05
Plant uptake kplant 917 1.1E-06 9.5E-06 1.1E-05 1.1E-05 7.8E-06 1.1E-05 6.7E-07
Volatilisation kvolat 11.12 1.5E-09 3.9E-06 1.9E-05 2.3E-05 1.8E-05 5.7E-05 2.4E-05
Biological deg kbiosoil 10 23E-03 3.5B-02 6.9E-02 1.4E-01 6.9E-02 1.4E-01 8.7E-02
Sum 2.3E-03 3.5E-02 6.9E-02 1.4E-01 6.9E-02 1.4E-01 8.7E-02
Removal process Eq 6 Eq no Naftalen Acenaftylen Acenaften Fenantren Antracen Fluoren
Leaching kleaching 7 1.58E-04 5.30E-05 4.68E-05 9.39E-06  7.99E-06 2.70E-05
Plant uptake kplant 9.17 5.73E-06 6.71E-06 5.93E-06 297E-06 2.45E-06 5.50E-06
Volatilisation kvolat 11.12 3.26E-03 2.64E-04 2.96E-04  2.27E-05  2.30E-05 9.14E-05
Biological deg kbiosoil 10 2.31E-02 1.39E-02 1.39E-02  1.39E-02  1.39E-02 1.39E-02
Sum 2.65E-02 1.42E-02 1.42E-02 1.39E-02 1.39E-02 1.40E-02
Benzo(a) Benzo(b) Ind(1.2.3-cd)
Fluoranten Pyren antracen Krysen fluoranten pyren
Leaching kleaching 7 1.06E-06 2.36E-06 2.59E-07  3.04E-07  7.30E-07 1.52E-07
Plant uptake kplant 9.17 9.75E-07 2.18E-06 5.15E-07  9.74E-07  3.07E-06 5.16E-06
Volatilisation kvolat 11.12 5.93E-07 1.33E-06 1.13E-07 9.42E-08  8.69E-08 1.65E-08
Biological deg kbiosoil 10 4.62E-03 3.47E-03 4.62E-03  2.31E-03  1.54E-03 1.16E-03
Sum 4.62E-03 3.47E-03 4.62E-03  2.31E-03  1.54E-03 1.16E-03
Dibenzo(a.h) Benzo(g.h.i)
antracen perylen Benzo(a)pyren
Leaching kleaching 7 8.50E-08 5.93E-08 1.74E-07
Plant uptake kplant 9.17 4.41E-06 6.36E-07 9.56E-05
Volatilisation kvolat 11.12 7.75E-09 6.37E-09 1.61E-08
Biological deg kbiosoil 10 1.16E-03 1.16E-03 1.90E-03
Sum 1.16E-03 1.16E-03 1.99E-03
Removal process Eq 6 Eqno PCB28 PCB52 PCB101 PCB118 PCB138 PCB153 PCB180
Leaching kleaching 7 2.53E-06 1.01E-06 2.01E-07 1.27E-07 1.01E-07 7.99E-08 2.01E-08
Plant uptake kplant 9.17 1.43E-05 2.44E-05 1.01E-05 1.08E-05 2.64E-05 2.10E-05 8.58E-06
Volatilisation kvolat 11.12 3.22E-05 7.29E-06 1.46E-06 6.52E-07 4.75E-07 3.44E-07 2.90E-08
Biological deg kbiosoil 10  6.93E-04 1.93E-04 1.93E-04 1.93E-04 1.00E-04 1.00E-04 5.33E-05
Sum 7.42E-04 2.25E-04 2.04E-04 2.04E-04 1.27E-04 1.22E-04 6.20E-05
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Appendix A4

In a outdoor meso-scale experiment performed in the period 1996-2001, different amounts of
sewage sludge were added to various soils contained in 0,2 m” plastic cases (30 kg of soil).
The main objective of these experiments was to improve the knowledge on how soil and
sludge properties influence microbial activity in soil. Organic contaminants were determined
in both reference and sludge amended soils (Amundsen et al., 1997a).

In another investigation performed in 1992-93 (Amundsen ez al., 1997b) some of the organic
contaminants from Table 2 were determined in surface soils from five farms in As
municipality.

The concentration levels for park areas (Table A25) are mean values of 17 soil samples from
two park areas in the Oslo-region were sewage sludge was used as part of a top layer som
years before soil sampling and analysis (Amundsen et al. 1997b). These values can therefore
not be considered background, but for e.g. PCB the levels represent soil concentrations that
may be typical for park areas which received sewage sludge in the 1980ies.

Concentrations of PAHs and PCBs in the top layer of forest soils are from Lead et al. (1997)
and Aamodt et al. (1996).

Table A25. Background concentrations for organic contaminants in Norwegian soils.
Unit: mg/kg dw
DEHP DBP Nonylphenol NFEO1 LAS Sum PCB Sum
PAH
Agr soil* <1 <1 <1 <1 0.7 <0.003 <0.3
Agr soil** 0.07 0.47 <0.03 <0.03 0.003
Park areas** 0.03 1.2 <0.03 <0.03 0.074
Forest soil 0.014
(podzol)#
Birkenesx 0.502
Lyngdalx 0.556
Hglonda/Klabux 0.054

* Amundsen et al. (1997a); ** Amundsen et al. (1997b); #Lead et al. (1997); ®Aamodt et al. 1996.

Amundsen, C. E., Hartnik, T., og Linjordet, R., 1997a. Forekomst og stabilitet av organiske
miljggifter i jord tilfgrt avlgpsslam. Kjemiske og mikrobiologiske endringer etter .
slamtilfgrsel. Jordforsk-rapport nr. 139/97. Jordforsk, Fredrik A Dahlvei 20, N-1432 As.

Amundsen, C. E., Andersen, S., Vethe, @., og Esser, K. 1997b. Organic contaminants in some
Norwegian sludge amended soils. Konferanse: "Management and fate of toxic organics in
sludge applied to land", Kgbenhavn, april-mai 1997.

Aamot, E. Steinnes, E. og Schmid, R. 1996. Polycyclic aromatic hydrocarbons in Norwegian
forest soils: impact of long range atmospheric transport. Environmental Pollution 92, 275-
280.

Lead, W., Steinnes, E., Bacon, J.R. og Jones, K.C. 1997. Polychlorinated biphenyls in UK
and Norwegian soils: spatial and temporal trends. The Science of the Total Environment 193,
229-236.
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Appendix A5

Plants — inorganic contaminants

Plant available Cd in soil

Naturally the total content of Cd in soils varies between 0.01 to 0.2 mg kg™ soil DM, while
polluted soil may contain up to 160 mg Cd Kg”' DM. There is correlation between the total
content of Cd in soil and plant Cd concentrations, but dependent of several soil factors, only a
minor fraction of the soil total Cd content is usually plant available. Soil pH is the factor
found to be most important for the concentration of Cd in soil solution, and hence the plant
availability. Additionally soil organic matter content, clay content and concentration of
competing ions as eg. Zn>* has been found to influence the plant Cd concentration. Based on
studies of plant Cd uptake from soil at varying soil properties ERM (2000) recommended to
use some algorithms in order to predict future plant Cd concentrations (Cd,). These
algorithms are simply based on multiple regression equations where those soil factors which
have been found to influence the plant Cd concentrations are included (Eriksson et al. 1996)
(Table A26). By use of the suggested algorithms, or somewhat simplified equations, transfer
factors from soil to plant is calculated (Table A27).

Table A26. Algorithms (multiple regression equations) expressing the plant Cd
concentration (Cd,) as a function of soil properties (from ERM (2000)).

Crop Algorithm Reference

Potato (tuber) | Cd,=193-24.1pH-0.94(%OM)+39Cd, Eriksson et al (1996)

Carrot (root) Cd,=1516-165pH-7.6(%OM) Eriksson et al (1996)

Leafy logCd,=7.86-0.72pH+logCd; Environmental Agency (2000)Eriksson

vegetables et al (1996)

Oat (grain) Cd,=139-18pH-1.79 (%OM)- Eriksson et al (1996)
0.28(%Clay)+52Cd+0.13Zn,

Wheat (grain) | Cd,=78.8-7.26pH-1.58(%0OM) Eriksson et al (1996)
+0.8(%Clay)+184.8Cd,-0.73Zn;

Cd,=Cd concentration in plant (ug kg DM).

Cd,=Cd concentration in soil (mg kg"' DM).

Zng=7n concentration in soil (mg kg'1 DM) (competing ion).
%0OM=Percentage organic matter in soil (adsorb Cd)

%Clay=Percentage clay in soil (adsorb Cd)

pH=soil Ph
Table A27. Transfer factors (TF) for Cd from soil to plant. Cd, = TF*Cd, where Cd, has
the unit of mg kg™ (soil DM), and Cd, mg kg (plant fresh weight).
Plant TF
Lettuce | 0.1
Potato | 0.2
Carrot | 0.1
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Cd in plants

Cd is not an essential plant nutrient. Critical concentrations of Cd in plants are in the range 5
to 10 mg kg™ DM (Sauerbeck 1982). Concentrations above this level are harmful. When high
availability of Cd in soil (soil solution concentration) the plant can take up relatively high
amounts of Cd. High concentrations of Cd in plants disturb the enzyme activity, and disturb
the Fe metabolism and cause chlorosis, necrosis and growth inhibition.

Translocation within the plant

The uptake of Cd from soil varies considerably dependent on plant species. In some species
such as lettuce and celery the uptake rate of Cd is very high. Strong growth inhibition has e.g.
been found in lettuce, beet and beans. High concentrations of Cd have also been found in
potato and carrots. Cd usually is readily transported from the plant root to the top. However,
translocation from the leaves into seeds is usually low, presumably because Cd is as Ca not
phloem mobile. In grain plants the translocation of Cd from leaves to grain has been found to
be very slow, thus most of the Cd taken up is left in the straw. In Norwegian grain production
usually 75% of the wheat straw is returned to land. This means that there is a high risk for
unwanted transfer of Cd from Cd contaminated soil to animals and human beings trough those
plants which leaves are consumed. While the risk for unwanted transfer of Cd to animals and
human beings through grains is low. However, it must be of concern that the critical
concentrations in the diet of animals is significantly lower that those critical for plant health
(i.e. 0.5-Img kg'1 DM in animal diet vs. 5-10 mg kg' DM in plant (Sauerbeck 1982). Plants
do no necessarily act as an indicator of Cd levels toxic to humans and animals since plants
tolerate higher levels of Cd than do animals.
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Appendix A6

The simulation of the runoff to water is based on real data from a field trial at a farm (Foss
gard, Lier) in the period from 1998 to 2001. The physical and chemical properties of the soil
are described below in Norwegian.

Profilbeskrivelser fra NORPRE’s automatiske vaerstasjoner

Stasjon nr. : 19 LIER Beskrevet: 25. juni 1997
Beliggenhet : Profilet ligger i gvre delen av en ravine, i en rett, svakt hellende (6%), vestvent skraning.
Lokalisering : Profilet er beskrevet 5,5 m og 260 nygrader fra vaerstasjonen.
Opphavsmateriale : havavsetning Vekst : havre
Dreneringsgrad : darlig Profildybde : 96 cm
Stein og blokk : ingen Fjellblotninger : ingen
Grunnvannsniva : ikke observert

Klassifikasjon

FAOQ,, : Eutric Cambisol

WRBg : Hypereutric Gleysol

Soil Taxonomyyg : Typic Epiaquept

NILJOS jordtype : He6

Merknad:

Profilbeskrivelse (alle farger er beskrevet i fuktig jord, sjiktdybder i cm)

Apl (0 - 15) Mogrk grabrun (2.5Y 4/2) siltig lettleire; moderat utviklet, fin, avrundet
blokkstruktur, og moderat utviklet, fin, grynstruktur; smuldrende i fuktig
tilstand, klebrig og plastisk i vat tilstand; skarp og svakt bglgende
sjiktgrense.

Ap2 (15 - 36) Grabrun (2.5Y 5/2) siltig lettleire; sterkt utviklet, tykk platestruktur
(plogsale) som brytes opp i moderat utviklet, middels, skarpkanta
blokkstruktur; smuldrende i fuktig tilstand, klebrig og plastisk i vat tilstand;
noen middels porer; fa svart fine rgtter fordelt i sprekker; skarp og svakt
bglgende sjiktgrense.

Btg (36 - 55) Gra (2.5Y 5/1) siltig mellomleire; mange (20-50%), gulbrune (10YR 5/4),
fine og middels, avrundete redox-ansamlinger i aggregater og pa
aggregatoverflater; sterkt utviklet, tykk platestruktur som brytes opp i
moderat utviklet, middels, skarpkanta blokkstruktur; smuldrende i fuktig
tilstand, klebrig og plastisk i vat tilstand; tynne, sammenhengende belegg
av leirmineraler i markganger; noen middels og fa grove porer; svert fa
sveert fine rgtter fordelt 1 sprekker; tydelig og plan sjiktgrense. Sjiktet
inneholder ogsa et 0,3 til 1 cm tykt, horisontalt orientert, lys brungratt
(2.5Y 6/2) siltlag.

BCg (55-71) Olivengra (5Y 5/2) siltig mellomleire; mange (20-50%), sterk brune
(7.5YR 5/6), fine og middels, avrundete redox-ansamlinger i aggregater og
pa aggregatoverflater; svakt utviklet, sveert tykk platestruktur; fast i fuktig
tilstand, klebrig og plastisk i vat tilstand; noen middels og fa grove porer;
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ingen rgtter; tydelig og sterkt bglgende sjiktgrense.

Olivengra (5Y 5/2) siltig lettleire med mgrk gra (5Y 4/1) stgrre felt som
dekker 20-50 % av sjiktet; noen (10-20%), gulbrune (10YR 5/4), fine og
middels, avrundete redox-ansamlinger; massiv med sedimenter lagstruktur;
mange middels og fa svart grove porer

Fysiske og kjemiske data for stasjon 19, LIER

Sjikt | Tykkelse | Frasikt Kornstgrrelsesfordeling (%) %
cm % 2-0,6 0,6-0,2 0,2-0,1 0,1- 0,06- 0,02- 0,006- <0,002|Sand Silt Leir
mm mm mm 0,06 0,02 0,006 0,002 mm
mm mm mm mm
Apl 0-15 0 0,4 2,2 1,7 1,0 257 32,6 11,5 249 53 69,8 249
Ap2 15 - 36 0 0,5 2,3 1,3 09 236 340 13,0 244| 5,0 70,6 244
Btg 36-55 0 0,2 0,6 0,6 0,6 20,7 353 152 269| 2,0 71,2 269
BCg 55-71 0 0,1 0,4 0,4 0,3 272 329 11,4 27,31 1,2 71,5 273
C 71+ 0 0,0 0,4 0,2 0,6 286 33,1 13,2 239 1,2 749 239
Sjikt | Tykkelse pH TotC | TotN Ombyttb. Kationer (meq/100g) B.met. | Tegrrst.
cm H,0 CaCl, % % H K Na Mg Ca % %
Apl 0-15 6,5 6,0 1,31 0,13 290 035 005 083 7,38 75 99,1
Ap2 15-36 6,7 6,2 1,1 0,11 1,80 042 0,05 076 7,78 83 99,2
Btg 36-55 7,1 6,5 0,1 0,05 1,40 027 0,05 1,13 6,25 85 99,3
BCg 55-71 6.9 6,3 02| 0,05 1,30 0,30 0,04 1,29 581 85 99,3
C 71 + 6,9 6,3 0,1 0,05 1,30 022 0,07 1,32 4,88 83 99,4
Sjikt | Tykkelse | Prgve- | Penetr.* | Luft | Porer | Mat. | Jord- | Vann
dyp tetthet | tetthet led
cm cm kN/cm® vol % g/cm’ cm/h
Apl 0-15| 59 Ikke 7,7 | 450 | 2,69 1,47 0,92
malt
Ap2 15-36| 20-24 Ikke 48 | 425 | 2,75 1,58 2,74
malt
Btg 36-55| 41-45 Ikke 5,7 | 404 | 2,77 1,65 0,46
malt
BCg 55-71| Ikke Ikke - - - - -
provetat malt
t
C 71+ 71-75 Ikke 4,0 | 395 | 2,77 1,67 0,07
malt
* Gjennomsnitt av 5 malinger med penetrometer
Sjikt | Tykkelse | Prgve Volumprosent vann ved Nytt.b.
- dyp vann
cm Metn |pF 12| pF2 pF3 |pF4.2 | Vol %
Apl 0-15| 5-9 45,0 | 41,3 37,8 33,3 11,2 | 26,6
Ap2 15-36]20-24 | 45,1 414 | 38,0 33,3 11,9 | 26,1
Btg 36-55|41-45| 448 | 39,9 | 347 29,7 14,7 | 20,0
BCg 55-71| Ikke - - - - - -
provet
att
C 71+ 71-75 | 43,5 39,3 35,5 31,4 142 | 213
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Stasjon nr. : 15 HOKKSUND Beskrevet: 26. juni 1997

Beliggenhet : Flatt omrade (< 2% helling) pa elveslette.

Lokalisering : Profilet er beskrevet 9 m og 200 nygrader fra varstasjonen.
Opphavsmateriale : elveavsetning Vekst : kortklipt plen
Dreneringsgrad : darlig Profildybde : 103 cm
Stein og blokk : ingen Fjellblotninger : ingen
Grunnvannsniva : 100 cm

Klassifikasjon

FAOQ,, : Gleyic Phaeozem

WRByg : Orthieutri-Mollic Gleysol
Soil Taxonomyyg : Oxyaquic Hapludoll
NIJOS jordtype : Om7

Merknad:

Profilbeskrivelse (alle farger er beskrevet i fuktig jord, sjiktdybder i cm)

Ap (0 - 33)

Bw (33 -41)

Cgl (41 - 56)

Cg2 (56 - 72)

Cg3 (72 -88)

Cgd (88 -

Sveert mgrk gra (2.5Y 3/1) siltig lettleire; svakt utviklet tykk platestruktur;
lett smuldrende i fuktig tilstand, svakt klebrig og svakt plastisk i vat
tilstand; noen middels porer; svaert mange svert fine og svert fa sveert
grove tilfeldig fordelte rgtter; skarp og svakt bglgende sjiktgrense. Nedre
del av sjiktet er preget av bioturbasjon.

Olivengra (5Y 5/2) og sterk brun (7.5YR 5/6) sjattert siltig lettleire; svakt
utviklet tykk platestruktur; lett smuldrende i fuktig tilstand, svakt klebrig og
svakt plastisk i vat tilstand; noen middels porer; svert fa grove rgtter
lokalisert i markganger; tydelig stratifisering i opphavsmaterialet; skarp og
plan sjiktgrense.

Gra (5Y 5/1) og brun (10YR 5/3) sjattert siltig finsand; fa (2-10%), brune
(7.5YR 4/4), middels, avrundete redox-ansamlinger; massiv med
sedimenter lagstruktur; fa middels porer; ingen rgtter; tydelig og plan
sjiktgrense.

Mork gra (5Y 4/1) siltig finsand; mange (20-50%), gulrgde (SYR 4/6),
middels og grove, avrundete redox-ansamlinger; svert fa (<2%), sveert
mgrk gralig réde (10R 2.5/2), middels, avrundete konkresjoner; massiv;
noen middels porer; skarp og plan sjiktgrense. Synlig redusert matriks.

Grgnnlig gra (SGY 5/1) siltig lettleire; massiv; synlig redusert matriks.
Sjiktet 1a delvis under vann ved beskrivelsen.

Sandig silt eller siltig finsand. Ikke prgvetatt.
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Fysiske og kjemiske data for stasjon 15, HOKKSUND

Sjikt | Tykkelse | Frasik Kornstgrrelsesfordeling (%) %
t
cm % 2-0,6 0,6-0,2 0,2-0,1 0,1- 0,06- 0,02- 0,006- <0,002|Sand Silt Leir
mm mm mm 0,06 0,02 0,006 0,002 mm
mm mm mm mm
Ap 0-33 3 4,1 6.9 6.4 13,0 32,3 14,2 8,0 15,1 30,4 54,5 15,1
Bw 33-41 0 0,0 0,2 4,3 18,0 425 14,0 7,0 14,0( 22,5 63,5 14,0
Cgl 41-56 0 0,1 2,1 25,9 26,6 28,3 5,6 2,9 85| 54,7 36,8 8,5
Cg2 56-72 0 0,0 1,3 33,5 30,3 23,5 35 1,8 6,1 65,1 28,8 6,1
Cg3 72 - 88 0 0,2 0,7 1,2 4,1 28,7 27,2 15,3 226 62 71,2 22,6
Sjikt | Tykkelse pH Tot C | Tot N Ombyttb. Kationer (meq/100g) B.met. | Tgrrst.
cm H,O0 CaCl, % % H K Na Mg Ca % %
Ap 0-33 5.9 5.4 24| 0,17 490 030 0,14 095 591 60 98,9
Bw 33-41 6,7 5.9 0,2 0,05 1,40 0,06 0,06 1,12 3,07 76 99,5
Cgl 41-56 6,7 6,0 0,1 0,05 0,80 0,06 0,07 0,69 2,01 78 99,7
Cg2 56-72 6.9 6,2 0,1 0,05 1,50 0,06 0,09 0,49 1,74 61 99,7
Cg3 72 - 88 7,1 6,3 0,1 0,05 2,00 0,28 0,30 3,60 2,91 78 99,3
Sjikt | Tykkelse | Prgve- | Penetr.* | Luft | Porer | Mat. | Jord- Vann
dyp tetthet | tetthet led
cm cm kN/cm® vol % g/em’ cm/h
Ap 0-33 5-9 Ikke 6,6 | 44,7 2,66 1,47 0,82
malt
Bw 33-41( 35-39 Ikke 1,8 | 34,7 2,81 1,84 0,04
malt
Cgl 41-56| 44-48 Ikke 3,7 | 374 2,77 1,73 0,06
malt
Cg2 56-72| 60-65 Ikke 3.8 | 47,1 2,77 1,45 1,36
malt
Cg3 72 -88| Ikke Ikke - - - - -
provetat malt
t
* Gjennomsnitt av 5 malinger med penetrometer
Sjikt | Tykkelse | Prgve Volumprosent vann ved Nytt.b.
- dyp vann
cm Metn | pF1,2 | pF2 pF3 | pF4,2 | Vol %
Ap 0-33| 59 43,9 41,5 39,0 34,8 9,6 29,4
Bw 33-411|35-39 | 395 36,4 32,9 23,0 7,2 25,6
Cgl 41-56| 4448 | 414 37,9 33,7 18,0 6,2 27,6
Cg2 56-72| 60-65 | 53,3 48,1 43,7 36,9 11,0 32,7
Cg3 72 - 88| Ikke - - - - - -
provet
att
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Stasjon nr. : 36 FAVANG Beskrevet: 7. juli 1997

Beliggenhet : Profilet ligger i et lite sgkk, helling 2% mot NV, pa elvesletta mellom Gudbrandsdalslagen
og Tromsa.

Lokalisering : Profilet er beskrevet 7,3 m og 140 nygader fra verstasjonen.

Opphavsmateriale : elveavsetning Vekst : bygg

Dreneringsgrad : godt Profildybde : 120 cm

Stein og blokk :<0,1% Fjellblotninger : ingen

Grunnvannsniva :>120cm

Klassifikasjon

FAO,, : Dystric Regosol

WRByg : Dystric Cambisol

Soil Taxonomyyg : Typic Dystrocryept

NILJOS jordtype : Ls5

Merknad:

Profilbeskrivelse (alle farger er beskrevet i fuktig jord, sjiktdybder i cm)

Apl (0 - 26) Mogrk gra (10YR 4/1) sandig silt; 2-5% sma, uregelmessig formet stein av
krystallinsk opprinnelse; moderat utviklet grov skarpkanta blokkstruktur og
moderat utviklet grov kornstruktur; ikke klebrig og ikke plastisk i vat
tilstand; mange middels porer; noen tilfeldig fordelte svart fine rgtter;
tydelig og svakt bglgende sjiktgrense.

Ap2 (26 - 45) Mogrk grabrun (10YR 4/2) sandig silt; svakt utviklet grov avrundet
blokkstruktur som brytes opp i svakt utviklet fin grynstruktur; ikke klebrig
og ikke plastisk i vat tilstand; noen fine og mange middels porer; fa svaert
fine rgtter fordelt i markganger; skarp og svakt bglgende sjiktgrense.

Bw1 (45 - 50) Lys oliven brun (2.5Y 5/3) sandig silt; svakt utviklet middels avrunda
blokkstruktur; ikke klebrig og ikke plastisk i vat tilstand; mange middels og
mange grove porer; fa svert fine rgtter fordelt i markganger; tydelig og
svakt bglgende sjiktgrense.

Bw2 (50 - 80) Mgrk gulbrun (10YR 4/4) siltig mellomsand; enkeltkorn; mange middels
og mange grove porer; fa svert fine rgtter fordelt i markganger; skarp og

brutt sjiktgrense.

C@80-) Mineralfarget grovsand; enkeltkorn; opptrer som lommer i Bw2.
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Sjikt | Tykkelse | Frasik Kornstgrrelsesfordeling (%) %
t
cm % 2-0,6 0,6-0,2 0,2-0,1 0,1- 0,06- 0,02- 0,006- <0,002|Sand Silt Leir
mm mm mm 0,06 0,02 0,006 0,002 mm
mm mm mm mm
Apl 0-26 5 4,7 7,7 7,3 5,6 348 225 8,1 9,21 253 654 92
Ap2 26 -45 2 33 12,9 10,4 78 245 235 9.4 83| 344 574 83
Bwl 45 -50 2 1,2 20,0 10,8 6,3 21,5 25,1 8,3 69| 38,3 549 69
Bw2 50-80 0 48 37,1 20,6 8,0 14,3 7,3 4,5 3,5 70,5 26,1 3,5
C 80 + 6] 396 413 6,9 2,5 4,2 2,2 0,4 2,81 903 68 28
Sjikt | Tykkelse pH Tot C | Tot N Ombyttb. Kationer (meq/100g) B.met. | Tgrrst.
cm H,O0 CaCl, % % H K Na Mg Ca % %
Apl 0-26 6,3 5,7 2,1 0,21 390 0,06 033 1,43 8,99 73 98,8
Ap2 26 -45 6,2 5.4 1,31 0,11 510 0,06 0,08 1,11 5,39 57 98,8
Bwl 45 -50 6,0 5.4 0,6 006| 420 006 008 059 252 44 99,2
Bw2 50-80 6,1 5.4 02| 0,05 240 006 0,02 032 1,25 41 99,6
C 80 + 6,1 5,3 0,1 0,05 1,60 006 002 0,16 0,61 35 99,8
Sjikt | Tykkelse | Prgve- | Penetr.* | Luft | Porer | Mat. | Jord- Vann
dyp tetthet | tetthet led
cm cm kN/cm® vol % g/em’ cm/h
Apl 0-26 1-5 4.45 83 | 49,6 | 275 1,39 9,46
Ap2 26-45| 32-36 3,15 173 | 54,2 | 2,80 1,27 4,33
Bwl 45-50| Ikke 2,60 - - - - -
provetat
t
Bw2 50-80| 69-73 0,70 30,3 | 51,1 2,78 1,32 14,34
C 80+ | Ikke 0,18 - - - - -
provetat
t
* Gjennomsnitt av 5 malinger med penetrometer
Sjikt | Tykkelse | Prgve Volumprosent vann ved Nytt.b.
- dyp vann
cm Metn | pF1,2 | pF2 pF3 | pF4,2 | Vol %
Apl 0-26| 1-5 52,1 46,6 | 41,3 35,0 9,2 32,1
Ap2 26-45]32-36 | 51,1 46,1 37,5 27,2 6,0 31,4
Bwl 45-50| Ikke - - - - - -
provet
att
Bw2 50-80| 69-73 | 43,2 | 38,7 22,3 12,0 3,0 19,4
C 80 +| Ikke - - - - - -
provet
att
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Stasjon nr. : 6 SKOGMO Beskrevet: 9. oktober 1997

Beliggenhet : Profilet ligger i midtre del av en rett moderat hellende (10%) nordgstvent skraning, pa en
elveterasse.

Lokalisering : Profilet er beskrevet 8 m nord for vaerstasjonen.

Opphavsmateriale : elveavsetning Vekst : korn

Dreneringsgrad : darlig Profildybde :110cm

Stein og blokk :<0,1% Fjellblotninger : ingen

Grunnvannsniva : 100 cm

Klassifikasjon

FAQO,, : Anthrosol

WRBg : Orthidystric Gleysol

Soil Taxonomyyg : Typic Cryaquent

NIJOS jordtype : Po3

Merknad:  Lokaliteten ble planert pa 70-tallet.

Profilbeskrivelse (alle farger er beskrevet i fuktig jord, sjiktdybder i cm)

Ap (0 - 25) Mogrk grabrun (2.5Y 4/2) siltig mellomsand; svakt utviklet, grov, avrundet
blokkstruktur og svakt utviklet, middels, grynstruktur; ikke klebrig og ikke
plastisk i vat tilstand; fa sveert fine og fa fine porer; noen svert fine tilfeldig
fordelte rgtter; tydelig og svakt bglgende sjiktgrense.

Apd (25 - 35) Olivenbrun (2.5Y 4/3) siltig mellomsand; svakt utviklet, svert tykk
platestruktur; sammenhengende plogsale; ikke klebrig og ikke plastisk i vat
tilstand; fa sveert fine porer; fa svert fine tilfeldig fordelte rgtter; tydelig og
svakt bglgende sjiktgrense.

Cg(35-) Mork grgnngra (SGY 4/1) siltig finsand med olivengra (5Y 4/2) stgrre felt
som dekker 20-50% av sjiktet; fa svert fine porer; sjiktet barer preg av
planeringen med en blanding av opprinnelig C-sjikt materiale, A-sjikt
materiale og begravde rgtter.
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Sjikt | Tykkelse | Frasik Kornstgrrelsesfordeling (%) %
t
cm % 2-0,6 0,6-0,2 0,2-0,1 0,1- 0,06- 0,02- 0,006- <0,002|Sand Silt Leir
mm mm mm 0,06 0,02 0,006 0,002 mm
mm mm mm
Ap 0-25 0 0,2 194 22,1 142 32,6 7,2 2,71 559 414 27
Apd 25-35 0 0,0 17,6 19,6 13,4 389 6.9 241 50,6 470 24
Cg 35+ 1 0,5 145 289 17,5 30,1 5,3 2,0] 61,4 36,6 20
Sjikt | Tykkelse pH Tot C | Tot N Ombyttb. Kationer (meq/100g) B.met. | Tgrrst.
cm H,0 CaCl, % % H K Na Ca % %
Ap 0-25 54 4,5 0,7 005| 390 006 0,02 0,38 12 99,5
Apd 25-35 5,8 5,0 02| 005| 280 015 0,04 0,28 15 99,7
Cg 35+ 6,1 5,4 0,1 0,05 1,60 0,13 0,07 0,58 34 99,8
Sjikt | Tykkelse | Prgve- | Penetr.* | Luft | Porer | Mat. | Jord- Vann
dyp tetthet | tetthet led
cm cm kN/cm® vol % g/cm’ cm/h
Ap 0-25( 11-15 2,00 10,1 | 46,5 | 2,84 1,52 0,90
Apd 25-35| 27-31 4,15 2,3 | 40,1 2,74 1,64 0,78
Cg 35+| 60-64 0,81 195 | 472 | 2,72 1,43 4,96
* Gjennomsnitt av 5 malinger med penetrometer
Sjikt | Tykkelse | Prgve Volumprosent vann ved Nytt.b.
- dyp vann
cm Metn | pF1,2 | pF2 pF3 | pF4,2 | Vol %
Ap 0-25|11-15| 439 | 429 | 363 20,8 3,3 33,1
Apd 25-35(27-31| 42,7 | 40,7 | 383 18,9 2,9 354
Cg 35+[60-64 | 41,2 | 399 | 288 8,6 1,6 27,2
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Appendix A8
Table A31. Intake of cadmium from food.
Cadmium
Background | Other sources | Sewage sludge 100 years Total
Present After 100 years | 40 tons/year 60 tons/year | 40 tons/year 60 tons/year
Food item pg/dag pg/dag ug/dag pg/dag pg/dag ug/dag
Cereals 5.67 0.52 3.42 5.13 9.6 11
Potato 2.43 0.22 0.66 2.20 3.3 4.85
Carrot 0.63 0.06 0.38 0.57 1.1 1.25
Swede 0.20 0.02 0.12 0.18 0.35 0.41
Cabbage 0.17 0.02 0.10 0.15 0.28 0.33
Cauliflower 0.02 0.00 0.01 0.02 0.04 0.05
Chinese cabbage 0.18 0.02 0.11 0.16 0.31 0.36
Cucumber 0.27 0.02 0.16 0.24 0.45 0.54
Tomato 0.27 0.02 0.16 0.24 0.45 0.54
Peppers 0.18 0.02 0.11 0.16 0.31 0.36
Mixtures 0.42 0.04 0.25 0.38 0.71 0.84
Unspecified 0.75 0.07 0.45 0.68 1.3 1.49
vegetables
Meat 0.013 0.001 0.01 0.01 0.02 0.03
Liver 0.031 0.003 0.02 0.03 0.05 0.06
Fish 3.55 3.6 3.6
Total daily intake 15 1.0 6.0 10 22 26
(mean)
High intake of 21 1.6 9.5 15 32 38
main source
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Table A32. Intake of lead from food.
Lead
Background | Other sources | Sewage sludge 100 years Total
Present After 100 years | 40 tons/year 60 tons/year | 40 tons/year 60 tons/year
Food item pg/dag pg/dag ug/dag pg/dag pg/dag ug/dag
Cereals 4.1 0.06 0.62 0.93 479 5.1
Potato 0.88 0.01 0.13 0.20 1.03 1.1
Carrot 0.23 0.004 0.03 0.05 0.26 0.28
Swede 0.07 0.001 0.01 0.02 0.09 0.09
Cabbage 0.13 0.002 0.02 0.03 0.15 0.16
Cauliflower 0.02 0.0003 0.00 0.004 0.02 0.02
Chinese cabbage 0.14 0.002 0.02 0.03 0.16 0.17
Cucumber 0.21 0.003 0.03 0.05 0.24 0.26
Tomato 0.21 0.003 0.03 0.05 0.24 0.26
Peppers 0.14 0.002 0.02 0.03 0.16 0.17
Mixtures 0.15 0.002 0.02 0.03 0.18 0.19
Unspecified
vegetables 0.27 0.0043 0.04 0.06 0.32 0.34
Meat 0.01 0.0002 0.00186 0.003 0.01 0.02
Liver 0.03 0.0005 0.00440 0.007 0.03 0.04
Fish 2.2 2.2 2.2
Total daily intake 8.8 0.1 1.0 1.5 9.9 10
(mean)
High intake of 13 0.2 1.6 2.5 15 16
main source
Norwegian Scientific Committee for Food Safety
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Table A33. Intake of mercury from food.

Mercury

Background | Other sources | Sewage sludge 100 years Total

Present After 100 years | 40 tons/year 60 tons/year | 40 tons/year 60 tons/year
Food item pg/dag pg/dag pg/dag pg/dag pg/dag pg/dag
Cereals 0.12 0.01 0.39 0.58 0.52 0.71
Potato 0.03 0.003 0.08 0.12 0.11 0.15
Carrot 0.01 0.0007 0.02 0.03 0.03 0.04
Swede 0.002 0.0002 0.01 0.01 0.009 0.01
Cabbage 0.001 0.0001 0.002 0.004 0.003 0.004
Cauliflower 0.0001 0.00001 0.00034 0.001 0.0005 0.0006
Chinese cabbage 0.001 0.00009 0.003 0.004 0.004 0.005
Cucumber 0.001 0.0001 0.004 0.006 0.005 0.007
Tomato 0.001 0.0001 0.004 0.006 0.005 0.007
Peppers 0.001 0.00009 0.003 0.004 0.004 0.005
Mixtures 0.00 0.0005 0.01 0.02 0.02 0.03
Unspecified 0.01 0.0009 0.03 0.04 0.03 0.05
vegetables
Meat 0.00003 0.000003 0.0001 0.0001 0.0001 0.0002
Liver 0.00007 0.000008 0.0002 0.0003 0.0003 0.0004
Fish 4.1 4.1 4.1
Total daily intake 4.2 0.02 0.6 0.8 4.8 5.1
(mean)
High intake of 4.1 0.03 1.0 14 53 5.8

main source
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Table A34. Intake of nickel from food.

Nickel

Background | Other sources | Sewage sludge 100 years Total

Present After 100 years | 40 tons/year 60 tons/year | 40 tons/year 60 tons/year
Food item pg/dag pg/dag pg/dag pg/dag pg/dag pg/dag
Cereals 254 4.9 28 42 286 300
Potato 78 1.5 8.5 13 88 92
Carrot 20 0.38 2.2 3.3 22.6 24
Swede 6.5 0.13 0.71 1.1 7.4 7.7
Cabbage 1.6 0.03 0.17 0.26 1.8 1.9
Cauliflower 0.22 0.004 0.02 0.04 0.25 0.26
Chinese cabbage 1.7 0.03 0.19 0.00 1.95 1.8
Cucumber 2.6 0.05 0.28 0.42 2.90 3.0
Tomato 2.6 0.05 0.28 0.42 2.90 3.0
Peppers 1.7 0.03 0.19 0.28 1.95 2.0
Mixtures 13 0.26 1.5 2.2 15 16
Unspecified 24 0.46 2.6 3.9 27 28
vegetables
Meat n.c. n.c. n.c. n.c. n.c. n.c.
Liver n.c. n.c. n.c. n.c. n.c. n.c.
Fish n.a. n.a. n.a. n.a.
Total daily intake 406 7.8 44 66 458 480
(mean)
High intake of 669 13 73 110 755 792

main source

n.c: not calculated
n.a. no data available
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Table A35. Intake of zinc from food.
Zinc
Background | Other sources | Sewage sludge 100 years Total
Present After 100 years | 40 tons/year 60 tons/year | 40 tons/year 60 tons/year
Food item pg/dag pg/dag pg/dag pg/dag pg/dag pg/dag
Cereals 2194 67 1856 2784 4117 5045
Potato 940 29 795 1193 1764 2162
Carrot 242 7.4 205 307 455 557
Swede 79 2.4 67 100 148 182
Cabbage 69 2.1 58 88 129 159
Cauliflower 9.6 0.3 8.1 12 18 22
Chinese cabbage 75 23 63 95 140 172
Cucumber 111 34 94 141 209 256
Tomato 111 34 94 141 209 256
Peppers 75 2.3 63 95 140 172
Mixtures 163 5.0 138 207 306 376
Unspecified 290 8.9 245 368 544 666
vegetables
Meat n.c. n.c. n.c. n.c. n.c. n.c.
Liver n.c. n.c. n.c. n.c. n.c. n.c.
Fish n.a. n.a. n.a. n.a.
Total daily intake 4359 133 3687 5531 8180 10024
(mean)
High intake of 6641 203 5617 8425 12460 15269
main source
n.c: not calculated
n.a. no data available
Norwegian Scientific Committee for Food Safety
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Table A36. Intake of copper from food.

Copper

Background | Other sources | Sewage sludge 100 years Total

Present After 100 years | 40 tons/year 60 tons/year | 40 tons/year 60 tons/year
Food item pg/dag pg/dag pg/dag pg/dag pg/dag pg/dag
Cereals 989 40 2278 3417 3307 4446
Potato 212 8.6 488 732 708 952
Carrot 55 2.2 126 189 183 245
Swede 18 0.7 41 61 60 80
Cabbage 6.2 0.3 14 21 21 28
Cauliflower 0.9 0.0 2.0 3.0 2.9 3.9
Chinese cabbage 6.7 0.3 16 23 23 30
Cucumber 10 0.4 23 35 34 45
Tomato 10 0.4 23 35 34 45
Peppers 6.7 0.3 16 23 23 30
Mixtures 37 1.5 85 127 123 165
Unspecified 65 2.6 150 226 218 294
vegetables
Meat n.c. n.c. n.c. n.c. n.c. n.c.
Liver n.c. n.c. n.c. n.c. n.c. n.c.
Fish n.a. n.a. n.a. n.a.
Total daily intake 1416 57 3261 4892 4734 6365
(mean)
High intake of 2444 99 5629 8444 8172 10986

main source

n.c: not calculated
n.a. no data available
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Table A37. Intake of chromium from food.

Chromium

Background | Other sources | Sewage sludge 100 years Total

Present After 100 years | 40 tons/year 60 tons/year | 40 tons/year 60 tons/year
Food item pg/dag pg/dag pg/dag pg/dag pg/dag pg/dag
Cereals 93 1.5 13 20 108 115
Potato 20 0.31 2.9 4.3 23 25
Carrot 5.1 0.08 0.74 1.11 6.0 6.3
Swede 1.7 0.03 0.24 0.36 1.9 2.1
Cabbage 0.29 0.00 0.04 0.06 0.34 0.36
Cauliflower 0.04 0.00 0.01 0.01 0.05 0.05
Chinese cabbage 0.32 0.00 0.05 0.07 0.37 0.39
Cucumber 0.47 0.01 0.07 0.10 0.55 0.58
Tomato 0.47 0.01 0.07 0.10 0.55 0.58
Peppers 0.32 0.00 0.05 0.07 0.37 0.39
Mixtures 3.46 0.05 0.50 0.75 4.0 4.3
Unspecified 6.1 0.10 0.88 1.3 7.1 7.6
vegetables
Meat n.c. n.c. n.c. n.c. n.c. n.c.
Liver n.c. n.c. n.c. n.c. n.c. n.c.
Fish n.a. n.a. n.a. n.a.
Total daily intake 131 2.1 19 28 152 162
(mean)
High intake of 228 3.6 33 49 264 281

main source

n.c: not calculated
n.a. no data available
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APPENDICES — PART B

Appendix B1: The Anatomical Therapeutic Chemical (ATC)
classification system

In Norway, as well as in many other countries worldwide, the Anatomical Therapeutic Chemical
(ATC) classification system is used (http://www.whocc.no/atcddd). This classification system divide
the drugs into different groups according to the organ or system on which they act and their chemical,
pharmacological and therapeutic properties. The various drugs are classified into groups at five
different levels of which the 1* level consist of the following main groups:

Alimentary tract and metabolism

Blood and blood forming organs

Cardiovascular system

Dermatologicals

Genito-urinary system and sex hormones
Systemic hormonal preparations, excl. se hormones and insulins
Immunologicals

Antiinfectives for systemic use

Antineoplastic and immunomodulating agents
Musculo-skeletal system

Nervous system

Antiparasitic products, insecticides and repellents
Respiratory organs

Sensory organs

Various

<LlmzIvzZIOC=—"DZDQOOwW»

Each main group (1 level) is split into therapeutic subgroups (2™ level) that are further split into
pharmacological subgroups (3" level) and chemical subgroups (4™ level). The 5" level represents the
chemical substance. The complete classification of norethisterone illustrates the system:

G Genito-urinary system and sex hormones
(1*" level, anatomical main group)

GO03 Sex hormones and modulators of the genital system
(2" level, therapeutic subgroup)

GO3A Hormonal contraceptives for systemic use
(3™ level, pharmacological subgroup)

GO3AC Progestogens
(4™ level, chemical subgroup)

GO3ACO01 Norethisterone

(5th level, chemical substance)

Norwegian Scientific Committee for Food Safety
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Published by
Norwegian Scientific Committee for Food Safety (VKM) 2009

Postboks 4404 Nydalen
0403 Oslo

phone +47 21 62 28 00
www.vkm.no

ISBN 978-82-8082-337-3 (printed version)
ISBN 978-82-8082-338-0 (electronic version)




Cryptosporidium och Giardia

- rekommendationer om atgarder f6r
att minska risken f&r vattenburen smitta

Je
wseoes S y

VERKET TTTTTTTTTTTTTTTTTTTTT SvensktVatten



Inledning

Dessa rekommendationer dr framtagna av Livsmedelsverket, Smittskyddsinstitutet
och Svenskt Vatten. Syftet ar att motverka riskerna for utbrott av vattenburen
smitta orsakad av parasiter, till exempel Cryptosporidium och Giardia. Aven om
rekommendationerna fokuserar pa parasiter sa kan resonemangen till del tillimpas
dven pd andra patogener.

Rekommendationerna riktar sig i forsta hand till ansvariga for verksamheten vid
allminna vattenverk. Aven andra producenter och tillhandahallare av dricksvatten
som omfattas av livsmedelslagstiftningen, liksom kontrollmyndigheter kan ha nytta
av informationen i detta dokument.

Av naturliga skal innehéller inte rekommendationerna all information som behovs
for att producera mikrobiologiskt sikert dricksvatten. Mer information finns i
dokumenten under avsnittet ”Litteratur”.

Rekommendationerna ar inte rattsligt bindande utan ska ses som stod vid tillamp-
ningen av lagstiftningen.

Rekommendationerna i sammandrag

e Kainn ditt ravatten
- Uppritta skyddsomraden
- Inventera kallor till fekal paverkan
- Uppritta ett program for lopande overvakning av ravattenkvaliteten
e Kinn ditt vattenverk
- Utvdrdera de mikrobiologiska sikerhetsbarridrerna i beredningen
- Forbattra beredningen om utvirderingen visar pa otillrackligt skydd mot
vattenburen smitta.

Vad dr Cryptosporidium och Giardia?

Cryptosporidium och Giardia ar tva parasitiara protozoer (urdjur) som aterfinns
over hela virlden och orsakar diarrésjukdom hos bade djur och manniskor.
Parasiter ar ett samlingsnamn for organismer som kraver ett varddjur for sin
overlevnad. Flera faktorer bidrar till att de ar halsomassigt viktiga mikroorga-
nismer relaterade till dricksvatten och badvatten;
e De utsondras med avforingen och sprids via vatten som cystor (Giardia)
och oocystor (Cryptosporidium).
e (Oo)cystor utsondras i mycket hoga halter (upp till 10%/g avforing) fran in-
fekterade djur och manniskor.
e Avloppsvatten kan sprida fraimst Giardia men dven Cryptosporidium till
vattentdkter. Avrinning fran betesmark och godsel medfor risk for sprid-
ning av framfor allt Cryptosporidium.



e Vissa arter/genotyper dr zoonotiska dvs. kan 6verforas mellan djur och
manniskor.

e (Oo)cystorna Overlever lange i vatten, speciellt i kallt vatten. De kan
overleva langre dn de indikatororganismer som normalt anvands for att
kontrollera vattenkvaliteten.

e Infektionsdosen ar ldg, endast ett fatal (oo)cystor kan orsaka sjukdom.

e (Oo)cystor dr okansliga for klor i de doser som anvinds vid dricks-
vattendesinfektion.

Det finns cirka 20 arter av Cryptosporidium, men det ar i stort sett bara tvd som
kan infektera manniska; Cryptosporidium parvum och Cryptosporidium hominis.
Artbestimning kan vara av stor vikt for smittsparningen i utbrottssammanhang da
C. parvum ar en potentiellt zoonotisk parasit som infekterar bade djur och min-
niska, medan C. hominis sa gott som uteslutande infekterar manniska. Vidare kan
dessa arter delas in i ett stort antal subgenotyper, vilket ytterligare kan forstarka
smittsparningsarbetet. For Giardia ar det arten Giardia intestinalis och da subtyp-
erna A och B som infekterar manniska. Blandinfektioner har visat sig vanliga hos
patienter.

Var finns Cryptosporidium och Giardia?

Det kan vara mycket stora skillnader i féorekomst mellan olika vattentikter. Aven
inom en given vattentdkt kan skillnaderna 6ver tid och rum vara stora.

Av 200 svenska ytvattenprov fran perioden 2003-2008 var 4 procent positiva for
Giardia i halter upp till 3 cystor per 10 liter, och 11,5 procent positiva for Crypto-
sporidium i halter upp till 20 oocystor per 10 liter (Smittskyddsinstitutet 2011). De
hogsta halterna parasiter pavisades i en sj6 med laga halter av indikatorbakterier,
vilket visar att parasiter kan forekomma i tikter som enligt ordinarie ravattenkon-
troll har god mikrobiologisk kvalitet.

Korrelation mellan férekomst av parasiter och forekomst av indikatororganismer
(E. coli och koliforma bakterier) kunde bara konstateras vid ett tillfalle. Inte heller
kunde ndgon korrelation med andra indikatororganismer, hojd turbiditet eller
nederbord konstateras.

Undersokningar vid fem svenska avloppsreningsverk visar pa frekvent forekomst
av cystor av Giardia i inkommande avloppsvatten med en typisk halt pa cirka

1 000 cystor per liter. Cryptosporidium forkommer mer sillan (i cirka 20 procent
av undersokta prov) och i lagre halter, cirka 0-120 per liter.

Bade Giardia intestinalis typ A och B, Cryptosporidium hominis och Cryptospo-
ridium parvum har detekterats vid dessa undersokningar. Studier av Ottoson m.fl.
(2006) har tidigare visat att Giardia och Cryptosporidium reduceras med 2-3 log
i svenska avloppsreningsverk.
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Hur analyseras Cryptosporidium och Giardia?

Vattenprov (10-1000 liter) kan filtreras genom patronfilter (en typ for ravatten, en
annan for dricksvatten). Koncentratet behandlas och genom mikroskopisk avlis-

ning raknas de med ratt firg och form som presumtiva (oo)cystor; kan karnor av-

lasas bedoms (0o)cystorna som konfirmerade.

Det gar inte att mikroskopiskt skilja mellan olika arter av Giardia eller Crypto-
sporidium och inte heller avgora infektivitet (livsduglighet, viabilitet). For detta
krdvs andra analyser, som odling pa celler for infektivitet och molekylira metoder
for bestimning av art och genotyp. Vid ett vattenburet utbrott dr det svart att hitta
orsakande agens eftersom utbrottet oftast upptackts forst da patienter blir sjuka.
Orsakande agens kan da redan ha passerat dricksvattnet och kan inte langre detek-
teras. D4 kan patientprov och epidemiologiska undersokningar (t.ex. enkiter) ge
viktig information.

Hur péverkar Cryptosporidium och Giardia hilsan?

Information om sjukdomarna cryptosporidios (orsakad av Cryptosporidium)
och giardiasis (orsakad av Giardia) finns pa Smittskyddsinstitutets webbplats
www.smittskyddsinstitutet.se. For giardiasis finns medicinsk behandling medan
det saknas effektiv behandling for cryptosporidios. Personer med nedsatt immun-
forsvar kan darfor bli kroniskt sjuka.

Ravattnets betydelse

Vad sdger reglerna?

Enligt dricksvattenforeskrifterna ska beredningen i vattenverket utformas med
hansyn till radvattnets kvalitet. Ju simre ravatten, desto mer omfattande beredning
kravs i vattenverket.

Forebyggande arbete

Generellt sett ar det enklare att forebygga ett problem vid kallan 4dn att forsoka
hantera det i efterhand. Uppstromsarbetet intar darfor en central roll och utgor
tillsammans med riskbedomning en god grund som beslutsunderlag.

Det ar viktigt att skaffa sig kunskap om féroreningskallor i rdvattentikten och i ra-
vattentiktens tillrinningsomrade. Aven om det kan vara svart och ta lang tid 4r det
viktigt att kontinuerligt arbeta for att avligsna dem sa lang det ar mojligt. Det ar
bittre att motverka en fororening av tikten 4n att infora en beredningsmetod med
syfte att ta bort fororeningen. Skyddet av vattentikter dr av avgorande betydelse
for en langsiktigt bra ravattenkvalitet.

Mainga patogener (sjukdomsframkallande mikroorganismer) i vattentikter, in-
klusive parasiter, harstammar fran avlopp och fran naturgodsel (fekal paverkan).
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Darfor ar det speciellt viktigt att inventera och minimera riskfaktorer i form av
utslapp fran enskilda och kommunala avlopp, hantering och spridning av godsel
och slam, samt avrinning fran jordbruksmark. En del av det arbetet ar ocksa att
optimera reduktionen i avloppsreningsverken med hinsyn till parasiter, liksom att
minimera braddningar och nédavledningar.

Ytvatten, grundvatten och ytvattenpdverkat grundvatten

Fekal fororening och darmed risk for forekomst av sjukdomsframkallande bak-
terier, virus och parasiter beror inte bara ytvattentdkter. Risken kan ocksa vara
stor i ett ytvattenpaverkat grundvatten och dven under onormala forhdllanden,
t.ex. vid 6versvamningar vid grundvattentikter som normal inte dr ytvatten-
paverkade.

Mer information om olika typer av ravatten finns i Svenskt Vattens bransch-
riktlinjer ”Révattenkontroll — Krav pa ravattenkvalitet” och i Livsmedelsverkets
vigledning om dricksvatten.

Overvakning

Det ar nédvandigt med en overvakning av ravattnets kvalitet for att minimera
riskerna och for att uppfylla kraven i dricksvattenforeskrifterna. I Svenskt Vattens
branschriktlinjer om ravatten finns forslag till utformning av program for l6pande
overvakning av ravattnets kvalitet.

Aven om férekomst av de fekala indikatorbakterier som nimns i branschrikt-
linjerna inte alltid korrelerar till forekomst av parasiter (Smittskyddsinstitutet
2011) har de dnda ett varde eftersom de indikerar fekal fororening, vilket i sin
tur 6kar sannolikheten for att det finns patogener i ravattnet.

Variationer i kvalitet — sdmsta forhdllanden

Kunskap om variationer i ravattnets kvalitet pa kort och lang sikt dr en forutsatt-
ning for att kunna utforma beredningen i vattenverket, liksom for styrning av be-
redningsprocesserna. Det ar speciellt viktigt att kartligga simsta forhdllandena

1 ravattnet.

Analys av parasiter i rdvatten

Vid undersokningar av parasiter bor antalet prov anpassas till vattenverkets storlek
och till ravattnets kvalitet; se Svenskt Vattens branschriktlinjer och ODP-rapporter-
na (Optimal Desinfektions Praxis) frain ”Norsk Vann”.

Analyserna bor goras pa 100 liter ravatten for att fa tillracklig kanslighet. I Sverige
kan parasiter i sidana volymer for ndrvarande bara analyseras vid vattenlaborato-

riet pd Smittskyddsinstitutet i Stockholm. De kommersiella laboratoriekedjorna er-
bjuder for narvarande analys av 10 liter vatten i England, vilket kan vara tillracklig
volym for kraftigt férorenade ravatten.
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Rekommendationer om étgirder fore vattenverket

Foljande rekommendationer giller alla ytvatten och ytvattenpaverkade

grundvatten.

e  Uppritta aktuella och relevanta vattenskyddsomraden.

e Inventera aktiviteter som kan innebira fekal paverkan, till exempel utslapp
fran enskilda och kommunala avlopp, hantering och spridning av godsel och
slam och avrinning fran jordbruksmark.

e  Uppritta ett program for lopande 6vervakning av rdvattnets kvalitet, dar de
mikrobiologiska parametrar som kan indikera fekal paverkan ingar.

Om inventering och/eller 16pande 6vervakning av fekala indikatorer visat pa risk
for parasiter i ravattnet:
e  Gor en kvantifiering av forekomsten av parasiter i ravattnet.

Hur avlagsnas parasiterna i dricksvattenberedningen?

Vad sdger reglerna?

Enligt dricksvattenforeskrifterna ska det finnas tillrackligt antal sikerhetsbarridrer
mot mikrobiologisk fororening i beredningen. Vidare ska det finnas larm med
larmgrianser satta sd att de varnar vid forhallanden som kan medfora délig effek-
tivitet hos barridrerna. Foreskrifterna innehaller i dag inga kvantitativa krav pa hur
effektiva de mikrobiologiska sikerhetsbarridrerna ska vara pa att reducera
patogener.

En bred ansats

Det har blivit uppenbart att det inte racker att forlita sig pa glesa undersokningar
av patogener eller indikatororganismer for att siakerstilla vattenverkens barriir-
verkan. Patogener kan forekomma i ra- eller dricksvattnen dven om inga pavisas
vid rutinmissiga 6vervakningar. Darfor behovs det en annan och bredare ansats
ndr man utviarderar de mikrobiologiska barridrerna. Nar en sidan utvirdering gors
bor hansyn tas till samtliga kdnda patogener, savil virus och bakterier som proto-
zoer (parasiter).

Direkta analyser av patogener ar i de flesta fall for komplicerade for att vara an-
viandbara som lopande verifiering av barridrverkan. Dessutom ar antalet sidana
mikroorganismer lagt i dricksvatten. Darfor ar det i praktiken inte mojligt att
direkt mata reduktionen av sjukdomsframkallande mikroorganismer i beredningen
pa varje vattenverk.

Multipla barridrer

For att uppna en tillfredstillande barriarverkan kravs i allmanhet en kombination
av avskiljnings- och inaktiveringsmekanismer (desinfektion). Genom att processen
bestar av flera processteg med barridrverkan okar avskiljningen och/eller inaktive-
ringen, men an mer viktigt 4r att man far en process som dven vid storning i nagot
enskilt processteg ar mer robust och minskar risken for mikrobiologisk fororening
av dricksvattnet. En forutsittning for att en barridr ska vara effektiv ar sjalvklart
att allt dricksvatten passerar igenom den.
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Utvdrdering av barridrverkan

Det ar viktigt att dricksvattenproducenten har en god uppfattning om hur val de
mikrobiologiska sdkerhetsbarridrerna i vattenverket fungerar. Eftersom dessa ar
platsspecifika och kopplade till ravattenkvalitet, driftforutsittningar och process-
kombinationer maste utvirdering goras i varje enskilt fall — det racker inte att gora
antaganden utifran tabelldata. Det finns hjdlpmedel for att underlatta det arbetet.
Ett systematiskt satt att utvardera barriarverkan ar ODP. Med ODP som hjilp kan
man bilda sig en uppfattning om vilken grad av skydd som kan vara aktuell under
olika forutsattningar. I ODP ingar ocksa en utvirdering av ravattentakten.

Det finns ocksa mojlighet att anvinda sig av MRA (Microbial Risk Assessment)
for att 6ka forstaelsen for vattenverkets funktion, styrkor och svagheter. MRA ar
ett datorbaserat verktyg i vilket man kan modellera ett vattenverk (Lundberg
Abrahamsson m.fl. 2009). Det gar ocksa att studera tankbara justeringar och
forandringar i beredningsprocessen och se hur de paverkar dricksvattnets mikro-
biologiska kvalitet. Det finns ocksa mojlighet att simulera enskilda scenarier, t ex
utslapp av orenat avloppsvatten och hur detta paverkar reningsprocessen. En
styrka med MRA-verktyget ar att det tar hdnsyn till variationer och osikerheter.
MRA-verktyget med tillh6rande handledning kan laddas ned fran Svenskt Vatten
(www.svensktvatten.se).

I bade MRA och ODP finns inbyggd kunskap om hur olika reningsprocesser
och rdvatten kan tiankas fungera tillsammans och de kan darfor enskilt eller till-
sammans utgora en god borjan pa ett arbete med att sakerstilla mikrobiologisk
barridrverkan.

Variationer

Vid all analys och utredning ar det viktigt att komma ihdg att barridreffekten alltid
ar beroende dels av ravattnets kvalitet, processkombination samt inte minst — att
processen ar optimerad pa ett for syftet avsett sitt. P4 samma sitt som rdvattnets
kvalitet varierar kommer ocksa barridrernas effektivitet att variera. Beredningen
maste vara utformad och skotas sd att dricksvattnet ar sikert dven nar anldgg-
ningen fungerar som samst. Effektiviteten bor foljas upp med undersokningar,

se t.ex. Dricksvattenteknik 4 (Svenskt Vatten 2011) och artiklar av Rydberg m.fl.
(2009) och av Johansson (2009).

Hur effektiva dr olika sdkerhetsbarridirer?

Klorering, som traditionellt sett ar en vanlig desinfektionsmetod for dricksvatten,
ar mycket effektiv for inaktivering av bakterier men har visat sig mindre effektiv
med avseende pa parasiter. Virus inaktiveras ocksd av klor, men dr mer motstands-
kraftiga dn bakterier och bor darfor vara dimensionerande. For att klorering ska
vara verkningsfullt kravs fritt klor med tillracklig kontakttid. Behandling med UV-
ljus har visat sig mycket effektivt nir det géller parasiter. For mer information om
olika beredningstekniker och deras effekt under olika férhallanden hinvisas t.ex.
till projektet MICRORISK (www.microrisk.com). Aven ODP-rapporterna (framfor
allt Norsk Vann 2009b), Vigledning dricksvatten (www.livsmedelsverket.se) och
Dricksvattenteknik 4 (Svenskt Vatten 2011) innehaller mycket matnyttig informa-
tion.
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Det ar latt att forlita sig for mycket pa tabelldata nar man ska utvardera barriar-
verkan. Eftersom litteraturdata tydligt visar pa en mycket stor resultatspridning
som dessutom i manga fall ar platsspecifik, avrads fran att forlita sig pa sddana
schabloniserade uppskattningar annat an i den forsta ansatsen.

For processer som riaknas som barridr, samt vad man ska tianka pa i respektive fall,
hinvisas till Livsmedelsverket viagledning dricksvatten (www.livsmedelsverket.se)
samt till Dricksvattenteknik 4 (Svenskt Vatten 2011).

Rekommendationer om atgirder i vattenverket

e  Genomfor en kvantitativ riskvirdering for det aktuella vattenverket. Aven om
det saknas resultat fran den rekommenderade ravattenkontrollen 4r det
vardefullt att genomfora en kvantitativ riskvardering. Utga i dessa fall fran
antaganden ”pa sikra sidan”.

e  Se till att det finns processovervakning och relevanta larmgranser for
barridrerna.

e Forbittra beredningen om riskvarderingen utifran kinnedom om
ravattenkvalitet och beredning indikerar otillrackligt skydd mot vattenburen
smitta.

Grinsvirden

Parasiterna innebar hilsorisker vid halter i dricksvatten som ar sa laga att de inte
gar att verifiera genom analyser. Darfor ar det heller inte meningsfullt att ta fram
gransvirden for parasiter.

Otillrackligt skydd

Kombinationen parasiter i radvattnet och otillracklig beredning i vattenverket kan
i vdrsta fall leda till vattenburen smitta. Mer information om hantering av akuta
mikrobiologiska halsorisker finns i Livsmedelsverkets Vagledning dricksvatten
och i Livsmedelsverkets beredskaps- och krishanteringshandbocker
(www.livsmedelsverket.se).
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Forord

Riskhanteringsrapporten om risker med norovirus i frysta utlindska hallon
baseras pa det vetenskapliga underlag som @ven publiceras i denna rapport.

Med utgangspunkt fran det vetenskapliga underlaget har sedan avvégningar gjorts,
dér dven andra relevanta faktorer har vigts in, for att bedéma om och vilka
atgirder som ska anvindas. Relevanta faktorer kan till exempel vara om det &r
mojligt att folja ett rdd och hur ett rad uppfattas och tilldmpas av mélgrupperna.

I riskhanteringsrapporten redovisas hur det vetenskapliga underlaget tillsammans
med andra faktorer har lett fram till Livsmedelsverkets atgédrder for att begrdnsa
smittspridning och sjukdomsfall orsakade av norovirus via utldnska frysta hallon.

I projektgruppen som arbetat med riskhanteringen har ingétt Christina Lantz,
mikrobiolog, Rickard Bjerselius, toxikolog, Lena Bjorck, nutritionist, Thomas
Ahlstrom statsinspektor och Jorun Sanner Farnstrand, informator.

Det vetenskapliga underlaget har tagits fram av Mats Lindblad, riskvirderare och
Magnus Simonsson mikrobiolog.

Livsmedelsverket juni 2013
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Riskhantering

Risker med norovirus i frysta utlaindska hallon

Hanteringsatgarder for konsumenter

RAd att koka frysta utldndska hallon en (1) minut innan man 4ter dem. Radet géller
alla men &r sérskilt viktigt att folja for riskgrupper som dldre och personer med
nedsatt immunforsvar.

Hanteringsatgarder for foretagare

RAd att koka eller upphetta frysta utlindska hallon som anvénds som en ingrediens
1 ett livsmedel som inte ska virmebehandlas.

Foretag som séljer frysta utlindska hallon direkt till konsument far frivilligt mérka
pa forpackningen att hallonen bor kokas innan man dter dem.

Motiv for raden
a) Risk och nyttovardering

Utbrott och smittspridning

e Norovirusutbrott med utldndska frysta hallon som smittkélla dr ett
aterkommande problem. Totalt har 28 utbrott under tidsperioden 2003-
2012 rapporterats i Sverige dér upp till 130 personer drabbats vid ett
enskilt tillfalle. Utbrott dr ocksa vanliga i Danmark och Finland men har
dven rapporterats fran andra lander i Europa.

e Data frin femarsperioden 2003-2007 visar att hallon i form av rda hallon,
hallonsas, eller hallontérta pekades ut som smittkilla i elva utbrott (11
procent av 98 utbrott).

e Norovirus dr en vanlig orsak till magtarminfektioner, sérskilt hos barn och
dldre. Minniskan smittas genom oralt intag av noroviruspartiklar.
Dessutom sprids smitta genom direkt kontakt mellan personer. Smitta kan
dven spridas via livsmedel som kontaminerats under odling eller hantering
och beredning i senare led, eller via avloppsfororenat dricksvatten.

e Norovirus anses vara mycket infektiosa. Infektionsdosen dr lag. Smittade
ménniskor utsondrar mycket stora mingder virus i bade avforing och i
krékningar.

Smittspridande personer kan delas upp i fem grupper:
- Personer med symtom pé infektion
- Personer som haft symtom pa infektion men tillfrisknat
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- Personer som infekterats men @nnu inte utvecklat symtom
- Personer som infekterats men inte utvecklar symtom
- Personer som haft kontakt med sjuka personer, till exempel sjuka barn

e Livsmedel som utgor risk att orsaka norovirusinfektion ar sddana som
hanteras manuellt och serveras utan efterfoljande varmebehandling, till
exempel tartor eller kalla rétter pa bufféer. Dessutom tillkommer rétter
med révaror som fororenats i tidigare led, till exempel djupfrysta hallon
som dts raa eller i desserter, smoothies och bakverk utan efterfoljande
viarmebehandling.

e Det finns inga utbrott dir hallon odlade i Sverige har angivits som
smittkaélla.

e Utbrott med andra bér &n hallon som smittkélla dr ovanliga. Under
feméarsperioden 2003-2007 rapporterades till exempel endast ett utbrott dér
tva personer drabbades och dir jordgubbar pekades ut som missténkt
smittkalla.

e Det finns en studie som visar att norovirus tycks ha léttare att dverleva pa
hallon @n p4 jordgubbar, vilket kan vara orsak till att problemet &r storst
med hallon.

e Det finns inga utbrott dér férska hallon har angivits som smittkalla.

e Kokning eller virmebehandling vid ldgre temperaturer vid en langre tid
avdodar norovirus.

e Norovirus Overlever vil i djupfrysta livsmedel.

e Det dr oklart om torkning avdddar norovirus, eftersom det saknas sddana
studier.

¢ De norovirus som infekterar ménniskan kan normalt inte infektera djur och
det finns inga kénda norovirus som smittar fran djur till manniska.

e En studie med forsok med skoljning av hallon med vatten, med eller utan
tillsats av klor eller klordioxid, visar att detta endast hade en begrénsad
effekt pé halter av norovirus

e Norovirus kan inte fordka sig pd livsmedel men kan verleva pa dem och
invinta att overforas till en vérd.

Nyttoviirdering
e [ kostradet om att dta 500 gram frukt och gront per dag inkluderas bér.
Hallon bidrar med vitaminer och fibrer och dr nyttiga &ven om de kokas.
C-vitamin dr vdrmekénsligt och innehéllet kan halveras vid kokning men
fiberinnehallet paverkas inte.

Symtom och riskgrupper
e Symtomen varierar kraftigt mellan smittade personer, alltifran inga
symtom alls till diarré, explosiva krékningar, feber, huvudvérk och
magsmadrtor. Varaktigheten dr normalt 1-3 dygn varefter personen brukar
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tillfriskna helt. Immunitet efter genomgéngen sjukdom anses normalt
kortvarig.

e Aldre samt personer med nedsatt immunfdrsvar riskerar att drabbas av
allvarliga symtom.Utbrott pa dldreboendeen och i samhéllet 1 Gvrigt
medfor 6kat behov av sjukvéard samt 6kad dodlighet hos dldre.

e Barn (upp till ca 15 ér) och dldre (6ver 65 ar) I6per storre risk att insjukna
an andra aldersgrupper. Den genomsnittliga perioden med symtom ar
langre hos barn én hos andra aldergrupper.

Norovirusspridning till hallon

e Norovirus kan dverforas till hallon pa manga olika sétt. Det troligaste
anses vara:

- Via vatten som anvinds for bevattning eller for spridning av
bekdmpningsmedel

- Viaroétat slam

- Via méanniskor

- Via kontaktytor

e Hallon bevattnas enligt uppgift vanligen med droppbevattning sa néra
marken som mgjligt. Kontaminerad jord kan dock tidnkas fororena baren
bade genom damm eller plockarnas hidnder men ocksa genom
direktkontakt vid lagring pa marken i 6ppna kérl. Fororenat vatten som
anvénds vid beredning av bekdmpningsmedel dr ocksa en mojlig smittvag.

e Hallon kan smittas endera direkt genom ytkontakt med godsel 1 samband
med godsling eller indirekt via jorden. Regelverket anger dock att det
maste ga 10 manader mellan gddsling med slam och skord av produkter
som inte ska processas.

e Hallon hanteras manuellt i olika steg i livsmedelskedjan. De plockas
manuellt, de sorteras manuellt och de hanteras manuellt vid den slutliga
beredningen. Det ir alltsd manga hédnder som ar 1 kontakt med hallonen
och vid varje kontakt kan smitta 6verforas till hallonen. Goda
hygienmdgjligheter vid odlingar och senare processteg med noggrann
handhygien dr avgorande for att stoppa denna smittvédg. Detta ar sarskilt
angelédget eftersom norovirus dr motstandskraftigt mot desinfektionsmedel
och mot bakgrund av att man utsondrar norovirus under ldng tid efter
sjukdom samt att man kan vara bérare av norovirus utan att veta om det.

e Alla de ytor som hallonen kommer i kontakt med kan utgora en smittkilla
om de fororenats med fekalier, uppkastningar eller fororenat vatten som
anvénds vid disk och rengoring. Det géller till exempel ytor i kassar som
hallonen ldggs i vid plockning, transportband och andra ytor 1
produktionsanldggningen, forpackningsmaterial samt redskap och ytor i
koket.

e Nagra mikrobiologiska kriterier for forekomst av norovirus i livsmedel
saknas och att med provtagning sidkerstilla att ett barparti ar fritt fran
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norovirus &r 1 dag inte mojligt. Norovirus forekommer sannolikt ofta
heterogent fordelat i enskilda partier och dessutom tyder mycket pa att det
ror sig om begrinsade mangder viruspartiklar.

b) Lagstiftning

Giillande riitt: Livsmedelsikerhet
Livsmedel och livsmedelssédkerhet regleras 1 stor utstrickning gemensamt
inom EU. Huvudregeln ér att alla livsmedel som sldpps ut pd marknaden
skall vara sdkra for konsumenten. Detta fastslas i forsta punkten 1 artikel
14 1 Europaparlamentets och radets forordning (EG) 178/2002.
Bedomningen av ett livsmedels sédkerhet gors utifran livsmedlets
skadlighet for hilsan och dess tjdnlighet som ménniskoféda. Bedomningen
av livsmedelsdkerheten paverkas ocksé av hur livsmedlet normalt sitt ar
tédnkt att anvdndas av konsumenten samt vilken information som bifogas
livsmedlet. Den bifogade informationen kan till exempel avse
tillredningsmetoder. Detta innebar att ett osdkert livsmedel kan bli sékert
genom korrekt tillredning, men ocksa att ett sékert livsmedel kan bli
osdkert om det tillagas pa ett sitt som inte ar korrekt.
Den gemensamma EU-lagstiftningen kompletteras 1 Sverige av
Livsmedelslagen (2006:804). I livsmedelslagens forsta paragraf fastslas att
syftet med lagen dr att upprétthélla ”en hég skyddsniva for méanniskors
hilsa och for konsumenternas intressen nér det géller livsmedel.”
Livsmedelslagen forbjuder ocksa utslappandet av vissa livsmedel, bland
annat livsmedel som inte uppfyller vissa krav pa méarkning som beslutats
med hénsyn till ménniskors hélsa. Livsmedelslagen dr en ramlag som fylls
ut av bland annat férordningar men dven branschriktlinjer for god
livsmedelshygien.

Ansvar for livsmedelsiikerheten
Ansvaret for livsmedelsdkerheten vilar i frimsta ledet pa
livsmedelsforetagaren. De skyldigheter som vilar pa livsmedelsforetagarna
aterfinns 1 artikel 17 1 178/2002. Eftersom livsmedelsforetagaren dr den
som &dr ndrmast produktionen dr det ocksa naturligt att ansvaret for
livsmedlen vilar dir. Sékerheten ska uppratthallas genom egna kontroller 1
varje steg av produktionen samt i senare handelsled genom inférande av
HACCP-rutiner.
Rutinerna for egen kontroll granskas sedan av behorig myndighet som gor
en beddmning av foretagarens atgirder. Ar egen kontrollen god ska
livsmedlen ocksé vara sikra. Ansvaret for detta vilar dock fortfarande hos
livsmedelsforetagaren oavsett ”prickfri” inspektion fran
kontrollmyndigheten. 178/2002 kompletteras av férordning (EG) 852/2004
om livsmedelshygien. Férordningen understryker livsmedelsforetagarens
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ansvar for livsmedelssdkerheten samt vikten av god egen kontroll och
identifiering av kritiska styrpunkter.

c) Andra faktorer som har paverkat beslutet

e [ Sverige ér det vanligt att dta frysta hallon utan att de upphettas. Detta kan
vara en forklaring till att Sverige drabbas av hallonrelaterade
norovirusutbrott, mer dn andra lédnder 1 Europa.

e Livsmedelsverket har under flera ar diskuterat problematiken med
norovirus 1 frysta utlindska hallon med branschen. Det har da framkommit
att det ar praktiskt svart att garantera en hygienkontroll 1
primdrproducentledet som sdkerstiller att dessa hallon inte ar
kontaminerade med norovirus.

e Aven frysta birs nyttoaspekt dr beaktad, da atgirden mojliggor att det dven
1 fortsdttningen gar att kdpa och konsumera utldndska frysta hallon.

Andra nordiska linders hanteringsatgdrder av frysta utlindska hallon
Danmark: Lagkrav pa att frysta hallon som ingar som en ingrediens i ett
livsmedel ska virmebehandlas innan de serveras. Rad till konsumenter om
att koka frysta hallon. Det finns dven rekommendationer for
storhushall/restauranger som serverar mat till riskgrupper att upphetta alla
frysta bér.

Norge: Rad om att man bor koka importerade frysta hallon i en minut.
Rédet giller bdde konsumenter och foretag. Det finns inget lagkrav pa att
frysta importerade hallon ska upphettas och inte heller pd mérkning av
forpackningar

Finland: Rad om att upphettning av utlandska frysta hallon. Radet géller
bade konsumenter och foretag. Det finns dven rekommendationer for
riskgrupper att upphetta bér och férska hallon. Det finns inget krav pa
mirkning av férpackningen. Ménga affédrer har ocksé rdd vid frysdiskarna
om att koka frysta hallon.

d) Slutsats

For att begrinsa sjukdomsfall och smittspridning orsakade av norovirus via
utldnska frysta hallon vidtar Livsmedelsverket foljande atgéirder:

e Rad till konsumenter att koka utléindska frysta hallon minst en (1) minut.

e RAd till foretag att koka eller upphetta frysta utlindska hallon som anvinds
som en ingrediens i ett livsmedel som inte ska virmebehandlas.

e Foretag som sdljer frysta utlindska hallon direkt till konsument ges
mojlighet att mérka pd forpackningen att hallonen bor upphettas innan man
ater dem.
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Kommentarer angdende dtgdrderna

Da livsmedel pa den svenska marknaden ska vara sikra for

konsumenterna, sd finns det flera mdjligheter att sékerstélla detta:

- forbjuda import och inforsel av frysta hallon om de inte har kvalitets-
kontrollerats med avseende pa norovirus

- kréva att utlanska frysta hallon har upphettats innan de nér
forsdljningsledet

- frivillig eller obligatorisk mérkning av utldndska frysta hallon

- rad till konsumenter och foretag om att koka utldndska frysta hallon.

Eftersom det inte finns utbrott diar hallon som producerats i Sverige har
angivits som smittkilla, samt endast enstaka fall med andrasorters bar,
undantas svenska hallon och andra sorters bar fran radet om kokning.

Rad till konsument
Eftersom foretagen inte kan sdkerstilla att utldindska frysta hallon ar fria
frén norovirus bedomer Livsmedelsverket att det behovs ett rad till alla
konsumenter och sdrskilt till riskgrupper om att koka utlindska frysta
hallon. Alla befolkningsgrupper kan smittas men barn och aldre 16per
storst risk for att insjukna. Riskgrupper 16per storre risk att drabbas av
allvarliga symtom samt langre sjukdomsforlopp.
Livsmedelsverket anser inte att de foreslagna atgérderna frantar foretag
deras ansvar for sékra livsmedel, eller att sa 1angt mojligt sdkerstélla att det
inte finns norovirus 1 utlindska frysta hallon. I praktiken har dock detta
visat sig vara svart att uppnd med tanke pa den mycket komplexa
produktionskedjan med manga sma primérproducenter, svarigheter med att
analysera produktionspartier pa grund av den extremt laga infektionsdosen
(en viruspartikel) som i praktiken omdjliggor analytisk kvalitetskontroll
samt epidemiologisk dokumentation i Sverige att utlindska frysta hallon
orsakat upp till 10 % av livsmedelsburna norovirusutbrott. P& grund av
detta, samt for att mojliggora for konsumenter 1 Sverige att dven 1
fortsdttningen kunna kdpa utlindska frysta hallon, har Livsmedelsverket
med anvidndande av proportionalitetsprincipen, beslutat att kompletterande
riskreducerande atgirder dr befogade i1 detta specifika fall.

Rad till foretag
Foretag som misstinker att deras produkter inte &r sdkra forrén de har
viarmebehandlats, ska vidta dtgirder sd att konsumenterna inte drabbas av
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hélsorisker till f6ljd av dessa produkter. Atgirder som kan vara relevanta

ar att:

- koka eller upphetta frysta utldindska hallon som anvinds som en
ingrediens i ett livsmedel som inte ska virmebehandlas

- foretag som siljer frysta utlindska hallon direkt till konsument mérker
pa forpackningen att hallonen bor kokas innan man éter dem

Livsmedelsverkets tidigare stéllningstagande att foretag inte bor ha
markning med kokningsrekommendationer, har darfér omprovats. Att
tillata mirkning med kokningsrekommendationer géller endast 1 detta
specifika fall med utldndska frysta hallon och risken for
norovirusinfektion.

Producentansvaret for livsmedel &r 1 det ndrmaste strikt. Strikt ansvar
betyder i1 detta sammanhang att en livsmedelsforetagare dr ansvarig for
skador som uppkommer till f61jd av konsumtion av livsmedel. Ansvaret
uppkommer oavsett uppsat eller oaktsamhet. Det framgar av bade reglering
och praxis. Bedomningen av livsmedels sidkerhet kan dock variera. Dels
kan ett osdkert livsmedel anses sédkert om det anvénds pé ett ”normalt”
sdtt. Om den normala konsumtionen av hallon skedde forst efter
upphettning hade inte en mérkning behdvts. Om frivillig mérkning med
rekommendation om att upphetta hallonen innan de dts kommer att
anvéndas av foretagen, kommer det att leda till att det blir konsumenten
som slutligen far vidta atgirder for att sékerstélla livsmedelsdkerheten
istillet for livsmedelsforetagaren.
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Vetenskapligt underlag

Norovirus 1 frysta utlindska hallon

Sammanfattning

Norovirus anses vara mycket infektiosa. Infektionsdosen, den mingd
viruspartiklar som sannolikt krévs for att orsaka sjukdom, kan vara sa 14g som 1
viruspartikel men hér finns en stor osékerhet. Smittade ménniskor utsondrar
mycket stora mangder virus bade 1 avforing och 1 krdkningar (upp till 10 miljarder
viruspartiklar/gram). Aven en mycket liten fororening ricker siledes for att orsaka
sjukdom. Symtomen varierar kraftigt mellan infekterade personer alltifran inga
symtom alls till diarré med explosiva krékningar, feber, huvudvérk och
magsmadrtor. Varaktigheten dr normalt 1-3 dygn varefter patienten brukar
tillfriskna helt.

Mainniskan smittas genom oralt intag av noroviruspartiklar. Ménga utbrott sker pa
vardinréttningar dér smittan sprids via infekterade hénder, instrument och ytor
som fororenats av avforing eller uppkastningar. Dessutom sprids smitta genom
direkt kontakt mellan personer och vid héftiga uppkastningar kan virus spridas via
aerosoler till personer i nirheten.

Smitta kan dven spridas via livsmedel som kontaminerats under odling eller
hantering och beredning i senare led eller via avloppsfororenat dricksvatten.

Utbrott med hallon som smittkilla &r ett aterkommande problem. Under 2003-
2012 rapporterades 28 utbrott i Sverige dir importerade, frysta hallon pekades ut
som smittkédlla. Utbrott &r ocksd vanliga i Danmark och Finland, och har
rapporterats fran andra linder i Europa. Hallon kan troligen férorenas med
norovirus via vatten for bevattning eller spridning av bekdmpningsmedel,
organiska godselmedel, manni—skor eller kontaktytor.

Denna kunskapssammanstéllning har tagits fram som ett vetenskapligt underlag
for Livsmedelsverkets rdd om norovirus och hallon. Frdgor som besvaras handlar
om vilka grupper som I6per storst risk att smittas och vilka som riskerar att
drabbas av allvarligare symtom samt om dverlevnad och spridning av norovirus.

Riskgrupper

Riskgrupper for norovirus &r framforallt &ldre och personer underliggande
sjukdomar. Litteraturdata pekar pé att utbrott pa dldreboenden och i samhillet
medfor okat behov av sjukvard samt 6kad dodlighet hos éldre. Studier visar ocksa
att vissa patientgrupper med hjértkarlsjukdom eller nedsatt immunforsvar riskerar
att drabbas av allvarliga symtom. Barn (upp till ca 15 &r) I6per liksom dldre (65+)
storre risk att insjukna dn andra &ldersgrupper. Den genomsnittliga perioden med
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symtom dr ldngre hos barn dn hos andra aldergrupper, men fa uppgifter som pekar
pa att barn i1 utvecklade industrildnder drabbas av allvarligare symtom dn vuxna
har kunnat identifieras.

I ett kunskapsunderlag om vinterkridksjuka i varden fran Smittskyddsinstitutet gors
beddmningen att det finns evidens for att dldre personer 16per 6kad risk att do 1
samband med gastroenterit orsakad av norovirus, sdrskilt om de har andra
underliggande sjukdomar och om de insjuknar utanfor sjukhus (SMI 2012).

Overlevnad och spridning

Kokning, eller virmebehandling vid ldgre temperaturer under langre tid, avdodar
norovirus. Vilken effekt tillverkningsprocessen vid torkning av bar har pé halter
av norovirus dr oként. Andra effektiva och praktiskt tillampbara metoder for
avdodning av norovirus pa bér dn virmebehandling saknas 1 dagsldget. De
norovirus som infekterar manniskan kan normalt inte infektera djur och det finns
inga kdnda norovirus som smittar fran djur till ménniska. Utbrott med andra bér dn
hallon som smittkélla dr ovanliga. Ett undantag ar det stora utbrottet med
norovirus fran importerade, frysta jordgubbar 1 Tyskland 2012.
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Underlag

Den allménna beskrivningen av sjukdomsbilden for norovirus och
smittspridningen dr i huvudsak baserad pd tidigare litteraturgenomgéngar fran
UN/MI samt tillgénglig matforgiftningsstatistik. For sammanstillningen av
riskgrupper har litteratursdkningar gjorts i databaserna PubMed och Science
Direct. Litteratursokningarna har kompletterats med referenser som hamtats frén
ett kunskapsunderlag om vinterkriksjuka i varden fran Smittskyddsinstitutet (SMI,
2012).

Bakgrund

Virus ér infektiosa mikroorganismer som bestar av genetiskt material (RNA eller
DNA) inneslutet 1 en proteinkapsel, som i sin tur kan vara omslutet av ett
lipidmembran. Virus har ingen egen @mnesomsittning och kan bara foroka sig i
levande celler. Norovirus tillhor en virusfamilj som heter calicivirus, dér ocksa
sapovirus ingdr. Sapovirus smittar manniskor pa liknande sétt som norovirus.
Norovirus indelas 1 fem genogrupper varav grupperna I, II och IV infekterar
maénniska. De norovirus som infekterar manniskan kan normalt inte infektera djur
och det finns inga kdnda norovirus som smittar fran djur till minniska. Varje
genogrupp omfattar 1 sin tur ménga olika genotyper. Bestdmning av genogrupper
och genotyper ar viktigt i samband med utbrott s att orsakssammanhang kan
sékerstdllas. Genogrupp I och II &r vanliga dven om genogrupp I dominerar
kraftigt.

Epidemiologi

Norovirus anses vara mycket infektiosa. Infektionsdosen, den méngd
viruspartiklar som sannolikt krévs for att orsaka sjukdom, kan vara sa lag som 1
viruspartikel men litteraturen antyder ocksa stor osdkerhet 1 dessa berdkningar
(Teunis et al. 2008). Smittvédgen &r fekal-oral och smittade méanniskor utsondrar en
mycket stor mingd virus bade 1 avforing och 1 krdkningar (upp till 10 miljarder
viruspartiklar/gram). Aven en mycket liten fororening kan séledes ricka for att
orsaka sjukdom. Inkubationstiden dr vanligen 12-48 timmar. Symtomen varierar
kraftigt mellan smittade personer alltifran inga symtom alls till diarré med
explosiva krikningar, feber, huvudvérk och magsmaértor. Varaktigheten dr normalt
1-3 dygn varefter patienten brukar tillfriskna helt. Immunitet efter genomgéngen
sjukdom anses normalt kortvarig men pandemiska norovirustyper tenderar att
inducera mer langvarig immunitet i populationen (Lindesmith et al. 2011).
Dessutom dr immuniteten framst kopplad till genotyp sd man blir inte automatiskt
immun mot andra genotyper. Runt 20 % av befolkningen ar ocksd medfott
resistent mot de vanligast forekommande norovirustyperna. Under vintern 6kar
antalet norovirussmittade kraftigt, dirav namnet vinterkrdksjukan. Under denna
tid dr det vanligt med utbrott pd vardinrittningar, daghem och liknande.
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Smittvigar

Minniskan smittas genom oralt intag av noroviruspartiklar. Ménga utbrott sker pa
vardinrittningar ddr smittan sprids via infekterade hiander, instrument och ytor
som fOrorenats av avforing eller uppkastningar. Dessutom sprids smitta genom
direkt kontakt mellan personer och vid héftiga uppkastningar kan virus spridas via
aerosoler till personer i narheten.

Smitta kan dven spridas via livsmedel som kontaminerats under odling eller
hantering och beredning i senare led. Dessutom har avloppsfororenat dricksvatten
orsakat stora utbrott. Forsta ledet 1 en smittvdg ar alltid smittade manniskor som
utsondrar viruspartiklarna 1 avforing och uppkastningar. Nér ett livsmedel ar
smittkélla betyder det alltsa att livsmedlet direkt eller indirekt har blivit férorenat
med endera avforing eller uppkastningar. Manga utbrott har orsakats av en smittad
person som hanterat livsmedlet nagonstans i livsmedelskedjan. Detta kan ske var
som helst 1 kedjan, fran primarproduktion till slutlig beredning.

Livsmedel som utgdr risk att orsaka norovirusinfektion ar saledes sddana som
hanteras manuellt och serveras utan efterfoljande virmebehandling, till exempel
tartor eller kalla ritter pa bufféer. Dessutom tillkommer rétter med ravaror som
fororenats 1 tidigare led, till exempel djupfrysta hallon som éts rda eller i desserter
och bakverk. Skaldjur som musslor och ostron &r en speciell grupp livsmedel som
genom sitt naringsupptag koncentrerar norovirus som eventuellt forekommer 1
havsvattnet och minga norovirusutbrott har orsakats av fortaring av raa ostron och
lattkokta musslor.

Man kan dela in smittspridande personer (utsondrar eller bar pa viruspartiklar) i
fem grupper:

- Personer med symtom pa infektion

- Personer som haft symtom péa infektion men tillfrisknat

- Personer som infekterats men @nnu inte utvecklat symtom

- Personer som infekterats men inte utvecklar symtom

- Personer som haft kontakt med sjuka personer, till exempel sjuka barn.

Alla dessa personer utsondrar eller bér pa tillrackligt manga viruspartiklar for att
kunna utgora en smittrisk. Det finns studier som visar att personer som varit sjuka
utsondrar norovirus 1 hdga nivaer i tva veckor och i detekterbara nivder sa lange
som fyra till 4tta veckor efter genomgangen sjukdom (Atmar, et al. 2008). Man
kan minska risken for smittspridning visentligt genom att se till att personer som
utsondrar virus inte arbetar med livsmedel. De rekommendationer som finns séger
att man inte bor arbeta med oforpackade livsmedel forrdn tidigast 48 timmar efter
att symtomen upphort. Detta minskar sannolikt risken for smittspridning &ven om
personen fortfarande utsondrar virus. Ett kvarstdende problem &dr dessutom alla de
som bdr pa smitta men inte har symtom och foljaktligen inte vet att de &r
smittbdrare. Utbrott har ocksa orsakats av kokspersonal som inte visat nagra
symtom.
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Rapporterade utbrott av norovirus med hallon som smittkiilla

Norovirus eller calicivirus dr normalt det smittimne som anges 1 flest rapporter
om utbrott av matforgiftningar och som orsakar det storsta antalet sjuka. Under
femarsperioden 2003-2007 angavs noro/calicivirus som smittdmne 1 98 (13
procent) av 788 rapporterade matforgiftningar. Utbrott orsakade av virus var ofta
stora och noro/calicivirus angavs som smittdmne for 3 746 (47 procent) av de
totalt 8 070 som rapporterades ha insjuknat. (Lindblad et al. 2009)

I flertalet av de 98 utbrotten var smittkdllan okdnd eller angavs som “maltid” eller
“buffé”. En genomgang av data fran femarsperioden visar att hallon i form av raa
hallon, hallonsas, eller hallontérta pekades ut som smittkélla i elva utbrott (11
procent av de 98 utbrotten). I dessa utbrott drabbades sammanlagt 284 personer (4
procent av de 8 070 insjuknade).

Utbrott dér hallon har pekats ut som smittkilla har d&ven forekommit efter
tidsperioden 2003 — 2007. Totalt finns rapporter om 28 utbrott under tidsperioden
2003-2012 dar upp till 130 personer drabbats vid ett enskilt tillfdlle. Typiskt ar att
importerade, frysta hallon med olika urspungslédnder (bland annat Bosnien, Kina,
Polen, Serbien) pekats ut som smittkélla.

Det finns inga utbrott dir hallon producerade 1 Sverige har angivits som
smittkélla. Den svenska produktionen av hallon, 432 ton ar 2011 (SJV 2012), ar
dock begriansad jamfort med méngden importerade hallon. Méngden importerade
hallon &r betydligt storre, drygt 7 000 ton 2010 enligt SCB, men importsiffror
skiljer ) mellan kokta och frusna hallon vilket gor det svart att uppskatta
konsumtionen av farska frusna importerade hallon.

Utbrott med hallon som smittkélla har 4ven rapporterats fran andra ldnder, fraimst
Danmark och Finland, men &ven fran andra ldnder i Europa (Ponka et al. 1999,
Cotterelle et al. 2005, Falkenhorst et al. 2005, Baert et al. 2009a, Sarvikivi et al.
2009).

Rapporterade utbrott av norovirus med andra bér som smittkiilla

Utbrott med andra bér @n hallon som smittkilla dr ovanliga. Ett undantag &r det
stora utbrottet med norovirus fran importerade, frysta jordgubbar 1 Tyskland 2012
dar 11 000 personer insjuknade. Fran Sverige finns endast enstaka rapporterade
utbrott med andra bar som smittkélla, det har da handlat om smaé utbrott. Under
femarsperioden 2003-2007 rapporterades till exempel endast ett utbrott dér tva
personer drabbades och dér jordgubbar pekades ut som misstdnkt smittkélla.

Fororening av hallon med norovirus
Norovirus kan overforas till hallon pa manga olika sétt. De troligaste anses vara:
- Via vatten som anvinds for bevattning eller for spridning av
bekdmpningsmedel

Livsmedelsverkets rapportserie nr 14/2013 16



- Via organiska godselmedel
- Via ménniskor
- Via kontaktytor

Vatten och mark

Vatten kan fororenas av norovirus genom utslépp frén reningsverk som inte
formar eliminera norovirus eller vid brdddningar da delar av reningen ej
genomgitts eller helt orenat avloppsvatten sldpps ut. Dessutom kan fororening av
vatten ske genom allménna och enskilda avlopp som leds orenat ut i diken, backar,
aar, floder och sjoar. I svenska reningsverk kan man rdkna med en reduktion av
norovirus som dr maximalt 2 log;o (99 %) (Nordgren et al. 2008, Ottoson et al.
2006). Med tanke pé den stora méngd som ménniskor utsondrar i avforingen
innebdr detta i praktiken att man bor utga fran att stora mingder norovirus alltid
finns 1 utsldpp fran reningsverk. Detta giller inte minst vid odling i lander dér
standarden pa reningsverken kan formodas vara ldgre 4n i Sverige. Vatten kan
ocksa fororenas genom avrinning fran mark som gddslats med slam som inte
genomgatt tillracklig behandling f6r avdddning av norovirus.

Hallon bevattnas enligt uppgift vanligen med droppbevattning sa ndra marken som
mojligt Kontaminerad jord kan dock tdnkas fororena baren bdde genom damm
eller plockarnas hiander men ocksa genom direktkontakt vid lagring pa marken i
Oppna kirl. Fororenat vatten som anvénds vid beredning av bekdmpningsmedel ér
ocksé en smittvdg som maste beaktas (Verhaelen et al. 2013).

Vid kraftig nederbdrd och dversvamningar kan dven avloppsfororenat vatten
tankas kontaminera hallonodlingar.

Organiska godselmedel

Avforing fran ménniskor kan anvindas som gddselmedel och da vanligen i form
av rotat slam fran reningsverk. Med de rétningsprocesser som anvinds idag kan
man utgd ifrén att slammet innehaller hdga méngder norovirus (personlig
kommunikation Jakob Ottoson 2013). Hallon kan smittas endera direkt genom
ytkontakt med gdodsel i samband med gddsling eller indirekt via jorden.
Regelverket inom EU anger dock att det méste g4 10 ménader mellan gédsling
med slam och skord av produkter som inte ska processas (radets direktiv
86/278/EEG). Under denna period kan man anta att storre delen av virusen har
inaktiverats.

Manniskor

Hallon hanteras manuellt i olika steg i livsmedelskedjan. De plockas manuellt, de
sorteras manuellt och de hanteras manuellt vid den slutliga beredningen. Det ar
alltsd ménga hinder som é&r i kontakt med hallonen och vid varje kontakt kan
smitta overforas till hallonen. Goda hygienmdjligheter vid odlingar och senare
processteg med noggrann handhygien &r avgorande for att stoppa denna smittvég.
I synnerhet som norovirus dr ganska motstdndskraftigt mot ménga

Livsmedelsverkets rapportserie nr 14/2013 17



desinfektionsmedel och mot bakgrund av att man utsondrar norovirus under lang
tid efter sjukdom samt att manga sannolikt dr bdrare av norovirus utan att veta om
det.

Kontaktytor

Alla de ytor som hallonen kommer 1 kontakt med kan utgora en smittkélla om de
fororenats med fekalier eller uppkastningar eller férorenat vatten som anvénds vid
disk och rengoring. Det giller till exempel ytor 1 forvaringslador som hallonen
laggs 1 vid plockning, transportband och andra ytor i produktionsanldggningen,
forpackningsmaterial samt redskap och ytor 1 koket.

Motstandskraft mot yttre paverkan

Norovirus kan inte foroka sig pa livsmedel men kan 6verleva pa dem och invénta
att overforas till en véard. Deras motstandskraft mot yttre paverkan fran biologiska,
kemiska och fysiska faktorer dr avgorande for deras dverlevnad. Nar det géller bar
finns det en studie som visar att norovirus tycks ha léttare att Gverleva pa hallon adn
pa jordgubbar (Verhaelen et al. 2012).

Tillgdngliga data pa motstandskraften hos norovirus ér sparsamma och dd humana
norovirus inte gar att odla 1 cellkulturer grundar sig bedomningar av
motstdndskraften framst pa studier av andra virus som kan antas ha liknande
karaktérsdrag. Om man vill vara pa den sékra sidan bor man utga fran studier dir
de virus som har bést overlevnad testas, till exempel hepatit A virus (HAV).
Resultaten fran olika studier varierar och dverlevnaden paverkas av vilket
livsmedel som viruset befinner sig, men generellt kan ségas att norovirus tal
mycket laga pH, frysning, frystorkning och har god télighet mot virme och
torkning.

Kemiska dmnen som klorfororeningar kan vara effektiva for att avdoda virus 1
dricksvatten men fungerar simre 1 nirvaro av organiskt material. En studie med
forsok med skoljning av hallon med vatten, med eller utan tillsats av klor eller
klordioxid, visar att detta endast hade en begrénsad effekt pa halter av norovirus
(Butot et al., 2008). Baert et al. (2009b) studerade effekten av hypoklorit och
peroxysyra pa virus och bakterier vid skoljning av sallad och drar slutsatsen att
dessa @mnen &r anvdndabara for att forhindra korskontamination via skoljvatten,
men inte for att minska halterna av patogener pa sallad som redan fororenats under
odlingen. Virus dr ocksd motstdndskraftiga mot gammastralning och de doser som
1 USA godkints for att avddda patogena mikroorganismer gronsaker har mattlig
effekt pa halter av virus (Feng et al. 2011).

Studier som beskriver effekten av tillverkningsprocessen vid torkning av bar pa
halter av norovirus saknas.
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Forsok med inaktivering av HAV 1 hallonpure vid 75 °C visar pa en 4 log
reduktion av in-fektiviteten efter 4 minuter (inklusive 2 minuters uppvarmning).
Efter 4 minuter skedde dock ingen fortsatt inaktivering, sannolikt pa grund av att
aggregerade virus “skyddar varandra”. P4 motsvarande sétt minskade
infektiviteten med 3 log) efter 6 minuter vid 70 °C, och 2 log;, efter 8 minuter
vid 65 °C (Deboosere et al. 2010). I forsok med jordgubbspure med 28 % socker
inaktiverades HAV med 1 log;o pa 20 sekunder vid 90 °C, 1 minut vid 85 °C, och
drygt en minut vid 90 °C. Vid hogre sockerhalt (52 %) var
inaktiveringshastigheten visentligt lagre (Deboosere et al. 2004).
Inaktiveringsforsok vid 100° C finns inte 1 litteraturen men extrapoleringar fran
data vid ldagre temperaturer dr gjorda. I en metaanalys finner Bertrand et al. (2012)
att vid 100° C inaktiveras HAV 1 komplexa matriser (till exempel ravatten eller
livsmedel) med 1 log;o pa 34 sekunder.

Resonemang kring den riskreduktion som sker vid virmeinaktivering bor ocksa
inbegripa skillnaden mellan detektion av virusgenom och mangden infektiosa
virus. Vid analys av ostron som orsakat norovirusutbrott fann man inga ostron
med mindre &n 150 kopior norovirusgenom/g (Lowther et al. 2012). Samma studie
visar att for ostron involverade i utbrott var geometriska medelvardet 1000
genomkopior/g. och f6r ostron som inte orsakade utbrott var siffran 120
genomkopior/g. Norovirus bevaras sannolikt battre pa hallon &n i ostron och efter
infrysning dr inaktiveringen av norovirus marginell. Man kan anta att en relativt
stor andel virus pa hallonen inte &r infektidsa. De analyser som Livsmedelsverket
gjort av hallon involverade i utbrott har som hogst haft 100 genomkopior/g hallon.
De hogsta virden man hittar i litteraturen ar 10° norovirusgenom/g (Baert et al.
2011). Det senare far dock anses som en tveksam siffra da avloppsvatten sillan
innehaller mer 4n 107 norovirusgenomy/liter (Nordgren et al. 2009). I och med att
infektionsdosen ér sé 14g kan dock aldrig en virusanalys sdga att hallonen inte
utgor risk for infektion. Det vanliga vid analys av hallon involverade i ett utbrott
ar att man inte kan detektera nagra norovirus.

Fodevareinstituttet pd Danmarks Tekniska Universitet har som svar pa en fraga
frdn Fodevarestyrelsen gjort en bra sammanstéillning av litteraturen om
viarmeinaktivering av noroviruskontaminerade bér (bilaga 1). De extrapolerade
slutsatser man drar dr att kokning av frusna bér vid 100° C under 1 minut (det
lagkrav som inforts for servering av frusna hallon 1 storhushéll i Danmark) bor
inaktivera HAV och norovirus med minst 4 log;o och att detta sannolikt ar
tillracklig for att de flesta kontaminerade bér inte ska utgora risk for konsumenten.

Riskgrupper

Norovirus dr en vanlig orsak till magtarminfektioner, sérskilt hos barn och dldre.
Patel et al. (2008) berdknar att 200 000 barn under fem ar 1 utvecklingslander dor
av norovirusinfektioner arligen. I industrialiserade 1dnder beréknas, i samma
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publikation, att 900 000 barn besdker sjukhus pa grund av norovirusinfektioner
och att 64 000 av dessa kriver sjukhusvard.

I en prospektiv studie av konsekvenserna av norovirusinfektioner hos boende pa
aldreboenden/vardhem, sjukhus—patienter och véardpersonal i Storbritannien fann
Lopman et al. (2004) att incidensen av norovirusinfektioner var hdgre hos barn
upp till 14 ar och éldre (65+) an 1 aldergruppen 15-64 ar. Studien visar ocksa att
incidensen hos kvinnor i aldersgruppen 75+ var betydligt hdgre én hos mén.
Andra studier beskriver inte incidens men ger en uppfattning om hur stor andel av
magtarminfektioner som norovirus star for hos olika aldersgrupper. Bland
patienter 1 kontakt med primérsjukvard under en sexmanadersperiod i
Nederldnderna orsakade norovirus 14-19 procent av magtarminfektioner hos barn
frén ett halvt upp till 17 ar, cirka 7-8 procent i dldersgruppen 18-64 ér, och 13
procent hos dldre (65+). Symtomen varade ldngst hos sma barn; 1 genomsnitt sex
dagar hos barn under 1 ar, fyra dagar hos barn 1-4 ér, fem dagar hos barn 5-11 ar
och tre dagar i dldergruppen fradn 12 ar och uppat (Rockx et al. 2002). En studie
bland sjukhuspatienter i Spanien visar att norovirus var den vanligaste orsaken till
magtarminfektioner hos éldre (65+) och stod for 11 procent av infektionerna,
jamfort med knappt 9 procent i dldersgruppen 16-64 ar (Fernandez et al. 2011).
Glass et al. (2009) bedomer att norovirusinfektion kan vara den nést vanligaste
orsaken till diarré som kriver sjukhusvard hos barn som &r yngre én 5 ar.

Aven om de flesta norovirusinfektioner endast medfor mattligt allvarliga och
Overgdende symtom kan dldre eller patienter med redan existerande sjukdomar
drabbas av mer langvariga och/eller allvarligare symtom som kan resultera i behov
av sjukhusvard eller dédsfall. Utbrott av norovirus pa dldreboenden/vardhem 1
USA ledde till en signifikant 6kat andel av de boende som behovde sjukhusvard
eller dog (relativ risk 1,1 1 bada fallen)(Trivedi et al. 2012). Van Asten et al.
(2011) berdknar att varje utbrott orsakat av norovirus i Nederldnderna i genomsnitt
medfor 26 sjukvardsbesok, 2 inldggningar pa sjukhus och 0,1 dodsfall hos éldre
(65+). En studie frdn England (Haustein et al. 2009) pekar pa att norovirus ir en
vanlig orsak till svar gastroenterit som kraver sjukhusvérd, sirskilt hos dldre
(65+).

En studie av konsekvenserna av ett norovirusutbrott pé ett sjukhus visar att
norovirusinfektioner hos patienter med bakomliggande sjukdomar sdsom
hjartkarlsjukdomar, eller som stod under immunsuppressiv behandling eller
genomgétt en njurtransplantation, kan leda till allvarliga konsekvenser. Symtom
som forekom var till exempel extrem trotthet, behov av hemodialys eller utlosande
av hjartrytmrubbningar. Studien visar ocksa att risken for att drabbas av diarré
som varade ldngre dn 2 dagar var hogre 1 dldersgruppen 65+ dn hos yngre (Mattner
et al. 2006). Likasa kan immunsupprimerade patienter fa aterkommande besvir av
framfor allt diarréer under mycket lang tid (Nilsson et al. 2003, Roddie et al.
2009). Lopman et al. (2004) fann att mediantiden for perioden med symtom var
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hogre for sjukhuspatienter (3 dagar) én for vardpersonal och boende pa
dldreboenden/vardhem (2 dagar).

Norovirusinfektioner har ocksa berdknats ha samband med ett betydande antal
dodsfall bland éldre. Harris et al. (2008) uppskattar att 80 dodsfall arligen 1
aldersgruppen 65+ i England och Wales under perioden 2001-2006 kunde
forknippas med norovirusinfektion. En studie fran Sahlgrenska
Universitetssjukhuset 1 Goteborg visar att dodligheten var hogre bland patienter
over 80 ar som hade drabbats av norovirusinfektion i samhallet jimfort med
patienter som hade infekterats inneliggande pa sjukhuset, och dven jamfort med en
kontrollgrupp bestdende av patienter utan norovirusinfektion (Gustavsson et al.
2011).

Fa uppgifter om att norovirusinfektion ger upphov till allvarligare symtom hos
barn @n hos vuxna har kunnat identifieras. Hall et al. (2011) uppger att det finns
enstaka fallbeskrivningar ddr neonatal nekrotiserande enterokolit och benigna
kramper, liksom postinfektios “irritable bowel syndrome”, hos spadbarn har
associerats till infektion med norovirus. De anser dock att det behovs mer data for
att faststélla ett kausalt samband.

Svar pa specifika fragor

Vilka grupper loper storst risk att smittas?
Litteraturdata tyder pa att barn (upp till ca 15 ar) och dldre (65+) Ioper storre risk
att insjukna én andra aldersgrupper.

Vilka grupper riskerar att drabbas av allvarligare symtom?
Eftersom litteraturdata tyder pa att:

- Den genomsnittliga perioden med symtom é&r langre hos barn @n hos andra
aldersgrupper, men fa uppgifter om att barn i1 utvecklade industrildnder
drabbas av allvarligare symtom &n vuxna har kunnat identifieras.

- Utbrott pa dldreboenden och i samhaéllet medfor kat behov av sjukvérd
samt 6kad dodlighet hos dldre.

- Perioden med symtom &r nigot langre hos sjukhuspatienter @n hos friska
och vissa patientgrupper riskerar att drabbas av allvarliga symtom.

I ett kunskapsunderlag om vinterkridksjuka i varden fran Smittskyddsinstitutet gors
beddmningen att det finns evidens for att dldre personer 16per 6kad risk att do i
samband med gastroenterit orsakad av norovirus, sdrskilt om de har andra
underliggande sjukdomar och om de insjuknar utanfor sjukhus (SMI 2012).
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Finns det ndgot annat sitt in kokning for att avdoda norovirus?
Virmebehandling vid ldgre temperaturer an 100 °C kan vara effektivt, beroende
pa hur lange baren virmebehandlas. Information om andra praktiskt tillimpbara
metoder for avdodning dn virmebehandling saknas.

Kan norovirus overleva i torkade béir?
Studier som beskriver effekten av tillverkningsprocessen vid torkning av bar pa
halter av norovirus saknas.

Ar norovirus en zoonotisk sjukdom?
De norovirus som infekterar ménniskan kan normalt inte infektera djur och det
finns inga kénda norovirus som smittar fran djur till ménniska.

Hur vanligt dr det att norovirus forekommer pa andra bir?

Utbrott med andra bér @n hallon som smittkilla dr ovanliga. Ett undantag &r det
stora utbrottet med norovirus fran importerade, frysta jordgubbar 1 Tyskland 2012
dar 11 000 personer insjuknade.
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Dungen mit Klarschlamm wird verboten

Bern, 26.03.2003 - Klarschlamm darf nicht mehr als Diinger
verwendet werden; er muss kiinftig umweltvertraglich
verbrannt werden. Der Bundesrat hat die Stoffverordnung per
1. Mai 2003 entsprechend geandert. Das Verbot wird
stufenweise eingefiihrt: Im Futter- und Gemiisebau darf
Klarschlamm schon ab Mai dieses Jahres nicht mehr
verwendet werden. Fiir die iibrigen diingbaren Flachen gilt
eine Ubergangsfrist bis spitestens 2006; diese ist im Einzelfall
von den Kantonen verlangerbar bis 2008. Mit seinem
Entscheid setzt der Bundesrat das Vorsorgeprinzip beim
Boden- und Gesundheitsschutz um.

Klarschlamm enthélt zwar Pflanzennéhrstoffe wie Phosphor und Stickstoff, aber auch eine ganze
Palette von Schadstoffen und Krankheitserregern aus Industrie, Gewerbe und Privathaushalten. Die
Landwirtschaft lehnt deshalb heute die Verwendung von Klédrschlamm als Diinger weitgehend ab.
Sie befiirchtet irreversible Bodenschédden, Risiken fiir die Gesundheit und eine Beeintrachtigung der
Qualitédt der Lebensmittel.

Deshalb verbietet der Bundesrat nun das Diingen mit Kldrschlamm — auch wenn damit ein an sich
sinnvoller Nahrstoffkreislauf unterbrochen wird. Doch das Vorsorgeprinzip — eine zentrale Saule
des Gesundheit- und Umweltrechts — verlangt: Einwirkungen auf die Umwelt, die schédlich oder
lastig werden konnten, miissen frithzeitig begrenzt werden, selbst wenn der letzte wissenschaftliche
Nachweis einer Schddlichkeit nicht erbracht werden kann.

Ubergangsfristen und Ausnahme vom Verbot

Fiir Futter- und Gemiiseflachen tritt das Klarschlammverbot bereits am kommenden 1. Mai in Kraft.
Grund: Hier ist die Gesundheit von Mensch und Tieren am ehesten gefdhrdet. Fiir alle iibrigen
diingbaren Flachen gilt das Verbot erst ab 2006. Diese Frist kann zudem von den Kantonen bis
spdtestens Herbst 2008 verldangert werden. Ausgenommen vom Verbot werden sehr kleine
Kldranlagen in weit abgelegenen Regionen: Dort enthdlt der Kldarschlamm in der Regel weniger
problematische Stoffe und ein Abtransport zu grosseren Kldranlagen wére unverhéltnismassig.

Bereits heute werden 60 Prozent des Kldarschlamms als Abfall entsorgt. Ab 2006 miissen nun auch
die restlichen 40 Prozent verbrannt werden, d.h. jahrlich etwa 80'000 Tonnen zusétzlich. Dies
verursacht Mehrkosten von schiatzungsweise hochstens 40 Mio. Franken. Diese wiirden in einigen
Jahren aber ohnehin anfallen: Auch ohne Verbot wiirde namlich immer weniger Klarschlamm als
Diinger verwendet werden. Das Klarschlammverbot erméglicht den Kantonen und
Klaranlagenverbanden deshalb auch eine zuverladssige langfristige Planung.

In der Vernehmlassung war das Kldrschlammverbot auf breite Zustimmung gestossen: Die meisten
Kantone, die Landwirtschafts- und Wirtschaftsverbande sowie alle Konsumenten- und
Umweltschutzorganisationen dusserten sich mehrheitlich positiv. Gegen das Verbot gewandt hatte
sich vor allem der im Mai 2002 speziell gegriindete «Verband zur nachhaltigen Nutzung
okologischer Ressourcen» (VENOR), dem vor allem kleinere und mittlere Kldranlagen angehéren.



Auch weiterhin Recyclingdiinger — aus Kompost oder Gargut

Das Klarschlammverbot bedeutet nicht ein generelles Aus fiir Recyclingdiinger. Vielmehr soll nun
die Qualitdt anderer Recyclingdiinger wie Kompost oder Gargut weiter verbessert werden, damit sie
als Diinger oder Bodenverbesserungsmittel in der Landwirtschaft ohne Risiko eingesetzt wer-den
konnen. Kompost bietet vergleichsweise giinstige Voraussetzungen zur Verwendung als
Recyclingdiinger: Ausgangsmaterial sind Pflanzen, deshalb sind hier im Gegensatz zum
Klarschlamm keine diffusen Belastungen aus dem Abwasser vorhanden.

Zur Verbesserung des Komposts will der Verband der Kompost- und Vergarwerke Schweiz (VKS),
in Zusammenarbeit mit BUWAL, Bundesamt fiir Landwirtschaft (BLW), kantonalen
Umweltfachstellen, Forschungsinstituten und Landwirtschaft, ein branchenweites
Kontroll-Inspektorat einfiihren; damit soll sicher gestellt werden, dass samtliche der rund 300
Kompostieranlagen in der Schweiz die gesetzlich vorgeschriebene Mindestqualitét einhalten.

Daneben hat der VKS weitergehende Qualitdtskriterien fiir den Komposteinsatz in der
Landwirtschaft, im Gartenbau und im gedeckten Pflanzenbau erarbeitet. Seine Mitglieder haben
sich verpflichtet, diese Kriterien kiinftig einzuhalten. Parallel zu diesen Aktivitdten laufen auf
Bundesebene zwei Forschungsprojekte: Sie untersuchen einerseits vertieft die mogliche Belastung
durch Kompostdiinger; andererseits sollen sie den Nutzen fiir den Boden und dessen
Bewirtschaftung aufzeigen.

Hyfsat ddlig oversdittning till Svenska

Godsla med avloppsslam ar forbjudet

Bern, 26.03.2003 - Avloppsslam far inte anvindas som godningsmedel, maste det brannas i
framtida miljovanlig. Forbundsradet har Substances Act fran den 1 I maj 2003 éndras.
Forbudet kommer att inforas stegvis: i livsmedel och gronsaker Avloppsslam far inte lingre
anvandas i maj i ar. For ovriga omraden diingbaren en évergangsperiod fram till senast 2006,
ar det i det enskilda fallet av de kantonala myndigheterna far forlanga till 2008. Med sitt
beslut, ar det federala radet atagit sig att forsiktighetsprincipen i jord halsa och sdkerhet.

Avloppsslam verkligen innehdller vaxtnaring som fosfor och kvéave, men ocksa en hel rad
fororeningar och patogener fran industri, handel och hushall. Anledning, de flesta bonder i dag
avvisar anvandning av avloppsslam som godselmedel sedan. Hon fruktar irreversibel markskador,
hélsorisker och skador pa kvaliteten pa maten.

Darfor forbjuder federala radet nu godsling med avloppsslam - &ven om det innebér en nyttig i sig
néringscykel avbryts. Men forsiktighetsprincipen - en central del av hédlso-och miljoritt - kraver,
miljopaverkan som kan vara skadligt eller negativt, skall begransas tidigt, &ven om nagra avgorande
vetenskapliga bevis for sddana skador inte kan ges.

Overgéangsperioder och undantag fran forbudet

For mat-och gronsaksytor, sparkar forbudet avloppsslam detta kommande forsta Kan tvinga.
Anledning &r att hdlsan hos manniskor och djur dr mest utsatta. For alla andra omraden diingbaren
forbudet kommer att tillampas forst fran 2006. Denna period kan ocksa forlangas med kanton till
hosten 2008 senast. Undantagna fran férbudet &r mycket sma reningsverk i avlagsna regioner: om
avloppsslam innehéller vanligtvis mindre problematiska d&mnen och en forflyttning till storre
reningsverk skulle vara oproportionerligt.



Redan 60 procent av avloppsslam som ska bortskaffas som avfall. Som av 2006, nu resterande 40
procent maste brannas, det vill sdga arligen ca 80.000 ton dessutom. Detta 6kar kostnaderna for
CHF uppskattas att mer dn 40 miljoner. Detta skulle ske inom nagra ar, men hur som helst, dven
utan forbudet, slam skulle anvdndas som godsel. Férbudet slam gor kanton och reningsverk
foreningar darfor en palitlig, 1angsiktig planering.

De flesta kantonerna, jordbruksindustrin och foretagsorganisationer samt konsument-och
miljoorganisationer reagerade positivt: I samradet forbudet slam mottes med utbredd godkannande.
Mot forbudet i sig var framst den specialades i maj 2002 "Foreningen for hallbar anvéandning av
miljoresurser" (Venor), som i huvudsak hor till sma och medelstora reningsverk.

Fortsatt att atervinna godsel - kompost eller rotrester

Forbudet slam innebar inte en generell rabatt for atervinning av godsel. Snarare ar kvaliteten pa
ovriga dtervinnings godselmedel sasom kompost eller rotrester nu forbattras ytterligare sa att de kan
anvandas som godningsmedel eller jordfoérbattringsmedel i jordbruket utan risk som-den. Kompost
ger jamforelsevis gynnsamma forhallanden som é&r lampliga for atervinning som godningsmedel pa
vegetabiliska @mnen, sd hér ér till skillnad fran slammet inte diffusa féroreningar fran avloppsvatten
tillgdngliga.

For att forbdttra komposten, foreningen for kompost och Fermenta Viaxter Schweiz (VKS), i
samarbete med FOEN, federala kontoret for jordbruk (BLW) inféra, kantonala miljéorgan,
forskningsinstitut och jordbruk, en branschévergripande riskInspektionen, dr darfor att se till att alla
de cirka 300 komposteringsanldaggningar i Schweiz for att félja den lag faststdllda minimikvalitet.

Dessutom har ASCP utvecklat ytterligare kvalitetskriterier f6r kompost anvdndning inom jordbruk,
tradgardsodling och téackta kulturer. Dess medlemmar har férbundit sig att félja dessa kriterier i
framtiden. Parallellt med dessa aktiviteter kors pa federal niva, tva forskningsprojekt: Undersok dels
fordjupar den potentiella effekten av kompost gédsel, a andra sidan bor de visa fordelarna for jorden
och dess ledning.
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Nation kton slam / ar slam / milj6
Schweiz 200 tre plus
Nederléanderna 300 tre plus
Tyskland 2000 ett plus
Storbritannien 1700 ett minus
Frankrike 1000 tva minus
Danmark 100 ett minus
Sverige 200 tre minus
Ungefarlig mangd slam (torrvikt) samt miljostatus
Bedomning fran forskningsdata och senare trender

Slam och Milj6 1 Europa

Forbranning ersatter deponering pa odlingsmark
Sverige i botten — snabb omstéalining kravs

Stopp for slamspridning omgaende
Slam styrs snarast till avfallsférbranning

Missriktade slammal korrigeras

Uppfoljning av tidigare rapporter for Cancer- och Allergifonden om
Miljogifter fran slam och Férbrénning av slam



http://www.ncbi.nlm.nih.gov/pubmed/22336390
http://publications.lib.chalmers.se/records/fulltext/90240.pdf
http://publications.lib.chalmers.se/records/fulltext/103505.pdf

Slam med:
avlopp miljogifter
! =P fOrbranning
reningsverk = | smittamnen
! =>&» slamspridning
recipient mediciner

Sverige i problem

Stora resurser har satsats pa reningsverk som fangar upp riskdmnen i slam. Detta
miljofarliga avfall bér uppenbart inte fa spridas vidare utan maste destrueras.
Som framgar av foljande sidor intar Sverige ett bottenlage for bade évergang till
slamférbrénning och for avveckling av slamspridning.

Daligt miljorykte: Hur ett samhalle hanterar sitt miljofarliga avfall ar en central
indikator pa prioritering av giftfri miljo. Slamhanteringen gor darfor att Sveriges
position pd miljoomradet forsamras. Detta understryks av att slampolitiken gar
pa tvars med naturskyddsforeningens miljokrav.

Lantbruk och livsmedel: Slam pa odlingsmark hotar nu &ven trovardighet och
konkurrenskraft for svenska livsmedel. Det drabbar ocksa oréattvist majoriteten
av bonder som vagrar ta emot miljogifter pa sin akermark. Ekologisk odling &r
mindre kanslig genom att den inte accepterar slam.

Myndigheter: Slamspridning sanker ocksa trovardigheten for naturvardsverket
och skadar miljomalet giftfri miljo. Kemikalieinspektionen, livsmedelsverket,
lakemedelsverket och smittskyddsinstitutet som alla har relevant kompetens ar i
princip emot slamspridning.

Fosfor: Ibland forsvaras slamspridning krystat med slammets innehall av fosfat.
Forbranning kan badda for framtida utvinning av renat fosfat fran aska i vissa
lander. Sverige maste rimligen i stallet prioritera uttag av de mangdubbelt stérre
méngder renare apatitfosfat som finns i malmfaltens och LKAB:s apatitavfall.
Svenskt tal om vardet av fosfor fran just slam framstar som vilseledande.



http://publications.lib.chalmers.se/records/fulltext/103505.pdf
http://publications.lib.chalmers.se/records/fulltext/90240.pdf
http://www.limmattalerzeitung.ch/limmattal/zuerich/klaerschlamm-wird-ab-2015-zentral-in-zuerich-verbrannt-127235109
https://www.lkab.com/sv/Alla-nyheter/Nyhetsarkiv/?ni=3120&c=&m=

Nation kton/ar odling % miljobetyg
Schweiz 0 0 Tre Plus
Nederlanderna 0 0 Tre Plus
Tyskland 500 30 Ett Plus
Storbritannien 1000 60 Kris
Frankrike 600 60 Kris
Danmark 50 40 Kris
Sverige 60 30 Kris
Ungefarlig mangd och andel spritt slam samt miljobetyg

Slamspridning

| tabellen jamfors slamspridning for nagra miljomassigt ledande nationer och for
nagra av de storsta nationerna inom EU. Ungefarlig utspridd mangd slam anges
tillsammans med ungefarlig procentandel av slammet som gar till odlingsmark.

Foredomen: Hogst betyg far Schweiz och Nederlanderna som sedan flera ar har
totalt stopp for slam pa akrar. For Schweiz infordes stopp 2006 med spridning
av miljogifter som huvudmotiv. Nederlanderna har som exportor av livsmedel
starkt miljo- och héalsoprofilen for dessa genom slamstoppet. Belgiska Flandern
och tyska Bayern ar liksom Skottland nationella regioner som effektivt lyckats
avveckla slamspridning via satsningar pa forbranning.

Stora slamspridare: Storst slamméngder pa akrar deponeras i Storbritannien.
Aven Frankrike, Spanien och Italien sprider stora totalmangder och hoga andelar
av slammet gar till odlingsmark. Danmark sprider en lagre andel som ett resultat
av senare ars satsning pa slamférbranning.

Sverige: Runt millennieskiftet stoppade det svenska lantbruket slamspridning
med hanvisning till miljogifter. Senare valde Sverige till skillnad fran Schweiz
att ateruppta slamspridningen som har 6kat de senaste aren. Kritik har lett till att
slammet delvis d6ljs under beteckningar som kompostjord och anlédggningsjord.
Rétningen av slam gor att dess energiinnehall vid forbranning sanks. Aven for
slam fran anlaggningar for rétning av hushallsavfall ar forbranning angelagen.



http://publications.lib.chalmers.se/records/fulltext/26313.pdf

Nation kton/ar  forbr. % miljobetyg
Schweiz 200 90 Tre Plus
Nederlanderna 300 90 Tre Plus
Tyskland 1000 60 Tva Plus
Storbritannien 300 20 Ett Plus
Frankrike 200 20 Ett Plus
Danmark 50 40 Tva Plus
Sverige 10 5 Kris
Ungefarlig forbrand méngd och andel slam plus jamforande betyg

Slamforbranning

Kontrollerad avfallsforbranning har sedan lange anvénts som ett allt sédkrare och
effektivare sétt att 16sa slamproblemet. En viktig orsak &r de stora miljotekniska
satsningarna pa forbranning av hushallsavfall efter 1980-talets dioxinkris.

Foredomen: Schweiz och Nederlanderna framstar som foregangare genom att i
princip allt slam forbrénns. Tillampade alternativ ar forbranning av enbart slam,
samforbranning med framst hushallsavfall eller forbranning i cementugnar. Bast
forutsattningar for framtida hallbar anvéndning av fosfat fran slam ger uttag fran
slagg efter forbranning.

Tyskland och Danmark: Via den stora forbranda mangden slam pa en miljon
ton per ar ar Tyskland ledande pa teknik och anlaggningar for slamférbréanning.
Ett exempel ar den av Vattenfall uppbyggda stora anldggningen i Hamburg for
enbart slamforbréanning. Képenhamn anklagades lange for orenade utslapp till
Ostersjon. Nu har den danska huvudstaden i stallet blivit ledande med nya stora
reningsverk kopplade till slamférbrénning.

Sverige redo: Ljuset i morkret for Sverige &r att goda forutsattningar finns for
att snabbt stélla om till slamforbrénning. Flera stora hogklassiga anldggningar
for forbranning av hushallsavfall har dverkapacitet som anvéands for importerat
avfall. Detta utrymme kan i stéllet anvandas for slamforbranning. Foérdelar har
pavisats med sadan samférbranning.


http://publications.lib.chalmers.se/records/fulltext/93748.pdf
http://www.cbs.nl/en-GB/menu/themas/natuur-milieu/publicaties/artikelen/archief/2010/2010-3092-wm.htm

Forbranning och avfall 2014 (kton/ar)

Inhemskt forbréant avfall 4600
Overkapacitet for avfall 1400
Oforbrant slam (torrt) 300

Omstallning till slamférbranning

Exklusive import &r utrymmet vid svenska anldggningar for avfallsférbranning
Klart storre an den totala svenska slammangden. Detta ger enligt tabellen unika
mojligheter for snabb dvergang till slambranning.

Import av avfall for forbranning i Sverige har ifragasatts. Slamférbranning kan
ersatta delar av denna import. Inblandning av slam i hushallsavfall har dessutom
visats ge fordelar bade forbranningstekniskt och miljomassigt.

Anlaggningar: Stora forbranningsanlaggningar for hushallsavfall finns framst
nara storre stader dar ocksa behov av slamforbranning ar storst. Utslappskraven
inom EU ar mycket strikta som en foljd av en tidig miljodebatt och av en god
driftsekonomi som tillater avancerad miljoteknik. Slam torkas med spillvarme
och ger betydande tillskott av bioenergi vid forbranning.

Slam fran mindre reningsverk stabiliseras och avvattnas lampligen pa orten.
Transporter till avfallsférbranning blir mindre miljobelastande an motsvarande
transporter for slamspridning.

Scenario: Beslut om stoppad slamspridning bor féljas av en snabb 6vergang till
slamforbranning under ett par ar. Darmed forhindras ocksa en ljusskygg handel
med slamspridning som baddar for organiserad avfallsbrottslighet. Ansvaret for
sluthanteringen av reningsverkens slam overfors lampligen till Avfall Sverige
som &r ledande pa avfallsforbranning.

| viktiga avseenden bor pa detta satt anseende och fortroende kunna raddas for
reningsverk, lantbruk, livsmedel, miljéteknik och miljopolitik i Sverige.


http://www.avfallsverige.se/fileadmin/uploads/Rapporter/F%C3%B6rbr%C3%A4nning/E2013-04.pdf
http://www.aftonbladet.se/nyheter/article17864805.ab

Koépenhamn kan ta hand om sitt avloppsslam utan att férgifta landsbygden!
Varfér kan inte Kappala?

I Képenhamn ligger avloppsreningsverket Lynetten.
Lynetten, som drivs av Lynettefeellesskabet I/S &r i samma storleksordning som som Kéappalaverket
kommer att ha ndr den nya utbyggnaden ar fardig.

Las mer om Lynetten pa dess hemsida www.lyn-is.dk/

Flowdiagram for Renseanlaeg Lynetten
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Verdens mest energieffektive
slamforbreandingsanlaag

Lynettefeellesskabet implementerede i maj et nyt slamforbraendingsanleeq, der via reggaskondensering skal

blive verdens mest energieffektive af sin slags.

AF ALLAN PRriEss PouLseN — Foto LArRs MglLLER

Nar man gar nye veje, hvorfor sa ikke
forsege at udmaerke sig fra begyndelsen?
Dette synes at vaere tankegangen hos
Lynettefeellesskabet, der gnsker at skabe
verdens mest miljgvenlige og energieffek-
tive slamforbraendingsanlaeg. Derfor har
spildevandscentret som det farste nogen-
sinde gjort brug af en kondenseringsenhed
pa et slamforbraendingsanlaeg.

»Anlaegget er stadig i provedrift, sa det
er for tidligt at sige noget endeligt om re-
sultaterne, men komponenterne funge-
rer, og det samme kan siges om rgggas-
kondenseringen. Sa der er ikke noget, der
indikerer, at anlaegget ikke kommer til at
praestere det, vi forventer,« lyder det fra di-
rektegr Torben Knudsen.

En unik kombination

Og forventningerne er hgje. Anlaegget er
udstyret med sakaldt fluid bed-ovne, der
braender slammet gjeblikkeligt i et opvar-
met sandlag i stedet for som tidligere at
vaere naesten fire timer om at forbraende.
Samtidig ggres der brug af et nyt kedelan-
laeg, som bliver brugt til slamtarring med
mulighed for at afsaette overskudsvarmen
til fiernvarmekunder i hovedstadsomradet.
Endeligt er der installeret en kondense-
ringsenhed i sidste trin efter reggasrensnin-
gen, og ogsa det vil resultere i produktion
af energi til fiernvarmenettet.

Ifalge beregningerne vil det nye an-
laeg skabe en tredobling af den eksi-
sterende fjernvarmeproduktion og der-
med et nettoenergioverskud svarende
til det arlige varmeforbrug for ca. 3.000
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gennemsnitshusstande. En af nggleperso-
nerne i realiseringen af projektet er kedel-
passer Erik Markussen, der i seerdeleshed
haefter sig ved den unikke mulighed for at
udvinde energi fra reggaskondenseringen.
»Slamforbraending i fluid bed-ovne fin-
des flere andre steder herhjemme, men
at treekke energi ud af raggassen og gare
den til fijernvarme er nyskabende i forbin-
delse med slamforbraending. Det er der in-
gen andre, der gar,« fastslar han.

Energioptimering pa trods
Energioverskud fra slamforbraending kan
ellers forekomme paradoksalt, eftersom
den nedre breendveerdi for slam er teet pa
nul grundet et hgjt vandindhold. Kernen

i design af et energioptimeret slamfor-
braendingsanlaeg er derfor at kondensere
vanddampen i rgggasrensningen, saledes
at energien ikke forlader anlaegget i form
af vanddamp i skorstenen. Kondenserings-
energien afleveres typisk ved opvarmning
af et kglemedium til omkring 70 grader

C, og det er dermed en forudsaetning, at
energien kan afsaettes. Lynettefaellesska-
bets placering i et stort varmeomrade ma
derfor siges at vaere noget naer optimal for
udnyttelsen af teknologien.

Direkter Torben Knudsen fremhaever li-
geledes den hurtige idriftseetning af et
projekt med en raekke ubekendte som fal-
ge af dets innovative karakter. Blandt an-
det har der vist sig en raekke kalibrerings-
udfordringer af malestationen.

»Da vi skrev kontrakt i 2009, hgrte vi fra
flere steder, at vores tidsplan med at saette




anlagget i drift allerede to ar senere var meget stram, men det
har faktisk holdt nasten pa datoen. Det har vi selv noget af
aren for, men selvfglgelig ogsa vores leveranderer og radgive-
re « siger han med henvisning til henholdsvis tyske Bamag, Ram-
ball, Creo Arkitekter og NCC.

Slamforbraendingsanlaggets 70 dages prevedrift slutter i labet
af september, hvorefter det vil blive endeligt overdraget til Lynet-
tefzellesskabet.

Direktor TorberfKnudsen, th, sammen med projektleder John Rasmussen
har store forventninger til det nye slamforbraendingsanieg
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